


KAISER ENGINEERS DMJM

DIVISION OF KAISER INDUSTRIES CORPORATION DANIEL, MANN, JOHNSON.& MENDENHALL
A JOINT VENTURE

September 15, 1967
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Southern California Rapid Transit District
1060 South Broadway
Los Angeles, California 90015

Attention: Mr. A. J. Eyraud, Jr., President
Gentlemen:

Submitted herewith is the Preliminary Report for the development of a mass rapid transit system in
the four corridors selected by the Southern California Rapid Transit District as the initial phase of
an overall transit plan for the Los Angeles metropolitan area. This report defines the selected routes
and station locations, describes facilities and system concepts and sets forth preliminary estimates of
construction costs.

Reflected in the report is our primary assignment of route planning which resulted in establishing routes,
alignments and station locations. In this process we have worked closely with the technical staffs of the
communities and agencies directly affected by the transit system. Concurrently, conceptual design of
the required facilities and operational systems was developed for a comparative cost analysis. In addi-
tion to cost, we have carefully considered other factors such as transportation service and community
impact in the route selection process.

The planning estimates of cost for the selected routes were developed based on a schedule starting
with the passage of a Bond issue in November 1968, and terminating with the completion of the project
in 1975. Trends of escalation, as well as the preliminary nature of the engineering, were considered in
the preparation of these estimates.

Our subsequent efforts will be devoted to the finalization of route alignments and station locations
following further conferences with all affected communities and public agencies, together with the
further development of preliminary engineering and a final cost estimate for the recommended routes.

We wish to express our sincere appreciation to members of the Board of Directors of the Southern
California Rapid Transit District, its outstanding staff members and to the many representatives of the
various community governing bodies and public agencies for the full cooperation and support offered
throughout the course of study.

Very truly yours,

DADMEL, MANN, JOHNSON, & MENDENHALL

Vire,,

Louis H. Oppen lrvan F. Mendenhall
Vice President and General Manager President
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INTRODUCTION

The Joint Venture of Kaiser Engineers and Daniel, Mann,
Johnson, and Mendenhall, under contract to the Southern Cali-
fornia Rapid Transit District, has been charged with the re-
sponsibility of carrying out the route planning and preliminary
engineering for the development of a rapid transit system in
Los Angeles County, California. The proposed system is
planned to serve the initial four transit corridors selected by
the District and referred to as the Wilshire Corridor, San Fer-
nando Valley Corridor, San Gabriel Valley Corridor and the
Long Beach Corridor.

The Scope of Work essentially consists of two parts, the first
of which is the preparation of this Preliminary Report which
defines selected routes and station locations, describes facili-
ties and system concepts, and sets forth preliminary estimates
of construction cost. This report will be submitted by the Dis-
trict to all interested communities to obtain their views and
comments. Upon receipt of this information, the Final Report
will be prepared to include recommended routes and station
locations, facilities and systems design and cost estimates.

Of primary importance to this effort have been continuing con-
ferences with the appropriate local governing bodies and other
agencies in order to coordinate transit planning with any mas-
ter or general plan in the affected areas. As a result, the vari-
ous alternative routes and station locations under consideration
have been reviewed with these agencies to obtain their views
and desires and to permit them to relate the effect of the pro-
posed system to their goals and objectives.

This program will lead to the development of a mass rapid
transit plan intended to be the initial phase of an overall tran-
sit program. It will allow the District to submit a proposition
for financing construction of the initial phase to the electorate
by November 1968.
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TRANSIT PLANNING OBJECTIVES

The introduction of a new mode of public transportation to
provide an optimum alternative travel choice and therefore a
greater mobility for residents of a modern urban area, demands
clearly defined objectives. Each step must be coordinated and
integrated with the present and future planning goals of all the
various communities involved in order to insure that the new
system will be an essential element of, and will make a signifi-
cant contribution to, a total comprehensive transportation sys-
tem for the entire region.

With this in mind, the primary objectives for the planning
effort to date for the Los Angeles metropolitan area have in-
cluded the following:

Plan a system of rapid transit which can provide the best
possible return for the community investment in terms of
travel speed, capacity, dependability and efficiency,

Select routes and alignments most compatible with trip
requirements of the majority of the commuting public for
the present and projected into the future,

Coordinate the selected routes, alignments and facilities
design with community planning goals to insure compati-
bility of transit with current and future development of
the area,

Select and define the most technologically advanced yet
available trunkline system of public mass rapid transit
which, in combination with secondary distribution sys-
tems, can offer an optimum alternative choice to other
modes of transportation,

Perform sufficient preliminary engineering to arrive at a
valid estimate of capital cost as well as operation and
maintenance expense.
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Locate routes and stations within the various corridors
with complete recognition of the dominant character of
the area, i.e., origin or destination area.

Community Factors

Coordinate the total program of rapid transit with city
and regional planning goals and programs to provide op-
timum public benefit,

Provide a flexible transportation framework which can
adapt to changes in the regional development pattern and
can be expanded as needs require,

Contribute to the reduction of traffic congestion and smog
by providing an electrically-driven, high capacity rapid
transit system,

Realize maximum benefits from development and con-
struction of the system in terms of social as well as eco-
nomic gain,

Preserve or enhance the character of the area traversed,

Maintain high quality in the architectural treatment of
transit facilities, thereby introducing a positive urban de-
sign element,

Alternate and Complementing
Transportation Modes

Provide the traveling public a choice of transportation
modes which are competitive in terms of speed, service,
convenience and cost in similar service areas during peak
hours,

Locate transit routes and stations to minimize conflict of
automobile traffic on surface arterials or freeways,

Recognize the requirement at stations for bi-modal travel
and provide facilities for park-and-ride, kiss-and-ride and
feeder bus operation which will be convenient to distribu-
tion arteries,

Utilize existing transportation rights-of-way where appro-
priate and consistent with service and planning considera-
tions.

ROUTE CONFIGURATION
CONSIDERATIONS

Realization of these objectives depends greatly on community
acceptance of a specific route configuration such as aerial
structures, fill (embankment section), surface (existing grade),
cut (depressed) and subway.

Each basic configuration, or any of its variations, represents
certain advantages to the community based on existing con-
ditions. An aerial structure, for example, depending on its
architectural treatment, its location and the surrounding envi-
ronment, can be the most desirable of all configurations from
the viewpoint of both the community and the rider. Subway,
on the other hand, can be the most favorable in a high concen-
tration area or as a solution to a topographical problem.

Another consideration in the selection process of a specific
configuration is sound and its control, and special in-depth
acoustical studies and evaluations are being made during this
program. The studies to date have included review and analy-
sis of potential problem areas throughout the system and have
resulted in goals for use in the design and development of
the system.

It has been determined that one of the better methods of acous-
tical control includes the use of a sound barrier wall or parapet.
The sound barrier consists of a vertical wall along the track-
side next to the car, extending from the roadbed to a height just
above the bottom of the car side skirt at the wheels. For max-
imum effect, the wall would have sound absorbing material
facing the car and, in effect, would reduce the sound level from
all significant sources including the wheel and rail, the traction
system and the auxiliary equipment.
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ROUTE EVALUATION

The locations of specific routes and stations depend on the re-
quirements of the people to be served, the requirements and
plans of adjacent communities, topographic limitations, exist-
ing development and cost. The route selection process was
designed to balance these interacting factors. A key element
in the total process was the continuing coordination between
the consultants, the District, the affected communities and in-
terested public agencies.

The initial step in the selection process involved a series of
meetings with the affected communities to gather the most
recent available data on planning and development and to
obtain copies of current and long range plans. This data was
organized into an analytic procedure involving economics,
planning and engineering to produce a comprehensive descrip-
tion of each corridor. With this description as a base, several
potential routes were outlined in each corridor and referred
back to the communities for comments and suggestions. At the G
same time, a rating system was developed for the purpose of

evaluating the alternate routes on the basis of both tangible

and intangible factors. The results of the evaluation were trans-

lated into recommendations for each corridor and reviewed by

the District, and a single route within each corridor was then

selected for the purpose of this Preliminary Report and subse-

quent refinement.

Study Areas

The study areas involved two levels of definition. First, it was
necessary to determine the significant areas of concentration,
both residential and employment, within a potential service
range of the transit routings. This level of study was made in a
band ranging from six to eight miles wide, for a total of 520
square miles. From this analysis, alternate routes were defined
which linked areas of concentration. The second level of anal-
ysis involved a narrower band of approximately one mile on
either side of the selected routes.
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EVALUATION FACTORS

Factors bearing on the selection of the most appropriate tran-
sit route in any particular corridor were subdivided as follows:

Tangible Factors

CONSTRUCTION AND RIGHT-OF-WAY
COSTS

Estimated construction costs and property acquisition costs
were developed and evaluated for each alternate route under
consideration. These costs were based on route and station
configurations, rights-of-way to be acquired and electrification
and control system requirements.

LOCAL TAX GAIN

The potential impact on local communities was measured in
terms of the increased tax revenues which might result from
new developments being located near the transit stations. An
area comprising approximately 160 acres around each station
was evaluated in terms of its current land use and its potential
redevelopment. An estimate was made of potential private de-
velopment with and without transit. The net tax revenue gains
were then calculated for each alternate route alignment within
each corridor.

The amount of new taxable development which conceivably
could take place around transit stations will vary depending
on:

The Character, Age, Value and
Condition of Improvements

Vacant land or land containing improvements of low
value will be developed more readily as a result of rapid

transit impact than those parcels already highly de-
veloped. Thus, aging neighborhoods that are ready for
conversion to other uses will tend to benefit more from
rapid transit in terms of new development than stable
areas with substantial investment in improvements.

Property Ownership

Property around stations may be committed to public or
private use precluding additional taxable development
due to transit. Examples of this would include hospitals,
parks, schools, cemeteries and other institutional uses.

Zoning & Covenants

Zoning controls and private covenants which restrict de-
velopment on parcels in the vicinity of stations will reduce
the impact of transit on the community in terms of new
development.

Economic Conditions

Whether the area around a station is an existing commer-
cial center, an industrial district, or a suburban residential
neighborhood will determine to some degree the type and
amount of new development that can be expected to take
place. In addition, the areas through which the transit sys-
tem passes are in various stages of their development cycle.
The San Fernando Valley, as an example, may be expected
to continue the rapid development of recent years and as

a result will receive a greater impact from the insertion
of a new transportation facility. Other areas having only
moderate growth or more mature development will likely
receive somewhat less impact from transit.

Intangible Factors

SERVICE TO ORIGIN AND
DESTINATION AREAS

A distinct pattern has developed in the metropolitan area of
Los Angeles wherein population and employment have con-
centrated in the central area, becoming less dense as distance
from the CBD increases. Historically, this concentration in the
central area has continued to increase in density while also ex-
panding geographically. It is logical to assume that these trends
will continue provided no outside restraints are imposed on the
region. Population and employment density and distribution
within the four corridors under study are shown on the follow-
ing pages.

The projected population and employment patterns for 1980
indicate a trend toward relatively higher concentration for
both residential and industrial areas. Labor-oriented industries

will replace land-oriented industries within the corridor as the
areas of concentration expand around the central core.

These projected distributions are reflective of LARTS' data
and do not include the redistributive effect of transit.

Substantial multiple residential development, together with in-
creased commercial and employment activity, may be expected
to occur around the station areas which would tend to increase
the density patterns in those areas served by the transit lines.

'Los Angeles Regional Transportation Study.
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ROUTE AND STATION LOCATIONS

W LSHIRE CORRIDOR
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CORRIDOR DESCRIPTION

The Wilshire Corridor generally includes an area north and
south of Wilshire Boulevard from Fairfax Avenue to Union
Station in the Los Angeles Central Business District, and is
entirely within the City of Los Angeles. The following discus-
sion relates to the portion of the corridor outside the Los An-
geles Central Business District.

The major features in the corridor are principally man-made
and consist of major office and apartment structures along or
immediately adjacent to Wilshire Boulevard. Freeways within
the corridor include the Santa Monica, Hollywood and Har-
bor. The predominant natural feature is the Santa Monica
Mountain Range at the northwest boundary of the corridor.

Residential development in the corridor is generally medium
to high density. There are, however, pockets of high quality
single-family housing in the Hancock Park and Fremont Place
areas. Commercial activity is extensive with little or no indus-
trial development.

The Wilshire Corridor is estimated to increase equally in both
jobs and population through 1980. This tendency is already
evident in the high density apartments and office structures
locating there. The present population within the economic
study area is expected to increase 42 percent by 1980, and the
current employment 40 percent.

Because existing land and improvement values are extremely
high, added increments due to transit will be relatively minor
in proportion to the existing base.

WILSK E CORRID( I (Ou -Los Angeles CBD)
EC w s ¢ AREA*

1960 1980 % Inc se

P n " ) a2
Ji i ) 40

' SELECTED ROUTE

: % Inc1 e
Population 00 59
Jobs 00 31

* Band approximately 6 to 8 miles wide from Union Avenue to Century City,

ROUTE DESCRIPTION

This portion of the proposed Wilshire Corridor transit route
begins east of the Harbor Freeway on Seventh Street; traverses
Seventh Street to Hoover Street; and Wilshire Boulevard from
Vermont Avenue to Fairfax Avenue with a crossover on pri-
vate right-of-way between Hoover and Vermont.

A subway is proposed for the entire Wilshire Corridor to the
terminal station at Fairfax because, in an area of such ex-
tremely high property values, the costs for constructing a sub-
way within a street are less than for a retained cut or aerial
structure in private right-of-way. In addition, there would be
no tax base loss to local governments. An aerial structure was
not considered feasible in any street closely paralleling Wil-
shire Boulevard because of the narrow rights-of-way.

Several alternates to the proposed route were considered, in-
cluding lines one block south and north of Wilshire Boulevard.

Wilshire Boulevard from Hoover Street west is the backbone
of the Wilshire Corridor destination area because of the large
portion of major stores and office buildings located immedi-
ately thereon. In addition, this specific route would provide
convenient service to walk-in patrons from the medium to
high density housing both north and south of Wilshire.

The Lucas and Alvarado transit stations will serve the high
density residential area just west of the Los Angeles Central
Business District. The major areas in the Wilshire Corridor
west of the Harbor Freeway which are characterized by high-
rise office and commercial and high-density residential devel-
opments include the Wilshire District and the Miracle Mile.
The stations will be closely spaced within these areas to pro-
vide transit service within walking distance for the large num-
ber of persons living or working within a quarter mile of the
stations.



CENTRAL BUSINESS DISTRICT

CORRIDOR DESCRIPTION

The commercial core of the Los Angeles Central Business
District is generally bounded by Pico Boulevard, the Harbor
Freeway, Sunset Boulevard and Main Street. It comprises
headquarters and executive offices of various corporations, the
financial center of the Pacific Southwest, the largest concen-
tration of department and retail stores in the Los Angeles area
and a 25-building government office complex.

With the recent construction of high rise office buildings, the
Los Angeles CBD is developing an impressive skyline. The
Bunker Hill Urban Renewal District will experience vigorous
building activity in the near future. The 40-story Bunker Hill
Square has recently been completed, and there are proposals
for hotels, high-rise apartment buildings and major commer-
cial buildings within the next five vears.

ROUTE DESCRIPTION

The proposed route for the Wilshire Corridor within the Los
Angeles Central Business District is along Seventh Street from
the Harbor Freeway to Broadway, in the center of Broadway
to north of the Hollywood Freeway and along Macy Street to
directly north of Union Station. It will include a major inter-
change with the Long Beach route and, for the purposes of
this evaluation, a station at Main Street and Seventh Street.

A subway is recommended in the Central Business District be-
cause of high property values, intense development and narrow
street rights-of-way. This configuration would be less expen-
sive than a retained cut or a structure in private right-of-way,
and any configuration other than a subway undoubtedly would
be unacceptable.

The historic center of the Los Angeles Central Business Dis-
trict will be served by the line in subway beneath Broadway
and Seventh Streets. Broadway is the main north-south street
in the Central Business District and passes through the middle
of the Civic Center.

The transit station at Union Station will provide an interchange
point between railway facilities and the rapid transit system.
The Civic Center station will serve the large and active Civic
Center complex and the north part of the commercial core.
The Sixth and Broadway, Seventh and Main and Seventh and
Hope stations will serve the historic CBD core, the garment
district and the financial district.

WILSHIRE ROUTE
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SAN FERNANDO VALLEY CORRIDOR

CORRIDOR DESCRIPTION

The San Fernando Valley Corridor, south of the Santa Monica
Mountains, includes a part of that area bounded by Wilshire
Boulevard on the south, the Hollywood Freeway on the east
and Beverly Hills on the west. North of the Santa Monica
Mountains it passes through the center of the San Fernando
Valley to west of the Sepulveda Flood Control Basin. The cor-
ridor is entirely within the City of Los Angeles.

The predominant physical features are the Santa Monica
Mountains; the Hollywood, Ventura and San Diego Freeways;
a branch line of the Southern Pacific Railroad; the Van Nuys
Airport west of the San Diego Freeway; and the Sepulveda
Flood Control Basin.

From a land-use standpoint, the corridor is split by the Santa
Monica Mountains into two distinct and different develop-
ments. On the south side there is the Hollywood area with a
strong commercial core centered on Hollywood Boulevard sur-
rounded by medium to high density housing. North of the
mountains the San Fernando Valley is essentially single-family
residential with multi-family development strung along arterial
streets. The commercial activity in the Valley, with the excep-
tion of the Van Nuys Central Business District, is essentially
in suburban shopping centers. Within the transit corridor, in-
dustry is concentrated around the Van Nuys Airport and along
several branch lines of the Southern Pacific Railroad.
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The San Fernando Valley Corridor economic study area is
projected to closely parallel the County’s growth in both pop-
ulation and jobs. There is little or no vacant land for expan-
sion, therefore increases in both industry and population will
result in land reuse. Residential areas will change from single-
family to multiple-family, and industry within the corridor will
change from land intense to labor intense development. Popu-
lation is expected to increase 54 percent by 1980 and employ-
ment 31 percent.

A subway immediately north of Wilshire is planned to provide
a reasonable interchange with the Wilshire line, while a land-
scaped cut along Wilton Place is feasible because of the pre-
dominant north-south drainage and older single-family devel-
opment. A subway again will be utilized in the Hollywood area
because of the intense development and high property values,
and a tunnel under the Santa Monica Mountains because of
topography. From Universal City to Chandler Boulevard, the
space beneath the elevated structure can be used for off-street
parking immediately behind the commercial development along
Lankershim Boulevard. Along Chandler and Van Nuys Boule-
vards and Sherman Way, elevated structure is proposed because
of the extreme difficulty and high expense of grade-separating
the cross streets.

The construction of the Golden State and Ventura Freeways
in the San Fernando Valley Corridor has caused significant
value changes in the last ten years with a peak of growth ac-
tivity now underway. This peaking will continue until land
values approximate upper limits comparable to the Wilshire
Corridor and the Central Business District. In the normal
course of value trends, this peaking will be followed by a level-
ing off in values. However, anticipated land value increases
over the next two decades will be extremely high incrementally
due to the growth character.

It is estimated that the San Fernando Valley will experience
the greatest local area tax gains, due to the rapid transit line,
of the four corridors under study.

ROUTE DESCRIPTION

For the San Fernando Valley Corridor, the proposed rapid
transit route begins west of Western Avenue on Wilshire Bou-
levard, generally follows Wilton Place north to the Hollywood
Freeway, parallels the Hollywood Freeway on the west to half-
way between Sunset and Hollywood Boulevards, goes directly
west on Selma Avenue to La Brea, passes under the Santa
Monica Mountains to just west of Universal City, runs parallel
to Lankershim Boulevard on the east side to Chandler Boule-
vard, and is in the median of Chandler Boulevard, Van Nuys
Boulevard and Sherman Way to its terminal in the vicinity of
Balboa Boulevard. It will alternate between subway and open
cut from Wilshire Boulevard to La Brea Avenue, be in tunnel
to Universal City and, except for a short tunnel under the Van
Nuys Airport, utilize an aerial structure from Universal City
to the terminal.

The following alternate lines to the proposed route were con-
sidered. In the Hollywood District, a line was studied going
north on Highland Avenue from Selma Avenue past the
Hollywood Bowl and in the vicinity of the Hollywood Free-
way to Universal City. An alternate to the Chandler Boulevard-
Van Nuys Boulevard-Sherman Way line was a route running
parallel to the Hollywood Freeway on the east to Victory Bou-
levard and going west along the south side of Victory Boule-
vard to a terminal in the vicinity of the Van Nuys Airport. An
alternate was also studied following the Southern Pacific Rail-
road from Chandler Boulevard and Fulton Avenue to the
north side of the Sepulveda Drainage Basin.

From Wilshire Boulevard to the Hollywood Freeway, Wilton
Place represents a transitional area between the multi-family
residential on the east and the single-family residential on the
west. A location further east would result in substantially
higher cost because of the need to acquire higher value prop-
erty, or to construct a subway in an existing street. A location
further west would tend to encroach on stable single-family
residential neighborhoods.


































LE-NDP

uouvis Py po1dqy
fo Lyuzy pup waofiv)g

@ dOAlHdH0O HOV3IC 9NOT
























TRANSIT FACILITIES Q

JVv-45

Loading Platform of
Typical Aerial Station



TRANSIT FACILITIES

The aspect of a rapid transit system which has the most im-
mediate and dramatic effect upon the public is the design of
the stations and way structures. Other forms of impact, such
as economic growth, access to new areas of housing and em-
ployment and the redevelopment of neighborhoods along the
rights-of-way, are more subtle and are part of the long range
influence which already has been discussed. But, the actual
construction of aerial way structures and stations will receive
the prompt attention of a populace which is sensitive to good
design, skillful planning, and proficient landscaping. In this
regard, the transit system has an obligation to the community
to present the finest design attainable within the parameters of
service, safety and economy.

STATIONS

Stations will be designed to accommodate large concentrations
of passengers with safety, comfort and speed. While alike func-
tionally, they will vary architecturally depending on way con-
figuration, capacity requirements, access and individual site
conditions. All will have a platform level, a concourse level,
an area of interface with other modes of transportation and
non-public areas devoted to system operations. The platform
will permit the lateral movement of passengers boarding and
alighting from the transit vehicles; the concourse will contain
the automatic fare collection equipment and the station em-
ployee facilities. All vertical circulation will be accomplished
with escalators.operating in both directions in addition to stair-
ways.

Basically, stations will be either the center or side-loaded plat-
form type although very heavily used stations may be a
combination of both. Center platforms have the advantage of
requiring a minimum of duplication of facilities. Both center
and side platforms may be constructed using single or multi-
level arrangements. In the single-level stations, ticketing, fare
collection and loading operations will take place at the same
level. In two-level stations, a mezzanine will be provided for
ticketing and fare collection facilities while a separate level
will be provided for train loading and unloading.
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The arrangements of entrances and exits with respect to sta-
tion platforms can have a considerable effect on the time re-
quired to load and unload trains. For a given train length and
number of passengers to be loaded, loading time will depend
upon the distribution of passengers along the platform, the
ratio of total door length to car length and the relative volume
of movements into and out of the train. Loading time is a func-
tion of the maximum number of passengers using any one
train door, and this number is minimized when the number
of passengers using each door is equal. Platform widths depend
on the maximum number of passengers expected to be on the
platform at any one time. Acceptable loading densities or pas-
senger concentration in terms of passengers per square foot
of platform have to be assessed to determine their required
platform width. Factors influencing this density include the
nature of various movements that will take place on the plat-
form and the average distances passengers will walk from their
points of entry to the location at which they will board the
train. Concentrations lower than 0.5 passengers per square
foot are necessary if passengers entering and exiting are to
pass one another freely. When adequate widths are not pro-
vided, alighting passengers are prevented from leaving the train
rapidly, with the result that station dwell times will be increased
and line capacity reduced. Stations will be designed for con-
venient, direct circulation and comfortable, short waiting peri-
ods. All of the equipment and spaces will have enough capacity
to permit the passengers to pass through the station without
excceding 3(C-second accumulated delay, even during peak
operation.

TYPES OF STATIONS

Four basic station configurations have been developed:

At-Grade Stations—In general this type of station has
been developed for the San Gabriel Valley and Long
Beach Corridors to integrate with existing grade separated
rights-of-way.

Aerial Stations—This configuration provides a means of
overhead grade separation on private rights-of-way and
medians of public streets. Predominant use of this con-
figuration will occur in the San Fernando Valley, Long
Beach and San Gabriel Valley Corridors.

ON-GRADE

AERIAL

OPEN CUT

SUBWAY



Open Cut Stations—Limited use of this type of station is
shown on the present alignment. Two stations of this type
will be located in the San Fernando Valley Corridor.

Subway Stations—This type of station, with the complete
facility including ticketing and access to trains, will be
characteristic of the Wilshire Corridor and also those sub-
way segments located in the San Fernando Valley and
Long Beach Corridors.

STATION PLATFORMS

All platforms will be 600 feet long and will be designed for
a capacity to accommodate peak boarding and alighting. In
any platform, side or center, there will be a minimum of 11 feet
from the edge to any continuous obstruction. This 11-foot
minimum will allow unobstructed passage to and from the
train and facilitate circulation to a waiting area along the plat-
form or to the escalators.

The platform, vertical circulation and ticketing areas of a sta-
tion will add substantially to the right-of-way widths. For sub-
way stations, this extra width greatly increases the excavation,
structure and underpinning costs.

Platform and station widths can be controlled by placing the
vertical circulation elements one behind the other down the
center of the platform instead of side by side, or placing the
vertical circulation outside the length of the platform used for
boarding and alighting.

Side-loaded platforms are preferred for aerial and at-grade
stations because:

The train trackage can be continued in a straight line
through the station,

A station can be lengthened or a new one added at any
point along the aerial way structure,

The length of the widened structure resulting from the
transition of tracks around a center platform can be mini-
mized,

They are structurally more feasible in a street median
where a single column support is necessary.
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ESCALATOR STAIR ESCALATOR

TYPICAL SUBWAY STATION PLANS AND SECTIONS

PLATFORM PLAN

b

Center-loaded platforms are preferable for subway stations
because they:

Allow passengers to transfer across the platform without
use of escalators,

Use the platform area necessary to accommodate the re-
verse in AM and PM peak passenger boarding and alight-
ing patterns more efficiently,

Require less total number of escalators,

Facilitate addition of future stations or added platform
length in conjunction with the already separated subway
tunnels.

VERTICAL CIRCULATION

All vertical circulation in all stations will be accomplished by
use of escalators supplemented by stairways. In larger stations
with multiple escalators, the directions will be relative to AM
and PM operation to accommodate the flow of passengers with
a minimum number of installations.

All escalators will be at least four feet wide with a capacity of
135 people per minute. Their number in each area of the sta-
tion will be based upon design volume for the 20-minute peak
periods during the day and will take into account the varying
surge aspects of the commuting public. In the majority of in-
stances they will be placed together in the middle of the plat-
form length in order to:

Minimize the number of fare collection areas,

Allow for efficient and convenient service for two- and
four-car trains,

Allow a portion of the station to be shut down during
off-peak service, facilitating cleaning, maintenance, sur-
veillance and public safety,

Minimize unnecessary public area and passageways at
the concourse level,

Allow for a continuous protective canopy for a portion
of above grade station platforms,

Result in the shortest average walking distance for pas-
sengers, either boarding or alighting.



"ARE COLLECTION

At the concourse level the passenger will be directed towards
the turnstiles. It is expected that the daily patron will have pur-
chased a weekly or monthly pre-paid ticket to simplify his
commute routine. The occasional traveler will make his ticket
purchase out of the mainstream of traffic. The ticket vending
equipment, a computerized device, will display the fare sched-
ule for his particular destination at the press of a button. After
purchasing his plastic ticket, which displays the amount of
fare paid and date of purchase, the passenger can approach
one of a number of turnstiles and insert the ticket in a slot
receptacle. In less than one second, the equipment will have
scanned the data for minimum fare and date, imprinted the
code of the station, and returned the ticket to the passenger
who will then be given access through the turnstile to the
escalators and the platform level.

Upon exiting, the passenger will insert his ticket in a slot of a
similar turnstile and, providing there is an adequate balance,
will pass through. The speed with which the data is read, the
fare computed and deducted from the balance, and the gate
released will permit up to thirty persons per minute through
each turnstile." The quantity of turnstiles at each station will
be sufficient to avoid back-up and waiting. The entire fare col-
lection process will be designed to relieve the patron of all un-
necessary concern and motion and expedite his movement
throughout the station facilities.

An electronic vending and collection system, as opposed to a
mechanical system, lends itself to the accumulation of revenue
and traffic statistics through high speed data processing equip-
ment which permits the early recognition of changes in
movement patterns. The transit patron is thus assured of an
up-to-date scheduling of system-wide operations.
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COLUMNS

Single column support has been adopted for the extent of the
aerial structure except where an unusual span or load condi-
tion occurs. The accompanying drawings illustrate various
approaches to the single column concept. Further study is pro-
ceeding, however, to determine the optimum solution.

CONSTRUCTION MATERIALS

Final material selection for the girders of the aerial structure
must await the analytical determination noted above. How-
ever, they will probably be either prestressed concrete or com-
posite sections of steel and concrete. The columns and support
arms will be either reinforced concrete or structural steel.
Foundations will be reinforced concrete. Reinforced concrete
will be used in construction of subway stations, cut and cover
tunnel sections and underground substations. Recent experi-
ence indicates that in soft ground the use of steel tunnel liner
may permit faster and safer subway construction than does
concrete lining.

UNDERPINNING

Where tunnels extend beneath or close to existing building
foundations, it is often necessary to underpin or support such
foundations during construction. In general, if a tunnel is lo-
cated under buildings three stories or less in height, no under-
pinning is required if the depth from the bottom of the existing
foundations to the top of the tunnel is at least equal to the
outside diameter of the tunnel. For buildings four stories or
more in height, underpinning is unnecessary if the zone of
pressure from them passes below the tunnel spring line.
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YARDS AND SHOPS
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Thorough maintenance and efficient storage are vital functions
in the operation of a superior transit service. Transit patrons
will demand that operating equipment be clean at all times
as well as function safely, dependably and comfortably.

Vehicle maintenance requires three types of operation:
Washing and cleaning,

Scheduled inspections, lubrication, operational tests, com-
ponent exchanges and simple repairs,

Major repair involving overhaul, reconditioning and
thorough testing.

Sophisticated equipment such as automatic control and air
conditioning systems, and conventional equipment such as
vehicle bodies, trucks and traction motors will be maintained
and repaired.

Yard operations are responsible for marshalling trains and
entrusting them to the system’s automatic train control. Typi-
cal daily operation includes varying the number of cars per
train to adjust to the peak and off-peak patronage level. Trans-
fer from manual to automatic train operation will occur on
transition and dispatch tracks between yard and mainline. Cars
will be stored convenient to the dispatch area and brought to
position under manual control.

STORAGE YARDS

Four storage yards are planned for the system, one serving
each corridor, with the major service and repair facility located
in one of the yards. Each yard will consist of four zones of
trackage, one each for dispatch, transition, service and storage.
Dispatch tracks will provide holding space for merging units
into or withdrawing them from mainline service. Four or five
sets of transition tracks 600 feet in length will be furnished to
suit the operational requirements of changing train consists
and checking and executing automatic train mode prior to

entering the system. Service tracks will carry car units through
washing, cleaning and inspection pit areas. Ladder tracks, a
minimum of 600 feet in length, will provide for storage and
ready access of trains to transition tracks and service facilities.

A vyard service building will be located in the service and in-
spection pit area of each vard (except the yard housing the
main shop facility) to provide facilities for simple operational
checks, trouble-shooting and housing of yard personnel.

Maintenance shops will be equipped and designed to ensure
functional integrity and attractive appearance of every piece
of operating equipment.

MAIN SHOP FACILITY

The main shop facility will be located in one yard and have
capacity for service, inspection and main repair activities. The
service and inspection facility will be contained in a building
where car units will receive regular inspections after 25,000
miles of operation. Units scheduled for inspection will be
brought in from outlying yards where check-out, testing, ad-
justment routines and component exchange procedures will
be conducted. Tracks through the building will run over pits
where connections for air, water, vacuum, electricity and
lights will be provided.

In the main repair shop, three categories of equipment will be
subject to maintenance routines: vehicles, automatic train con-
trol and fare collection. The work on vehicles will include
scheduled major overhauls, modifications, component and
assembly overhauls, repairs to car bodies and repair and ex-
change of wheel assemblies. Repair activity will include weld-
ing, sheet metal work, carpentry, glazing, signing, upholstery,
machine tool, painting, electrical, electronic and others. Tracks
will run through the building to service pits as required. Turn-
tables, bridge cranes and lifts will be provided to handle truck
assemblies and body removal. Areas for wheel grinding and
steam cleaning will also be located within this facility.



ELECTRIFICATION

The vehicle propulsion scheme utilized in a transit system af-
fects safety, operating costs and reliability. Electric motor-
driven vehicles using power supplied from the wayside have
proven characteristics of safety, economy of operation and
reliability compared to other available propulsion schemes
suitable for urban rapid transit systems. In particular, drawing
electric power from a wayside circuit precludes the need of
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transporting potentially dangerous and smog producing fuel
on board the vehicles. The electric motor drive is also the light-
est and cheapest propulsion package obtainable for self-pro-
pelled, guided vehicles. Recent developments in reliable, high
power, semi-conductor devices are making it possible to in-
creasingly exploit the favorable characteristics of electric motor
propulsion.

Vehicles with self-contained propulsion packages can be easily
combined into variable train lengths in one-car increments.
This feature enables a transit system to economically maintain
a high level of service throughout peak and off-peak periods.

The proposed arrangement for delivering electric power to the
transit system was selected on the basis of a power-requirement
study which evaluated both immediate and expected future
needs. Availability of energy, projected energy costs and tran-
sit system reliability requirements indicate that the best
method is to purchase power from the two electric utility com-
panies operating in the Transit District.

For the short station spacings and high track density planned.
economic considerations favor transferring power from the
wayside to the vehicle at the nominal motor voltage rating,
rather than operating wayside circuits at a higher voltage and
converting to motor operating voltage on board the vehicle.
Traction motors rated 300 volts d-c, each pair operating in
series, were chosen because of their substantiated performance.

The propulsion voltage and traction motor scheme selected for
preliminary analysis is the proven 600 volt d-c system using the
third rail for supply and running rails for return. Other sys-
tems of propulsion power distribution will be analyzed as the
program continues.

Of the possible methods of transferring electric power from
the wayside to vehicles. the trackside third rail and the over-
head catenary were examined.

Considering the voltage and current levels selected, the track-
side third rail appears the most practical method for transfer-
ring electric power. A different configuration of voltage and
current could favor the overhead scheme; however, on aerial
and at-grade rights-of-way, the trackside scheme is preferred
from the aesthetic aspect.

The third rail consists of an electrical conducting rail running
parallel to each pair of running rails. The rail is insulated from
ground and protected from accidental grounding by a cover
board.

POWER DISTRIBUTION

A dual-cable high voltage transmission system will parallel the
District right-of-way. Part of it will run on aerial structures in
public right-of-way, with the remainder underground. Each
transmission circuit will be connected to a public utility bulk
power distribution station. Five bulk power stations will be
used as supply points. Tie circuit breakers, located in the trans-
mission lines along the right-of-way will assure that the trans-
mission system will remain energized even if a normal supply
bulk station is de-energized. Switching arrangements at tie
points between the transmission line and the bulk station feeder
cables will allow either or both transmission circuits to be
energized from either feeder cable.

The normal power supply to passenger stations is from local
mediurmn voltage power company distribution lines. The critical
power supply to passenger stations will be from the high volt-
age transmission line, if accessible, or from a separate local
medium voltage power company distribution line. Critical sta-
tion power is that power necessary to maintain safe operation
of stations including the fare collection system. This concept
should insure system operation in all but extreme conditions.

Metering of the propulsion energy consumption will be accom-
plished at each of the bulk stations. Metering of normal power
to stations and other facilities supplied from local power com-
pany lines will be located at the point of entry to the station
or facility.

PROPULSION POWER

Trains will consume maximum power during the initial accel-
eration while leaving passenger stations. Propulsion power sub-
stations will be located at or near these stations to minimize
line losses from the substation to the third rail pick-off point.
Substation capacities will be based on accelerating trains in
both directions leaving a passenger station simultaneously.
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CONTROL AND COMMUNICATIONS

Safe operation of transit vehicles at speeds up to 75 mph,
spaced only 90 seconds apart, requires the precise and con-
sistent controls that have been achieved only with recent devel-
opments in automatic control methods. Earlier transit systems
have thoroughly demonstrated methods and equipment that
assure safe operation. However, the semi-automatic controls
which they use are not consistently fast enough to match the
high speed, frequent service requirements forecast for the Los
Angeles system.

Automatic control methods developed for modern rapid transit
combine the safety techniques of earlier systems with newer,
solid-state devices that are more reliable, durable, compact
and light.

In the planned system, intelligence for train control will be
transmitted between wayside equipment and an electronic com-
puter on each train. Safe separation will be maintained by
conventional block signal techniques. However, unobtrusive
electronic transmitters will be used instead of block signals
that are visible along conventional rail-supported systems. Sta-
tion stops will be programmed functions triggered by wayside
targets.

A central supervision facility will manage the total train opera-
tion. A digital computer system will select routes and com-
pare train positions with schedules and conditions. It will
automatically analyze problem situations and select optimum
strategies. The complete control system will provide safety,
coordination, reliability and comfort.

SAFETY

The control system will make it impossible for a train to enter
any route that is not exclusively reserved for that train alone
and an interlocking process will automatically make certain
that all of the following series of safety conditions are satisfied:

All track switches are firmly in their proper position,
The route is completely clear,

There are no trains approaching a route conflict.
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If any of the conditions are not properly satisfied in a fail-safe
manner, the train will automatically come to a controlled stop.
The safety system will also make it impossible for any train to
approach within an unsafe distance of another train. The en-
forced safe separation will be equal to the train’s maximum
stopping distance, plus a wide safety margin.

As the three diagrams illustrate, a train can proceed at full
authorized speed only as long as it is separated from the train
ahead by the safe-separation distance plus a wide operating
margin. When the operating margin becomes reduced, the fol-
lowing train will automatically reduce speed. If the following

TRAINS A & B ARE SEPARATED BY A SAFE-SEPARATION DISTANCE,
PLUS A WIDE OPERATING MARGIN - TRAIN B IS AUTHORIZED TO

PROCEED AT FULL SPEED

TRAIN B'S STOPPING SAFETY

train approaches close enough to leave only the stopping dis-
tance plus the safety margin, it will be automatically brought
to a controlled stop.

A train-control computer on each train will regulate speed
to always minimize the difference between the train’s actual
measured speed and its authorized speed. As the schematic dia-
gram illustrates, authorized speed will depend on scheduled
speed and will be limited by safe separation and interlocking
restrictions. Authorized speed will be further modified at
times by a station stopping program, station departure control
and performance level adjustment data transmitted from cen-
tral supervision.
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THE RAPID TRANSIT VEHICLE SYSTEM

The rapid transit system proposed to serve the initial four
corridors and all subsequent corridors or line extensions is a
bi-modal system referred to as the trunk line and feeder con-
cept. This concept was selected as the most efficient type of
various public transportation service concepts studied to serve
the needs of the area. The primary function of the “feeder”
element is to provide the greatest service flexibility and cover-
age at the origin areas. This entails the collection of transit
riders from the suburban districts of the region to a series of
collection points or transit stations. Transit users will arrive
by three basic modes of travel: feeder buses, automobiles and
foot (walking). lot only will this concept offer a choice of
modes, but it will also provide, through feeder buses, a flexible
system wherein the bus routes can be altered, new routes added
and frequency of service modified to keep pace with changes
in patronage.
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The “trunk line” element of the concept provides for the effi-
cient, high capacity, high speed transport of large volumes of
people from the collection points to their destinations. Since
the primary purpose of any rapid transit system is to serve
journey-to-work trips, the result is a high volume of traffic to
be accommodated in an extremely short peak period.

The transit vehicle system called upon to perform this trunk
line operation must meet the most rigid performance standards
in terms of safety, reliability, efficiency and riding comfort.

The vehicle system must be as economical to construct
and operate as possible, consistent with other established
standards.

The system must be dependable and safe.

The vehicle must be comfortable riding, have a climate-
controlled interior and produce the lowest possible sound
levels, both inside and outside the vehicle.

The vehicle must be fast with the capability of reaching
a top speed of 75 mph.

The system must have a high degree of flexibility to permit
changes and additions to routing including switching,
turnbacks and changes in train consist.

The system must lend itself to electronically controlled
operation.

The vehicle must be aesthetically pleasing.

TYPES OF RAPID TRANSIT
VEHICLE SYSTEMS

A thorough investigation of all possible vehicle concepts has
been made of systems currently developed and in operation as
well as those in experimental and conceptual stages. Many of
the schemes are not applicable to a trunk line rapid transit
system because they do not meet the stringent requirements
established for such a system. Some concepts have not been
sufficiently engineered to permit proper evaluation and there-
fore cannot be seriously considered at this time.

There are four basic vehicle concepts which are fully developed
and operational. They are the:

Bottom-supported, dual-rail, flanged wheel vehicle,
Bottom-supported, pneumatic-tire vehicle,

Bottom-supported vehicle running on a single beam
(monorail ),

Top-supported suspended vehicle (monorail).

The first type is the most widely accepted vehicle concept
throughout the world for rapid transit systems. Based on to-
day’s knowledge of availability within the project schedule,
the modern dual-rail, flanged wheel vehicle is judged to be the
most efficient, safe, comfortable and reliable. This system has
been used as the basis for comparison of all other systems.

The bottom-supported rubber tire vehicle is currently being
used in the Paris Metro and Montreal Metro systems. This
concept is essentially the same as the dual-rail vehicle, except
for the wheels and the guidance system. While this system may
have certain limitations on a comparative basis in the areas
of guidance, switching, higher maintenance and operating cost
and higher initial cost in both the vehicle and track work, it
may offer promise of reduction in noise levels.

The bottom-supported vehicle running on a single beam is best
typified by the system sponsored by the Alweg organization.
Installations of this type are found in Disneyland, Seattle and
Tokyo. An example of a top-supported suspended vehicle is
sponsored by SAFEGE of France. Both the bottom-supported
vehicle running on a single beam and the top-supported sus-
pended vehicle are commonly referred to as “monorail” sys-
tems. These systems have two common features: the use of
rubber tires and structurally supported guideways. The pri-
mary disadvantage of both systems, in addition to the inherent
problems associated with switching, is the higher initial cost
required to put the vehicles in subway or run them at-grade.
At this time it is concluded that the bottom-supported, steel
wheel vehicle be used as the concept for this planning and pre-
liminary engineering effort, although study of vehicle systems
will continue in order to take advantage of new technology.









< Vehicle Concept Design

For example, a study of new transportation technology reveals
that a promising concept for the future generation of vehicle
systems is one supported on a thin film of air and propelled
by a linear induction motor. This concept, referred to as the
tracked air cushion vehicle, has certain inherent features which
can offer potential advantages in cost and performance factors
over the conventional vehicle system.

The elimination of wheels, bogies and conventional motors can
effect a reduction in vehicle height and weight which can result
in savings of operating costs. Fewer moving parts should be
the cause of reduced maintenance costs of vehicles. A signifi-
cant savings in the maintenance of roadbed is also a possibility
with the elimination of track work. The potential savings in
capital, operation and maintenance costs can be a significant
factor for future system applications.

Another factor in favor of the air cushion vehicle is the im-
provement of riding quality with the elimination of wheels.
The system should be virtually noiseless with little or no vibra-

DUAL RAIL VEHICLE

tion. All such environmental considerations will be greatly
emphasized in future transportation systems.

It is considered most significant that the fixed facilities required
for the tracked air cushion vehicle system are somewhat similar
to the basic fixed facilities of the steel rail, flanged wheel sys-
tem. If the feasibility of this new concept should be proven in
the future, the existing transitways, which represent about
80 percent of the total current cost of the present contemplated
system, can be readily modified. The community investment
made today, therefore, can be preserved for tomorrow. As
illustrated in the diagram, the vehicle system is supported on
a cushion of air and hence requires only a smooth flat surface
without tracks. One of the several concepts developed for the
guidance, which is a vertical wall in the center of the way
structure, is shown in the diagram. The linear induction motor
entails the embedment of the rotor in the center stem or wall
with the stator attached to the vehicle. Thus, the convertibility
can be readily accomplished by simply constructing the new
flat surface and the center wall of concrete and embedding the
rotor portion of the motor therein.

TRACKED AIR CUSHION VEHICLE
WITH LINEAR INDUCTION PROPULSION
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RECESSED FLUORESCENT LIGHTS
INSULATION

WELDED STRUCTURE

GENEROUS WINDOWS, TINTED GLASS
STANCHIONS

AIR ENTRY DIFFUSER

ASSISTANCE HANDLES AT DOORS
COMFORTABLE BUCKET-TYPE SEATS
ARM RESTS

WIDE AISLES

BI-PARTING SLIDING DOORS
CARPETED FLOOR

SPECIAL ACOUSTICAL BARRIER
DUCTS FOR CONDITIONED AIR

AIR SPRING SUSPENSION SYSTEM
EXTENSIVE USE OF RUBBER MOUNTS
FLANGED WHEEL

THIRD RAIL POWER SUPPLY

CONTINUGUS WELDED STEEL RAIL

THE TRANSIT VEHICLE

Most of the time spent by a transit patron is within the vehicle.
This element, therefore, has one of the greatest impacts on -
public acceptance. The vehicle design must reflect the most
advanced thinking and technology possible to provide the type
of system that will have the greatest appeal to the public, both
today and in the future. To achieve this goal, vehicle criteria
has been established at the highest practicable level to encour-
age improvements in the state-of-the-art by the transit equip-
ment industry.

The vehicle system which most efficiently meets requirements
in the Los Angeles region and therefore the one which has been
selected as the basis for estimating costs is a lightweight, high
speed train operated by automatic train control. The final styl-
ing and mechanical equipment of the vehicle will be carefully
studied in order to be representative of the finest design effort
available.

The vehicle system, in order to comply with the maximum oper-
ating criteria, will consist of trains up to 600 feet long each
with a normal capacity of 1,000 passengers and with perform-
ance characteristics permitting operation on a 90-second head-
way. They will be capable of reaching a speed of 75 miles per
hour with the stipulated load of passengers on board. Each car
will be self-propelled by electric motors and each axle will be
powered. The car will be at least 75 feet long and trains will
be operated in lengths as needed to meet the service require-
ments. The car width will not exceed 10 feet 6 inches and the
car weight will not exceed 900 pounds per foot, empty.






COST ESTIMATES

The estimated capital cost has been based upon a schedule of
engineering design and construction related to a specific time
base. The program will commence with passage of the Bond
issue in November 1968, and end with the completion of con-
struction in late 1975. The time required to design and con-
struct a project of this magnitude is dependent upon many
factors including availability of funds, prompt decisions on
system facilities, time for acquisition of rights-of-way and capa-
bility of the construction industry to handle the large work
load. It is anticipated that the work can be completed in about
seven years after authorization provided no major obstacles
are encountered.

The general construction contracts have been planned in sizes
that will utilize to the fullest extent the capabilities of the many
general contractors in the area. The tunneling and other under-
ground work have been planned in contracts of sufficient mag-
nitude to attract the most responsible firms with experience in
this type of work and to justify special equipment which will
permit the most efficient and economical construction methods
possible.

The subway portions of the system are planned to be con-
structed by tunneling or by cut-and-cover methods depending
on the specific problems in the various areas. All underground
stations will be excavated from the surface. However, in those
areas where such prolonged activities would seriously disrupt
the flow of vehicular traffic, the excavations are planned to be
decked over for vehicular use during most of the construction
period. Tunneling between the stations will be accomplished
with shields and/or continuous mining machines as may be
dictated by the nature of the ground. In certain cases, the con-
figuration of the subway tubes indicate an open cut-and-cover
type of construction. Examples of this are the stacked tubes
at the Seventh Street and Broadway interchange and on Wil-
shire Boulevard at the turn-off to the San Fernando Valley line.
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The aerial structures are planned to be normally constructed
by placing precast and prestressed girders on cast-in-place col-
umns. Girders of extra long spans are planned to be cast-in-
place.

The estimated costs have been arranged in divisions which
include the following cost details:

Structures and Roadbed

All costs of way structures and roadbeds required for the oper-
ation of a rapid transit system. This includes costs of tunnels,
aerial structures, cuts, fills, cut-and-cover sections, transit
bridges, road and highway bridges, street relocation and widen-
ing, tunnel ventilation structures and equipment, retaining
walls, trackage (excluding third rail), crossovers, turnbacks,
slope protection, landscaping, irrigation, drainage, fencing,
etc., including all related construction requirements such as
traffic routing and replacement of sidewalk, curb, gutter and
street surfacing.

Stations

Complete costs of station for underground, at-grade and above
ground construction including site preparation, structure cost,
parking lot and facilities, access walkways, escalators, ticket-
ing equipment, ventilation equipment, utilities, plumbing and
drainage facilities and landscaping, plus all related construc-
tion costs connected with the station facility.

Electrification

Includes costs of high voltage power wiring, d-c wiring, switch-
gear, transformers, third rail, etc., necessary to supply power
along the system and in the yards for operation of trains.
Also included are station and yard power and lighting and
tunnel lighting.

Control and Communication

All costs of electrical and electronic facilities and equipment
to automatically operate the entire system. This includes the
cost of the equipment in a special control center as well as an
allowance for costs of programming and training personnel.

Utility Relocation

All costs of removing, relocating, replacing, supporting and
maintaining all utilities affected by this construction, except at
underground stations which is included under station cost. This
includes water, sewerage, gas, oil, storm drains, electric power
lines, both underground and overhead, and telephone and tele-
graph lines.

Underpinning

All costs of protecting and permanently extending or expand-
ing the foundations of all buildings and structures which come
within the influence of the transit construction.

Yards and Shops

All costs of storage yards, repair and maintenance facilities,
and car washing and servicing facilities. Included are capital
costs of all items of site preparation, trackage, buildings and
maintenance equipment.

Project Management, Engineering,
Construction Management and

District Pre-operating Expense

All costs of planning, designing, preparation of plans and spec-
ifications, surveying, soils investigation, construction inspec-
tion and procurement services. Included are the costs of project
management, construction management and District pre-
operating expenses.

Contingency

For a large complex project such as this, the accuracy of the
estimates of cost increases with more detailed information of
facilities and systems design, construction methods and physi-
cal conditions of the construction sites. The estimate of costs
contained herein is based on selected route alignments and
configurations described in this report and the preliminary in-
formation and conceptual designs developed to date. A con-
tingency sum of 15 percent of the estimate of construction cost
is provided to cover both the preliminary stage of engineering
and the unknown and unanticipated conditions of the work
normally provided for as contingencies.





