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PREFACE

This document was prepared for the Office of Technical Assistance

and Safety of the Urban Mass Transportation Administration (UMTA). The

study was conducted by the Transportation Consulting Division of

Booz*Allen & Hamilton Inc. through a task order funding grant from the

U.S. Department of Transportation, Urban Mass Transportation

Administration. Guidance was provided through both the Office of

Technical Assistance and Safety and the Office of Grants Management.

Technical support was provided by Parsons Brinkerhoff Quade & Douglas

in the development of the data collection format and Gibbs & Hill in the

review of the cost input and unit cost results. The contents of this report

are based on the project staff research and do not necessarily reflect the

official views or policies of the U.S. Department of Transportation or the

Urban Mass Transportation Administration.

This report was authored by Donald C. Schneck, Richard M. Amodei

and Michael G. Ferreri of Booz*Allen with technical assistance from Dr.

Fred Ducca and Ghassan Salameh of Booz Allen, Thomas Jenkins of Parsons

Brinkerhoff, and David Weiss of Gibbs & Hill. Valuable insight and

direction was contributed by Edward Thomas and Ron Jensen-Fisher of

UMTA. The authors would like to express their appreciation for the

assistance and information provided by the light rail transit systems that

became a part of this Fixed Guideway Capital Cost Study. Employees and

consultants of these agencies were very helpful in furnishing detailed

construction cost information of each system element and then reviewing

the initial results.

The Fixed Guideway Capital Cost Study is an attempt to develop a

capital cost data base of actual unit costs to construct and procure the

various assets necessary to operate mass transit busway and rail systems.

This report documents the initial effort at this overall objective by

concentrating on the light rail transit mode of passenger rail systems. The

term light rail refers more to this mode's relative simplicity and
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operational flexibility rather than actual vehicle weight or cost. With an

overhead power supply source, light rail systems can operate in mixed

traffic and various alignment configurations. Service can be operated in

single or multi-unit trains of standard and articulated vehicle fleets that

permit close service level design in line with passenger demand. Seven

light rail systems that were developed over the past ten years, were the

focus of this project. However, only five of the system operating agencies

responded with pertinent capital cost information that formed the basis of

this study.
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INTRODUCTION

This report presents the results of the study to document actual

construction and related developmental costs for the most recently-

constructed light rail transit systems in the United States. With the

successful opening of the San Diego Trolley in 1981, other U S cities have

followed with the development of their own light rail systems. Through

the decade of the 1980’s, a total of seven light rail systems were

constructed or significantly reconstructed.

• San Diego inaugurated initial line service in 1981;

• Buffalo began service in 1985;

• Portland opened service in 1986;

• Sacramento initiated service in 1987;

• San Jose opened their first segment in 1987;

• Los Angeles initiated service (1990) to Long Beach; and,

• Pittsburgh reopened service on their line in 1988.

These new light rail systems represent an important investment of public

funds in the passenger transportation industry. The documentation of the

actual component capital costs of these systems represents an opportunity

to help prepare realistic capital cost estimates in the planning and

engineering of the next set of systems.

This project has been sponsored by UMTA, of the U. S. Department of

Transportation to document the actual construction and procurement costs

of all component assets and related developmental costs for each system.

The study objectives included an examination of unit cost characteristics

that could be pertinent to the planning of similar systems, such as the

distribution of costs by component categories, consistent unit cost ranges,

and commonalities of component types and capacity requirements for a

light rail system. The Office of Technical Assistance and Safety, Capital

Development Division directed the study with the assistance of the Office

of Grants Management Planning Analysis and Support Division.
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This fixed guideway capital cost study is intended to provide a data

base of actual unit costs for the various asset components used in the

construction of light rail transit systems. The transit authorities operating

these recently-completed light rail systems supplied the basic component

cost data and then examined the translation of their cost data into the

reporting structure for interpretational consistency. The resulting

component cost information is intended to assist agencies in the planning

and engineering stages to better prepare capital cost estimates for

proposed new systems or lines.

This study and resulting report did not attempt to evaluate or

explain the unit cost variances among the systems or the effectiveness of

component type and capacity decisions. There are many reasons for these

differences that reach beyond the analytical scope and objectives of this

study. The size of this study sample did not support the establishment of

statistically significant norms or variances in each of the cost categories.

This was likely due to the unique characteristics of each system that

exceed standard unit cost and capacity calculations. This report should not

be construed as a follow-up to the UMTA Report "Urban Rail Transit

Projects: Forecast Versus Actual Ridership And Costs". There was no

explicit or implied effort to prepare any cost effectiveness comparisons of

these systems. In addition, no attempt was made to critique the planning,

engineering, procurement, construction management and construction costs

incurred in the development of each system.
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STATEMENT OF PURPOSE

Introduction

This fixed guideway capital cost study represents the first in a series

of studies to examine the actual costs of major transit capital investments.

This report presents the results of the first task to focus on the recent light

rail projects that have been developed during the 1980's. Following

studies will utilize this basic analysis structure and apply it to the other

transit fixed guideway modes that have been implemented recently.

The information presented in this report should be used in line with

the objectives posed for the study. The range of component unit costs

should not be confused with any measures of efficiency since there remain

other cost sensitive factors that lie outside those measured here. Further,

the basic design philosophy of each system will directly affect unit and

total costs. For example, some systems adopt a minimum cost design

approach while others add amenities to attract higher market share.

Station designs are a good example of these different developmental

approaches. These effects on unit and total component costs do not easily

conform to the quantitative focus of this study.

The component cost ranges produced in this report should provide a

test for reasonableness of planning-level capital cost estimates and some

guidance on the number and type of assets required for a light rail project.

The cost ranges could also be used as a measure of project complexity and

overall service levels and passenger carrying capacity -- the more complex

and/or greater ridership demand, the more likely the project costs would

tend toward the higher end of each component cost range. In addition, site

conditions and interpretational provisions will have some direct effect

upon the unit cost results. These effects should all be considered with the

use of the information presented in this report.
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Background

Capital cost estimates are key ingredients in determining the cost

effectiveness, financial capacity and overall engineering feasibility of

major capital investments. Fixed guideway transit systems, which involve

Federal funding are developed in accordance with the Major Capital

Investment Policy This policy established a structured decision-making

process that requires the careful development of costs, benefits and

impacts of proposed systems. Reliable capital cost estimates are an

important element of the investment decision process. The project

development study process for major capital investments includes system

planning, alternatives analysis and preliminary engineering. Since capital

cost estimates are key ingredients to the decisions reached in each of the

project study phases, the results of this study are intended to help guide

the preparation of these capital costs through the availability of pertinent

unit cost information and the typical asset requirements of a fixed

guideway transit project.

An important aspect of the cost estimation procedures is the

development of "Composite Unit Costs for Sections and Stations." The

purpose of this study is to improve the accuracy and comparative

compatibility of the capital cost estimates of the various systems under

study. The benefit to the industry is the opportunity to check the

reasonableness of planning-level cost estimates with the actual experience

of building similar systems nationwide.

Good methods and reliable cost information are particularly

important when comparing cost effectiveness and financial impacts among

alternative capital investment projects. These comparisons require cost

information that is compatible among alternative investments and

reasonably in line with actual construction and procurement costs of each

proposed system under study. More certainty of cost estimates and less

variation fo actual costs is more critical given the limited governmental
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funding capacity and the expanded funding demand posed by the

increased number of new systems requesting these capital funds.

In the recent past, preliminary capital cost estimates have often

underestimated the actual costs and possibly blurred the alternative cost

effectiveness decision. More importantly, underestimated capital costs

have in the past stretched project financing plans, since required

contributions from each funding source increased upon implementation --

sometimes beyond the capacity of certain funding mechanisms. On the

Federal side, • funding priorities were necessary to accommodate project

cost increases, which sometimes led to decreased or delayed funding

elsewhere. State and local funding sources were less able to directly

absorb capital cost increases, leading to more difficult funding decisions.

The differences between planning estimates and actual construction

cost results often include other impacts of ongoing project development,

such as:.

• Changes in the scope of the project;

• Changes in design standards;

• Unforeseen complexities in field conditions;

• Expanded environmental & community responsibilities; and

• Difficulties in implementation.

The sum of these cost impacts, coupled with the underestimation of unit

costs and omission of some asset requirements, identifies most of the

causes behind the underestimation of capital costs. A data base of actual

project experiences on quantities and unit costs for major capital

investments should help improve the degree of confidence in planning-

level capital cost estimates.

Objectives

The size and complexity of the issues behind the underestimation of

planning-level capital cost estimates required a careful review of causal
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factors. The technical analysis was focused on where the most benefit

could be achieved from an examination of actual project development

experience. The objectives of the study were then defined as:

• To provide UMTA with the unit cost information to check

the reasonableness of the capital cost estimates for major

capital projects at the various stages of development;

• To provide local and state transportation planning

agencies and consultants with experience-based cost

information that could be used in generating more

accurate and consistent capital cost estimates; and

• To reduce some of the original data collection effort

needed to generate unit capital cost data for each study.

These objectives were then used to guide the study in the documentation

and analysis of actual capital costs of five recent light rail transit projects.

8
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STUDY APPROACH

The study approach concentrated on the development of a data base

of actual unit capital costs that could be drawn from actual system

development experience. The two key requirements of the data base were

the consistent definition of capital asset components and the identification

of actual construction and procurement costs at the same level of detail.

The workplan structure to meet these technical needs and the overall

study objectives included six tasks:

• Identify candidate systems;

• Develop data collection guide;

• Complete data collection survey;

• Prepare file structure and layout;

• Refine data base results; and

• Publish the results.

This task structure was followed in the conduct of the study with varying

levels of effort required for each candidate system.

This project focused on the recently constructed light rail transit

systems designed and built over the last ten years. Light rail systems

were selected as the initial system mode for this analysis, since more

systems have been constructed within this system definition and the

resulting data base would be the most complete.

There were several steps followed to assemble the complete data

base. These included:

1. Definition of a comprehensive list of cost categories and

subsets;

2. Development of a data collection guide form;

9



,



3. Submission of the data collection guide form to target systems

for completion;

4. Checking of returned forms for completeness and/or

misunderstandings;

5. Follow-up phone calls and, in several cases, site visits to fill in

missing data and clarification of misunderstandings;

6. Entry of data into spreadsheet data base;

7. Return of spreadsheet to target systems for checking and

verification; and

8. Editing and finalization of data base.

The development of the data collection guide was accomplished through a

cooperative effort of industry professionals representing system operators,

funding agencies, engineering and planning firms, and study professionals.

The guide was important because it formalized the initial definition of

asset components and established the minimum level of unit cost detail.

Summary asset categories were included at appropriate subtotal levels to

provide more comparative unit cost information, and accommodate

systems with a more consolidated level of cost information. The data

collection guide was then distributed to each of the candidate systems for

completion. Continuous interaction between project staff and system

operating staff was necessary to clarify the request; assist in the

interpretation of special conditions; and adapt the original data base

structure and component definitions to better fit the composition of the

available cost information.

The data base file structure was constructed around the format of

the data collection guide. As the du*a collection guides were returned, the

cost information was entered into the da fa system for review and analysis.

The data file was prepared in a Lotus 1-2-3 spreadsheet system for ease of

10
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access in this project and later additions of other fixed guideway transit

modes. A Lotus 1-2-3 add-in system Impress, was used to prepare the

final data base and exhibit graphics for final publication.

Cost values were entered into the data base at the finest level of

detail provided by each agency. Costs and quantities at the subsystem

level were subtotaled into system level costs. Unit costs were calculated at

each level of cost detail available. Unit costs were then updated into a

constant 1990 dollar value using published construction cost indices.

These 1990 dollar values were then normalized using nationwide cost

indices to standardize the unit cost values from each city and form a more

comparative cost basis.

The individual category unit costs were indexed to reach a consistent

level of comparability. Individual unit costs were indexed in two separate

ways. The first method involved inflating the costs to a consistent time

basis. All costs were inflated to a Year 1990 base using the following

formula and the historical cost indices published by Means Construction

Cost Data.

Index in 1990

Cost in Year 1990 = Index in Construction Year * Construction Year Cost

Means Construction Cost Indices are published annually by the R.S.

Means Company, Inc. and are also available through the Engineering News-

Record. City Cost Indices from the same 1990 Means report were then

applied to the Year 1990 unit costs to normalize to a consistent nationwide

comparative cost basis. The total weighted average construction cost

indices were applied, representing all construction types and including

both material and installation costs.





Nationwide Average Unit Cost = Unit Cost in City A
100

Cost Index for City A*

The nationwide average cost basis of 100 represents the 30 major

city cost average as of January 1, 1990. This provides the unit cost

comparative basis for the fixed guideway capital cost categories. The cost

index for each of the five light rail cities that were used in this study are

the following values.

• Portland 99.0

• Sacramento 91.0

• San Jose 80.0

• Pittsburgh 99.4

• Los Angeles 87.6

These five light rail cities all have nationwide cost indices that are less

than 100, which indicates that construction costs in those cities exceed the

30 major city cost average as of January 1990. This results in nationwide

1990 unit costs that are consistently lower than the city 1990 unit costs

for the same capital cost category.

The data base in Appendix A - E includes all three of the basic costs:

1) actual cost; 2) 1990 costs for each city; and 3) 1990 by city normalized

to the nationwide average. Costs presented in the body of the report are

1990 costs normalized to the nationwide comparative basis for each city.





METHOD OF APPLICATION

The estimation of capital costs in project planning is typically based

on the definition of alignment conditions, capital asset requirements and

unit cost measures of each asset category. The unique alignment

conditions and their impact on unit capital costs should be represented by

the cost ranges measured for each component. Therefore, development of

the study data base concentrated on actual unit capital costs and quantities

that should help guide the capital cost estimates under development for

the current round of cities considering light rail transit systems.

Candidate Systems

This study concentrated on the actual construction and procurement

costs of the light rail transit systems developed over the past few years.

Of these seven systems, five were able to provide the type of actual capital

cost information necessary for this project. A general description of these

five systems, their size, type, complexity and operating characteristics are

presented below. System developmental conditions and other unique local

conditions and expectations should be carefully considered before drawing

any conclusions about the relative costs and how they may be applied to

other system plans.

Portland - - Regional public transportation is operated by the Tri-

County Metropolitan Transportation District of Oregon (Tri-Met).

Portland's light rail system was opened in September 1986 and was

christened "MAX", for metropolitan area express. The 15-mile east-west

alignment is mostly at-grade with some elevated sections along joint

highway alignments. The line utilizes reserved rights-of-way in city

streets, arterials and highway medians to connect the city of Gresham and

other eastern suburbs with central Portland. Passenger access is through

25 at-grade stations that provide spacing of less than me mile and easy

walk-on accessibility for most of the alignment length. Only 5 stations

offer park-and-ride facilities, but almost all stations have coordinated bus
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transfer facilities. A 26 vehicle articulated fleet operates the full service

schedule requirement of 22 peak vehicles with the remaining 4 for

scheduled maintenance.

Sacramento - - The Sacramento Light Rail Project became

operational with the opening of the first phase in 1987. This first phase

includes both the Northeast and Folsom Lines connected through

downtown Sacramento. This phase is mostly composed of a single-track

main line with double-track passing sections along about 40% of the length.

The alignment utilizes unused freeway and abandoned railroad rights-of-

way for most of its length. There are 101 grade crossings along this first

phase development, indicating the limited investment in guideway

elements. The downtown portion was constructed within city streets in

both a dedicated transit mall and a mixed traffic operation. The design

philosophy was a low-cost approach using off-the-shelf technology and at-

grade construction to minimize total project capital costs. However,

Sacramento did note a preference for double track designs for the existing

and proposed lines, and a priority for the existing line conversion to double

track. A total of 28 passenger stations are included in this phase, with

seven suburban stations offering parking facilities, and six with bus

transfer facilities.

San Jose - - The Guadalupe Corridor Project, opened in December

1987, connects the cities of San Jose and Santa Clara with the surrounding

suburban areas. The initial phase of the light rail system consists of a 20-

mile North Line that is mainly located along the median area of major

roadways and along a transitway through downtown San Jose. The

alignment is at-grade along the full length and includes very little in new

structural requirements. Only one bridge and two overpasses in new

guideway facilities were necessary to connect the full length of the

alignment. Almost the entire line is double-tracked with only two small

sections of single-track operation. There are presently 22 stations in

operation with the planned expansion to 30 upon completion of the

proposed full line length to the southern sections of San Jose. This S^uth

Line extension will add ten more miles of right-of-way to this light rail





system, but since construction was not completed at the time of this study

and actual final construction costs were not available, this section was not

included in our project. However, some of the original system elements

and support facilities included in this study for the North Line were

designed to include this additional South Line operational needs and

corresponding cost impacts.

Pittsburgh - - The Port Authority of Allegheny County (PAT) has

extensively rehabilitated the previous trolley car alignment and built new

extensions to the South Hills Light Rail Line. The expanded service is

referred to as Stage I and includes 12.5 miles of new alignment

construction and 12 miles of complete right-of-way rehabilitation. The

downtown Pittsburgh service is now operated in a 1.6 mile subway

alignment, that is fully grade separated and free of traffic congestion-

related delay. The suburban alignment includes sections of new trackage

over previously unused rail right-of-way and rebuilt trackage and

structure along the existing right-of-way. The availability of unused rail

alignments provided some low-cost opportunities that contrast with the

high-cost subway alignment in the downtown business district area.

Transfer connections are provided to local bus services at nine suburban

stations plus to regional and busway services at downtown stations.

Service and passenger levels have increased when the new and

rehabilitated services were implemented and continue to expand. A Stage

II plan will next consider expansion of this light rail network into other

high density travel areas.

Los Angeles - - The Metro Blue Line connects Long Beach with

downtown Los Angeles along a 22.6-mile, mostly at-grade (approximately

80%), and dedicated alignment, that includes a subway section and

connection to the Metro Red Line (currently under construction) in

downtown Los Angeles. This line was constructed as the first part of a

regional network of rail service, serving the entire Los Angeles area.

Initial service was inaugurated in July, 1990 over almost the full length,

and since February, 1991, into the tunnel connection in central Lo c

Angeles. There are 28 highway, 4 pedestrian and two at-grade railroad
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crossings that required warning and control systems. The full alignment is

double-tracked except for the one-directional loop in downtown Long

Beach. The Blue Line was designed as a modern and more state-of-the-art

rail line including connections with other planned lines along its length.

There are 22 stations with only 5 offering parking facilities. One station is

underground with connections to the Red Line, three on elevated sections,

and one combined aerial/at-grade station with a link to the planned Green

Line. The service and ridership levels were anticipated at fairly high rates,

which required sophisticated control and support systems for this light rail

line.

These five light rail transit systems were able to supply actual

capital cost information in the format necessary for this study data base.

The cost information provided by each agency reflected the full

construction and systems procurement costs for the assets described in

these candidate descriptions and supported by the detail in the appended

data base listings for each system.

Cost Elements

The development of the project data base utilized fairly standard

asset component definitions and requested capital cost information at the

system and subsystem level. These system and subsystem definitions

formed the basis to the structure of the project cost information request.

The completion of the information requests by each agency required some

flexibility in the level of detail and category definitions of the original

request, since unique conditions were encountered in the design,

construction and procurement for every light rail system. The individual

contracting mechanisms and work scope within each construction or

procurement contract directly affected the level of cost detail available for

this capital cost data base. For example, when construction bids were

contracted for certain line sections, some contractors provided the

component cost details for the individual subsystems, while others were

not required and submitted only total cost proposals. Only through
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extensive research were the operating agencies able to generate the actual

cost details, including appropriate subsystem change orders.

The structure of the resulting study data base reflected a consistent

format at the subsystem level of detail for every light rail line. The data

base format was established under nine major cost categories:

0.00 System description;

1.00 Guideway elements;

2.00 Yards and shops;

3.00 System elements;

4.00 Stations;

5.00 Vehicles;

6.00 Special conditions;

7.00 Right-of-way; and

8.00 Project soft costs.

These eight cost elements were each divided into the related system and

subsystems included within each cost category. Units of measure were

defined at each of the cost levels from subsystem up to system and

category costs. The majority of guideway and right-of-way unit costs were

measured in terms of linear feet, while the systems unit costs were mainly

measured in terms of each system component. Unit costs which are

calculated on either a per mile or per linear foot of guideway basis are

defined by overall guideway length, as opposed to track miles, since the

actual subsystem cost information was not available by single track and

double track sections. In other words, a one mile section of guideway was

presented in a combined or average guideway type mile, whether it is a

single track or a double track section. The guideway elements were

segmented into the various alignment grades and track construction types.

System Description - - A general information section was

included at the beginning of each project information request to

summarize the overall characteristics of each light rail system. Areas

covered in this section include network or line size, service levels and



mmm



staffing levels by general categories. The intention of this section was to

gauge the system sizing and service level complexities to better

understand some of the unit cost differences among the rail systems and

the individual asset components. The size and service section quantifies

the length and breadth of the line, stations, and auto access facilities;

revenue vehicles available and scheduled for service at peak and midday

time periods; and, frequency of peak and off-peak services. Staffing levels

were also included to size the system manpower requirements by

functional area of light rail operation.

Guidewav Elements - - This asset category includes the

alignment components of track and structural requirements along the

entire right-of-way. Capital cost information was requested for each

alignment grade and track construction technique. Generally, there are

two types of track construction for passenger rail systems - - direct

fixation and ballast base. These two main construction techniques were

segmented further for mixed traffic track alignments such as embedded

and in-pavement ballasted. The alignment grades included all relevant

categories that represented significant cost impact such as:

• At-grade;

• Elevated structure;

• Elevated, retained fill;

• Elevated fill;

• Subway; and

• Retained cut.

The asset requirements and capital cost of most all guideway elements

were covered by guideway types. Each of these guideway elements were

measured in linear feet. Special trackwork and structures were treated

separately and noted for each system. The unique construction and

operating conditions posed by each system make this category the highest

overall cost component of these light rail passenger systems.
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Exhibit 1 presents the summary of guideway costs which

represented on average, 33% of total project costs, exclusive of the

planning/engineering/developmental type soft costs. This summary of

actual guideway unit costs presents the number of data entries or

observations for each guideway element, plus the minimum, mean,

maximum, and range of unit cost values. The unit costs presented in this

summary represent the constant dollar values in 1990 dollars, calculated

from the original construction cost and year of construction, and then

normalized to the nationwide comparative standard using the Means
construction cost indices.

Guideway element costs in total, ranged from a minimum of $428 per

linear foot to a maximum of $1,508 per linear foot. This leads to a wide

cost range of over $1,000, which illustrates the extensive cost variation

from a mainly single track at-grade alignment to the more sophisticated,

higher service volume systems that include mainly grade separated and

some subway alignment. The mean or average guideway cost of $1,016

per linear foot is pertinent if the planned alignment is not sufficiently

defined to select one of the more specific unit cost values. The lowest cost

guideway was the ballasted track type on an at-grade alignment, while the

highest expense guideway was as expected, the direct fixation track type

in a subway alignment. The unit cost details are also provided to

summarize the individual unit cost information as calculated from the

original actual costs submitted by each agency.

Yards and Shops - - Maintenance of the rail system components

requires specialty shops for each major asset category. Unit costs were

requested for each shop and particular system support function. In cases

where system development was more complex, detailed cost information

was available by shop; however, in some systems, yard and shop

construction was contracted out as a "package" and cost information was

only available at a summary level. The capital cost information request

included fourteen yard and shop areas that encompassed the full range of

system support needs. Flexibility was designed into the request to

accommodate both detailed and summary level responses.









Exhibit 2 presents the unit cost summary for yards and shops

components. The overall total category costs varied significantly from a

minimum of about $4.1 million to a high of $42.8 million. This extremely

wide cost range demonstrates that there are many factors affecting the

cost of light rail yards and shops. The extent of maintenance facility and

shop equipment requirements are at least partially driven by system

design, capacity and complexity decisions. However, even when the yard

and shop costs were measured on a guideway length or revenue vehicle

unit cost basis, there was only a minor direct cost relationship to either

unit cost measure. This yards and shops component cost information

should therefore, be carefully applied in any planning level capital cost

efforts, since there appeared to be little direct cost relationship among the

standard unit capacity measures. The more detailed line item information

about the 14 individual shop categories did not provide any better unit

cost support, since the breakout of the cost information was very

inconsistent. Therefore, these individual shop costs should only be used as

an indication of prior actual experience.

System Elements - - The system needs were clearly defined by

asset component and within four general functional categories.

• Signal system;

• Electrification;

• Communications; and

• Fare collection.

Capital cost information was normally available for each functional

category, since these components are typically procured and/or installed

through separate contracts.

As demonstrated in Exhibit 3, systems costs are somewhat more

predictable and related overall, to the linear feet of each system. Systems

costs ranged from $179 per linear foot to a maximum of $878 per linear

foot. This cost range is indicative of the level of systems sophistication
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necessary to operate the different service levels. The systems with higher

service levels were grouped at the higher unit cost range, while the other

systems were mainly grouped in the lower unit cost range. The mean of

systems unit costs therefore is not as pertinent as the two ends of the unit

cost range.

Stations - - This asset category was fairly straight forward with

the identification of components and definition of their individual

characteristics. Stations were first designated by grade, and then by

center and side platform locations. Unique station descriptors were

included to identify special asset requirements and related cost impacts.

These descriptors included platform length, escalator/elevator availability,

disability access mode, and weather coverage. In addition, station access

amenities were separately requested to define the cost impacts of such

elements as parking areas and pedestrian overpasses.

The station unit cost summary is presented in Exhibit 4, where total

station-related costs averaged about $1.4 million per station overall. At-

grade center platform stations were the least expensive with a minimum

cost of $180,000 for the most basic station design. The more complex of

these at-grade stations reach almost $1.0 million for center platforms, and

almost $2.0 million for side platform stations. Subway stations were as

expected the most expensive ranging from almost $7.0 million to $25.2

million for the most extensive station. There were only three elevated

stations constructed in the five study systems, which cost almost $2.7

million,. In addition, parking lots averaged about $1.1 million and a

passenger overpass was constructed for $900,000.

Vehicles - - Revenue and non-revenue vehicles were included in

this asset category. Revenue vehicles were identified by separate vehicle

orders to differentiate any component and cost impacts. Only one light rail

system (Sacramento) had a second vehicle order included in this time

period and capital cost data bast. Unique vehicle characteristics and/or

special componentry were noted to identify unit cost impacts of each

vehicle order. These included the make and manufacturer; size and layout
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dimensions. Special components such as cab signaling, air conditioning,

wheelchair lifts, and the particular farebox system were denoted when

included in each vehicle order -- otherwise the farebox costs were

included in the systems cost category. Non-revenue vehicles were

included as a separate category for service trucks, support automobiles

and any other necessary non-revenue equipment.

This asset category had the most consistent unit cost experience for

all five light rail systems. Exhibit 5 provides the unit cost summary for the

vehicle category. Light rail vehicles had unit costs ranging from a low of

$800,000 to a high of $1,300,000. These vehicles were all articulated with

the main differences in the individual vehicle capability and componentry.

The lowest unit cost vehicle order represents the most basic design criteria

and the more recent order from this same system was at a much greater

cost at over $1.25 million each. Therefore, the higher unit cost range may

be more representative than the low or average vehicle cost values.

Non-revenue vehicle costs varied significantly because of the

different operational philosophies. Some systems procured all necessary

non-revenue vehicles and others only purchased the minimum amount

and contracted for the other support services. The unit cost range reflects

these two developmental approaches with a minimum unit cost of $11,000

for mainly automotive support vehicles and a maximum of $86,000 each

for a support fleet that also includes more heavy trucks and other support

vehicles.

Special Conditions - - Development of a light rail system

involves some mitigating construction requirements that are not directly

related to rail service, but necessary to construct each rail line. The capital

costs of these items have been included in this special conditions category.

The largest cost component is the relocation of existing utility lines from or

within the rail corridor under construction. These costs have been

separated by replacements in the same or similar condition and

replacement with improved or different utility conditions that was

22



I
-tl



RANGE

OF

UNIT

COSTS

EXHIBIT

5

QC

co

K
CO

o
o

£

Ul
CD
£
2

i
§

§

a
2
5 ** **

MINIMUM

C\| <N C
CO O C
«o *i 05

f I I
*

>:

>
mi

>

>

1
•c-

|

$11,267

5 5 i| CM

TT
8
£
8

se
to
oo
p
§

CO N.

cvi fe

£ 2
s i
s w

K.
JO
*o

pT

O
§
of

o
pCO
*r
IP«M
T'l'

**>

o
§
jfT

IPCM

1°
to
o>

tfw

gCM
£s

I
I

o
o

U. Uj
O OC

CO lo
t: <*

£ &

c «o o
w m
Uj Ul i2 iS

o
to
Uj

oo
u>

5t OQ O
pc pc P:
Uj Ul Uj
CJ Q Q
DC DC DC
o o O

:£:1:£:
ft

<<<*<: x^l^x

c

o

V) CO
UJ UJ UJ
-4 mo o O
ft Sm Uj UJ
Mi
UJ Uj il

z>
CO P £ z
Uj UJ Ul UJ
.. i

o Uj Uj Uj
DC Q: DC

CM
UJ o o iiO

tf> »6 M

CO
Uj

I
s

I
Uj
DC

I
Z
Z
*o

Note:

Unit

Capital

Costs

Normalized

to

the

30

City

National

Average]

In

1990

Dollars





denoted in the data base as betterments. These replacement costs were

listed by utility:

• Gas;

• Telephone;

• Electric;

• Water;

• Pipeline;

• Railroad; and

• Other.

An additional section for utility replacement costs was provided for any

unusual or unforeseen circumstances. Three more of these special

condition categories were also included for demolitions, roadway changes,

and environmental mitigation costs.

These special conditions were measured overall on a linear foot basis

to provide a reasonable unit measure for use in planning other light rail

systems. Exhibit 6 presents the unit cost summary of special conditions

encountered in the development of these light rail systems. The total and

unit costs varied significantly for this cost category and should therefore,

be carefully considered in cost estimation applications. On a unit cost basis

special conditions costs varied from a minimum of $81 to a maximum of

$1,263 per linear foot, with a mean value of $337 per linear foot. The total

values per system were also provided for each individual cost category.

When initial information is available about the extent of special conditions

expected for the project, the total costs from the individual cost categories

may be most useful, while in the absence of specific special conditions, the

overall unit costs may be more appropriate. The lower unit costs may be

more appropriate in less dense urban areas and the higher unit costs in

more densely developed and/or mature urban areas.

Right-Of-Wav - - This capital cost category covered all land

acquisition and acquisition-related costs. Land acquisition costs were

requested for direct purchases and estimated value for any land donations
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or swaps. The related purchase costs for management, appraisal, and

relocation expenses were also listed in this capital cost category. The

original data was requested on an acreage basis by functional use --

mainline, stations, yards, and parking.

Similar to the special conditions, land costs are presented on a linear

foot basis for the overall category costs and on a project total for the

individual cost categories -- Exhibit 7. Overall right-of-way costs ranged

from $160 per linear foot to a high of $600 per linear foot, with a mean of

$346. Land acquisition costs in total cost from $15.5 million to as high as

$50.4 million. Land acquisition related costs followed a similar cost

pattern ranging from $800,000 to a high of $4.1 million. Relocation costs

were fairly small and only reported by three of the five systems.

Project Soft Costs - - This section included all other miscellaneous

costs related to development of passenger rail services. The majority of

these costs were expended in the planning, engineering, and project

management efforts. These services included in-house agency staff and

the use of consultants for particular tasks. Project start-up and initiation

expenses were also included in this cost category. Project financing cost

and an "other" expense line item which includes any reconciliations and

unaccountable costs, comprise the full range of any project development

capital costs.

Exhibit 8 highlights the unit cost summary of all project soft costs

incurred in the development of these light rail systems. This capital cost

category represents a fairly large expenditure commitment for light rail

system development. The wide cost range is some indication of the

relative complexity of each system and the extent of professional services

necessary for system development. The cost measurement of in-house

agency staff support may not be fully represented and possibly an

indication of the cost variance among the individual categories and overall

project soft costs. The other expense line item included some reconciliation

account costs and some other unidentified expenses.
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RESULTS

This section presents the capital cost results for each light rail system

included in the capital cost data base. Capital cost summaries were

prepared to present total project costs of each light rail system for each of

the eight asset categories described previously. A pie chart of the

proportional costs of each cost category was included to illustrate the

overall developmental cost requirements. These project cost summaries

are presented within this results section, while the details are included in

the data base appendicies. Detailed data were provided for five light rail

systems, including:

• Portland;

• Sacramento;

• San Jose;

• Pittsburgh; and

• Los Angeles.

The component costs are presented by specific system to provide a higher

level of unit cost information. When project plans begin to focus on a

defined developmental design, unit costs from a specific system may be

more pertinent to the cost estimation process.

Exhibit 9 provides a summary of system characteristics to aid in

understanding the system specific unit cost data (and variances) that

follow. The projects vary from 15 to 23 miles in guideway length,

averaging approximately 18-1/2 miles. They are substantially all double-

track operations, with the exception of Sacramento, which is approximately

60% single-track and currently in the process of extending double-tracking

to about 60%. Average station spacing varies from slightly over one-half

mile to one mile. Exhibit 9 also displays a key characteristic that

significantly affects unit costs (especially stations and guideway) --

Sacramento and Santa Clara are virtually totally at-grade systems while
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at-grade mileage for Portland and Pittsburgh is only two-thirds of the

alignment.

The balance of this section provides an overall summary of unit costs

by major category, followed by more detailed comparisons of subsystem

costs within each category. Appendices A - E include the full capital cost

data base of statistics organized by system. Data are provided in both

aggregate and detailed unit costs to be useful at various stages in a

project's development from early system planning stages to engineering.

Summary Cost Overview

Exhibit 10 presents a summary of the percent of actual (unescalated)

as built project costs by major category. Guideway construction is the

largest category, averaging 40% of "in-ground" cost. Systems (e.g., signals,

electrification, communications, fare collection) comprise the second largest

category at almost 18%. Right-of-way averages 14.4% and, if combined

with guideway costs, these two items total more than half the "in-ground"

costs varying from a low of 36% in Los Angeles to a high of 67% in

Portland.

Unit costs by similar categories are displayed in Exhibit 11 (escalated

to 1990 dollars). As would be expected, the widest variations occur in the

categories most dependent on local characteristics such as "special

conditions" where the range is 358% of the average and "stations" which

vary from elevated structures to on-street stops. Conversely, the smallest

variation is in vehicle unit costs which averaged $1,272 million with the

range being only 37% of the average.

Guideway unit costs average $5,782 million, with Sacramento and

San Jose being at the low end due to virtually 100% at-grade construction.

Pittsburgh, with 13% of its alignment in subway, has the highest average

guide '/ay unit cost.
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Total project cost per route mile averaged $27.5 million with a range

from $9,746 million to $41,748 million. Reasons for these variations are

more evident from the sub-category data presented in the following

sections.

S ystem CQS t Summa ri es

Prior to examining comparative unit costs in detail, it is helpful to

review actual systems' cost by category to understand some of the

underlying differences in design philosophy and local conditions. Exhibits

12 through 16 display total actual cost for each system in the three types

of developmental costs. The "as built" system costs are based on the actual

costs expended in the development of each project, and are measured in

year-of-expenditure dollars. The city costs represent the inflation of the

"as built" costs to a constant 1990 dollar value from each of the individual

component procurement years. The national costs then normalize the

category costs to account for construction costs of each major metropolitan

area. It is evident that costs vary significantly. A few of the reasons for

variations include:

Portland is a double-track system with approximately

one-third of the guideway elevated, resulting in higher

guideway and station costs -- Exhibit 12. Portland

represented a mid-range design approach that included

some passenger amenities and the operational facilities

necessary for a consistent service at a peak headway of

7.5 minutes. The at-grade downtown Portland sections

helped to maintain guideway costs in the lower range,

however the elevated sections introduced some of the

higher range unit guideway costs. The "as built" cost

proportions were about average except for the higher

guideway and station cost categories.
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Sacramento is the lowest cost project of the responding

systems — Exhibit 13. This low cost reflects a philosophy

of design simplicity using at-grade construction and

single track operation as much as possible. A simplified

design approach to stations and yards and shops costs

also reflect this design philosophy. The capital costs of

the recent and ongoing system upgrades to increase the

proportion of double track and the additional turnouts

necessary to increase operational consistency were not

included in this cost summary of the original project.

Vehicle costs and special conditions were the

proportionately higher "as built" cost categories while the

lower categories were yards and shops and soft costs for

Sacramento in comparison to the other systems.

San Jose , Exhibit 14, is the initial line of a planned larger

light rail system which includes some higher unit costs

and additional facilities that relate to the expanded

system base, such as yards and shops and other systems

capacity. These particular component unit costs would be

more representative of the unit capital costs and asset

requirements encountered by larger systems with an

individual line under development. Elsewhere, this line's

unit costs were maintained to about average for the five

light rail lines in the data base, since almost the entire

line length is at-grade. The 99% at-grade alignment held

guideway and station costs below the average. This San

Jose line was proportionately slightly high for right-of-

way and project soft costs, and low on guideway and

station cost proportions.
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• Pittsburgh is a reconstruction and expansion of an

existing line with commensurately lower costs for right-

of-way and special conditions -- Exhibit 15. These unit

costs are representative of the capital costs necessary to

rehabilitate an existing light rail line or system. On the

other hand, 13% of the line was placed in a new subway

alignment, raising overall guideway costs, but also

providing a good basis to estimate future subway costs,

particularly the highest unit costs for the section through

bedrock in downtown Pittsburgh. This subway section

also offers cost information for the construction of

subway stations through similar grade and high activity

construction locations. Proportionately, Pittsburgh was

high in soft costs, mainly due to a single line item of $91

million in other costs.

Los Angeles
,

is the first in a series of new lines for the

region and the entire systems/support facilities were

designed to integrate into the total network. The double-

track guideway includes elevated and subway sections

with provision for connections into the other portions of

the regional rail network. This line also provides subway

or tunnel construction costs that averaged about the same

as Pittsburgh's overall. Exhibit 16 presents the "as built",

city and national costs by category with relatively low

guideway costs and high special conditions on a

proportionate basis.

These "as built", city, and national costs by component category form the

basis for the comparative unit cost analysis using the normalizeo national

unit cost calculations.

29





H
Z
3
o><

xo
zo

H JU
CQ

XoO
XZ,*w
ux
G2ca
Ocn
ffiH
t*Cfl

So<o
H
O
ft.





z
o
MM
C/2

C/2

i>
ooUo
z w
5
u
H
u
u
o
CP
Pm

><

g
So
l* PU
M c/2

CQZ

£h»w
>-

H
z
o
u
C/2

W
J
H
C U
z
<

c/2

H
C/2

O
U
J

M
Pm
<

C/2

o
J

X
1/3

Sss

|8

pS
•< ’H
z

©\n
vo

xx
x

x
in
<T
©T
vo

©
s

VO
OS

oC
<s
r-

s

N©
n.
00
t~
00
©Tmx

r~
r-~

<s

x

3
x
<n
VO
©
in

Ov_

rfX

IT)XX

0\Xx
inm
oo
in

3

3
o
fS
•a
©V

Tm

oo
©\x

©v_

rfxx

•>T

3
3
ci
r-

X
H xx OS
o<

3 © ©V Os <s r» fn XU d Tf
t> Tf

n Osn § VO

®V
X

b§
©CX
t-^

s
<N

r-
<s

x
©v
00

oC
fn
o^

Os
^Tn s©

rn
V©

in©
ce

VO
<1

1?©X sV
CC-

00
'TX 5

in
VOX

oT
r-

C4
If) s if

©'

fS

l-'

SoX X X X

©
rd

©
in

•'l

t' ©V

£
TT
fd

$
X
VO

#X
M

©

X
£
Cd

3
W
J
fcd

I
Cd
Q
5
o
©©

X
CM

O
33x
*
X
Q
0£

X
s
u
Hx
><
X
©©

X
Z
O
NH

S
x
©©
ij

X
fcd

J
y
s
fcd

>
©©
in

x
Z
o
H
s
z
o
u
J
<
u
fcd

CMX
©©
VO

>-

0
—
O
H
S
CJ

©©

1
'U
a
at
<
x
j
5
g

x
H

£
C
u
HVx

O
V g
fc s
ox
©©
x

<
H





Comparative Unit Costs

Exhibits 17 through 23 show detailed comparative unit costs by

component system. These exhibits cover each cost category except

vehicles, which were displayed previously in Exhibit 11. The cost

information is presented in 1990 national dollars which represents the

individual component costs normalized to the 30 city nationwide

construction index.

Guideway Cost per linear foot (Exhibit 17) varies considerably by

system as previously mentioned, and also by grade as would be expected.

The data base includes each of the major types of guideway construction.

The average unit costs correspond with expected industry costs standards,

except where at-grade guideway was slightly higher in cost than the

elevated fill. The reason behind this was the rehabilitation of extensive

elevated fill in Pittsburgh compared to new at-grade alignment costs

elsewhere. For example:

Average Cost Average Cost

Type of Construction Per Linear Foot Per Guidewav Mile

At-Grade $665 $3.51 M
Elevated Structure $1,768 $9.34 M
Elevated Retained Fill $994 $5.25 M
Elevated Fill $658 $3.47 M
Subway $7,001 $36.97 M
Retained Cut $3,319 $17.52 M

Within grade categories, there are also variations in track laying methods.

For example, the least expensive method for at-grade track is simple
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ballasted guideway and it is clear from the data that this method is used

wherever possible -- two-thirds of the 392,000 linear feet of at-grade

track in the sample was ballasted. This is also true for elevated track

where 64% of the 57,000 linear feet in the sample was ballasted

(combining all forms of elevated guideway). Combining the entire sample

of 475,847 linear feet yields the following breakdown of construction

methods:

Tvoe of Trackwork Linear Feet Percent

Ballasted 305,022 64.1%

In-Pavement Ballasted 43,490 9.1%

Direct Fixation 28,912 6.1%

Embedded 98.423 20.7%

T otal 475,847 100.0%

Exhibit 17 also presents comparative unit costs for special trackwork such

as turnouts and crossovers which average $25.00 per linear foot of

guideway.

Yards and Shops Cost and comparative features are provided in

Exhibit 18. Both cost per facility and cost per unit of shop capacity vary by

a factor of almost 10. Some of this variation is explained by facility

features (e.g., Sacramento does not incorporate heavy repair, motor or car

wash/cleaning shops). There is also variation because some yards and

shops were designed to accommodate future system expansions (e.g., Los

Angeles). Variations also exist for local cost of construction. For example,

even when "national average" construction indices were applied to Los

Argeles an Pittsburgh costs, they were still significantly higher than the

other three systems. Further unit cost and component details are provided









for every system and cost category in the data base sheets in Appendices

A - E.

Systems Costs ranges vary by more than 100% of the average for

every component category (Exhibit 19). Several of the categories vary

because of operating complexities and designs for future expansion (e.g.,

communications costs in Los Angeles). The method of fare collection varies

from on-board fareboxes to self-service impacting fare collection hardware

costs. This category is also affected by single-track operation. For

example, electrification costs per linear foot of guideway in Sacramento is

$92 compared to an average for the other four systems of $259 per linear

foot of guideway.

Station Cost is shown in Exhibit 20 which highlights the wide

variation of designs from fairly simple "on-street" stops to major buildings.

Of the 109 stations in the sample, over 90% are at-grade and three-

quarters of the total are side platforms. At-grade costs range from a low

of $156,000 per station for a center platform to a high of $1,924,000 for a

side platform station. The other station cost categories are limited and

provide mainly cost examples.

Special Condition Costs are driven by particular local situations

(Exhibit 21). Utility relocations are the largest category and most typically

include gas, telephone, electric and water. All systems incurred some

"demolitions" costs, but the balance of the costs are very site-specific. On

average, these systems cost $353 per linear foot of guideway, but a

consistent grouping was formed by four of the systems with an average of

$125.50 per linear foot.

Right-of-Way and Related Costs averaged $412.76 per linear

foot of guideway, with 90% of this category involving land acquisition

(Exhibit 22). As would be expected, this group of costs are very location-

sensitive, with "he range being 70% of the average.
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Project Soft Costs are shown in Exhibit 23. Approximately half of

these costs are in the construction/project management category, with

almost 40% in the feasibility/engineering and design studies. Several

projects were carried out prior to the requirement for project management

oversight and show no cost in this category.
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CAPITAL

COST

DA

TA

BASE

TRI-COUNTY

METROPOLITAN

TRANSPORTATION

DISTRICT

1990

NATIONAL

UNIT

COST

ESTIMATES

$97.44 $6,758
$1.49

$3,631,126

sis 3

K? |
3 3

II

1990

CITY

UNIT

COST

ESTIMATES

00 vO ^a N m Qia oo ^ jjr

s ~ 3-

58

Z

$682,032

$534,312

$496,840 $543,679

TRI-COUNTY

METROPOLITAN

TRANSPORTA

TION

DISTRICT

YEAR

1984 1984 1984 1984 1984 1984
1984

1984 1984

1985
1985

1985 1985 1985 1985

COMPONENT COST

$3,300,000

$250,000 $500,000

$6,000,000

$437,000 $437,000

$2,423,000

$801,000

$2,000,000

$201,000

$8,831,000

$803,000

TOTAL COST

$6,937,000

$3,224,000

$15,107,000

$11,835,000

$2,201,000 $9,634,000

UNIT COST

$220,000

$86.52
$6.24

$6,000
$1.32 $1.32

$3^24,000

$35,632
$9,102

$604,280

$473,400

$440,200

$80,000 $40,200
$481,700

$1,104
$40,150

QUANTITY

15

80,179 80,179
1,000

330,000 330,000

1 68 88 25 25
5

1,000

0/3

WAYSIDE

LIFT
20

8,000

WAYSIDE

LIFT

UNITS

OF

MEASURE Each Each

L.F.

Guideway

Each Each
Total Total

Each Each Each

Linear

Feet

(Y/N) Type Percent Each

Linear

Feet

(Y/N) Type Percent Each Each

Linear

Feet

(Y/N) Type Percent Each

Linear

Feet

(Y/N) Type Percent

L'MTA

FIXED

GUIDEWAY

CAPITAL

COSTING

SYSTEM

LIGHT

RAIL

SYSTEMS

3.00

SYSTEMS

(continued)

PURCHASE

INSTALLATION

CATENARY

INSTALLATION

POLES

AND

COMPONENTS

WIRE

TROLLEY

MESSENGER

FEEDER RETURN

3.03

COMMUNICATIONS

3.04

FARE

COLLECTION

FAREBOX VENDING

MACHINE

OTHER

4.00

STATIONS

4.01

AT-GRADE
CENTER

PLATFORM

PLATFORM

LENGTH

ESCALATOR/ELEVATOR

HANDICAP

ACCESS

MODE

WEATHER

COVERAGE

SIDE

PLATFORM

PLATFORM

LENGTH

ESCALATOR/ELEVATOR

HANDICAP

ACCESS

MODE

WEATHER

COVERAGE

4.02

SUBWAY

CENTER

PLATFORM

PLATFORM

LENGTH

ESCALATOR/ELEVATOR

HANDICAP

ACCESS

MODE

WEATHER

COVERAGE

SIDE

PLATFORM

PLATFORM

LENGTH

ESCALATOR/EI

JEV

ATOR

HANDICAP

ACCESS

MODE

WEATHER

COVF.RAGE

0'0-(sn'tv)\or'000'0-<(Nn^rMN(N(N(NrJ(N(N(NMnnnnn 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157
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it
$180,861
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UNIT
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ESTIMATES

§ ii

Us
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i
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1990
1990 1990

1990 1990
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1989

1989 1989

COMPONENT COST

$5,527,894 $2,169,785 $4,132,000 $6,865,260 $4,035,602
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S 2 2
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SIDE

PLATFORM

PLATFORM

LENGTH

ESCALATOR/ELEVATOR

HANDICAP

ACCESS

MODE

WEATHER

COVERAGE

4.02

SUBWAY

CENTER

PLATFORM

PIATFORM

LENGTH

ESCALATOR/ELEVATOR

HANDICAP

ACCESS

MODE

WEATHER

COVERAGE

SIDE

PLATFORM

PLATFORM

LENGTH

ESC

AI

.

ATOR/EI

JF.V

ATOR

I

IANDICAP

ACCESS

MODE

WEATI

IF.R

COVERAGE
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CAPITAL

COST

DATA

BASE

port

authority

of

Allegheny

county

1990

NATIONAL

UNIT

COST

ESTIMATES

$249

$1,259,639 $1,205,503

$10,016,547

5 8 g $ §sm 2 m s
£ S *. $ s
W »o*

c*> *
V*

1990

CITY

UNIT

COST

ESTIMATES

$250

$1,267,242 $1,212,779

$10,077,009

$3,224,490

$1,973,143

$1,973,143

$6,978,530

$6,978,530

PORT

AUTHORITY

OF

ALLEGHENY

COUNTY

YEAR

1984 1984 1984 1984
1985

7985
1985

1985

T905

1985

COMPONENT COST

TOTAL COST

$15,012,110

$181,509

$1,113,906 $1,066,033

$8,928230

$34,282,779

$15,733,846

$15,733,846

$18,548,933

$18,548,933

UNIT COST

$220

$181,509

$1,113,906 $1,066,033

$8,928,230

$2,856,898

$1,748205

$1,748,205

$6,182,978

$6,182,978

QUANTITY

68,219

1 1 1 1
12 9 9 3 3

UNITS

OF

MEASURE Each Each

L.F.

Guideway

Each Each Total Total
Each Each Each

Linear

Feet

(Y/N) Type Percent Each

Linear

Feet

(Y/N) Type Percent Each Each

Linear

Feet

(Y/N) Type Percent Each

Linear

Feet

(Y/N) Type Percent

UMTA

FIXED

GUIDEWAY

CAPITAL

COSTING

SYSTEM

LIGHT

RAIL

SYSTEMS

3.00

SYSTEMS

(continued)

PURCHASE

INSTALLATION

CATENARY

INSTALJATION

POLES

vND

COMPONENTS

WIRE

T

.OLLEY MESSENGER

FEEDER RETURN

3.03

COMMUNICATIONS

3.04

FARE

COLLECTION

FAREBOX VENDING

MACHINE

OTHER

4.00

STATIONS

4.01

AT-GRADE
CENTER

PLATFORM

PLATFORM

LENGTH

ESCALATOR/ELEVATOR

HANDICAP

ACCESS

MODE

WEATHER

COVERAGE

SIDE

PLATFORM

PLATFORM

LENGTH

ESCALATOR/ELEVATOR

HANDICAP

ACCESS

MODE

WEATHER

COVERAGE

4.02

SUBWAY

CENTER

PLATFORM

PLATFORM

LENGTH

ESCALATOR/ELEVATOR

HANDICAP

ACCESS

MODE

WEATHER

COVERAGE

SIDE

PLATFORM

PIjXTFORM

LENGTH

ESCALATOR/ELEVATOR

HANDICAP

ACCESS

MODE

WEATHER

COVERAGE

135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157
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PORT
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1990
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UNIT

COST
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1990

CITY

UNIT

COST

ESTIMATES

$139

$4,539,601

PORT

AUTHORITY

OF

ALLEGHENY

COUNTY

YEAR

1984
1984

COMPONENT COST

TOTAL COST
$10,038,972

$4,034,435

$578,064 $248,253

$2,939,444

$268,674

UNIT COST

$122

$4,034,435

1
2
o

00 tN — -a- —
cr>

co

UNITS

OF

MEASURE

Linear

Feet

Each (Y/N) (Y/N) Type Type Type (Y/N)
Total Total Total

Each Name Type

Linear

Feet

Linear

Feet

Each (Y/N) (Y/N) Type Type Type (Y/N)
Total Total Total Each

Linear

feet

Total

UMTA

FIXED

GUIDEWAY

CAPITAL

COSTING

SYSTEM

LIGHT

RAIL

SYSTEMS

5.00

VEHICLES

(continued)

WIDTH

NUMBER

SEATS

AIR

CONDITIONING

CAB

SIGNAL

EQUIPMENT

BRAKING

SYSTEM

(AIR

.ELEC)

TYPE

OF

STEPS

(HIGH,

LOW)

HANDICAP

ED

(LIFT

.RAMP)

ON-BOARD

FAREBOX

PROCUREMENT

COST

SPARE

PARTS

SPECIAL

EQUIPMENT

COST

5.03

REVENUE

VEHICLES

-ORDER

C

MAKE/MANUFACTURER

BODY

TYPE

(RIGID.ARTIC)

LENGTH

OVER

COUPLERS

WIDTH

NUi

iBER

SEATS

AIR

CONDITIONING

CAB

SIGNAL

EQUIPMENT

BRAKING

SYSTEM

(AIR

.ELEC)

TYPE

OF

STEPS

(HIGH,
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ED

(LIFTJRAMP)

ON-BOARD

FAREBOX

PROCUREMENT

COST

SPARE

PARTS

SPECIAL

EQUIPMENT

COST

5.04

NON-REVENUE

VEHICLES

SERVICE

TRUCKS

AUTOMOBILES

OTHER

6.00

SPECIAL

CONDITIONS

6.01

UTILITY

RELOCATION

-

AS
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NEW

INSTALLATION

GAS

TELEPHONE

ELECTRIC

WATER
PIPELINE
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DATA

BASE

port

authority

of

Allegheny

county

1990

NATIONAL

UNIT

COST

ESTIMATES

•.V.V. V.'.V.' V.V.'

|88 W&
m m m m
viv.v

:
:
:
:
:
:
:
:
:
:
:m m mi m

1 1
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oT csf <o K
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1990

CITY

UNIT

COST

ESTIMATES

||| |||; ||| III

§ 88S P
% 5

cfc'fto nTN ^ O)

PORT

AUTHORITY

OF

ALLEGHENY

COUNTY

YEAR

1985
1985 1985 1985 1987

COMPONENT COST

TOTAL COST $224,751,180

$

106,746,730

$11

£36,750

$14,821,100 $91,946,600

UNIT COST

l 888 1
8 §§§ 1

<£>“ >2"

O >.
:

:
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%

I
O

CQ v** >*• >•
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SiCO

UNITS

OF

MEASURE 1 | as
iS £ £ £

Linear

Feet

Total Total Total Total Total Total

UMTA

FIXED

GUIDEWAY

CAPITAL

COSTING

SYSTEM

LIGHT

RAIL

SYSTEMS

7.00

RIGHT-OF-WAY

(continued)

7.02

LAND

ACQUISITION

-

DONA

TED

MAINLINE

STATION

YARD

PARKING

7.03

ACQUISITION-RELATED

COST

LEGAL

&

CONSULTING

APPRAISAL

PROPERTY

MANAGEMENT

7.04

RELOCATION
BUSINESS

RESIDENCE

7.05

OTHER

8.00

SOFT-COSTS

8.01

FEASIBILITY

STUDIES

8.02

ENGINEERING

&

DESIGN

8.03

CONSTRUCTION

MANAGEMENT

8.04

PROJECT

MANAGEMENT

8.05

PROJECT

MANAGEMENT

OVERSIGHT

8.06

PROJECT

INITIATION

INSURANCE

MOBILIZATION

MAIN

TEN'

vNCE

OF

TRAFFIC

8.07

FINANCE

CHARGES

8.08

TRAIHING/START-UP/TESTING

SAFETY

CERTIFICATION

OFF

SITE

LRV

TESTING

8.09

OTHER
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CAPITAL

COST

DA

TA

BASE

LOS

ANGELES

COUNTY

TRANSPORTATION

commission
1990

NATIONAL

UNIT

COST

ESTIMATES

$216.15 $12,995 $107.85

$17,348,630

$

5,456,404

$52,058 ; is i § aN o o . r*
•s ||V oo m hs^ ^ oo ifZ «-*

rvi S ^ 2 «
^ ISi: «l>“

1990

CITY

UNIT

COST

ESTIMATES

S II B$ I
8

Wt
2

28
$3,107,011

$1,091,099

$1,119,719

$947,997

$28,718,154

$28,718,154

|
LOS

ANGELES

COUNTY

TRANSPORTA

TION

COMMISSION

YEAR

1988 1988 1988
1988 1988

1988

1988
1988

1988 1988
1988

1988

COMPONENT COST

$15,991,760

$5,067,828

$28,372,430 $14,214,975 $14,157,455

$1,905,017 $2,565,811 $9,686,627 $4,239,307 $1,765,229

$16,191,134

$2,741,608

$27,684,300

TOTAL COST

$19,091,470

$6,004,536

$65,893,479

$18,932,742 $27,684,300

UNIT COST

vO ^ O' O <0 OO
oo o vo k cn 00
r**‘ n. oo U in ^
to Tt — V 1 r-

o o
28

$2,995,158

$1,051,819

$1,079,409

$913,869

$27,684,300

$27,684,300

QUANTITY

119,282

994

119,282

1 1 74 CVI CO m :>» —<
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