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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 CJ,)Cuments the initial effort at this overall objective by 

concentrating on c~e light rail transit mode of passenger rail systems. The 

term light rail refers more to this mode's relative simplicity and 

1 



operational flexibility rather than actual vehicle weight or cost. With an 
overhead power supply source, light r il systems can operate in mixed 

traffic and various alignment configuratlj ons. Service can be operated in 
single or multi-unit trains of standard and articulated vehicle fleets that 

permit close service level design in li] e 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 in
1 
ormation 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 m 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 ~roject 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 Offict- of Technical Assistance and Safety, Capital 
Development Division directed th .,. 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 senes 
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 l 980'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 repv~t. 
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Back2round 

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 
development of "Composite 
purpose of this study is 

of the cost estimation procedures 
Unit Costs for Sections and Stations." 

IS the 

The 

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 to actual costs is more critical given the limited governmental 
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funding cap~city 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 quant1t1es and unit costs for major capital 

investments should help improve the degree of confidence in planning

level capital cost estimates. 

Obiectives 

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 UMT A 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 m 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. 
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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; 
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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 data collection guides were returned, the 

cost information was entered into the data system for review and analysis. 
The data file was prepared in a Lotus 1-2-3 spreadsheet system for ease of 
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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. 

Cost in Year 1990 
Index in 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
R ecord. 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. 
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100 
Nationwide Average Unit Cost = Unit Cost in City A * 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. 
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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 one mile and easy 

wr 1k-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 m 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 .lose - - 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 

operat: 'Jn with the planned expansion to 30 upon completion of the 

proposed cull line length to the southern sections of San Jose. This South 

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

Pittsbureh - - 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 Aneeles 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 servict was inaugurated in July, 1990 over almost the full length, 
and since Febn,ary, 1991, into the tunnel connection in central Los 
Angeles. There are 28 highway, 4 pedestrian and two at-grade railroad 
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crossmgs that required warnmg 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 m 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 cos! data base. For example, when construction bids were 
contracted for certain line sections, some contractors provided the 
component cost deta:Js 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 character~stics of each light rail system. Areas 

covered in this section include network or line size, service levels and 
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staffing levels by general categories. The intention of this section was to 
gauge the system s1zmg 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. 

Guideway Elements This asset 
alignment components of track and structural 

entire right-of-way. Capital cost information 

category includes the 

requirements along the 
was requested for each 

Generally, there are alignment grade and track construction technique. 
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 m 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, rn 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 ,-ncompassed the full range of 

system support needs. Flexibility was designed into the request to 
accommodate both detailed and summary level responses. 
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RANGE OF UNIT COSTS 

1.00 GUIDEWA Y ELEMENTS 
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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 S)'!::tem. Systems 
costs ranged from $179 per linear foot to a maximum of $87P per linear 
foot. This cost range is indicative of the level of systems sophistication 
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RANGE OF UNIT COSTS 
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RANGE OF UNIT COSTS 

3.00 SYSTEMS 

UNITS OF 
MEASURE 

Linear Feet 

11~<1l!S.l.GN.l#. :$[$Tei : :: : : ::: ::: : ll~~liril~wii.vl 

ti.lo.a: EiiECTR.iFliiTiQN : : : liJ.littfit«iwi.vl 

!li.Pl liPMMYN(ll'flQN$' ::rn < : I : : ['total t I 

,~Q4EIBl~<?~llt;Q'flfl?N'd : <: : :1rn: : rd:iiit : 

EXHIBIT3 I 

UN IT COST SU MM ARY 

MEAN MAXIMUM RANGE 

$482 $878 $699 

:: : iil!i.ll: :::1::: :: 11#:◄il I: : : :: /1111 

: : Jt J: Jf:◄tf : : Ii : : 1144:ll : t I :Ii.II 

: : li~~;tgil : Ilf)◄!?llllt ::11t)l4~i~ttil I ltll.fl;lfl 

: 11;gqp;4qz! , l lll)!/lt;IIIM::1:::: lli!l~t#.Pltt ::::: il41~i.lJIII 

80oz, Allen & Hamilton 



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 base. 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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RANGE OF UNIT COSTS 

UNITS OF 
MEASURE 

4.00 STATIONS I Each 

f;q1: ITt<iRIPI t ::::::: • • :•:: : [ • 1~8 @ 

#.~P~~u~WII •:::: : J lii.<itt : • I 

l io!gJ/E'Vlfgl• • JJ :: ••:: • :J••..: l!i<i.6 U I 

, ~nlRBRKlli:Uli.$ :::: :l :: :::•• 1 • • ttotiit ::: 

#.Jo5' PARKING G.IRIG.ES > I • Titit t 

l it>~egpg$[6llllJDittlJR1'$$°g$J f t (I I tatit > 
Note: Unit Capital Costs Normalized to the 30 City National Average In 1990 Dollars 

COUNTS 

EXHIBIT4 

UNJT COST UMMARY 

MINIMUM MEAN MAXIMUM RANGE 

51 $180,861 $1,431,936 $3,205,143 $3,024,282 

:•::•::itt:UQ)Q~t •• • t• 111;111 t:::• : ltillt~rl.a.t ::::::: •:uir11;a1 

•:: l~~Hiitl~iil ltl)PW~litl •:lfililitlll •• ttflggtl;ltl 

•t :::1,i~1ti§t!I :•11;11,~1m1J•••:J: 11;11,~1:.111::•::•••: • t::::•:r:: •::tit■ 

:::: : ll~t~~tll l l!t~l1~1Rl :•::::::::11~1(;;1ail • • ::lltflt.t 

• tqqli$'§P=I •/ J BPlrl.tql J• •• 

Booz, Allen & Hamilton 

I 



dimensions. 
wheelchair 
included m 

Special components such as cab signaling, au conditioning, 
lifts, and the particular farebox system were denoted when 

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 
noil-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 m the same or similar condition and 
replacement with improved or different utility conditions that was 
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RANGE-OF UNIT COSTS II EXHIBIT 5 I 

UNIT COST SUMMARY 
UNITS OF 
MEASURE I COUNTS I MINIMUM I MEAN I MAXIMUM RANGE 

5.00 VEHICLES Each I 51 $968,5621 $1, 159,5671 $1,345,218 $376,65 
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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. 

Ri2ht-Of-Way - - This capital cost category covered all land 
acquisitio" and acquisition-related costs. Land acquisition costs were 
requested for direct purchases and estimated value for any land donations 
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RANGE OF UNIT COSTS EXHIBIT6 I 

UNIT COST SUMMARY 
UNITS OF 
MEASURE I COUNTS I MINIMUM MEAN I MAXIMUM I RANGE 

6.00 SPECIAL CONDITIONS Linear feet I 51 $81 $3371 $1,2631 $1,182 
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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. 

Proiect 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. Th-:- other expense line item included some reconciliation 

account costs and some 0ther unidentified expenses. 
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RANGE OF UNIT COSTS 

7.00 RIGHT-OF-WAY 

UNITS OF 
MEASURE 

Linear Feet 
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EXHIBIT7 l 

UNIT COST SUMMARY 

MINIMUM MEAN MAXIMUM RANGE 

$160 $346 $600 $440 
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RANGE OF UNIT COSTS EXHIBITB I 

UNIT COST SUMMARY 
UNITS OF 
MEASURE I COUNTS I MINIMUM MEAN I MAXIMUM I RANGE 

8.00 SOFT-COSTS Linear Feet I 51 $359 $1,4911 $3,0681 $2,708 
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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 (especiall) stations and guideway) -

Sacramento and Santa Clara are virtually totaJly at-grade systems while 
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Exhibit 9 
Summary of Light Rail System Characteristics 

Portland Sacramento San Jose Pitts bu r9..!!._ Los Angeles 

Opening Date 1986 1987 1987 1988 1990 
Route Length (miles) 15.2 18.3 19.9 41 .1 22.6 
At-Grade 9.9 17.6 19.7 27.1 18.3 
Elevated 5.2 0.7 0.2 2.9 3.6 
Subway 0 0 0 5.3 0.6 

Open Cut 0.2 0 0 5.8 0.1 

Track MIies 29.3 25.6 40.8 62.4* 43.6 
Stations 25 26 22 13 22 
Parking Lots 5 8 NR NR 5 
Parking Spaces 1636 3850 NR NR 1051 

Total Revenue Vehicles 26 26 50 97* 54 

Peak Vehicles 22 23 15 10· 26 
Midday Vehicles 12 8 15 28* 13 

Peak Headway (minutes) 7.5 15 10 NR 10 
Midday Headway (minutes) 15 30 10 NR 10 

Staff 
• Administrative 16 15 11 NR 28 
• Operators 36 32 58 112 73 
• Vehicle Malr,tenance 28 15 55 NR 47 
• Facility Maintenance 19 16 53 NR 45 
• Other 11 5 20 NR 68 

• Total 110 83 197 503 261 

Percent of Route Miles 
• At-Grade 65% 96% 99% 66% 81% 
• Elevated 34% 4% 1% 7% 16% 
• Subway 0 0 0 13% 3% 

Open Cut 1% 0 0 14% <1% 

• Total system statistics; not project-specific. 



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 
guideway unit cost. 
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Exhibit 10 
Summary Costs and Percentages of "As Built" Project Costs By Category 

(Current $ millions) 

Portland Sacramento San Jose Pittsbur.9!!_ Los Angeles 

Guldeway Elements $94.6 57.9% $46.7 42.5% $65.9 35.0% $110.5 40.4% $148.7 25.4% 

Yards & Shops $11.6 7.1% $4.0 3.6% $21.3 11.3% $38.2 14.0% $44.2 7.5% 

Systems $21 .2 13.0% $19.4 17.7% $33.1 17.6% $58.9 21.5% $115.3 19.7% 

Stations $15.1 9.3% $10.3 9.3% $4.9 2.6% $34.3 12.5% $65.9 11 .2% 

Special Conditions $5.8 3.5% $12.2 11 .1% $8.5 4.5% $10.0 3.7% $152.3 26.0% 

Right-of-Way $15.1 9.2% $17.4 15.8% $54.6 29.0% $21.5 7.9% $60.1 10.2% 

Average 

$93.3 40.2% 

$23.9 8.7% 

$49.6 17.9% 

$26.1 9.0% 

$37.8 9.7% 

$33.7 14.4% 

Total "In-Ground" Costs $163.4 100.0% $110.0 100.0% $188.3 100.0% $273.4 100.0% $586.5 100.0% $264.3 100.0% 

ll■l;ll!■ll11l~lllil:lll\::1:::::::::::::::J:::J:::::~gj~g:::::::::::::,.:~;lt$.f::::::::::::::::g~i4:;ij:: :1~11~~4:::::::::::::::::::::::::~$;~fl:JJ~iiilJ]J:::::~z].4::i:::::11:~m]1:J:]J;111.1:]:::rn1~i.lff.¥:t:[tf:::~qt.ijlt]@?.t.?.r.4:: 

i!■,IY~~ll&ll!il~lll!:::tt'i:ittttri~r,11::i,.1.z1::1:::::t::::1~m. ::::::jz.~;t::::Jt1f1~1::::rtrgi11::::t:::=igg4;.1::::=:t11ia i11:::~i:1:qt.1:::r1:1;;,1,1r:1J::r11:;.11:::rr~tmmr 



Cost Per Route Mlle 
• Guldeway 
• Systems 
• Special Conditions 
• Right-of-Way 

Yards & Shops Costs 
Per Shop Capacity 

Station Costs Per Station 

Vehicle Costs Per Vehicle 

Total Pro)ect Cost Per 
Route Mlle 

Project Cost Per Route 
Mlle Less Vehicles and 
Soft Costs 

Portland 

$7.0 
1.6 
0.4 
1.1 

0.1 

0.7 

1.3 

18.6 

$7.5 

Exhibit 11 
Summary of System Unit Costs 

1990 National Dollars in Millions 

Sacramento San Jose Plttsbur.9!!_ Los Angeles 

$2.3 $3.6 $8.0 $6.0 
0.9 1.7 4.2 4.6 
0.6 0.5 0.7 6.7 
0.8 3.2 1.6 2.4 

0.1 0.4 NR 0.7 

0.4 0.2 3.2 3.3 

1.0 1.0 1.2 1.3 

8.9 21.5 40.1 36.6 

$5.3 $10.4 $19.8 $24.1 

::~~t..1:1::11=a::1.11,11:I::::1:::::::::::::::::::::::11ilii::::::::::::1:::::::::::::::::::::::rn:r::::]~~::::::1:=:::::::':::::::':::::::::::::Jll~::::::::::::::::::::::::::::::::::::'rn::::::::::::::g ~':::::::::J:]::lt::]:lt:1:t:::::::i11~:: 

Percent 
Range 

Average Range of Average 

$5.4 $5.7 106% 
2.6 3.7 141% 
1.8 6.2 351% 
1.8 2.3 127% 

0.3 0.7 198% 

1.6 3.1 202% 

1.2 0.4 33% 

25.1 31.2 124% 

$13.4 $18.8 140% 



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. 

System Cost Summaries 

Prior to exammmg comparative unit costs m 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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EXHIBIT12 
TRI-COUNTY METROPOLITAN TRANSPORTATION DISTRICT 

CAPITAL COSTS BY PROJECT CATEGORY 

RIGHT OF WAY(6.1 % ) _. 

SPECIAL CONDITIONS(2.3%) ~ 

VEHICLES(l0.2 % ) ___,Jr 

~ GUIDEWAYELEMENTS(38.3%) 

~ 

STATIONS(6.l % ) __j 
'---- YARDS & SHOPS(4.7%) 

L SYSTEMS(S.6%) 

1.00 GUIDEWAY ELEMENTS 

2.00 YARDS & SHOPS 

3.00 SYSTEMS 

4.00 STATIONS 

5.00 VEHICLES 

6.00 SPECIAL CONDITIONS 

7.00 RIGHT OF WAY 

IlliiiilgJ}pij,i§\\1:::::::::JJ}jj 
8.00 SOFT-COSTS 

1:::11m~iifli!P.Wiiatm::::rrr 

"AS BUILT" COSTS AS 
% OFTOTALCOST 

38.3% 

4.7% 

8.6% 

6.1% 

10.2% 

2.3% 

6.1% 

"AS BUILT" COSTS 
(Y-0-E) DOLLARS 

$94,599,637 

$11,602,000 

$21,167,000 

$15,107,000 

$25,218,000 

$5,756,000 

$15,070,000 

:r:t:1:t!~!i~li\\\\\ !: 
$58,278,000 

CITY COSTS NATIONAL COSTS 
1990 DOLLARS 1990 DOLLARS 

$107,600,218 $106,600,218 

$13,490,698 $13,355,791 

$24,503,700 $23,813,163 

$17,050,800 $16,880,275 

$33,579,234 $33,243,444 

$6,574,678 $6,494,499 

$17,158,306 $16,997,948 

n•t.~11z@e:::::::::::::::::::::::::::::::::::::::::::rm:::::::::1::::1::::::1:::::1111a1111:::::::::::::::::1:1:::1:: 
$65,758,780 $65,105,348 

r:::::::::::::::l!i:!!!~1!1\:l:il\}f::ll:\\\\i]t 



• 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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EXHIBIT 13 
SACRAMENTO REGIONAL TRANSIT DISTRICT 

CAPITAL COSTS BY PROJECT CATEGORY 

SOFT-COSTS(20.0%) 

RIGHT OF WAY(9.6%) ► 

SPECIAL CONDITIONS(6.7%) --

VEHICLES(l9.2%) 

"AS BUILT" COSTS AS I 
% OFTOTALCOST 

1.00 GUIDEWAY ELEMENTS 

2.00 YARDS & SHOPS 

3.00 SYSTEMS 

4.00 STATIONS 

5.00 VEHICLES 

6.00 SPECIAL CONDITIONS 

25.8% I 

2.2% I 

10.8% I 

5.7% I 

19.2% I 

6.7% I 

t 
"AS BUILT" COSTS 

(Y-O-E) DOLLARS 

$46,678,400 

$3,979,000 

$19,448,037 

$10,270,000 

$34,600,000 

$12,153,425 

GUIDEWAY ELEMENTS(25.8%) 

,. YARDS & SHOPS(2.2%) 

SYSTEMS(l0.8%) 

STATIONS(S.7%) 

CITY COSTS NATIONAL COSTS 
1990 DOLLARS 1990 DOLLARS 

$52,721,856 $47,908,608 

$4,490,971 $4,086,783 

$22,051,392 $20,036,544 

$11,591,412 $10,548,188 

$38,316,708 $34,868,232 

$13,768,128 $12,536,832 

7.00 RIGHT OF WAY 9.6% $17,408,000 $19,700,736 $17,909,760 

:,,W9If\~/~4~-=PP~Jl~:::::::::f::::::::,:,,,:,:,:,:,:,;,,,:,::::::,:,:,,,:,::::::::::::::::::::::::::=:=:=:=:=~~~~•:=:=:=:=:=:=:=:=:=:=:=:=:=':'::=:=:=:=:=::=:=:=:=:=:::::::::,?,=:=:=:=:=:=:=:=~~~~~~~~:=:•:=:=:•:=:=:=:=:=:=:=:=:=:=:=:=::::':'::=:=: :=:=:=:=:::::=:=:=:•:•:•'•:=\ =~!!~~!t'=:!ffl=:=:===:=:='t:•:=:=::::=:=:-;-:::::':-::::•S :':':':=::::'=:=::::'':•:':':':'{'~!!!diffl::::::::('•':/'•':'•'•'='•t 

8.00 SOFT-COSTS 20.0% $36,119,000 $44,214,720 $40,185,024 

) iriTAti.PRO.JEC'.f COST:::::: :::: :: :: :: ::::::::::::::: :::::::::::10¢0.~: :::::::::::::::::::::::: :::=:= :::::::::::::::::: :::::::::::::':$180.'65.S.$6%•::::::::::::::::=:::::::::::::::::::::::: ::::::::::':':::::::::::: ::::::~~gg::::::::=::::::::::::::::::::::::::=:=::::::::: :.: :::::::::::::::::::::::=::::::::•1.~H.flt'•:•:=·=:=••-:;.,.,.,:w:;:,:;., 



EXHIBIT 14 
SANTA CLARA COUNTY TRANSPORTATION AGENCY 

COSTS BY PROJECT CATEGORY 

SOFf-COSTS(35.9%) --

RIGHT OFWAY(14.4%) 
_/ 

1.00 GUIDEWAY ELEMENTS 

2.00 YARDS & SHOPS 

3.00 SYSTEMS 

4.00 STATIONS 

5.00 VEHICLES 

6.00 SPECIAL CONDITIONS 

7.00 RIGHT OF WAY 

"AS BUILT" COSTS AS 
% OFTOTALCOST 

17.3% 

5.6% 

8.7% 

1.3% 

14.6% 

2.2% 

14.4% 

GUIDEWAY ELEMENTS(17.3%) 

......--- YARDS & SHOPS(S.6%) 

◄ SYSTEMS(8.7%) 

-- STATIONS(l.3%) 

--VEHICLES(l4.6%) 

►. __ SPECIAL CONDITIONS(2.2%) 

II AS BUILT" COSTS 
(Y-O-E) DOLLARS 

$65,887,000 

$21,291,136 

$33,124,742 

$4,914,000 

$55,611,000 

$8,487,000 

$54,617,000 

CITY COSTS 
1990 DOLLARS 

$70,078,704 

$23,578,224 

$33,158,400 

$4,973,694 

$64,663,950 

$9,376,728 

NATIONAL COSTS 
1990 DOLLARS 

$56,095,864 

$18,862,579 

$26,505,600 

$3,978,942 

$51,731,150 

$7,484,932 

i:ir<!ri.ii.:H~ii::pg$Ji"-:::jjjjj::j:::i:k::::::::ij::::::ii:::::11.itW:::::::::::::::::::::::::::::::::=d:::::::::::::,:::::::::it:::m.~l&tffl!t:::::t 
$61,606,748 I $49,351,200 

.. tfIIiiilaii:I:I:Iiiilil]I::: i:::::::J]Ji::::::::1:::im,111mrllflll 'II: 
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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 senes 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 :omparative unit cost analysis using the normalized national 
unit cost calculati"ns. 
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EXHIBIT 15 
PORT AUTHORITY OF ALLEGHENY COUNTY 

COSTS BY PROJECT CATEGORY 

~ GUIDEWAY ELEMENTS(19.9%) 

SOFT-COSTS( 40.5%) ~ 4 YARDS & SHOPS(6.9%) 

....__ SYSTEMS(l0.6%) 

RIGHT OF WAY(3.9%) _,t 

SPECIAL CONDITIONS(l.8 % ) ___Jf 
'--- STATIONS(6.2%) 

L VEHICLES(l0.3%) 

ti AS BUILT" cosr_s AS "AS BUILT" COSTS CITY COSTS 
% OFTOTALCOST (Y-O-E) DOLLARS 1990 DOLLARS 

1.00 GUIDEWAY ELEMENTS I 19.9% $110,472,428 $125,786,606 

2.00 YARDS & SHOPS I 6.9% I $38,183,186 $43,096,147 

3.00 SYSTEMS I 10.6% I $58,885,157 $66,498,182 

4.00 STATIONS I 6.2% I $34,282,779 $38,693,880 

5.00 VEHICLES I 10.3% I $57,399,440 $64,784,940 

6.00 SPECIAL CONDITIONS I 1.8% I $10,038,972 $11,425,522 

NATIONAL COSTS 
1990 DOLLARS 

$123,954,584 

$42,837,570 

$66,087,192 

$38,461,716 

$64,396,200 

$11,343,324 

7.00 RIGHT OF WAY I 3.9% I $21,511,920 I $24,988,192 I $24,823,796 

[!f:9I.Mi!J!~P]1!fflmlIIIIIt/IIIIEIIiIIItI:11:tllJ]f f IIJilt::1:1=::111:::1:::mg~lili!ll;:t:J[i[IltI :titr:Iiif liil!iaif ttt:]IIttr:ntIII:ItI:!:J;::1111tfli!::::rr::r:t?t 
8.00 SOFT-COSTS 40.5% $224,751,180 $253,663,028 $252,183,464 

,;,;,~~~·'-10.JSCTi,C.O.S.T::,:,:,:,:,:,;: ;,;,;,;,;,;,;;,;,,,;,;,;,;,:,;,;,;;,:;,;,;,;,:,;,;,;,:,lUOkt5.:,:,;,:::;:::;,;,;,:,;,:,;,;,;,;,;,;,;,l :,;,;,;,;,;,;,;,:,;,;,;,;,;,;,;,;,;,;,$$$.$.~mii:,;;;,:,:,;,;,:,:,:,:;:;:,:,:,;,:;,;,::,;,::,1,:,;,:,:,;:,:,:,:,::,:,:,;,;,:,::,u~A$.&4.i!1:,;,:;:,:,;,:,;,;,;,;,;•;,;,;,:,:,:,:,:,:,:,;,:,I ;,:,;,;,;,:,;,:,;,:,;;,;,;:,;,,:,;,;,:,;~ ~~jQ~::,:;:,:,;,;,;,;,;,:,:::::,:.:,;:; 



EXHIBIT 16 
LOS ANGELES COUNTY TRANSPORTATION COMMISSION 

CAPITAL COSTS BY PROJECT CATEGORY 

SOFT-COSTS(24.0%) 

RIGHT OFWAY(6.8%) ► 

SPECIAL CONDITIONS(17.4%) ---J~ 

1.00 GUIDEWAY ELEMENTS 

2.00 YARDS & SHOPS 

3.00 SYSTEMS 

4.00 STATIONS 

5.00 VEHICLES 

6.00 SPECIAL CONDITIONS 

"AS BUILT" COSTS AS 
% OFTOTALCOST 

17.0% 

5.0% 

13.1% 

7.5% 

9.1% 

17.4% 

"AS BUILT" COSTS 
(Y-O-E) DOLLARS 

$148,719,104 

$44,204,740 

$115,273,245 

$65,893,479 

$79,939,129 

$152,349,392 

GUIDEWAY ELEMENTS(17.0%) 

,._ YARDS & SHOPS(S.0%) 

◄ SYSTEMS(l3.l % ) 

STATIONS(7.5%) 

VEHICLES(9.1 % ) 

CITY COSTS NATIONAL COSTS 
1990 DOLLARS 1990 DOLLARS 

$154,232,919 $135,147,639 

$45,855,539 $40,169,453 

$119,520,564 $104,729,596 

$68,354,242 $59,878,302 

$82,924,398 $72,641,772 

$172,004,644 $150,653,166 

7.00 RIGHT OF WAY I 6.8% l $60,084,803 l $62,384,486 l $54,631,156 

8.00 SOFT-COSTS 

!Jllilf lR!fflm\£9~1t 
$210,805,963 

lI)IItt::::djtt~~tt/JJI 
$237,967,590 I $208,385,654 

rr:iti1m.1itt1:1:1=1:1:1:::::11u:::::::::::::::::i1t■~1:1::1:::::::::::::::[:: :=:: 



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 Guideway 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 •1ariations m track laying methods. 
For example, the least expensive method for at-grade track is simple 
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Exhibit 17 
Guideway Costs Per Linear Foot 

1990 National Dollars 

Portland Sacramento 

Ii!P.r.iiil.iii~IIIl\J:l\\]!:t:1:ttJ:::::::::::Jf It]I]]lil~$,]\\J J :: J\I] ::I::::Ililf llI]\If f 
Direct Fixation 
Ballasted 679 350 
In-Pavement Ballasted 526 
Embedded 3,713 

::1mvi1iPJillijri\lililIIIIj[]lf lIIJ][ ItI:1~1,:1::::I:I[\I 
Direct Fixation 
Ballasted 2,602 
In-Pavement Ballasted 
Embedded 3,365 

IlivllJM.\\tilffli\\EilfAii~l(I::::]:II]Jr'= ':-: ']::i ::::r:::±Il ::: n::Jio:tZ\it 
Direct Fixation 
Ballasted 
In-Pavement Ballasted 
Embedded 

1,172 

San Jose Pittsburgh 

::::r :: i§P.i: :: :::1r11:1:1::::1::]]/si1::::r m:: < 
696 

610 375 

606 583 

1,119 

Los Angeles 

:: :::;::: ;:;::=::]\!iii:::::::::::::: 

442 
2,588 

906 

:Iiiil!tt::::: I 
2,756 
4,516 

Average 

1.i~it 
696 
491 

1,557 
1,452 .,,,,, ,,,, 'IM~zil\ 
1,233 
2,746 

506 1,935 
i:i:iiif ::::::ri§1:r::r::::: ======::::-= :]iii:::::::::-:=··::r:==::==·:=::::=·:·_ :=r::1s: 

847 1,010 

::1.a1.1tjntti.is.~JiJti:::iit:ti t: :t\t:::\::f J::/J::::r:;.;::::=:: , . . ... . -::=:;::1r::;:;:::::1::r1@=::::ii=:::: ::::::::tJ:=:: ::: g, :::r:t:::it'::::tt Jr:1:::: r=1t&isr= ,} ,::,;:;=;:::;::::::::,-·-::::. em·-. · -·· -· .- r:11: 
Direct Fixation 
Ballasted 
In-Pavement Ballasted 
Embedded II.P§wl:IimflIIiiiI 11:Iit:tJ]i:r{J( .. :-:-:-:•• ··-=-••::-:- -: •.. :•-:•• . . . . . . . . . . . . . •:••· · :-:,,::,:1:t:::g::: Jr::: 
Direct Fixation 
Ballasted 

616 616 

1:\i? :r:ramm11
:: :::::::::::r:1::::::::rirrn::::1::::::i f,i.gt:::: ::::::::::::::::i::i::1:r::::J:::::::::::r:111:::::::J:t:J=J:]:1:::r::::::::1:;1 :,::: 

20,730 6,329 13,529 

In-Pavement Ballasted 4,730 4,730 
Embedded 506 506 

Direct Fixation 4,322 4,322 
Ballasted 5,410 329 2,870 
In-Pavement Ballasted 
Embedded 

Special Track Work Per 
Linear Foot of Guldeway $33 $15 $17 NR $35 $25 



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: 

' Type of Track work 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% 

Total 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 indice8 were applied to Los 
Angeles an Pittsburgh costs, they were still significan~1y higher than the 
other three systems. Further unit cost and component details are provided 
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Portland 

Yards & Shops Per Faclllty $13.36M 

Cost per Shop Capacity $133,558 

Heavy Repair y 

Motor Shops N 

Wheel Shop y 

Machine Shop y 

Air Conditioning NA 

Electronlcs y 

Communications y 

Car Wash/Cleanlng y 

Maintenance-of-Way 
Shops y 

Maintenance-of-Way 
Equipment y 

fievenue Center NA 

Control Center NA 

Exhibit 18 
Summary Yards and Shops Costs and Features 

1990 National Dollars 

Sacramento San Jose Pittsburg!!_ Los Angeles 

$4.09M $18.86M $42.84M $40.17M 

$81,735 $362,402 $441,624 $743,879 

N y NA y 

N y NA NA 

y y NA y 

y y NA NA 

y y NA NA 

y y NA y 

y y NA NA 

N y NA y 

y NA y NA 

y NA NA y 

N NA y NA 

N NA NA y 

Average 

$23.86M 

$352,640 



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 1s 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 the range being 70% of the average. 
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Portland 

Signal System per Linear 
Foot of Guldeway $105 

Electr1flcatlon per Linear 
Foot of Guldeway $148 

Total Communications Cost NR 

Total Fare Collectlon 
Equipment Cost $3,631,126 

Total Systems Cost per 
Linear Foot of Guldeway $297 

Exhibit 19 
Summary Systems Costs 

1990 National Dollars 

Sacramento San Jose 

$76 $54 

$92 $142 

$196,121 $2,348,358 

$1,080,497 $3,460,050 

$179 $251 

Pittsburgh Los Angeles Average 

$322 $310 $173 

$369 $377 $225 

$10,016,547 $17,348,680 $7,477,427 

NR $5,456,404 $3,407,019 

$804 $878 $482 



Exhibit 20 
Summary Stations Costs and Features 

1990 National Dollars in Thousands 

Portland Sacramento San Jose Pittsburgh Los Angeles 
Number/ 
Average 

At-Grade 
Center Platform 
• Number 5 
][lliltlr:!1.m■:rr::::1:r:JII!Iff]Jli?][i] 
Side Platform 
• Number 20 
::;r1■::1.1r::,1~■::::::::::::::::::::::::::::r:it:1:::1:::1:is.r1:::::: 

Elevated 
Center Platform 
• Number O 
]tmm::1.1:r:1,m■t:t:1:t::tt::::J:t:::r:::::r::::::::t:g: : },,}{::{, 
Side Platform 
• Number 
:;ta::1.,r::,1,11:: 

Subway 
Center Platform 
• Number O 

1:;:::::1■1Jj1r::1.1~mn::::::::1:::ti:rit:::::r::::::rr:::I::rg::r:::,::::::r:::::::::: 
Side Platform 

0 

28 
']ii7tlf) 

3 0 15 23 

!Ilim t::: lid)( tfi:)ftf]:;f:i Il\Emt f) j : : : :J]]ffl&.f 
19 9 79 

:::::::::11:g ,,·.· ::::n:::::::::::::::i:i~iji1i triiii!I 

0 0 0 3 3 
1q::1:::: :::t:::JJ:::::fIII:::::r;g;~,:t::::, t:i:t:!!I:!t!::::i:i:!tli~ldt! 

0 0 0 0 0 
::: ir::::;pI!II:J1 :::::

11i::::r:::::rt1P:::: 

0 0 0 0 0 

• Number O O O 3 1 4 

Parking Lots 

Parking Spaces 

5 

1,636 

8 

3,850 

NR 

NR 

NR 

NR 

5 

1,051 



Utility Relocation Total 
• New Installation 
• Gas 
• Telephone 
• Electric 
• Water 
• Pipeline 
• Railroad 
• Other 

Utility Betterments Total 
• New Installation / 
• Gas ' 
• Telephone 
• Electric 
• Water 
• Pipeline 
• Railroad 
• Other 

Demolitions 

Roadway Changes 

Environmental 

Exhibit 21 
Summary of Special Conditions Costs 
1990 National Dollars in Thousands 

All Costs Per Linear Foot of Guideway 

Portland Sacramento San Jose Pittsburg!L 

$79.46 $44.51 $142.69 $55.52 
$0.00 $3.55 $54.76 $0.00 
$0.00 $0.00 $1.70 $7.95 
$0.00 $0.41 $0.25 $3.42 

$13.84 $23.63 $1.70 $40.46 
$65.62 $0.00 $3.80 $3.70 

$0.00 $11.29 $0.00 $0.00 
$0.00 $5.24 $0.00 $0.00 
$0.00 $0.39 $0.47 $0.00 

$0.00 $4.42 $0.00 $67.97 
$0.00 $4.42 $0.00 $7.71 
$0.00 $0.00 $0.00 $9.14 
$0.00 $0.00 $0.00 $10.57 
$0.00 $0.00 $0.00 $39.32 
$0.00 $0.00 $0.00 $0.00 
$0.00 $0.00 $0.00 $0.00 
$0.00 $0.00 $0.00 $0.00 

- $0.00 $0.00 $0.00 $1.22 

$1.41 $3.06 $5.52 $10.51 

$0.00 $59.52 $0.00 $0.00 

$0.00 $0.00 $23.18 $4.33 

Los Angeles Average 

$21.16 
$0.00 
$3.29 
$1.49 
$0.43 
$1.08 
$8.34 
$0.00 
$6.53 

$992.98 
$0.00 

$38.45 
$16.51 

$176.70 
$51.14 

$227.02 
$467.62 
$15.55 

$8.02 

$100.21 

$140.72 



Cost per Linear Foot of 
Guldeway 

• Land 

• Legal & Consulting 

• Appraisal 

• Property Management 

• Relocation 

Exhibit 22 
Summary of Right-of-Way and Related Costs 

1990 National Dollars 

Portland 

$192.95 

$33.99 

$33.99 

$3.67 

$2.39 

Sacramento 

$152.46 

$4.41 

$2.78 

$0.08 

NR 

San Jose 

$563.41 

$10.14 

$10.14 

$10.14 

$5.73 

Pittsburgh 

$302.48 

NR 

NR 

NR 

NR 

Los Angeles 

$422.34 

$16.89 

$0.31 

$17.13 

$1 .17 

Average 

$326.73 

$16.36 

$11.80 

$7.76 

$3.10 

M}rmtr:rt?fJ]:::i:It:::t::m. ·,_ ,.Y,:::: ::::·_,·· , __ ,. ,::. .... -__ ,_:- .' --6.(l.~t.a -·· .. . . -.. : __ .. ::·. · ·Jtf~Jia't:':'·':::::'·"."''.::::r':, ·· _· . : $§99.57 _:❖::::':':·'·':='/'•i'❖- :':''\· ____ ,:-._,:__,_,,--:·'· NEt :_· · -_.,,._,-:'::::·,·. ':" _:/:.,,lti?tia':'.:'.:'.:':'":':\/'=·::' __ · .-__ .Jffi~Q.$/~fi 

I . 1~~ 

-

- ___....;~-----

-
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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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Feasibility/Engineering and 
and Design Studies 

Construction/Project 
Management 

Project Management 
Oversight 

Project Initiation 
• Insurance 
• Mobilization 
• Maintenance of Traffic 

Finance Charges 

Training/Start-Up/Testing 

Portland 

$246.04 

$422.36 

$73.02 

$99.21 

Exhibit 23 
Summary of Project Soft Costs 

1990 National Dollars 
All Costs Per Linear Foot of Guideway 

Sacramento 

$199.41 

$124.39 

$11.79 

$4.89 

$41.29 

San Jose 

$442.53 

$887.26 

$15.73 

$75.58 
$5.40 

$43.16 

Pittsburgh 

$728.47 

$355.65 

Los Angeles Average 

$576.79 $438.65 

$906.23 $539.18 

$38.05 

$295.75 

$82.19 $66.46 

:!a,_§§ff·.P.c>aj[ltlf::::::::t:It]IlI:l:ttt::S84o.u,J ·· .. o: ::i::·::: : .-'::ff:·:eaiVri· '::,::/:::· ::f ,·:.sDtstisa: ,·······::·:: ·=ff:: s1.ria1.1s:,}f ·::, ,., :f :/:isi.ata.oiJtt:Il·rnJt~:1:as.02::1::: 
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PORTLAND 





Summary of Light Rail System Characteristics 

Opening Date 

Route Length (miles) 
At-Grade 
Elevated 
Subway 

Open Cut 

Track MIies 
Stations 
Parking Lots 
Parking Spaces 

Total Revenu11 Vehicles 
Peak Vehicles 
Midday Vehicles 

Peak Headway (minutes) 
Midday Headway (minutes) 

Staff 
• Administrative 
• Operators 
• Vehicle Maintenance 
• Faclllty Maintenance 
• Other 
• Total 

Percent of Route MIies 
• At-Grade 
• Elevated 
• Subway 
Open Cut 

• Total system statistics; not project-specific. 

ll§rffln.lJ Sacramento 

1987 
18.3 
17.6 
0.7 

0 
0 

25.6 
26 
8 

3850 

26 
23 

8 

15 
30 

15 
32 
15 
16 
5 

83 

96% 
4% 

0 
0 

San Jose 

1987 
19.9 
19.7 

0.2 
0 
0 

40.8 
22 

NA 
NA 

50 
15 
15 

10 
10 

11 
58 

55 
53 

20 
197 

99% 
1% 

0 
0 

Pittsbur9!!_ Los Angeles 

1988 1990 
41 .1 22.6 
27.1 18.3 
2.9 3.6 
5.3 0.6 
5.8 0.1 

62.4* 43.6 
13 22 

NA 5 
NA 1051 

97* 54 
70* 26 
28* 13 

NA 10 
NA 10 

NA 28 
112 73 
NA 47 
NA 45 
NA 68 

503 261 

66% 81% 
7% 16% 

13% 3% 
14% <1% 



CAPITAL COST DATA BASE TRI-COUNTY METROPOLITAN TRANSPORTATION DISTRICT 

UMTA FIXED GUIDEWA Y TRI-COUNTY METROPOLITAN TRANSPORTATION DISTRICT 

CA PI TA L CO S TING S Y S TE M I UNITS OF I I UNIT I TOTAL 
L I G HT RA I L 5 Y 5 TE M 5 MEASURE QUANTITY COST COST 

COMPONENT 

COST YEAR 

1990 CITY I 1990 NATIONAL 

UNIT COST I UNIT COST 
ESTIMATES EST/MA TES 

~11
·
00 g~~f.tni::.il:1~'it:i#~~; ] ltL;;;,f;H ] t:¾l~til r ,tfJik~~1,~:~~ 1984 

••• tPIJll 
$1,3421 $1,329 

• :J lt#tt I :1:t ft~ 
3 
4 

5 
6 

1 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
11 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

03/19/91 

DIRECT FIXATION 
BAllASTED 
IN-PAVEMENT BAU.ASTED 

42,949 $590 $25,321,000 1983 $686 $679 

EMBEDDED I I 9,2631 $3,297 j j $30,542,000 j 19841 $3,7511 $3,714 
•t~p~gqfQ.l:"W..flXf:gt~V,41EP$t!JlJ¢11liJf) @ • gij~Jt~Mt •tr ,;~~ · ?$?it® J.tP~~i.~I ? t•• •r•• fl it@ Jt ?( J~qtg @tt•tt): ;t\4'1' 

DIRECT FIXATION 
BALLASTED 
IN-PAVEMENT BAU.ASTED 

1,713 $2,310 $3,957,000 1984 $2,628 $2,602 

cm,,4J}illwAEi+~t~VATffi:Qi8ltt.AW~PFllJt. ••>l<t.!hf~~Mlr •+m~i~ln ff itfil:lil :J..?f)P.§.Jt~j @ n':9:~9:.:; j :H]d~ilrt> J ltft;lr@• ••? •ttif~I 
DIRECT FIXATION 
BALLASTED 
IN-PA VEM[;ff BAU.ASTED 
EMBEDDbD 

t t.#1.4•4Q(PEWAY f t4.~VA'ti;Qf'!44 • t • I! Afii@fF'.~U 
DIRECT FIXATION 
BALLASTED 
IN-PA YEMEN I' BAU.ASTED 
EMBEDDED 

ttbsqtJtf!eW4¥%SV4WAY • • •> I W#~Ffi!M 
DIRECT FIXATION 
BALLASTED 
IN-PAVEMENT BAU.ASTED 
EMBEDDED 

23,665 $1 ,018 $24,089,000 

t@tqQ(Qi;WAY f RgfAJNl:"QQQP < I #Hi#ftf~#I • •~tt:H $4;~1 ff)~~~~t t , 
DIRECT FIXATION 
BALLASTED 
IN-PAVEMENT BAU.ASTED 
EMBEDDED 

110 

l'l:illlllillsi■ :,1111:1ll!liI'I 11!11111'11 ill 
TIJRNOUTS Each ~ 58 

#5 
#4 

#6 

#8 

#10 

31 

7 

17 

$4,804 

$21,163 
$18,458 

$19,237 
$21,551 

$1,227,445 
$572,198 

$134,659 
$366,367 

1983 

1983 
1982 

1983 
1983 

$1,184 $1,172 

t~i(~$lt• J ' i::J$;Jt~t 
$5,465 

$24,608 

$22,369 
$25,059 

$5,410 

$24,362 

$22,145 
$24,809 

Booz, Allen & Hamilton 



CAPITAL COST DATA BASE TRI-COUNTY METROPOLITAN TRANSPORTATION DISTRICT 

TRI-COUNTY METROPOLrrAN TRANSPORTATION DISTRICT 
UN"5 OF UNrr TOTAL COMPONENT UNrr COST UNrr COST 

UMTA FIXED GUIDEWA Y 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS MEASURE I QUANTITY COST COST COST YEAR 

1990 CITY 11990 NATIONAL 

ESTIMATES ESTIMATES 

4111.00 GUIDEWAY ELEMENTS (continued) 
42 #20 

OTIIER - SPECIFY 
GIRDER.25 METER 
GIRDER.SO METER 
#4,GIRDER 
#8 SINGLE CROSSOVER 
#4,DOUBLE CROSSOVER 
#5,DOUBLE CROSSOVER 

INTERSECTION 

43 
44 

45 

46 
47 
48 
49 
so 
51 
52 

<••tHtilitliPEWAYASPECfAL $t#Q¢tQlf£$ t i t!tl~F~tf 
BRIDGES Each 

531 OVERPASSES I Each 
54 OTIIER Each 

!~r-00.~~~~,~:U:~:, •<t< •t: nl+ ~:1:. > 
57 DESCRIPTION Each 
58 
59 
60 
61 
62 
63 

64 
65 
66 
67 

68 
69 
70 
71 

72 
73 
74 

75 
76 
77 
78 
79 

03/19/91 

SHOP CAP A CITY • 
YARD STORAGE CAPACITY 
WORKST/ , IONS 
TRACK LENGTII 
PAR'~ING 

•-vem,1~ I 
Revenue V chicles 

Each 
Linear Feel 

Iii i~'iif GC~llllii~IJ : ::: ' ·········••>••····· 
BODY 
TRUCK 
EQUIPMENT 

• :Z<i4MOt¢h$H¢PS t > 1 

VARIABLE TEST LOAD 

REWIND 

OTIIER 

zg~ wmt.e.$.HPtM 1 .x > 1 

WHEEL PRESS 

WHEEL TRUING 

~(j~ :144.q«rttg.$.fftte r ····• ····•·········· 
LATilE 
DRIUPRESS 

•
11•~g111igrcmt11i• u 

(YIN) 

(YIN) 

Each 
Each 

Each 

Each 

·······••i~~··················••. 

3 

20 
1 

9 

10 

$51,407 

$51,560 $1,031,192 
$112,546 

$46,804 

$49,741 

$154,221 1983 
1982 

$59,i76 I $59,178 
$63,108 $62,4i7 

$112,546 1982 
$421,236 1982 
$497,410 1982 

11 $11,602,0001 $11,602,000I I 1983 
n34t~pqq • 111.®=1:qpqf u:::t : :: <I •• ui,,11> 

$13,355,791 
itdlitllii 

$9,201,000 

100 I $116,020 I I I 1913 $134,llO'l $133,551 

26 

12 
7,728 

y 

·: ltP:@'I •• iu,;®ctJ • > 
1983 

: •:t~«ll : r,m~~I( ••• JUJ.~tfl 
N 

1983 

: tittti;m&1 : t ;tijt.4,®P :J1i)I ::: •• ,m~Mtl/ • ···••mt)t~I 

1-tq~;Q®I • 1 t~$tmm > •tt~~I H~t;;it;?l t •J: ~;~1 

·•••••:•:••••••••••••••••:••••IIJ!ll lil••1••••••• •••••••••:•••••■;m1 
Booz, Allen & Hamilton 



CAPITAL COST DATA BASE TRI-COUNTY METROPOLITAN TRANSPORTATION DISTRICT 

UMTA FIXED GUIDEWA Y 
c A PI TA L c o s TIN G s Y s TE M I uNrrs OF 

L I G HT RA IL S Y S TE MS MEASURE 

80r.oo X~f.lJ?$ &. $.IJ9.~$(f"'1P·1.1·u· ~"}. ·.···················.1····· ··· ···· ··.······· 81 Hi t'IJISPJ!lll{YfJ!Q.AT!QI!$ • t H : ?HJ t (ht (r!Nh 
s2 +t9/P4RWl$.#!PIRP4€M'!N<W f ff t 11 i ff4VD ... ·.·.··· 
83 ~ttMA!!fl§l:fANq~/PfflW.4.X$l1P.J?$) t t • tt: ..... .. ....... . 

SIGNAL 

lRACTlON POWER 

COMPONENT REPAIR 

lRACK 

(YIN) 

(YIN) 

(YIN) 

TRI-COUNTY METROPOLITAN TRANSPORTATION DISTRICT 

QUANTITY 
UNIT 
COST 

. i ~ I :11::11: 11ilt .. l 

TOTAL 
COST 

COMPONENT 
COST 

$137,000 

YEAR 

1990CITY 
UNITCOST 
ESTIMATES 

1990 NATIONAL 
UNITCOST 
ESTIMATES 

84 
85 
86 

87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 

99 

ztg:MA!fitfl!4.N¢.l(PeW4.Y€9t.!llJM€f!JJ r; • Ht t~~I> t• Jt$1t~I : it@t@If@J?I •t it.{MI : JJ J:l.1t.111PI• J:•t• Jm;~ 

100 
101 
102 
103 
104 

TRUCK 

CRANE 
Each 

Each 

gt.1cnta~ Pf~« < • : • •I t 1t.Wh ) 
CASH COUNTING MACHINE 

VAULT 

OTHER 

z.1#./etNtR44.¢QNttt¢tL H < : : : t ttriNi ? 
MIMIC BOARD (YIN) 

PUBLIC ADDRESS (YIN) 

COMPUTER (YIN) 

FIRFJINTRUSION DETECTOR (YIN) 

MAINLINE CONTROL (YIN) 

YARD CONTROL (YIN) 

SEISMIC OR GAS DETECTION (YIN) 

OTIIER ---------
105 I"' Line 58 - Unit Cost calculated by dividin11. total cost by shop capacit 

10 
I 
4 

$51,900 
$54,000 

$519,000 
$54,000 

1984 
1984 

~:r·00 
l1~i~~~l;.$Y$t.~Ml ] > ? ? :? t t~e'l~w.@ii~•··· JI ::~J,;: .• ? ;::~~~ 'tit.~[;] ••• :ff:f •1:t:: 

108 TRAIN CONlROL - WAYSIDE 80,179 $85.52 $6,857,000 1984 
109 INSTALLATION 80,179 $85.52 $6,857,000 1984 

110 

111 
112 
113 
114 

115 
116 

117 

118 

03/19/91 

HARDWARE 
DESIGN 

CROSSING PROTECTION 

TRAfFIC SIGNALS 

INSTALLATION 

GATES 

OTHER 

Each 

Each 

Each 

21 
21 

$28,524 
$28,524 

$599,000 

3}Q~ lf:;~¢Tl1lFl¢Afl¢.N{ U? ILF)Gu14,w-iH ? k1Ji.tt~I<) :1:t:m:tit { $1P.~t;qpqj } 
SUBSTATIONS Each • 1 15 $236,667 $3,550,000 

$599,000 
1984 
1984 

:di~IJ> 
1984 

ii: f~;l•••::n ur••• '~~I 
$97 $96 

$32,450 
$32,450 

$32,126 
$32,126 

lflf:, 

Boaz, Allen & Hamilton 



CAPITAL COST DATA BASE TRI-COUNTY METROPOLITAN TRANSPORTATION DISTRICT 

UMTA FIXED GUIDEWA Y TRI-COUNTY METROPOLrrAN TRANSPORTATION DISTRICT 1990CITY 
uNrrcosT 
ESTIMATES 

1990 NATIONAL 
UNrrCOST 

ESTIMATES 

CAPITAL COSTING SYSTEM 
LIGHT RAIL SYSTEMS 

119~.oo SYSTEMS (continued) 
PUROIASE 
INSTALLATION 

CATENARY 
INSTALLATION 
POLES AND COMPONENTS 
WIRE 
TROILEY 
MESSENGER 
FEEDER 
RETURN 

UNITS OF I I 
MEASURE QUANTITY 

Each 15 

Each 
L.F. Guideway 80,179 

Each 80,179 
Each 1,000 

330,000 
330,000 

120 
121 
122 

123 
124 
125 
126 
127 
128 
129 

130 
131 ll•lllflfltili :111 1~1•• •1 
1321 FAREBOX 
133 VENDING MACHINE 
134 OTIIER 

13514.00 STATIONS 
136 
137 
138 
139 
140 

141 
142 

143 
144 
145 
146 

147 

148 
149 
150 

151 
152 

153 
154 
155 
156 
157 

03/19/91 

CENTER PLATFORM 
Pl.A TFORM LENGllI 
ESCALATOR/ELEVATOR 
HANDICAP ACCESS MODE 
WEA llIER COVERAGE 

SIDE PLATFORM 
Pl.A TFORM LENGllI 
ESCALATOR/ELEVATOR 
HANDICAP ACCESS MODE 
WEA 11-IER COVERAGE 

CENTER PLATFORM 
r . A TFORM LENGllI 

ESCALATOR/ELEVATOR 
HANDICAP ACCESS MODE 
WEA llIER COVERAGE 

SIDE PLATFORM 
Pl.A TFORM LENGllI 
ESCALATOR/ELEVATOR 
HANDICAP ACCESS MODE 
WEA llIER COVERAGE 

Each 
lltddlE?< 

Each 
Linear Feet 

(Y/N) 

Type 
Percent 
Each 

Linear Feet 
(Y/N) 

Type 
Percent 

: :£.i~i# ?l 
Each 

Linear Feet 
(Y/N) 

Type 
Percent 
Each 

Linear Feet 
(Y/N) 

Type 
Percent 

UNrr TOTAL COMPONENT 

COST COST COST YEAR 

$220,000 $3,300,000 1984 

$250,000 
$86.52 $6,937,000 1984 

$6.24 $500,000 1984 
$6,000 $6,000,000 1984 
$1.32 $437,000 1984 
$1.32 $437,000 1984 

$35.632 I I $2.423.000 I 1984 
$9,102 $801,000 1984 

$98 

$6,826 

$1.51 

$97.44 

$6,758 
$1.49 

•••1•11•••••11•1•••1••••11111••1•••• •11••••••••••1lllt1il1 

r~:ti& ~.~wi~;.. ..... • . •••• Jt:~11 ........ ~-r;~l•1•• : ~•; 
$440,200 $2,201,000 1985 $496,840 $491,871 
$80,000 $2,000,000 

$40,200 

$481,700 

$1,104 

$40,150 

$9,634,000 

$201,000 

$8,831,000 

$803,000 

1985 

1985 

1985 

$543,679 $538,243 

Booz, Allen & Hamilton 



CAPITAL COST DATA BASE 

UMTA FIXED GUIDEWA Y 
CA PIT A L COS TING S Y S TE M I UNITS OF 

LIGHT RAIL SYSTEMS MEASURE 

:::r·OO ,r~.~fi~l.~g,'11aifs0tit1 f• ft= J I I ' E~h 
160 

161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 

173 
174 
175 
176 

CENTER Pl.AlFORM 
Pl.ATFORM LENGTII 
ESCALATOR/ELEVATOR 
HANDICAP ACCESS MODE 
WEA1HERCOVERAGE 

SIDE PLATFORM 
Pl.ATFORM LENGTII 
ESCALATOR/ELEVATOR 
HANDICAP ACCESS MODE 

Each 

Linear Feet 
(Y/N) 
Type 

Percent 
Each 

Linear Feet 
(Y/N) 
Type 

@ 4itH PARN,i~.;180~3 
?•••••••••••••••• •••• : I : I >•• ••••••tMit •t••••••••••• 

NUMBER OF LOTS 

NUMBER OF SPACES 

4ID$PA(flfll1GcGARAGg$?•••••••> r••••••••t f F t I tit ptiit;•••t•••tt 
NUMBER OF LOTS 

NUMBER OF SPACES 
• 4id6PEDESTRIANOVERPASSESt • •• t i •totai / 

TRI-COUNTY METROPOLITAN TRANSPORTATION DISTRICT 

TRI-COUNTY METROPOLITAN TRANSPORTATION DISTRICT 1990CITY 
UNITCOST 
ESTIMATES 

1990 NATIONAL 
UNITCOST 

ESTIMATES QUANTITY 

5 

UNIT 
COST 

TOTAL 

COST 

t !t'i~l4<?41•<••• ••~;.'?t#tP® 
$654,400 

COMPONENT 

COST YEAR 

• ttiJI •• :•• -~~I • < •• mt~I 

l77P■00 . ,~~1iivi~~Y~Hl¢4ilt$RQBP~RA? : r:u l : ~;~ ,Im ~~ ~;~~ f~J3t?~1rn td r I t 
BOMBARDIER $883,000 I $22,958,000 

178 
$1,291,509 
,t~1,11r: < 

179 
180 
181 
182 
183 
184 

185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 

03/19/91 

MAKE/MANUFACTURER 
BODY TYPE (RIGID,ARTIC) 
LENGTH OVER COUPLERS 
WIDTH 
NUMBER SEA TS 

AIR CONDmONING 
CAB SIGNAL EQUIPMENT 
BRAKING SYSTEM (AIR.ELEC) 
TYPE OF STEPS (HIGH.LOW) 

HANDICAPED (LIFT ,RAMP) 

ON-BOARD FAREBOX 
PROCUREMENT COST 

Name 
Type 

Linear Feet 
Linear Feet 

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

SPARE PA'.ffS I Total 
SPECIAL EQUIPMENT COST Total 

~p2)JJgyFyJ/~VcJJl¢1Jg$&PBPtiJs} : •t ' ••••••t J=:~¢6\f/ 
MAKE/MANUFACl1JRER 
BODY TYPE (RIGID,ARTIC) 
LENGTH OVER COUPLERS 

Name 
Type 

Linear Feet 

ARTIC 
89 
8.7 
76 
N 
N 

HYDRAULIC 

HIGH 

$900,000 

$1,239,000 

1981 $1,175,766 $1,164,008 

1981 $46,0921 $45,631 
$63,454 $62,819 

·.• .. • .. •.•.•·············· ··· ... · ... ·.·.· .. ·.·.· ... · .. ·.·.·.,.,,c,,,,,,,,,,,.,.,.,,,.,,,,:c'I 

Booz, Allen & Hamilton 



CAPITAL COST DATA BASE 

UMTA FIXED GUIDEWA Y 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 
UNITS OF 
MEASURE 

19715'.00 VEHICLES (continued) 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 

WIDTH 
NUMBER SEA TS 
AIR CONDmONING 
CAB SIGNAL EQUll'MENT 
BRAKING SYSTEM (AIR,El.EC) 
TYPE OF STEPS (IDGH,LOW) 
HANDICAPED (LIFf ,RAMP) 
ON-BOARD FAREBOX 

Linear Feet 
Each 
(YIN) 
(YIN) 

Type 
Type 
Type 
(YIN) 

PROCUREMENT COST l Total 
SPARE PARTS Total 

·••fpJQ~ r,ivlkvlttll/ifi~+lg/:iJttt;t; ] ] } .... ii1f ? 
MAKE/MANUFACTURER 
BODY TYPE (RIGID,ARTIC) 
LENGTH OVER COUPLERS 
WIDTH 
NUMBER SEATS 
AIR CONDmONING 
CAB SIGNAL EQUll'MENT 
BRAKING SYSTEM (AIR.El.EC) 
TYPE OF STEPS (IDGH,LOW) 
HANDICAPED (LIFf ,RAMP) 
ON-BOARD FAREBOX 

Name 
Type 

Linear Feet 
Linear Feet 

Each 
(YIN) 

(YIN) 

Type 
Type 
Type 
(YIN) 

PROCUREMENT COST Total 
SPARE PARTS Total 
SPECIAL EQUIPMENT COST Total 

·······§;,(14·••N¢l:!/F{(V~NQE/VE:HICLE$• rt •.ticfi }? 
SERVICE TRUCKS 
AUTOMOBILES 
OTHER 

TRI-COUNTY METROPOLITAN TRANSPORTATION DISTRICT 

TRI-COUNTY METROPOLrrAN TRANSPORTATION DISTRICT 1990CITY 
uNrrcosT 

ESTIMATES 

1990 NA 110NAL 
uNrrcosr 

ESTIMATES QUANTITY 

UNrr 

COST 

TOTAL 

COST 

'i! • % 1~1~~JI • lttt:.P® 
10 $10,000 

COMPONENT 

COST YEAR 

•ttl~lt • .ttM~tl> •••••• tU~l26t 
$21.000 I 1985 

$100,000 1985 

~~!16
"
00 f/:g~~#,JJi~g~~~i~:A$J$3 . ·••<••· l:r~si.:;[,~;j~I %~~': ;~:lu ,~;{t.~~~l .. ,~:~~ t i,;1 :• : ~;,~~lrm ••••t•~t.m;~; 

230 NEW INSTALLATION 
231 GAS 
232 TELEPHONE 
233 ELECTRIC I I ~ I $985.000 I 

I 
$985.000 I 19841 $1,120,5921 $1,109,386 

234 WATER $4,671,000 $4,671,000 1984 $5,313,993 $5,260,853 

235 PIPELINF 

03/19/91 Booz, Allen & Hamilton 



CAPITAL COST DATA BASE 

UMTA FIXED GUIDEWA Y 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 
UNITS OF 
MEASURE 

23616.00 SPECIAL CONDITIONS (continued) 
237 
238 
239 
240 
241 
242 
243 
244 

245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 

261 
262 
263 
264 
265 

266 

267 

RAILROAD 
OTHER 

~}g~ t.lt#ifJYJIJgf/<!JPAS!'l<tfJA lilf4t'giilA€l:d$) ti 't.91#6 > 
NEW INSTAllATION 
GAS 
TELEPHONE 
ELECTRIC 
WATER 

PIPELINE 
RAILROAD 
OTHER 

•••••••~-tt:, •t.ttJlftt.Y/!!ilt<t¢At!9l!APJ'i1~1f1 t t I fgfi t<· 
NEW INSTAllATION 
GAS 
TELEPHONE 
ELECTRIC 
WATER 

PIPELINE 
RAILROAD 
OTHER 

~-9'.4 PtMatmQN$ I• • t.~.ir! } 
BUILDINGS 
REMOVALS 

•••·••••li.Q$ftP~PWA¥:PJJANO.~$ ? <••••••••••••<•<••••••••> I••• • •r.c#,tt ? 
BRIDGES 
STREETS 
OTHER 

I Ii.® ~f.lVIFfQNM€fftAtP {) )• )) ) t• < h ? r.amn > > 
NOISE 
VISUAL 
VIBRATION 

2681 OTHER 

~~~ 17.00 ~~i~~f ~~~!{r;ttg/t.8PPlfgJA$€P < : ,~~J;ar Feet 
271 
272 

273 
274 

03/19/91 

MAINLINE 
STATION 
YARD 
PARKING 

Acres 
Acres 

Acres 
Acres 

TRI-COUNTY METROPOLITAN TRANSPORTATION DISTRICT 

TRI-COUNTY METROPOLrrAN TRANSPORTATION DISTRICT 1990CITY 
uNrrcosT 
ESTIMATES 

1990 NATIONAL 
UNrrcosT 

ESTIMATES QUANTITY 
UNrr 
COST 

TOTAL 
COST 

: 11®~~1 f •11®;999 
6 I $16,667 

80, 1791 $1~~1.$.1?,()?(),00() 
> lt~;1:,~;'!99 tt1;~JM!PP 

100 $90,560 
10 $100,000 
12 $103,333 
20 $107,150 

COMPONENT 
COST YEAR 

• t~I : : rtt®tl.fl l! •Itttf.i'-#1 
s100,ooo I 1984 

$9,056,000 
$1,000,000 

$1,240,000 
$2,143,000 

< :~iilt • lt~~~g,~~I ... ::11-tl~,~! 

Booz, Allen & Hamiltor 



CAPITAL COST DATA BASE TRI-COUNTY METROPOLITAN TRANSPORTATION DISTRICT 

UMTA FIXED GUIDE WAY 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS_ 

vs 17.00 IJJ~'i!~.9.F.~W.J.\Y(~~t1tirr.u,~cl} ..................... . 
v6 i?ZPJ:Y.N.PAPPJ!l$l!JffNRP.f!N4T.€QAttt? < 

MAINLINE 
STATION 
YARD 
PARKING 

UN"5 OF 

MEASURE 

ltt• •t~f,ijU 

TRI-COUNTY METROPOLITAN TRANSPORTATION DISTRICT 

UNIT I TOTAL I COMPONENT 
QUANTITY COST COST COST YEAR 

1990CITY 
UNITCOST 

ESTIMATES 

1990 NA T1ONAL 
UNITCOST 

ESTIMATES 

'1:11 
'1:18 
'1:19 
280 
281 
282 
283 
284 
285 

t;p:,A;qpQJ$l11Pll¥1€t:!ltRQYPl:1$!t < •tt.~,,,v ::I: : r:::1 1 ••: ttM:m,P-®. •• •• 11:tirt;~ • : 1PH.glf r::11,;~iMlt r•::1t~t!B.jg 
LEGAL&CONSULTING l $615,000 1982 
APPRAISAL l $615,000 1982 

: ttU R~,g~naM?r:I~L • • u < tcitie• :@t • > •• > :ul • tt$9;i)gQ t "~*pqq· >~tn:~ : u~l1:r •• •~~tl.'91• • • • :1r1tjif~ti 
286 
287 
288 

BUSINESS 
RESIDENCE 

J: 7/pS'fQ,ti'iEtt ::• ::: : ::: ::::: •illd:E ? 

~:r·OO ~~~t~g~r:rstODIES• ? t • • • 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 

Ul~Pi€N?i¥NitntNqi,>l$tQ.H ] : ] 

1•••111111~111a1:~i111111••••••·•••••••·•·••••••• ••••·· !J~i•iilflffttfj~i~i~i~,is'~I: I! 
INSURANCE 
MOBILIZATION 
MAINTENANCE OF TRAFFIC 

•••1•••1g1••~1i:ttf-,,i~11i;,Ja •••1••••••·••·•·······•·•·•·•·•·•·•·•·•·•·:• ·• I 301 SAFETY CERTIFICATION 
302 OFF-SITE LRV TEHING 
303 : lidJg CtHER )/·<w.••.•· · 

$79,000 $79,000 1982 
$79,000 

$727 $58,278,000 
• • ~il~ipqp t• • :f4mi?81(f J 
• ltf;gfg~ •?ttt~11M8P >• 
• :flt~;~ • ItlP991~ t : l~l~~itl : :•ii,rzw,q ) 
: ~<@;@ } 

$5,240,000 

$812 
·•~rtf;pgp: 

• $5,855,079 

ii•ililll]~I:, 

03/19/91 Booz, Allen &Hamilton 





SACRAMENTO 





Summary of Light Rail System Characteristics 

Portland Sacfffrrihtitd: San Jose Pittsburgh Los Angeles 

Opening Date 1986 1987 1988 1990 

Route Length (miles) 15.2 19.9 41 .1 22.6 

At-Grade 9.9 19.7 27.1 18.3 

Elevated 5.2 0.2 2.9 3.6 

Subway 0 0 5.3 0.6 

Open Cut 0.2 0 5.8 0.1 

Track MIies 29.3 40.8 62.4* 43.6 

Stations 25 22 13 22 

Parking Lots 5 NR NR 5 

Parking Spaces 1636 NR NR 1051 

Total Revenue Vehicles 26 50 97* 54 

Peak Vehlcles 22 15 10· 26 

Midday Vehlcles 12 15 28* 13 

Peak Headway (minutes) 7.5 10 NR 10 

Midday Headway (minutes) 15 10 NR 10 

Staff 
• Administrative 16 11 NR 28 

• Operators 36 58 112 73 

• Vehicle Maintenance 28 55 NR 47 

• Faclllty Maintenance 19 53 NR 45 

• Other 11 20 NR 68 

• Total 110 197 503 261 

Percent of Route MIies 
• At-Grade 65% 99% 66% 81% 

• Elevated 34% 1% 7% 16% 

• Subway 0 0 13% 3% 

Open Cut 1% 0 14% <1% 

• Total system statistics; not project-specific. 



CAPITAL COST DATA BASE SACRAMENTO REGIONAL TRANSIT DISTRICT 

UMTA FIXED GUIDE WAY 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 

SACRAMENTO REGIONAL TRANSIT DISTRICT 

UNITS OF I I UNIT I TOTAL I COMPONENT 
MEASURE QUANTITY COST COST COST 

111.oc .~t.JJP~'!i/~'( ~~'=:1t!lf:N.!$ ........ _ .............. . 
2 441tPWQl;J?AY:AEP.RAP.~T t tit?: ' =\ : : 1:tt:k;f f,;~:l::rn:!:J~i;1 ]}F f~#l:r~,~~ 
3 
4 

5 
6 

7 
8 

9 

10 
ll 
12 
l3 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

03/19/91 

DIRECT FIXATION 
BAU.ASTED 
IN-PAVEMENT BAU.ASTED 
EMBEDDED 

68,904 
38,016 

$341 
$512 

' 1#1~ 4Q!Q.1:'.W'4.¥f ~gvAmP $t8Q¢1'Q:li I 1: Q#Mifif•# I : : r~;puH ? : pgJI ::: :11itP,.:tP® 
DIRECT FIXATION 
BAU.ASTED 
IN-PA YEMENT BAI.LASTED 
EMBEDDED 

119~\pQtP.llWAY\f:!$4,;V.4\'tf PUttlAflJgp "ftltl.J : l@:tti~ fflmi< 
DIRECT FIXATION 
BAU.ASTED 
IN-PA YEMENT BAILASTED 
EMBEDDED 

t~QJ\QQ!QfW4.Yfl;4~YAWP)Fl.4ti : t ' ] : lQ~f:F~l 
DIRECT FIXATION 
BAU.ASTED 
IN-PA YEMENT BAILASTED 
EMBEDDED 

t;q~ gq1p1::.y4.y;$(!ltW'.A:Y > 
DIRECT FIXATION 
BAU.ASTED 
IN-PA YEMENT BAILASTED 
EMBEDDED 

Q6~Jt"M 

t@~i~QiP.~W-4)1'YR~tAfl.i1;.P¢Qt t:n:t 1 t!#iJt:t::eiM 
DIRECT FIXATION 
BALLASTED 
IN-PA YEMENT BAILASTED 
EMBEDDED 

;llmrillllllil1 i'lillllllli 
TIJRNOUTS 

#5 
#4 

#6 
#8 
#10 

Each 

5,016 

25 

4 
8 

5 

$399 

$34,248 

$25,000 
$30,000 
$33,000 

$23,489,000 
Sl9,4n,ooo 

$2,000,000 

$856,200 

$100,000 
$240,000 
$165,000 

UNIT COST UNIT COST 
1990 CITY 11990 NATIONAL 

YEAR I ESTIMATES ESTIMATES 

19851 $4711 $428 ::::r::::::i~ r:r:r: :::::: '44' :::::::: ::11::::rlftt' 
1985 
1985 

1985 

1985 

1985 
1985 
1985 

$385 
$578 

~" $450 

$38,655 

$28,217 
$33,860 
$37,246 

$350 
$526 

Jlltl 
$410 

$35,176 

s25,6n 
$30,813 
$33 894 

Booz, Allen & Hamilton 



CAPITAL COST DATA BASE SACRAMENTO REGIONAL TRANSIT DISTRICT 

SACRAMENTO REGIONAL TRANSff DISTRICT UMTA FIXED GUIDE WAY 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 
UNffS OF I I UNff I TOTAL I COMPONENT 
MEASURE QUANTITY COST COST COST I YEAR 

1990 CITY 11990 NATIONAL 
UNff COST UNff COST 
ESTIMATES ESTIMATES 

4111.00 GUIDEWA Y ELEMENTS (continued) 
#20 

011-JER - SPECIFY 
GIRDER,25 METER 
GIRDER.SO METER 
#4,GIRDER 
#8 SINGLE CROSSOVER 
#4,DOUBLE CROSSOVER 
#S,DOUBLE CROSSOVER 
INTERSECTION 

42 
43 

44 
45 
46 

47 
48 
49 
so 
Sl 
52 

! f1/Ut4'1IP~lV-4Y;$pgq;-44 $ti1tl¢1JI~~$ t I> w.#~&.i.#: 
BRIDGES 

531 OVERPASSES 
54 OTHER 

:r·00 '-1;~~,i~fJl:i;: 
DESCRIPTION 
SHOP CAPACITY• 
YARD STORAGE CAPACITY 
WORKSTATIONS 
TRACK LENGTH 
PARKING 

Each 
Each 
Each 

Total 

·····<)YJ. ·····• ... •·•Giiih:::: 
Each 

Revenue Vehicles 
Revenue Vehicles 

Each 
Linear Feet 

S7 
58 
59 

60 

61 
62 

63 
64 
65 

66 
67 

68 

69 

70 
71 

72 
73 
74 
75 

76 
77 
78 
79 

1liillii'ilDIBlil1if~tet ::: :1 
BODY 
TRUCK 
EQUD'MENT 

iz.MMl?tCB$.ffQP$:???? ? ? : ? :1 

VARIABLE TEST LOAD 
REWIND 
OTHER 

t®P$ w&.i~:'.$.RPet r t> > ❖.. •·• ··· 

WHEEL PRESS 
WHEEL TRUING 

f t{®XMAPlJJtti/$lil:tf&J 
LATHE 
DRllLPRESS 

:::::
111gJ:~1111a~vm111:::1r;:::;:.: . : :r I ] (? 

(YIN) 
(YIN) 

8 $43,900 $351,200 1985 $49,549 $45,089 

::n:: wlftn> 
2 

11 $3,979,000I $3,979,0001 I 19851 $4,490,9711 $4,086,783 
:: nJzj:i~Q.'.w.r 111.1)tt1;:pqq ::::mt:m:mttJttt t:tr·,~ rnn=::m:H.Ai«itt : 1:m:nn:atQ.i~fi'ti 

so 
26 

3 

2,080 

N 

N 

$3,979,000 
$79,580 1985 $89,819 $81,736 

Booz, Allen & Hamilto~ 



CAPITAL COST DATA BASE SACRAMENTO REGIONAL TRANSIT DISTRICT 

UMTA FIXED GUIDEWA Y 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 

SACRAMENTO REGIONAL TRANSIT DISTRICT 
UNITS OF 

MEASURE 

UNIT I TOTAL I COMPONENT 

80~.oo YARDS & SHOPS (continued) 

lllat~Jl1;:1ww 111,li,lill 
81 
82 
83 

SIGNAL 

TRACTIOJ'. POWER 
COMPONENT REPAIR 
TRA ~K 

: it?MA!.fi!rlliAfl¢1JJ}!iW.AY€9f!lPlA~ll!J% t I 

TRUCK 

CRANE 

(YIN) 

(YIN) 

(YIN) 

Each 
Each 

84 
85 
86 
87 

88 
89 
90 
91 

92 

93 

::;z.11H~g€P.€N.!.t;'lN : ' ::: : ,I ltsefb !) 
CASH COUNTING MACHINE 

94 VAULT 

95 CYlllER 

96 , ®U :~N.ffl.4.tt: ¢PNm.P.t. t : : t : ] : J tfl.Nh ? 
97 MIMIC BOARD (YIN) 

98 PUBLIC ADDRESS (YIN) 

99 COMPUTER (YIN) 

100 FIRF./INTRUSION DEI"ECTOR (YIN) 

101 MAINLINE CONTROL (YIN) 

102 YARD CONTROL (YIN) 

103 SEISMIC OR GAS DEI"ECTION (YIN) 

104 arnER 
105 I" Line 58 - Unit Cost calculated by dividin11: rotal cost by shop capacit 

QUANTITY 

y 
y 
y 

8 

N 
N 
N 
y 
y 

N 
N 

COST COST 

106 r-DD $'!$!~'!$ ................. ......... ················································· I ·~!f1~atE~rl ...... t!t,!J.~l?.1. JJ?4~~~1 J~!J.,5}1,0.3J 
101 :: i4!.tf$lQJJAJ?$X$T€MH f ? : : f. !iiFtPW.4,W~fl@:t: ttUg:ffi : Jz;,;?:4fa t:: f.P~gif~ 
108 

109 
110 

111 

112 

113 

114 

115 

116 

117 

118 

03/19/91 

TRAIN CONTROL - WAYSIDE 

INSTALLATION 

HARDWARE 
DESIGN 

CROSSING PROTECTION 

TRAfFIC SIGNALS 

INSTALLATION 

Each 
Each 

111 ,936 

90 

90 

$61.67 

$14,813 

$14,369 

GATES I Each 

{'~iP~:~At4.W.~¢At[pf!J {))?< > m )<>t• 4.;e gijieftW#lrl itltll~I t)}}~t.,;~1:t t f:fp;~;i(~ 
SUBSTATIONS Each 14 $346,886 

COST 

$6,903,484 
$311,989 

$6,591,495 

$1,333,148 

$1,293,217 

$39,931 

YEAR 

1990C/TY 
UNITCOST 

ESTIMATES 

1990 NATIONAL 
UNITCOST 
ESTIMATES 

r tt~;lrr :1:r:r :;,~I: r r : :r;1:[J1 
1985 

1985 

1985 

1985 

$70 

$16,719 

$16,218 

$191 
$391,520 

$63 

$15,214 

$14,758 

$356,283 

Booz, Allen & Hamiltor: 



CAPITAL COST DATA BASE SACRAMENTO REGIONAL TRANSIT DISTRICT 

UMTA FIXED GUIDEWA Y 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 
11913.OO SYSTEMS (continued) 
120 
121 
122 
123 
124 
125 
126 

PURCHASE 
INSTALI.ATION 

CA1ENARY 

INSTALI.ATION 
POLES AND COMPONENTS 
WIRE 
TROll.EY 

127 MF.SSENGER 
128 FEEDER 

SACRAMENTO REGIONAL TRANSIT DISTRICT 

UNITS OF I I UNIT 

I 
TOTAL I COMPONENT 

MEASURE QUANTITY COST COST COST I 
F.ach $3,618,472 
F.ach $1,237,937 

LF. Guideway 111,936 $46.26 $5,178,0471 
F.ach $2,475,877 
F.ach 1,000 $1 ,520 $1,520,0251 

438,000 $2.70 $1,182,145 
194,000 
142,000 
102,000 

YEAR 

1985 

1985 
1985 

1990CITY 
UNITCOST 
ESTIMATES 

$52.21 

$1,716 
$3.0S 

1990 NATIONAL 
UNITCOST 
ESTIMATES 

$47.Sl 

129 RETIJl! :~ 

!!~ •1•••••1:1t•••ltfl!Slliit•••1••1•1••••••••••••1•1••••••••• ••••••••••••••••••••••• ••••• •••••1••••••••1••••• •••••••••••1•1••1••••1••• • !~I I I•••••• ii ; 111111 •• 11111 •••• • ••• • ii I • 1111 i 11111111• •••• • 1••1lilf.il 132 FAREBOX $66,000 
133 VENDING MAOIINE 
134 OTHER 

m 14.00 STATIONS 
136 •••••• t ~QVAIHGRAI 
137 CENTER PI.A lFORM 
138 PI.ATFORM LENGTII 
139 ESCALATOR/ELEVATOR 
140 HANDICAP ACCESS MODE 
141 WEATIIER COVERAGE 
142 SIDE PLATFORM 
143 PI.A TFORM LENGTII 
144 ESCALATOR/ELEVATOR 
145 HANDICAP ACCESS MODE 
146 WEA 1HER COVERAGE 
147 4,p2 $VRWAt .. 
148 CENTER PI.ATFORM 
149 PI.A TFORM LENGTII 
ISO ESCALATOR/ELEVATOR 
lSl HANDICAP ACCESS MODE 
152 WEA 1HER COVERAGE 
153 SIDE PLATFORM 
154 PI.A TFORM LENGTII 
155 ESCALATOR/ELEVATOR 
156 HANDICAP ACCESS MODE 
157 WEA TIIER COVERAGE 

Each 

I• E4dhY•••• r 
F.ach 

Linear Feet 
(YIN) 

Type 
Percent 

F.ach 
Linear Feet 

(YIN) 

Type 
Percent 

< g,wn>> 
F.ach 

Linear Feet 
(YIN) 

Type 
Percent 

Each 
Linear Feet 

(YIN) 

Type 
Percent 

];10i~i:1;.i;i; 

28 
400 

N 
Ramp 

$366,786 

_$_986,000 

•• I:~I • ;~fj;;1 tnf~;i 

$10,270,000 1985 $413,979 $376,721 

Booz, Allen & Hamilton 



CAPITAL COST DATA BASE SACRAMENTO REGIONAL TRANSIT DISTRICT 

UMTA FIXED GUIDEWA Y 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 

SACRAMENTO REGIONAL TRANSrr DISTRICT 

::: r·00 .;k1~&~1J400~[wsa:1. rn == 

CENTER Pl.A lFORM 
Pl.A TFORM LENGTII 
ESCALATOR/ELEVA TOR 
HANDICAP ACCESS MODE 
WEA TIIER COVERAGE 

SIDE PLATFORM 
PLATFORM LENGTII 
ESCALATOR/ELEVA TOR 
HANDICAP ACCESS MODE 

UNITS OF 

MEASURE 

Ea#t#•t• 
Each 

Linear Feet 
(Y/N) 
Type 

Percent 
Each 

Linear Feet 
(Y/N) 
Type 

WEA TIIER COVERAGE Percent 

h•tMP.4RKtN<tt;ots •• t• •tc:#it f 

QUANTITY 

NUMBER OF LOTS 8 

NUMBER OP SPACES 

UNrr 

COST 

160 
161 
162 
163 
164 

165 
166 

167 
168 
169 
170 
171 
172 
173 
174 

#¥1~ P4RKtN~~AffAq~$ • fqtflt< I t % ttt I @ JI 
NUMBER OF LOTS 

175 NUMBER OF SPACES 
176 F4iif6.JfEDESTJ:lfANbVERl'ASS'ES ••t> { •• totah n• 

TOTAL 

COST 

•:: w;att@> 

COMPONENT 

COST YEAR 

1990CITY 
UNrrCOST 

ESTIMATES 

m .on VEHICLES Each 36 $961,111 $34,600,000 1986 $1,064,353 
118 i §~Pif1~VtNQ~V~HJ¢t~$4 PBJttJJYA •••• I • • ••• E~fi > •1 1 f f ;ii ff®H?® $.#Q~P®:I ff f t % .. t I •••• .. ••••tl8 •t• t@Jt•f.#Maii 

MAKE/MANUFACTURER Name r-~ I I $20,800,000 
BODY TYPE (RIGID,ARTIC) Type Artie 

LENGTII OVER COUPLERS Linear Feet 79.50 

WIDTII Linear Feet 8.75 
NUMBER SEA TS Each 
AIR CONDmONING (Y/N) y 

CAB SIGNAL EQUIPMENT (Y/N) N 
BRAKING SYSTEM (AIR.El.EC) Type Spring/Elec 
TYPE OF STEPS (HIGH.LOW) Type Low 
HANDICAPED (LIFI' .RAMP) Type Ramp 
ON-BOARD FAREBOX (Y/N) N 
PROCUREMENT COST Total 

1990 NATIONAL 
UNrrCOST 

ESTIMATES 

179 
180 
181 
182 
183 
184 

185 
186 

187 
188 
189 
190 
191 
192 
193 
194 
195 
196 

. . . . . . . SPECIAL EQUIPMENT COST . . . . . . . . . . . . . . .. . . . . . . . . . . . ...... Total .. ... . . 
SPARE PARTS I Total 

H;'Q~ tfg//~f{q~;V~Hl¢4~$•E•PRP~IJ•ll <<••••••ttt• • •• •<•••••••••gi¢.fitf > Jtk~i>1@tih •$,ijM<@twQ. tt••WJ,i,I: :::•r: J,)mP®I }]1}$.j3.:$.5.;j®:, 

03/19/91 

MAKE/MANUFACTURER 
BODY TYPE (RIGID,ARTIC) 
LENGTII OVER COUPLERS 

Name 
Type 

Linear Feet 

Boaz, Allen & Hamilton 



CAPITAL COST DATA BASE 

UMTA FIXED GUIDEWA Y 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 
UN"5 OF 
MEASURE 

197 IS.00-VEHICLES (continued) 
198 
199 
200 
201 
202 
203 
204 

205 
206 
2CT7 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 

WIDTII 
NUMBER SEA TS 
AIR CONDmONING 
CAB SIGNAL EQUIPMENT 
BRAKING SYSTEM (AIR,ELEC) 
1YPE OF SlEPS (}DGH,LOW) 
HANDICAPED (LIFT ,RAMP) 

ON-BOARD FAREBOX 
PROCUREMFNT COST 
SPARE PARTS 

Linear Feet 
Each 
(YIN) 
(YIN) 
Type 
Type 
Type 
(YIN) 

Total 
Total 

:~Pl 8~V~~QeW:~Hi¢i€$%P8QER¢): J : f :I : : i.ii ?? 
MAKE/MANUFACTIJRER 
BODY 1YPE (RIGID,ARTIC) 
LENGTII OYER COUPLERS 
WIDTII 
NUMBER SEATS 
AIR CONDmONING 
CAB SIGNA~, EQUIPMFNT 
BRAKING SYSTEM (AIR,ELEC) 
1YPE OF SlEPS (}DGH,LOW) 
HM JICAPED (LIFT ,RAMP) 

ON-BOARD FAREBOX 
PROCUREME.'l!T COST 
SPARE PARTS 

Name 

Type 
Linear Feet 
Linear Feet 

Each 
(YIN) 
(YIN) 

Type 
Type 
Type 
(YIN) 
Total 
Total 

, i;Q4 :N&Ms~lvswsHl¢4ki: J : : ::::: I :1: ii6.x : 
SERVICE TRUCKS 
AUTOMOBILES 

2r, I 011-IER 

SACRAMENTO REGIONAL TRANSIT DISTRICT 

SACRAMENTO REGIONAL TRANSIT DISTRICT 

QUANTITY 
UNIT 
COST 

TOTAL 
COST 

COMPONENT 

COST YEAR 

1990CITY 
UNITCOST 
ESTIMATES 

1990 NATIONAL 
UNITCOST 
ESTIMATES 

: 1
6
·
00 :f.~j;iL:,~~~~~~~~i~:1~m : : : rrr:Jr l: ~~s::~~wm::111 1:!~~r=:;;;1 :a~~~:11:,,i:~~iii~~i ,:,: Jr:lt;lr:: Jtrtazil.~lt ::u:J:11;~~~~ 

230 NEW INSTALLATION 
231 GAS 

232 TELEPHONE 
233 ELECTRIC 
234 WATER 
235 PIPELINE 

$386,933 

$44,833 
$2,574,580 

$1,23Q,854 

$386,933 

$44,833 
$2,574,580 

$1,230,854 

Boaz, Allen &.Hamilton 



CAPITAL COST DATA BASE 

UMTA FIXED GUIDEWA Y 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 
UN"5 OF 

MEASURE 

23616.00 SPECIAL CONDITIONS (continued) 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 

RAil.ROAD 
Ol1-IER 

H~P~iltt4t!'XB~f/P¢411ltilK~~l1'EltMElt!'$ <I ••• fc,tif r 
NEW INSTAILATION 
GAS 
TELEPHONE 
ELECTRIC 
WATER 
PIPELINE 

RAil.ROAD 
Ol1-IER 

• ~o, t11lttf¥REtQffAtlaNAlttitER I <•I t t4tit ? 
NEW INSTALLATION 
GAS 
TELEPHONE 
ELECTRIC 
WATER 
PIPELINE 

RAil.ROAD 
Ol1-IER 

~ttH ttEMO.f/ttfltfl$J 
BUIIDINGS 
REMOVALS 

?• t i tilt ? 

?t9$iRPAPWAYqf!A[!(,t~.$) >) ? t i rnr,mm ? 
BRIDGES 

STR!!ETS 

Ol1-IER 

4.® ~VIBONMENt4P •• l • :• J % %1 tJ Tc,flH< 
NOISE 
VISUAL 
VIBRATION 

268 I Ol1-IER 

SACRAMENTO REGIONAL TRANSIT DISTRICT 

SACRAMENTO REGIONAL TRANSIT DISTRICT 

QUANTITY 
UNrr I TOTAL I COMPONENT 
COST 

$570,767 
$42,644 

COST 

$~4§91 • ~!¥@ 
$482,480 

<•••< it~~,1 @ • •tt~i~ 

COST 

$570,767 
·$42,644 

$482,480 

YEAR 

1990CITY 
UNITCOST 

ESTIMATES 

1990 NATIONAL 
UNITCOST 

ESTIMATES 

> te.4?1< ~l$®I < • fltl#Y9:i 

<• JM$1 ••••:t IUM;m&I ••• ?ilt?t~ 

.~.'. ••• 1-?n~i~,I •: ff;,,n,,"I <<••··•••· t: s;m'.;mmi 1:: utMI ; • ,,:~p;11r1 ~itt4 

26911.00. F11c;l:!!·9F~Y!~r ............................................... .... ····· ··· I ~;"-'!'!t ~~rl··· ···11t,~:16.1 .... ..... ....... f1.~6.l .~1.7,1(Js.,q()() 
210 '!'4!.tPANPAPPt.Jf$.fflPNHPJ!l3Pl1A$€/J ? > >• : TC?(tf t · tt:::•: ti lt~P(iff;pgp.p f1(i#U§',P® u .:,~;1 . .. :,u~tt.i~!~1 .. • :,in.~mi~ 
271 
272 
273 
274 

03/19/91 

MAINLINE 

STATION 
YARD 

PARKING 

Acres 
Acres 
Acres 
Acres 

$633,000 

$15,983,000 

$633,000 

Booz, Allen & Hamilton 



CAPITAL COST DATA BASE SACRAMENTO REGIONAL TRANSIT DISTRICT 

SACRAMENTO REGIONAL TRANSIT DISTRICT UMTA FIXED GUIDE WAY 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 
UNITS OF I I UNIT I TOTAL I COMPONENT 
MEASURE QUANTITY COST COST COST I YEAR 

1990 CITY 11990 NATIONAL 
UNIT COST UNIT COST 

ESTIMATES ESTIMATES 

27517.00 RJC,tl!-CJF.~WA }'(~'?11!!".~~cJJ ......... . 
216 ••• tP~!41N.PAPPJ!l$JTIP.N£PJllfll€Q • J 
277 MAINLINE 

I • • 1"6tfff •• ? 

278 
279 
280 

281 

282 
283 
284 
285 
286 

287 
288 

STATION 
YARD 
PARKING 

t t P~ A<;PQl$l1JPflH1~#Atfl?IP$1'. • • t 1< tc#JM • 
LEGAL & CONSULTING 
APPRAISAL 
PROPERTY MANAGEMENT 

Z:Q4 RELOC.AtiQN • • I ttit~ > 
BUSINESS 
RESIDENCE 

t.os:otHE"RN •• = = •• •• I • rota'N? 
289 r-00 SOFT-COSTS Linear Feet 

~: •••••••1i11•••11ii11m1111c,\111 ••••••••••••••••••••••••••••••••••••••••••• ••••••••••••••••• ••••••••1••• •••••••••••••••••••••!ti1••••••••••••••••••• 292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 

03/19/91 

~P~ •t;.'?N$f!ftii?1JfiJJJMANAgfM€tat •< =•t: • tq,"(It • 
•Ftt~fFJJ,8!€<?:7}1,,fANAP€Mftffl ]'• t t •T9t#M? 

i~illlalfk11i3i~llliil~ffllr i Ii till~ i 
INSURANCE 
MOBILIZATION 
MAINTENANCE OF TRAFAC 

•••••••lit••fK!lf1'6.\1-fQl,lf!J!!••••••••••• ••••••••••••••••••••••••••••••••••••••1 SAFETY CERTIFICATION 

it:~1ii®I tt~P®l ••••••• t • • ? I I• t:~I• •••••<•• tfti;t@'t: •• •n:Jtll.!t,J§f 
$481,000 
$302,000 

$323 I $36, 119,000 
flt~;~P®I•••• if§;ffl;pQti 

·······••1~■11••·········· $1,285,000 

········••11:11••·········· 

~r~:11 !i!l■1~1■ 
1985 $1,450,339 $1,319,808 

··················••;11•• ···················••11••········· ...••• • ,.!, 

Booz, Allen & Hamilton 
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Summary of Light Rail System Characteristics 

Portland Sacramento :}:Sin!Udsli\ Pittsburgh Los Angeles 

Opening Date 1986 1987 1988 1990 

Route Length (miles) 15.2 18.3 41.1 22.6 

At-Grade 9.9 17.6 27.1 18.3 

Elevated 5.2 0.7 2.9 3.6 

Subway 0 0 5.3 0.6 

Open Cut 0.2 0 5.8 0.1 

Track MIies 29.3 25.6 62.4* 43.6 

Stations 25 26 13 22 

Parking Lots 5 8 NR 5 

Parking Spaces 1636 3850 NR 1051 

Total Revenue Vehicles 26 26 97* 54 

Peak Vehicles 22 23 70* 26 

Midday Vehicles 12 8 28* 13 

Peak Headway (minutes) 7.5 15 NR 10 

Midday Headway (minutes) 1-5 30 NR 10 

Staff 
• Administrative 16 15 NR 28 

• Operators 36 32 112 73 

• Vehicle Maintenance 28 15 NR 47 

• Facility Maintenance 19 16 NR 45 

• Other 11 5 NR 68 

• Total 110 83 503 261 

Percent of Route MIies 
• At-Grade 65% 96% 66% 81% 

• Elevated 34% 4% 7% 16% 

• Subway 0 0 13% 3% 

Open Cut 1% 0 14% <1% 

* Total system statistics; not project-specific. 



CAPITAL COST DATA BASE SANTA CLARA COUNTY TRANSPORTATION AGENCY 

UMTA FIXED GUIDEWA Y 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 

SANTA CLARA COUNTY TRANSPORTATION AGENCY 

UN"5 OF I I UNIT I TOTAL 
MEASURE QUANTITY COST COST 

COMPONENT 

COST 

111.00 ~.lJJP.~V!~X'=:~'=:M'=:N.!$ ........................ ... . 
2 'Jmp,::qqw.gw,4y~r:~8AP.§ J Jt: 't : ifJ.:k;tfi~Lr::fff¾~I: , :: :: ,~kl: :;~:~';1 tr:::::::'\::::::: 111 
3 
4 
s 
6 

7 
8 

9 

10 
11 
12 
13 
14 
1S 
16 
17 

18 
19 

20 
21 
22 
23 
24 
25 
26 

27 
28 
29 
30 

31 
32 

33 
34 
3S 
36 
37 
38 

39 
40 

03/19/91 

DIRECT FIXATION 
BAILASTED 
IN-PAVEMENT BAILASTED 
EMBEDDED 

d~PtitiQ!Qf W-4. f:18 ~1;y,4rgp $t.l:iU¢1Y8€ : :1:: Q#!if Jt@# I 
DIRECT FIXATION 
BAILASTED 
IN-PAVEMENT BAILASTED 
EMBEDDED 

t t#f~ gQ.1Q€WAYf ft.gy4tg1?mmt4!NtPf!t.t I t!rt~t ~ n 
DIRECT FIXATION 
BAILASTED 
IN-PAVEMENT BALLASTED 
EMBEDDED 

?t.#i4 4t!(l?lW4Y; f4SYA?ntPEl4C t I tl#iifF.iijJ 
DIRECT FIXATION 
BAILASTED 
IN-PAVEMENT BALLASTED 
EMBEDDED 

t#i~ !JQ(Qi::WA}S $P4WAY :t : ::J U.6~\5Af.M 
DIRECT FIXATION 
BAILASTED 
IN-PAVEMENT BAILASTED 
EMBEDDED 

tiP~ qQIPl=W'-'YFfl~A!Ni::P P.ttt Ul Ut!M#t:F'.~U 
DIRECT FIXATION 
BAILASTED 
IN-PAVEMENT BALLASTED 
EMBEDDED 

If If lillllll,llil Iii iiil/11111!'
1i!llli llli 

TIJRNOUTS 
#S 
#4 
#6 
#8 
#10 

Each 

48,050 

36 

3S 

$717 

$8,611 

$8,000 

$30,000 

$310,000 

$280,000 

$30,000 

YEAR 

1987 
:/Ut.itl 

1987 

1987 

1987 

1987 

1987 

1990 CITY I 1990 NATIONAL 
UNITCOST UN/TCOST 

EST/MA TES I ESTIMATES 

:::::::fli~l:::1 :::i:t:= : 
$763 $611 

$9,161 $7,329 

$31,915 $25,532 

Booz, Allen & Hamilton 



CAPITAL COST DATA BASE 

UMTA FIXED GUIDEWA Y 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 
4111.00 GUIDEWAY ELEMENTS (continued) 

#20 

OTIIER • SPECIFY 
GIRDER,25 METER 
GIRDER.SO METER 
#4,GIR.DER 

#8 SINGLE CROSSOVER 
#4,00UBLE CROSSOVER 
#5,00UBLE CROSSOVER 

UNITS OF 

MEASURE 

SANTA CLARA COUNTY TRANSPORTATION AGENCY 

SANTA CLARA COUNTY TRANSPORTATION AGENCY 

QUANTITY 

20 

2 
14 
3 

UNIT 

COST 

$64,750 

$5,000 
$52,500 

$100,000 

TOTAL 

COST 

$1,295,000 

COMPONENT 

COST 

$10,000 
$735,000 
$300,000 

YEAR 

1987 

1987 
1987 
1987 

1990CITY 
UNITCOST 

ESTIMATES 

$68,883 

1990 NATIONAL 

UNITCOST 

ESTIMATES 

$55,106 
42 

43 

44 

45 
46 
47 

48 
49 

50 
SI 

52 
53 
54 

t#i1•4tm~iWA¥!$e~(4~$:tfQ¢.t<!.8;"$ % •1· J u.a~•~t l d~ •• < l1iln) ~/4:~~PMI ?J~Llt:1.1} ntittm mrn:••t• tJMl.fl Ittt• ··• •1t~1 

BRIDGES Each I $4,822,000 
OVERPASSES Each 2 $322,000 

OTHER Each 

$4,822,000 
$644,000 

55 ~.00 ,1:~~:;,:U;~;; I : • >•••t••• •} ••• J .. : • ;.; > 56 
57 
58 
59 
60 

61 
62 
63 
64 

65 
66 
67 
68 
69 
70 
71 

72 

73 
74 

75 

76 
77 
78 
79 

03/19/91 

DESCRIPTION 
SHOP CAPACITY • 
YARD STORAGE CAPACITY 
WORKSTATIONS 

Each 
Revenue Vehicles 
Revenue V chicles 

Each 
TRACK LENGTH I Linear Feet 
PARKING 

g.g~ Pf.FJ~gft.J/Jf,(1'11/lfe!ill.Q!f?X ? 
~~Q,3ff.EAVYB.fRAl8l• ??••/•:•••>•·•·•··•·•········· .. 

BODY 
TRUCK 
EQUIPMENT 

Zt:14 MQtQff $!#1!?$ • / 
VARIABLE TEST LOAD 
REWIND 
OTHER 

Z.P.$ W.Hll#$.RPP • • < r 1 

WHEEL PRESS 
WHEEL TRUING 

~;q~KA.A¢.HiNS$H(tF{ > ...... 
LATHE 

(YIN) 

(YIN) 

Each 
Each 

Each 

DRill. PRESS I Each 

~gJ!1~afN&kV~~1i • > ~~• • 

11 $21,291, 1361 $21,291,136 
$1\1$<i<U&<i $1:!;~Q.pqq 

50 
50 

13 
10,000 

YES 

$13,500,000 
$425,823 

•••11•1•11•11•1•••••••Blll ••••••••••11•••••••••1

1••IIIB 

$13,500,000 

YESI I I $809,989 

1987 
1987 

s;:.~if~I. r.1.,1:a~: 
$453,003 $362,402 

·······:••····•·1•~1111 ••:1•111•:•••1•11•••1•••11 11:11••··••1•1••·••111•••11• ········j' 
t< i #?P~!U $$PJP®I ? • •• •tt l •t tfitl I ::• ~ttitlf? •<••••:I~g_;~ 

YES 
YES 

$50,000 

• r i:m;~1 • ••• ~«gqpl t • t :• m :::rn :t,itltu ••••••• •t1M~1,1;: r::•m1 

$30,000 

: : ~~;>! • • $}{$r'4 < 4i~$1\f t •:•~lb] ••tt .,~~I 
·····••1••······~[~~11••· ············•~:~~ggg• ••••••••••••••••:i1111 ••••••:•••1•1•••••••lf!ll;t1 •••1••••••••••••••1 taJJ~1 

Booz, Allen & Hamilton 



CAPITAL COST DATA BASE SANTA CLARA COUNTY TRANSPORTATION AGENCY 

UMTA FIXED GUIDEWA Y 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 

SANTA CLARA COUNTY TRANSPORTATION AGENCY 1990 CITY 11990 NATIONAL 
UNITS OF 
MEASURE 

UNff I TOTAL I COMPONENT 
QUANTITY I COST COST COST I YEAR 

UNff COST UNff COST 
EST/MA TES ESTIMATES 

r001iiiWii111: 
84 
85 

86 

87 

88 

89 

90 
91 

92 

93 

94 
95 

96 

97 

98 

99 

100 

101 

102 

SIGNAL (YIN) 
TRACTION POWER (YIN) 
COMPONENT REPAIR (YIN) 

g;JgMA~&.JNeiqew4tgggfpfg;pp :n <YIN> 
TRUCK &m 
CRANE &m 
OTHER &m 

z.t'# f!~¥~Nfl~}¢~lJttB• tt : E~b f 
CASH COUNTING MACHINE 
VAULT 
OTHER 

z.:1,:C€tftl:t4.4.t<Wtatu; t• ? ::: ? •It itfi.N) F 
MIMIC BOARD 
PUBLIC ADDRESS 
COMPUTER 
FIRF./INTRUSION DmECTOR 
MAINLINE CONTROL 
YARD CONTROL 

?t\t,g~~ ,, :::Ji:$1~~@4 
.... ·•••••,t~;g®: : ::::: rum;m.m 't:ni nn~u~o •: :: , utPPiP:®: a11• 1• 

(YIN) 
(YIN) 
(YIN) 
(YIN) 
(YIN) 
(YIN) 
(YIN) !~I =CORGASDmECTION I I I I I I I I I 

105 .. Line 58 . Unit Cost calculated by dividin1t t.otal_i:_osl by shop capacity 

106r.oO .. $.'!$!~~$ ........................................... ................ ·············IY'1.~~tF.~t~ . .... 10.?,fi.<J.0. . J~!~~(;lJ. J~3 ... 1~~.?1? 
107 : ;,;pf $l<Jlf4.!4$Y$fi;M::: : • ::t: ) ('} •• tr f4!fi:Q)#i!,,W.i fl :4p5,~ : t ffr~,~ t l?tti?:PJ~~ 
108 TRAIN CONTROL. WAYSIDE 105,600 $66.28 $6,999,292 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

03/19/91 

INSTALLATION 
HARDWARE 
DESIGN 

CROSSING PROTECTION 
TRAFFIC SIGNALS 
INSTALLATION 
GATES 
OTHER 

t=~iP-?1•~4g¢tff'Fi¢-Atletti?t : : = ' 

SUBSTATIONS 

&ch 

&m 

Eam 

6 

4 

2 

$28,333.33 $170,000 

t l~ifi414!ii.iW.iHf=' =m,m~,. t t ttiiiM ••=J,gijt.,J#!.ffflk] 
Each - , 30 $256,589.30 $7,697,679 

$3,182,635 

$3,513,954 

$302,703 

$110,000 

$60,000 

19901 $314 
? := d~ll :::::::•l•tJ:: 

1990 $66 

1990 $28,333 

$~5.P~~~ 
~4i.:(1 

$53.02 

$22,667 

"'+''="= dt~et•t::::::::: r:•Jt••:::1,n1t::: ..... , .. ,.t \tt11;~, 
1990 $256,589 $205,271 

Booz, Allen & Hamilton 



CAPITAL COST DA TA BASE 

UM TA FIXED GUI DEWA Y 
CAPITA L COSTIN G SYSTEM 

LIGHT RAIL S YSTEMS 
119r.00 SYSTEMS (continued) 
120 PURCHASE 

INSTALI.ATION 
CATENARY 

INSTALI.ATION 
POLES AND COMPONENTS 
WIRE 

TROU.EY 
MESSENGER 
FEEDER 
RETURN 

UN"5 OF 

MEASURE 

Each 
Each 

LF. Guideway 
Each 
Each 

121 

122 

123 

124 

125 

126 

127 
128 

129 

130 
131. 
132 

1gliiff8Hili!il •I I 

I I IJ till • • 
FAREBOX 

1331 VENDING MACHINE 
134 OTHER 

135 14.00 STA T/ONS 
136 

137 
138 
139 
140 

141 

142 

143 

144 
145 

146 
147 

148 

149 

150 

151 

152 

153 

154 
155 

156 
157 

03/19/91 

CENTER PI.ATFORM 
PI.A TFORM LENGlH 
ESCALATOR/ELEV A TOR 
HANDICAP ACCESS MODE 
WEA lHER COVERAGE 

SIDE PLATFORM 
PI.ATFORM LENGlH 
ESCALATOR/ELEVATOR 
HANDICAP ACCESS MODE 
WEA lHER COVERAGE 

CENTER PLATFORM 
PI.A TFORM LENGlH 
ESCALATOR/ELEVATOR 
HANDICAP ACCESS MODE 
WEA lHER COVERAGE 

SIDE PLATFORM 
PI.A TFORM LENGlH 
ESCALATOR/ELEVATOR 
HANDICAP ACCESS MODE 
WEA lHER COVERAGE 

Each 
: Eidl6 

Each 
Linear Feet 

(YIN) 

Type 
Percent 

Each 
Linear Feet 

(YIN) 

Type 
Percent 

t J:"i¢:iCJ••••>• 
Each 

Linear Feet 

(YIN) 

Type 
Percent 

Each 
Linear Feet 

(YIN) 

Type 
Percent 

SANTA CLARA COUNTY TRANSPORTATION AGENCY 

SANTA CLARA COUNTYTRANSPORTATIONAGENCY 1990CITY 1'990 NATIONAL 

QUANTITY 

15 

15 

105,600 

UNIT TOTAL 

COST COST 

$104.14 $10,997,260 

1•1•••••••1•••••i :liflll i•••••••••••••••illl 
$43,394 

15,360 

······~~;1 ~i~;,4.; 
31 $192,333 

334 

N 

100 

19 

312 
y 

100 

$228,263 

COMPONENT 

COST 

$5,527,894 

• $2,169,785 

I 
$4,132,000 

$6,865,260 

UNITCOST UNIT COST 

YEAR ESTIMATES ESTIMATES 

19901 $1041 $83.31 

····················•~11••···· ·············••11111•1•1 111 ••·········••1111 
1990 

1990 

rt1~ ·• ~qzt • ··:••:• : ftiiiitl 
19891 $226,0771 $180,861 

5511,000 I 1989 $194,669 s15s,13s 

$4,337,000 1989 $231,036 $184,828 

80oz, Allen & Hamilton 



CAPITAL COST DATA BASE 

UMTA FIXEiJ GUIDEWA Y 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 

::: r.oo i~1:•~~~/~q00!!.~~!'!,L w··· 

160 
161 
162 
163 
164 
16S 
166 
167 
168 
169 
170 
171 
172 
173 

CENTER PLA1FORM 
PLATFORM LENGIB 
ESCALATOR/ELEVATOR 
HANDICAP ACCESS MODE 
WEA TI-IER COVERAGE 

SIDE PLATFORM 
PLATFORM LENGIB 
ESCALATOR/ELEVATOR 
HANDICAP ACCESS MODE 
WEA TI-IER COVERAGE 

#J(H: PAR.KING: L~ts. ? ? • •r 
NUMBER OF LOTS 
NUMBER OF SPACES 

#)(1.§:PAB.KING:PABA.qiJ ( • I 

!~~ I • \ri66••PE~;JS,i,1~~RPA•ss£s• 

:~;r·00 
,1~'ilvi.:«EY.tJJi¢J{tJf4Pl1JttlJ/A ?t 

179 MAKE/MANUFACTURER 
180 BODY TYPE (RIGID,ARTIC) 
181 LENGTII OVER COUPLERS 
182 WIDTII 

NUMBER SEATS 
AIR CONDmONING 
CAB SIGNAL EQUIPMENT 
BRAKING SYSTEM (AIR.El.EC) 
TYPE OF STEPS (HIGH.LOW) 
HANDICAPED (LIFT ,RAMP) 

ON-BOARD FAREBOX 
PROCUREMENT COST 
SPARE PARTS 

UNITS OF 

MEASURE 

F.ach 
Linear Feet 

(YIN) 
Type 

Percent 
F.ach 

Linear Feet 
(YIN) 
Type 

Name 

Type 
Linear Feet 
Linear Feet 

F.ach 
(YIN) 
(YIN) 
Type 
Type 
Type 
(YIN) 
Total 
Total 

183 
184 
18S 
186 
187 
188 
189 
190 
191 
192 
193 
194 
19S 
196 

iti~1slviN~&~&~i5:~stt1;Jt$. : u I. • •i~h >>• 

03/19/91 

MAKE/MANUFACTURER 
BODY TYPE (RIGID,ARTIC) 
LENGTII OVER COUPLERS 

Name 
Type 

Linear Feet 

I 

I 

SANTA CLARA COUNTY TRANSPORTATION AGENCY 

SANTA CLARA COUNTY TRANSPORTATION AGENCY 

QUANTITY 

UTDC 
ARTIC 

89.S0 
8.7S 

1S 
YES 

AIR 

NO 
NO 

UNrr 
COST 

TOTAL 
COST 

COMPONENT 
COST 

$50,000,000 

$1,405,000 
$4,206,000 

YEAR 

1983 
1983 

1990CITY 
uNrrcosT 
ESTIMATES 

1990 NATIONAL 
uNrrcosT 
ESTIMATES 

80oz, Allen & Hamilton 



CAPITAL COST DATA BASE SANTA CLARA COUNTY TRANSPORTATION AGENCY 

UMTA FIXED GUIDE WAY 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 

SANTA CLARA COUNTY TRANSPORTATION AGENCY 

UNITS OF I I UNIT I TOTAL I COMPONENT 
MEASURE QUANTITY COST COST COST I YEAR 

197l5.00 VEHICLES (crntinued) 
198 
199 
200 

201 
202 
203 
204 
205 
206 

207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 

WIDTII 
NUMBER SEATS 
AIR ~'ONDmONINO 
CAB SIGNAL EQUIPMENT 
BRAKING SY:;11™ (AIR.El.EC) 
TYPE OF STEPS (JilGH,LOW) 
HANDICAPED (LIFT ,RAMP) 
ON-BOARD FAREBOX 
PROCUREMENT COST 
SPARE PARTS 

Linear Feet 
Each 
(YIN) 

(YIN) 

Type 
Type 
Type 
(YIN) 

Total 
Total 

$iO:i alfreN~:~tfliccssy;JbJtt)ERC ••· •••••••••••••••• ? Ir•• < ii,, t•r••· MAKE/MANUFACTURER 
BODY TYPE (RIGID,ARTIC) 
LENGTII OVER COUPLERS 
WIDTII 
NUMBER SEA TS 
AIR CONDmONING 
CAB SIGNAL EQUIPMENT 
BRAKING SYSTEM (AIR,ELEC) 
TYPE OF STEPS (JilGH,LOW) 
HANDICAPED (LIFT ,RAMP) 
ON-BOARD FAREBOX 
PROCUREMENT COST 

Name 
Type 

Linear Feet 
Linear Feet 

Each 
(YIN) 

(YIN) 
Type 
Type 
Type 
(YIN) 

Total 

SPARE PARTS I Total 

••••• J/tiJ qJJJl,l~fktilhriz1$x••• •••••••••• >< J••• >• •• ii,i r 
SERVICE TRUCKS 4 

2261 AUTOMOBll.ES I I 4 
227 OTIIER 5 

1990CITY 
UNITCOST 
ESTIMATES 

1990NATIONAL 
UNITCOST 
ESTIMATES 

~~!16
·
00 ::,,i~:t~~t.~gb{}~~;A$)!$ t n l>s~a,;r,f; Jl ·•• t~)~~~I ~;~J;;!> >;fl;:~~ .:~;:1 . #.tft4,,~~I r••••••r~r,~i~~4 

230 
231 
232 
233 
234 
235 

03/19/91 

NEW INSTALLATION 
GAS 
TELEPHONE 
ELECTRIC 
WATER 
PIPELINE 

$5,086,000 
$158,000 
$23,000 

$158,000 
$353,000 

Booz, Allen & Hamilton 



CAPITAL COST DATA BASE SANTA CLARA COUNTY TRANSPORTATION AGENCY 

UMTA FIXED GUIDEWA Y 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 

SANTA CLARA COUNTY TRANSPORTATION AGENCY 1990CITY 

UNITCOST 
ESTIMATES 

1990 NATIONAL 
UNITCOST 

ESTIMATES 

23616,00 SPECIAL CONDITIONS (continued) 
RAILROAD 
OTHER 

UNITS OF 

MEASURE 

••• s.q~ tJj"Jttrt!i/ij~t/i:f¢4ttoNF!tf!i4t~RM~Nt$ FIi tc##N >• 
NEW INSTAILATION 
GAS 
1ELEPHONE 
ELEf'TRIC 
WA1ER 
PIPELINE 
RAILROAD 

QUANTITY 

OTHER 

>~Ht~®CttY'RtJ,a¢Attatt@?>tJ-t~l!/ U U I tt tcii.iW >••t 1
•·•·•······· 

NEW INSTAILATION 
GAS 
1ELEPHONE 
ELECTRIC 
WA1ER 
PIPELINE 
RAILROAD 
OTHER 

UNIT 

COST 

TOTAL 

COST 

COMPONENT 
COST 

$44,000 

YEAR 

237 

238 
239 

240 
241 

242 
243 
244 
245 
246 
247 
248 
249 

250 
251 
252 
253 
254 
255 
256 
257 

258 
259 
260 

261 
262 
263 
264 
265 

266 
267 

•••••••6.if4tt~MP(ttr:o.fl$J >• >>••>•• > • I<@ tat"'< r I t i•<• nt~t~.qqql ~t~,@h. :ti tt• tt~lt :: ~,~1•· ••u:~m1 
BUILDINGS 
REMOVALS 

....... 6/Q$ BQAPWA.r•tflAN()g$ ? )()( t•> I T.~tii:••·••t••r· 
BRIDGES 
STREETS 
OTHER 

Jt;t~~NVtlJ<ttlMtl!tAJ?•<•••••••••••••••• r•••>•••I•>•••••••••>• .. •••> •f l• > ra,1, >> I n•••>> t l• •••••••• iga~g;qqqk ••• t?tt~?;@ 
NOISE 
VISUAL 
VIBRATION 

2681 OTHER 

~~ 11·
00 :JgrJ.,f !i'{'q~r.~,r.t.9f!HPJ!lltHA$tP 1 ~~0rJ;;~1 ;~1:~;~1,?Mt?tm~I i~~Jii~g 

271 
272 
273 
274 

03/19/91 

MAINLINE 
STATION 
YARD 
PARKING 

Acres 
Acres 
Acres 
Acres 

73 
23 
37 
20 

$342,394 
$312,743 
$313,333 
$389,849 

$513,000 

$1,324,000 

$828,000 

$25,029,000 
$7,068,000 

$11,468,000 
$7,758,000 

> tlc!:Rl f rg~~Jitl• t ltJg~' 

·n :,.ii~lr : t?t~t~;;1 •. >• r~)~:~~, 

Booz, Allen & Hamilton 



CAPITAL COST DATA BASE 

UMTA FIXED GUIDEWA Y 
CA PIT A L COS TING S Y S TE M I UNITS OF 

L I G HT RA IL S Y S TE MS MEASURE 

~! 17·
00 :~it~f ~~:JJ.f,J'J+¼i'tli1kax : < 1• 1;4,,1 r 

m 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 

291 
292 
293 
294 
295 
296 
297 
298 
299 
300 

MAINLINE 
STATION 
YARD 

PARKING 

?t/P~ •tff PPl$.ll!PNfRtll4t~ti. tt!$; ? • ? I tc#iU ? 
LEGAL & CONSULTING 
APPRAISAL 
PROPERTY MANAGEMENT 

~Pf B.~tP<:Jt;jM < < I t,m,m> 
BUSINESS 
RES".JENCE 

t• totiO? • 
.on SOFT-COSTS Linear Feet 

J j ;oJ#EAslsltttYstfiofES > I<<• total? >• 
? #/Pi gf!tilf!lliJlfli#fjJp'€$l<iflL .•.•.•. /••·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·• •••• ftgflt • H 
M!/P~PP.;t,1$Jfft:JJ!!!lJff!JANA~€M€W: i t •••• • t l~i,.! ) • 
Jiq4.PIJP,!€f?'IJM4.f!J\JJ€M€NJ!H•••r••·· < I crcn~m•r• 

······••11~P~IP89./£PTMAN4.Q€Mffl!J}.QVEJ3$lqff1r > r,mm .... 
I;.'® PBQ4{.q;f Jfi#T!ATlPN ?••••Lt >••?<• <•••• ? • li#iU t 

INSURANCE 
MOBILIZATION 
MAINTENANCE OF TRAFFIC 

IPtFIN~NP:€£/lABPE:.'$ t • , 
gQ8 T8AINING/$TART~QPIT£$TING ) >••••· /••·· 

301 I SAFETY CERTIFICATION 
302 OFF-SITE LRV TESTING 
303 

SANTA CLARA COUNTY TRANSPORTATION AGENCY 

SANTA CLARA COUNTY TRANSPORTATION AGENCY 1990CITY 
UNITCOST 
ESTIMATES 

1990 NATIONAL 
UNITCOST 

ESnMATES QUANTITY 
UNIT I TOTAL I COMPONENT 
COST COST COST YEAR 

< ~)tt:l;Q®I k $-?in'.2;@1 •t • tt f I • :t~I • •• •tt!/1~~1 • ~~gf:ml 

• •t$~;gPQI t••r•••••••••••••~~/@ 

$1,659 $136,417,000 
:$41)'1'15,P®' ( '14:f;Q11$,QQQ 

111111:IIi 
:i iifJII im 

iil;a!Jbll 

$924,000 
$924,000 

tt~I t•••••••••••••••••~ •t~I • •;t1tt;=~g 

19861 $1,837 $1,469 

" •:tiqq n •>li]ll:11 :::::: 1:t«n1;1i,1 
•fm;gf?l it 
'nU!fl!;fil!: • ? 

··················••ii l~lllltll••··••1•••1••· ·••11•••1t]l!ll~
1 

03/19/91 Booz, Allen & Hamilton 





PITTSBURGH 





Summary of Light Rail System Characteristics 

Portland Sacramento San Jose Los Angeles 

Opening Date 1986 1987 1987 
ifttftt}( 

1990 
Route Length (miles) 15.2 18.3 19.9 22.6 
At-Grade 9.9 17.6 19.7 tl?r?Ht 18.3 
Elevated 5.2 0.7 0.2 .·.-2.9 3.6 
Subway 0 0 0 t:J: i;i: 0.6 

Open Cut 0.2 0 0 ,:::,:::::::,,,,,,,,,,,,,,,,,,,,,,/ft:ts.Ut 0.1 

Track Miles 29.3 25.6 40.8 43.6 
Stations 25 26 22 22 
Parking Lots 5 8 NR 5 
Parking Spaces 1636 3850 NR 1051 

Total Revenue Vehicles 26 26 50 54 

Peak Vehicles 22 23 15 26 
Midday Vehicles 12 8 15 13 

Peak Headway (minutes) 7.5 15 10 
ti:111:11111111111 

10 
Midday Headway (minutes) 15 30 10 10 

Staff 
• Administrative 16 15 11 t?t\Nfl: 28 

Operators 36 32 58 , ,,,,,,,,,,, , ,, J:!!iliiii~i~!i 73 
• Vehicle Maintenance 28 15 55 ')l\t:tttttttNR 47 
• Facility Maintenance 19 16 53 :::::::::::::::::::::::=:::::::::::=::::::::::::::::::::i:a: 45 

·;:·.·.:::::::::::::::::::::::::::::::::::::::;:;:::::::::::::::;:;:;: 

• Other 11 5 20 :_;,;::t:ttt::Jt'.tNR: 68 

• Total 110 83 197 lilililllililillii!iilililllllii
1
i:ii

1
!'ilii!i!ilili!ll

1 261 

ftffllffI!f;\;/!:;:1:;;;;/:/;}} 
Percent of Route Miles 
• At-Grade 65% 96% 99% 

Jlllilllllllllll::11111111::1111:11:1iJJll
1
11111:11111 

81% 
• Elevated 34% 4% 1% 16% 
• Subway 0 0 0 

1:::::::::::1:::::::1::::::::::::::::J!!i 3% 
Open Cut 1% 0 0 Jtt=:t:::::t:t::=ttl4.%'. <1% 

• Total system statistics; not project-specific. 



CAPITAL COST DATA BASE 

UMTA FIXED GUIDEWA Y 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 
11 0.00 SYSTEM DESCRIPTION 
2 [p~q1[I§fflf(q~f]JJ :::: : )? FF/Fl 
3 

4 

5 

6 

7 

8 

9 

10 

ROUTE MILES 

TRACK MILES 

STATIONS 

VEJilCLES IN SERVICE 

PFAK 

MIDDAY 

HEADWAY 

UNITS OF 
MEASURE 

Route Miles 

Track Miles 

Each 

Revenue Vehicles 

Revenue Vehicles 

Revenue Vehicles 

MIDDAY Minutes 

PORT AUTHORITY OF ALLEGHENY COUNTY 

PORT AUTHORITY OF ALLEGHENY COUNTY 
UNrr I TOTAL I COMPONENT 

QUANTITY COST COST COST 

• 41.l 

62.4 

13 

97 

70 

28 

1990CITY 
uNrrcosT 

YEAR I ESTIMATES 

1990NATIONAL 
uNrrcosT 
ESTIMATES 

11 

12 

13 

14 

15 
16 
17 
18 

PFAK I Minutes 

1 P.~P1$'f4fflN4A'taTA4 F < f J] = ] \ t.qfit ?It: U $>#IZ 

03/19/91 

ADMINISTRATIVE 
OPERATORS 
MAINTENANCE 

VEHICLE 
FACILITY 

ction 

FTE's 

FTE's 

FTE's 

FTE's 

FTE' s 

112.2 

390.5 I • Total System MileaRe not Project MileaRe 

Booz, Allen & Hamilton 



CAPITAL COST DATA BASE 

UMTA FIXED GUIDEWA Y 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 

~11 
·
00 ~~,r~;:l4.~~i:ii~;: :> : /,=,== 

DIRECT FIXATION 
BALLASTED 
IN-PAVEMENT BALLASTED 
EMBEDDED 

UNITS OF 
MEASURE 

Linear Feet 
:I IM.#~f:E~J 

PORT AUTHORITY OF ALLEGHENY COUNTY 

PORT AUTHORITY OF ALLEGHENY COUNTY 

QUANTITY 
82,198 

fj= ~]~-?ti t: : i 
5,131 

34,933 

UNIT TOTAL 
COST I COST 

$. ~,~11J111J,~!.?~~?.IJ. 
JIHP ::::::n:t~!n~~~<!§'. 

$620 
$334 

COMPONENT 
COST 

$3,183,075 
$11,666,125 

1990CITY 
UNITCOST 

1990 NATIONAL 
UNIT COST 

YEAR I EST/MA TES I ESTIMATES 

::::tf~ilrr x: : :x1::~i,lr:tt ,:::::: ::::::i~t:=1 
1985 
1985 

$700 
$377 

$696 
$375 

$583 

3 

4 

5 
6 

7 
8 

9 

J t~9~:gqfftW.4.!@mil;'.V.'4nIP$Tff:Y.9nt.i:Jf@ :P#@tl.f#(]j ui;p,~ rt ffit ]J:J~IU~J ,::::,/ft/)#': tt t~~ :=:: t]%JM4IJJ 
14,563 $520 ! $7,567,746 19851 $587 

~ ; 
$535 

$1,119 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

03/19/91 

DIRECT FIXATION 
BALLASTED 
IN-PAVEMENT BALLASTED 
EMBEDDED 

:: : !~P~ AQ.J.4gW.4:f:tf itlV.4'ttP;.~5'.4.!.Nfii:F.'Jt;~ YI Y'.h@fi~t.> 
DIRECT FIXATION 
BALLASTED 
IN-PAVEMENT BALLASTED 
EMBEDDED 

: l.~Pif:4µfftWAY£€4l;;YA1tPFlt4 JI Ud~i E~J 
DIRECT FIXATION 
BALLASTED 
IN-PAVEMENT BALLASTED 
EMBEDDED 

2,141 $477 $1,020,441 1985 $538 
963 $997 $960,077 1985 $1,126 

t{p~g(#P§lV4Yt$Vl!lW..4Y > 
DIRECT FIXATION 
BALLASTED 
IN-PAVEMENT BALLASTED 

W6.'~}f~Ml •U@t#.t ,• ••tt lt~tk ~ #lfti~!MZ 
3,462 $18,478 

:ttl-if =•tr m ::,m~I :=m : :• ,m~ri 
$63,976,786 I 1985 $20,855 $20,730 

EMBEDDED 
} M>~ gQ(Q~JY>.1:YHRSTA!Ntlf pcm =n t? :: It tl#iitF.~M 

DIRECT FIXATION 
BALLASTED 
IN-PAVET,.ENT BALLASTED 
EMBEDDED 

:t4£?'. PP¢!t€ntl.1A¢l.<.ff) nn : f 
t ::1:#l, $lPBAQ§/fB.Aqtf t 
tJ;ggj$.fl.€P.!AP:Tq~¢KWQRK > 

TIJRNOUTS 

#5 
#4 

#6 
#8 

#JO 

1111 
Each 

3,856 

11,838 

$4,216 I I $16,259.569 
.... ~ .5.1. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .. . $1,534.493 
•: ~~J •J? fflff~}i:?.7 t:>• 

$4,7591 $4,730 

@$.$;, ::::n • >t $.~~I 

$291 $331 $329 

Booz, Allen & Hamilton 



CAPITAL COST DATA BASE 

UMTA FIXED GUIDEWA Y 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 
UNITS OF 

MEASURE 

4111.00 GUIDEWAY ELEMENTS (continued) 
42 
43 
44 

45 
46 

47 

48 
49 
50 
51 
52 
53 

#20 

OTHER - SPECIFY 
GIRDER,25 METER 

GIRDER.SO METER 
#4, GIRDER 
#8 SINGLE CROSSOVER 
#4,DOUBLE CROSSOVER 
#5,DOUBLE CROSSOVER 

INTERSECTION 

d#P Q.Q(Q~)f.~Uft$f'~¢(44. $t'1:V:¢J1.1/Jg$ <l<@µ#~~f 
BRIDGES 
OVERPASSES 

Each 
Each 

54 I OTHER I Each 

55 ~.00 YARDS & SHOPS I Tota/ 
56 I ,t;pt lfJt!Jttiitm •tt r n• • = rn •< :: • • tic:'h.@ • 
57 
58 
59 
60 
61 
62 
63 

64 

65 
66 
67 

68 
69 
70 
71 

72 
73 
74 

75 
76 

77 
78 

79 

03/19/91 

DESCRIPTION 
SHOP CAPACITY • 
YARD STORAGE CAPACITY 
WORKSTATIONS 
TRACK LENGTH 
PARKING 

IS!~l1vilf8jllml<l~i'=ft n i i 1 

BODY 
TRUCK 
EQUIPMENT 

•• ZP4M9.t.¢.BS.HQP$ ? = 

VARIABLE TEST LOAD 

REWIND 
OTHER 

Each 
Revenue V ebicles 
Revenue Vehicles 

Each 
Linear Feet 

•• ZP.~ Wf;{t;#$IJ<:te rn ttt t••·••> t I >•······ ·· 
WHEEL PRESS 
WHEEL 'f':'.lJING Each < i '.Pfi MA¢ffl'rf/J{$H.QB < :/•·••·•·•·········· .. 
LATLIE Each 

DRILL PRESS I Each 

~.g1i~11grcm£s1~1i u == == = ii1ii: tr~ 

PORT AUTHORITY OF ALLEGHENY COUNTY 

PORT AUTHORITY OF ALLEGHENY COUNTY 1990CITY ---~----~-----~---~----11 1990NATIONAL 
uNrrcosT 

ESTIMATES QUANTITY 

UNrr 

COST 

TOTAL 

COST 

11 $38,183, 1861 $38,183,186 
• m;Q.,®1~ ?@ 1.~WP.M!i 

l I $32,090,648 
97 $393,641 

COMPONENT 

COST 

$32,090,648 

uNrrcosT 
YEAR I ESTIMATES 

19851 $43,096, 1471 $42,837,570 
: t tll.$ :: CI •~;gtf;i,:, : % :,~~Wi;it..tl 

1985 
1985 $444,290 $441,624 

Boaz, Allen & Hamilton 



CAPITAL COST DATA BASE 

UMTA FIXED GUIDEWA Y 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 

8or.oo .. Y~FJP$ Bt$fJCJ~$.(fC1.t1.ti,T1LJe.c1J .... ... ....... ....... . 

:~ IIIIJ&ilillllll1J :::i 
SIGNAL 

TRACTION POWER 

COMPONENT REPAIR 

TRACK 

g,J?M~!mNAN¢.l PBWAY::t<tf.J}PM~N1t t ! 

TRUCK 

UNITS OF 

MEASURE 

84 

85 

86 

87 
88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

CRANE I Ea~ 

z1.1.f!1t~€;¢€lrrg1Jx >>: n < +!i,e• > 
CASH COUNTING MACHINE 

VAULT 

OTIIBR 

ztJ:pg1ft8AP¢PN'fffQ# t n 1•·· ••nt tftNJ ••·· 
MIMIC BOARD (YIN) 

PUBLIC ADDRESS (YIN) 

COMPUTER 

JOO FIRFJINTRUSION [!ETECTOR 

JOI MAINLINE CONTROL 

102 YARD CONTROL 

103 SEISMIC OR GAS QETECTION 

104 OTIIBR 

105 I* Line 58 - Unit Cost calculated by dividinll total cost by shop capacit 

(YIN) 

(YIN) 

(YIN) 

(YIN) 

(YIN) 

PORT AUTHORITY OF ALLEGHENY COUNTY 

PORT AUTHORITY OF ALLEGHENY COUNTY 

QUANTITY 

UNrr 

COST 
TOTAL 

COST 

•• ·11t;~ t~t$tk \? tM~HftU 

COMPONENT 

COST 

1990CITY 
uNrrcosT 

YEAR I ESTIMATES 

1990 NATIONAL 
uNrrcosT 

ESTIMATES 

• :tf(@I •1t#!ttlifb ?'1~~#, 

lE r00 

,f~~~~!~~~~!! ffi!WJ! rnwn:urnm jttfiifil{~;, rnmf~i i MW&t~;, wl~t~ tt~i~I ] r >••• f ~;1 • . .. ·=;I 
1985 $445 $443 

110 

111 

(12 

113 

114 

115 
(16 

(17 

118 

03/19/91 

HARDWARE 

DESIGN 

CROSSING PROTECTION 

TRAfFIC SIGNALS 

INSTALLATION 

OTHER 

Ea~ 

Ea~ 

GATES I Ea~ 

~:o~¥-tt¢.tRlflc/Jtl¢N t t•••ttt•••>•••••• tut CltGiil#~WJYI••• is.~l~l •t $.1~t4:il? J-?t.P#~)gm1l• •t <>••• • t ti~ 
SUBSTAT'JNS Each 4 $3,007,949 $12,031,797 1984 

•j~ ' 
$3,422,013 $3,401,481 

80oz, Allen & Hamilton 



CAPITAL COST DATA BASE 

UMTA FIXED GUIDEWA Y 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 
1191J.OO SYSTEMS (continued) 
120 
121 
122 

123 

124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 

PURCHASE 
INSTALLATION 

CATENARY 
INSTALLATION 
POLES AND COMPONENTS 
WIRE 
TROU.EY 
MESSENGER 
FEEDER 
RETURN 

lllf.iflfS.iUli1 
: :1:i::::111 111 

FAREBOX 
VENDING MACHINE 
OTIIER 

m 14.00 STA T/ONS 

UNn"S OF 
MEASURE 

Each 
Each 

LP. Guideway I 
Each 
Each 

:r.o.t.ii ?t: 
i tdtit 

Each 
136 
137 
138 

139 
140 
141 
142 
143 
144 
145 
146 

147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 

i]ii1Af4ijftiiiit :::::::::: @ >> Ji :I :1t.idlit?t 

03/19/91 

CENTER Pl.A TFORM 
Pl.A TFORM LENGTI-1 
ESCALATOR/ELEVATOR 
HANDICAP ACCESS MODE 
WEATI-IER COVERAGE 

SIDE PLATFORM 
Pl.A TFORM LENGTI-1 
ESCALATOR/ELEVATOR 
HANDICAP ACCESS MODE 
WEA TI-IER COVERAGE 

' AJ.P~/$i.!'1W-4i¥f J? 
CENTER Pl.A TFORM 

PLATFORM LENGTI-1 
ESCALATOR/ELEVATOR 
HANDICAP ACCESS MODE 
WEA TI-IER COVERAGE 

SIDE PLATFORM 
Pl.A TFORM LENGTI-1 
ESCALATOR/ELEVATOR 
HANDICAP ACCESS MODE 
WEA TI-IER COVERAGE 

Each 
Linear Feet 

(YIN) 
Type 

Percent 
Each 

Linear Feet 
(YIN) 
Type 

Percent 

€#¢.6.1)) 
Each 

Linear Feet 
(YIN) 
Type 

Percent 
Each 

Linear Feet 
(YIN) 
Type 

Percent 

PORT AUTHORITY OF ALLEGHENY COUNTY 

PORT AUTHORITY OF ALLEGHENY COUNTY 1990CITY 1990 NATIONAL 
UNIT TOTAL COMPONENT UNITCOST UNITCOST 

QUANTITY COST COST COST YEAR ESTIMATES ESTIMATES 

68.21: I $220 $15,012,110 19841 $2501 $249 
$181,509 $181,509 1984 

$1,113,906 $1,113,906 19841 $1,267,2421 $1,259,639 
$1,066,033 $1,066,033 1984 $1,212,779 $1,205,503 

f : Jlil#fl.:&F ::: ::::•::1:111:1::1 1~!mli■U:1:1:1:1:•1:1:::illlml~III 

$2,856,898 I $34,282, n9 

FJ \iritii~I J :::::::tt,;l:rr•:• •:i,l.%ti;I:•• ::::;lttitii■ 

9 $1,748,205 $15,733,846 1985 $1,973,143 $1,961,305 

<'• •~t!!?;tto?! ··••ttt~).~:.g ···••t••tt?H$;l@:••••::••····:··:···•$gJ~t.tl~l@::•m:••:rnrn:::11.;,~~gf 

3 $6,182,978 $18,548,933 1985 $6,978,530 $6,936,659 

Boaz, Allen & Hamilton 



CAPITAL COST DATA BASE 

UMTA FIXED GUIDE WAY 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 
UNITS OF 

MEASURE 

:~:r·oo i~1~~~1Jq,su!!~~.!~l 
160 CENTERPLA'IFORM 

• •• •tMtl¢WJ? 
Each 

161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 

172 
173 

PI.A TFORM LENGTII 
ESCALATOR/ELEVATOR 
HANDICAP ACCESS MODE 
WEA TIIER COVERAGE 

SIDE PLATFORM 
PLATFORM LENGTII 

Linear Feet 
(YIN) 
Type 

Percent 
Each 

Linear Feet 

ESCALA'f9R/ELEVATOR I (YIN) 
HANDICAP ACCESS MODE Type 

••• #~Pf PAR.~4~t~~ g;/ .. ·. I ] •• t tii:tr• 
NUMBER OF LOTS 
NUMBER OF SPACES 

• J.lgf PA8.K(N<tqA~q~$ ? •> ••••••••••• •••••••••• t•••·•·····•· < • << T4tiN 
174 NUMBER OF LOTS 
17S NUMBER OF SPACES 

116 •••• 4id6.PEl1ESTRIANOVERPAtfSES ?•••• • L?t : Total ? 
111 .00 VEHICLES Each 
118 Wlii R(VtiJQEV(H.i¢J!/t.$-H9llfXttlA ••••• <• JE.~h ? 
179 MAKE/MANUFACTURER Name 

Type 180 
181 
182 
183 
184 

18S 
186 
187 
188 
189 
190 

191 
192 
193 
194 
195 
196 

03/19/91 

BODY TYPE (RlGID,ARTIC) 
LENGTII OVER COUPLERS 
WIDrn 
NUMBER SEATS 
AIR CONDIDONING 
CAB SIGNAL EQUIPMENT 
BRAKING SYSTEM (AIR,ELEC) 

TYPE OF STEPS (HIGH.LOW) 
HANDICAPED (LIFT ,RAMP) 

ON-BOARD FAREBOX 
PROCUREMENT COST 

Linear Feet 
Linear Feet 

Each 
(YIN) 
(YIN) 
Type 
Type 
Type 
(YIN) 
Total 

SPARE PARTS I Total 

¥p2;:1JiJlk,tJsi~1f/il!ffJ.;;5:bti1tta1r t •• •: ii¢ij@ 
MAKE/MANUFACTURER 
BODY TYPE (RlGID,ARTIC) 
LENGTII OVER COUPLERS 

Name 
Type 

Linear Feet 

PORT AUTHORITY OF ALLEGHENY COUNTY 

PORT AUTHORITY OF ALLEGHENY COUNTY 

QUANTITY 
UNIT 

COST 
TOTAL 

COST 

COMPONENT 

COST 

.-.-.--•-·-·/·. 

1990CITY 
UNITCOST 

YEAR I ESTIMATES 

1990 NATIONAL 
UNIT COST 

ESTIMATES 

Boaz, Allen & Hamilton 



CAPITAL COST DATA BASE 

UMTA FIXED GUIDEWA Y 
CAPITAL C OSTING SYSTEM 

LIGHT RAIL SYSTEMS 
UNITS OF 

MEASURE 

197 (5.00 VEHICLES (continued) 
198 
199 
200 
201 •-

202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 

WIDTII 
NUMBER SEA TS 
AIR CONDmONING 
CAB SIGNAL EQUIPMENT 
BRAKING SYSTEM (AIR.El.EC) 
TYPE OF STEPS (lilGH,LOW) 
HANDICAPED (LIFT ,RAMP) 

ON-BOARD FAREBOX 
PROCUREMENT COST 

Linear Feet 
Each 
(Y/N) 
(Y/N) 
Type 
Type 
Type 
(YIN) 
Total 

_ SPARE PARTS I Total 

{p~Q, Rivlw.?~rtlflil;iilb:rloERC •• ·••t < ······•• ii,e•? 
MAKE/MANUFAcruRER 
BODY TYPE (RIGID,ARTIC) 
LENGTII OYER COUPLERS 
WIDTII 
NUMBER SEA TS 
AIR CONDmONING 
CAB SIGNAL EQUIPMENT 
BRAKING SYSTEM (AIR.El.EC) 
TYPE OF STEPS (lilGH,LOW) 
HANDICAPED (LIFT ,RAMP) 

ON-BOARD FAREBOX 
PROCUREMENT COST 
SPARE PARTS 

Name 
Type 

Linear Feet 
Linear Feet 

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

: i~Pf u&m.ft~iiwgHl¢ik$ < t r t > : t.i?H••••••> 
SERVICE TRUCKS 
AUTOMOBILES 

227 1 OTifER 

PORT AUTHORITY OF ALLEGHENY COUNTY 

PORT AUTHORITY OF ALLEGHENY COUNTY 

QUANTITY 
UNIT 
COST 

TOTAL 

COST 

COMPONENT 

COST 

1990CITY 
UNITCOST 

YEAR I ESTIMATES 

1990 NATIONAL 
UNITCOST 

ESTIMATES 

~~:16
·
00 f~if:tt,i~;,~gf;~i~:A~!$ : :: r 1.ttsi;@f;{J: r~~'::~;;1 r•:• iu,J:~~~1 :i.j~:~[J 

230 NEW INSTAILATION 

19841 - _J1.~~1 -------- ,,_ - J1.~~ 
: •~ ,~g)gQt ? : ~,~~~ 

231 
232 
233 
234 
235 

03/19/91 

GAS 
TELEPHONE 
ELECfRIC 
WATER 
PIPELINE 

2 

4 

1 

$578,064 
$248,253 

$2,939,444 
$268,674 

Booz, Allen & Hamilton 



CAPITAL COST DATA BASE PORT AUTHORITY OF ALLEGHENY COUNTY 

UMTA FIXED GUIDEWA Y 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 

PORT AUTHORITY OF ALLEGHENY COUNTY 1990 CITY 
UNITS OF I UNIT TOTAL COMPONENT UNIT COST 
MEASURE QUANTITY COST COST COST YEAR ESTIMATES 

1990 NATIONAL 
UNITCOST 

ESTIMATES 

23616.00 SPECIAL CONDITIONS (continued) 
237 
238 
239 
240 
241 
242" . 

'1243 . 244 

\ 24~. 

RAILROAD 
OTIIER 

\ gp~t!f'Jtttt/8'gtfp¢4.tl¢l!S~~t1'gtill;N't$? If tdi~ ? . , ❖,· 
NEW INSTAILATION 
GAS 
TELEPHONE 
ELECfRIC 
WATER 
PIPELINE 
RAILROAD 
OTIIER 

<J{P~ f!tltJtt¥/f:ftktl¢,t!¢NAPJ'll;l1 F ? I Ji ti?t.it ? 
NEW INSTAU.ATION 
GAS 
TELEPHONE 
ELECfRIC 
WATER 
PIPELINE 
RAILROAD 
OTIIER 

> >a~lt~~tH ,4;1~11,~ 
$560,596 
$664,702 
$767,687 

$2,857,500 

$~9.08.2 

< ft~ Pt=MPPt!t?N$ Hi ' ? ti • /Ht.§tit J Ii> • : • : ti : • Jt4t~L tt◄tt~ 
BUILDINGS 
REMOVALS 

•• §JP$ ff9AllWAYPHA!illg$ ••••• ff n : t I< • :)'Jc:Wt.tn > 
BRIDGES 

STREETS 
OTIIER 

Ht] tw.MI •:::•~~ltl$.:,PIC :::: •~;~#ti, 

•: ::•t~I> •:•••••••n~~MI : :r:::::•~m, 

246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 

266 
267 

ttP§ fNvtFJKtNMtltt4.C <••• <•< r >•• Jtl ram, • 1: < n t i ~tt~11.4! < $:'!1:tiH~<tH: • • @ l 1~1~1 •• • ]\t1.~t?.~IJ • ffl~l~I 
NOISE 
VISUAL 
VIBRATION 

2681 OTIIER 

$317,890 

· -~~~ 11·
00 i~~~~f ii;~,~Ill9l!BP}JR£ffA$;Ji) jf I a~srt,js~l j :~rj;;1 S4ti~,,~~I • ,~~~~[;,,: 

271 
272 
273 
274 

03/19/91 

MAINLINE 
STATION 
YARD 
PARKING 

Aaes 

Acres 
Acres 
Acres 

1985 

J!!~31 ············· ······· ··'~'!41 ··· J~'!2: U!~-1 • • ,?~~91;,;m.m t :•:••:: Jifl!PJlll? 

Booz, Allen & Hamilton 



CAPITAL COST DATA BASE PORT AUTHORITY OF ALLEGHENY COUNTY 

PORT AUTHORITY OF ALLEGHENY COUNTY 1990 CITY UMTA FIXEiJ GUIDE WAY 
CAPITAL roSTING SYSTEM 

LIGHT RAIL SYSTEMS 
UNITS OF UN" TOTAL COMPONENT UN" COST 

1990NATIONAL 
UN"COST 
ESTIMATES MEASURE QUANTITY COST COST COST YEAR ESTIMATES 

vs ,,.on. FlJqlj!~9.E-.W.~Y( ~"-''P'!'!IJ.<I} .. ...... . ...... 1 ............. .... ............ . 
'1:16 ?'l/P1J4AtfQ/l{PPJ!l$lJJJ:fNiW!l!lN4'fFI))) :t :' >?>1)\J? r,mt.U't]) 
m 
'1:18 
'1:19 
280 
281 
282 
283 
284 

28S 
286 
2'rI7 
288 

MAINLINE 
STATION 
YARD 
PARKING 

t IP~ )4.gpQ!.$.!11P.NfR~4'1E'.ttgq~ 
LEGAL & aJNSULTING 
APPRAISAL 
PROPERTY MANAGEMENT 

~P4:R~tP¢.4.tt9M:J t : : Id t~tii u 
BUSINESS 
RESIDENCE 

miost~TREJt?tt ''T.00 SOFT-COSTS 

E 11.,a■,11::' 293 
294 
29S 
296 
2'T7 
298 
299 
300 
301 
302 
303 

03/19/91 

INSURANCE 
MOBILIZATION 
MAINTENANCE OF 'IRAFFIC 

i IIJilA-tlflf411Bfl!ir,iQ J: 
SAFETY CERTIFICATION 
OfF-SITE LRV TF.STING 

: tlid9l'OTHE:i1 : 

$3,086 
:•:•:•;•:::::::•:•:•:-:-:,:,· 

$3,068 
·::/:/:\t:\t::•:❖'t(!ff{ 

Jgstli :i??$91;Ht8;532l ,J:li:$9~;~~i 

Booz, Allen & Hamilton 



LOS ANGELES 





Summary of Light Rail System Characteristics 

Opening Date 
Route Length (miles) 

At-Grade 
Elevated 
Subway 

Open Cut 

Track MIies 
Stations 
Parking Lots 
Parking Spaces 

Total Revenue Vehicles 
Peak Vehlcles 
Midday Vehicles 

Peak Headway (minutes) 
Midday Headway (minutes) 

Staff 
• Administrative 
• Operators 
• Vehlcle Maintenance 
• Faclllty Maintenance 
• Other 
• Total 

Percent of Route MIies 
• At-Grade 
• Elevated 
• Subway 
Open Cut 

* Total system statistics; not project-specific. 

Portland 

1986 
15.2 
9.9 
5.2 

0 
0.2 

29.3 
25 

5 
1636 

26 
22 
12 

7.5 
15 

16 
36 
28 
19 
11 

110 

65% 
34% 

0 
1% 

Sacramento 

1987 
18.3 
17.6 
0.7 

0 
0 

25.6 
26 
8 

3850 

26 
23 
8 

15 
30 

15 
32 
15 
16 
5 

83 

96% 
4% 

0 
0 

San Jose 

1987 
19.9 
19.7 
0.2 

0 
0 

40.8 
22 

NA 
NA 

50 
15 
15 

10 
10 

11 
58 
55 
53 
20 

197 

99% 
1% 

0 
0 

Pittsburgh 

1988 
41.1 
27.1 
2.9 
5.3 
5.8 

62.4* 
13 

NA 
NA 

97* 
70* 
28* 

NA 
NA 

NA 
112 
NA 
NA 
NA 

503 

66% 
7% 

13% 
14% 

:tfJ:flJood: 

ilil 
iii 
::::rtr ttt'ttrti~: 



CAPITAL COST DATA BASE LOS ANGELES COUNTY TRANSPORTATION COMMISSION 

u M TA FIXED G u ID E w A y I LOS ANGELES COUNTY TRANSPORTATION COMMISSION 
CA PI TA L C O S TING S Y S TE M UNITS OF UNrr TOTAL COMPONENT 

L I G H T RA I L S Y S TE MS MEASURE QUANTITY COST COST COST 

1990 NATIONAL 1990CITY 
uNrrcosT UNrrcosT 

YEAR I ESTIMATES I ESTIMATES 

~11
·
00 g~~fp%:~'i;~f;:iA~~i> :n t ltL:A;~;;~J: :r.:.i~l ;!,-;j;t~{il; i&ii1 t• Hm:j,-;1 J;;~I 

3 

4 

5 
6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 
25 
26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 
40 

03/19/91 

DIRECT FIXATION 

BAll.ASTED 61 ,869 

1,618 
$487 $30,145,147 1988 $505 $443 

IN-PAVEMENT BAll.ASTED $2,848 $4,608,103 1988 $2,954 $2,588 

EMBEDDED I I 32,7661 $997 $32,655,558 1988 $1 ,034 $906 

•••tttp~ PJ.!JP€WAY!f'f!..'f¥At.ill$tltQ¢tJ!i1JJ J Pii,Mt€~M> • tP,ttm ••• J:,;g •• H••• t:'!?,~~t.~ J J • J• •t-~~ •••••••••••••••••••••••••••••••••••••••••••~~ •• •t• ,gfM1 
DIRECT FIXATION 9,376 

1,409 

$3,033 $28,435,174 1988 $3,146 $2,756 
BAll.ASTED $4,970 $7,002,464 1988 $5,155 $4,516 

IN-PA VEMF"lT BAll.ASTED 

EMBEDDELJ 

ii<t~ gQ@i$WAtti£4~V..4t£Pi!lS-Alf!tP.'fttJS ••••• I tf.#@iF~t>lt•••• •••••••• f.4Ptl t •~~l +·•> ~.~t~q~J 
DIRECT FIXATION 

BAll.ASTED 

IN-PAVEMENT BAll.ASTED 

EMBEDDED 

6,407 $932 

} ii& 4Q(Qt;W4r ~t(t;'Y41EtJF!I# .. ·········••>••· • I il.6.~ir~il g;gJ~I t $§?'fl Ht••••>liilf P,~1~ 
DIRECT FIXATION 

BAll.ASTED 

IN-PAVEMENT BAll.ASTED 

EMBEDDED 

2,052 $678 

······••t;p~)PQIQ€W-4f¥$l!~WAY••···· ········••>i•·••<••< •• uc1 Pii~€~t••···1··· ]~@,®:1• ~;~j ~~~;~t, 
DIRECT FIXATION 3,296 $6,965 

BAll.ASTED 

IN-PAVEMENT BAll.ASTED 

EMBEDDED 

<•••t.c>~ r;,.,.,l)EJYA rHR:e;4wta>cot < n ><••· ti• t!fiiji#ftff§MI••• > •~I t nr >•< H .. t~I r•••••••••••••• '$g,~~g;'$t4 
DIRECT FIXATION 490 $4,756 

BAll.ASTED 

IN-PAVEMENT BAll.ASTED 

EMBEDDED 

llillllllf liilf!i1111 l:l'llllllllll'll 1

1

11IIIIIII 
TIJRNOUTS 

#5 
#4 

#6 

#8 

#10 

Each 

• $i#;$8~;(:q9: 

·•···~~-·~·•I ···················- ;~~l•lll• 57 $38,938 

ftflif <••mt, 
$5,973,099 1988 $967 $847 

tliil ••t • lt411•• •• • @ • • ffi.tl 
$1,390,912 1988 $703 $616 

m,~1••••••• •• ;w~1••• ::::•••,m~ 
$22,955,679 I 1988 $7,225 $6,329 

ntl~I•• • : : ~ lP.:91/f li'li~1 
s2,33o,510 I 1988 

111111 
$2,219,465 1988 $40,392 I $35,383 

80oz, Allen & Hamiltor 



CAPITAL COST DATA BASE 

UMTA- FIXED GUIDEWA Y 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 
4111.00 GUIDEWAY ELEMENTS (continued) 

#20 
OTIIER • SPECIFY 

GIR.DER,25 METER 
GIRDER,50 METER 
#4,GIRDER 
#8 SINGLE CROSSOVER 
#4,DOUBLE CROSSOVER 
#5,DOUBLE CROSSOVER 
INTERSECTION 

UNITS OF 

MEASURE 

42 
43 
44 

45 
46 
47 
48 
49 
50 
51 
52 
53 

>tff P gt.1Jtf;;WA'lf$JJ~¢(4.f./$JJ#lC:ttJff;.$ < I '16~~tt 
BRIDGES 
OVERPASSES 

Each 
Each 

54 I OTHER I Each 

55 r-00 YARDS & SHOPS I Total 
56 Jg;(if#Qll.PIHG: } •• >>>>? ( ti@#= t 
57 DES'.:RIPTION Each 
58 
59 
60 

61 
62 
63 
64 

65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 

03/19/91 

SHOP CAPACITY• 
YARD STORAGE CAPACITY 
WORKSTATIONS 
TRACK LENGTI-I 
PARKING 

t~{g~ Pff}q€fflFJl!@l!F! fgt!!l.l!/ ? > 
••• ~;t,~ H~VYR~P~!Bt ·•· /········ . 

BODY 
TRUCK 
EQUIPMENT 

@zttf\MQ.tQR$H9P$ : • 1 

VARIABLE TEST LOAD 
REWIND 
OTIIER 

ZP$ WH;":S:.:$.HPe• ? >•••t •••·•·•·•·····•·•···•·•·•·•·······.·.··· 
WHEEL PRESS 
WHEEL TRUING 

>•••~;P~MA¢.HiN$$J:llJ.P < 
LAlHE 

Revenue Vehicles 
Revenue Vehicles 

Each 
Linear Feet 

(YIN) 
(YIN) 

(YIN) 
(YIN) 

Each 
Each 

Each 

~:g)fLi}ii~~~~ : I ~,~ 

LOS ANGELES COUNTY TRANSPORTATION COMMISSION 

LOS ANGELES COUNTY TRANSPORTATION COMMISSION 1990CITY 
UNITCOST 
ESTIMATES 

1990 NATIONAL 
UNITCOST 
ESTIMATES QUANTITY 

12 
I 
2 
4 

UNIT 

COST 

$93,340 
$205,473 
$329,791 

TOTAL 

COST 

11 $44,204,?401 $.44,204,740 
• $-1$~~ } '. #$~;~ 

54 
54 

2 
2 
7 

$818,606 

•••••••••••••••••••••••11Jlil ••••••••••••••••• l l~~II • 

• • i nt!t#~I Vi : JVt4i§§# 

•:: :•1~~i;IJ~~~! 

COMPONENT 

COST 

$1,120,080 
$205,473 
$659,582 

$13,724,388 

$11,505,476 

$1,858,720 
$347,413 

$]9(),(JJ~ 

$1,144,662 
················· ·· ·· 

YEAR 

1988 
1988 
1988 

1988 
1988 
1988 

$96,826 
$213,146 
$342,107 

$84,819 
$186,716 
$299,686 

$45,855,5391 $40, 169,453 
:: •#tr;~ • :• mmJ.ta.1i 

$849,177 $743,879 

·•••••••••••••••i1ill •••••••••••••••••••••••••••11,11•1•:•••••• ••••••••••••••••m,;11it 

m11.,1:: •• ::r ,ta#.nM.itltt ••r: " '<H~tt41 

•••••••••••••••jjj§§1 •••••••••••••:••••••• , i1IJ:@~a1••••••1•• ••••••••••••, ~11~1lh! 

Boaz, Allen & Hamilton 



CAPITAL COST DATA BASE LOS ANGELES COUNTY TRANSPORTATION COMMISSION 

UMTA FIXED GUIDE WAY 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 

LOS ANGELES COUNTY TRANSPORTATION COMMISSION 1990CITY 
uNrrcosT 
ESTIMATES 

1990 NATIONAL 
UNrrCOST 

ESTIMATES 

UNITS OF 
MEASURE I QUANTITY 

UNrr 

COST 

TOTAL 

COST 

COMPONENT 

COST I YEAR 

t 00

iil-i IJIJ 111111 1•• .rfiii I f! 
. . . . ·····:,:. 

:•!l!!:!111!11:l■II 
84 

8S 

86 
'if1 

88 

89 

90 
91 

92 

93 

94 
9S 
96 
97 

98 

99 
100 

101 

102 
103 
104 

SIGNAL 

lRACTION POWER 

COMPONENT REPAIR 

lRACK 

~1#.'MA!N11NAN¢gPlfiW4Yi<!Pli1ll€fl!t 
TRUCK 

CRANE 

(YIN) 

(YIN) 

(YIN) 

(Y/t-1) 

Each 
Each 

OI1IER I Each 
Htt) REVENJ)ECENtER • @: L : <•• t• { ?IE~b. ::? 

CASH COUNTING MACHINE 
VAULT 

OI1IER 

t ®JI !Pt.N'm.44 ¢QNt8¢.ll•L / • : ' ] •f ] lti.NP t / 
MIMIC BOARD 

PUBLIC ADDRESS 

COMPUlF. 

FIRFJINTRUSION DETECTOR 

MAJ!''LINE CONTROL 

YARD CONTROL 

SEISMIC OR GAS DETECTION 

OI1IER 

(YIN) 

(YIN) 

(YIN) 

(YIN) 

(YIN) 

(YIN) 

(YIN) 

• t t@~I • • : :%t;Jc,;qgg r•::::::,tlll? ::: ~,agp1:: •:::::r• m#.Ht 

•111atPl111: :1:1,av,;i,11u • • •::#;,mt.~u:• 1t111::::: iu~t'-tfl: r:::::::•t1:1r1m1 
$4,432,019 $4,432,019 I 1988 $4,597,530 $4,027,436 

$641,846 $641,846 1988 $665,815 $583,254 

-------------------------------------~-----~-----~-----~--~-------------
10S I" Line S8 • Unit Cost calculated t,y divic!iJig_total cos!_l>yshop_J:al)~ 

106r.oo $'!$!~~$ ................................................ ··· ······ ·· ··· ·············· ·I Y".~~'.E.e.t!~ .. ... 1.J~,2.~2. J~~~~3.~ JUS. .. ?.?3.,2.1~ 
1cn iPt$!QNAP$Y$ffMt??t• t t ••• • • : : F•> t;X!!AQJ#4~Wi t• 11:f#c?~ t~J;~ • : :'4P~r,~~t 
108 lRAIN CONTROL- WAYSIDE 119,282 $232.3S $27,715,247 

109 INSTALLATION 

110 

lll 
112 

113 

114 

11S 

116 
117 

118 

03/19/91 

HARDWARE 
DESIGN 

CROSSING PROTECTION 

TRAfFIC SIGNALS 

INSTALLATION 

GATES 

OTHER 

it1¥it/ft;~¢t}JIEl¢.A.tlPN ? 
SUBSTATIONS 

Each 
Each 

Each 

119,282 

28 

28 

$222.70 

$465,356 

$433,001 

$13,029,974 

1t:n,gwc1.,w.iwm:: 11Pt?.i1.?ln , HH\Jt l • •tiftMqJgti 
Each - I 19 s1.108,399 

$116,349 

$1,034,481 

19881 $1,0021 $878 
• •f!Plf J :•: : :: $~ :: tt:J:JJJlt9i 

1988 $241 $211 

$26,564,417 I 1988 $231 

$482,735 

$449,171 

$202.37 

$422,'if76 

$393,474 

1988 

s12,124,02S I 1988 

$552,641 

$353,308 

@•r1,,f1t@ :::$4® :]$.Jt?'I 
$21,059,588 1988 $1,149,792 $1,0CrT,218 

Booz, Allen & Hamilton 



CAPITAL COST DATA BASE 

UMTA FIXED GUIDE WAY 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 
11913.00 SYSTEMS (continued) 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 

PURCHASE 
INSTALLATION 

CATENARY 
INSTALLATION 
POLES AND COMPONENTS 
WIRE 

TROU.EY 
MESSENGER 
FEEDER 
RETIJRN 

UN"5 OF 
MEASURE 

Each 
Each 

LF. Guideway 
Each 
Each I 

LOS ANGELES COUNTY TRANSPORTATION COMMISSION 

LOS ANGELES COUNTY TRANSPORTATION COMMISSION 

UNIT TOTAL COMPONENT 
QUANTITY COST COST COST I YEAR 

$15,991,760 

119,2821 $237.86 
• $5,067,828 

$28.372.430 I 1988 

119,:1 
$14,301 
$118.69 

$14,214.975 I 1988 
$14,157,455 1988 
$1,905,017 
$2,565,811 
$9,686,627 

1990 CITY 11990 NATIONAL 
UNIT COST UNIT COST 
ESTIMATES EST/MA TES 

$247 

$14,835 
$123 

$216.lS 

$12,995 
$107.85 

1321 FAREBOX 
133 VENDING MACHINE I I 741 $57,2881 I $4,239,307 I 1988 I $59,427 I $52,058 
134 OTIIER $1,765,229 

:::r·OO i~1.~;ip~(I •:::•: :••· : ]] :~i;i::I :::: ::=•~· ~j;,i~::~;,tliiij :::=:!i~l:J :;,l;i;l]Jf $i~-~I 
137 CENTER PLA1FORM Each 15 $1,079,409 1988 $1,119,719 $980,874 

138 PI.A TFORM LENG1H Linear Feet 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 

03/19/91 

ESCALATOR/EU!VATOR 
HANDICAP ACCESS MODE 
WEA 1HER COVERAGE 

SIDE PLATPJRM 
PLATFORM LENG1H 
ESCALATOR/EU!VATOR 
1--!ANDICAP ACCESS MODE 

(YIN) 

Type 
Percent 
Each 

Linear Feet 
(YIN) 

Type 

•••••••1iP~$P~WAM01rs~=
0

E • n• J • Ir •ii,; •:•·••/• 
CENTER PLA1FORM 

PI.A 1FORM LENG1H 
ESCALA TOR/EU!VA TOR 
HANDICAP ACCESS MODE 
WEA 1HER COVERAGE 

SIDE PLATFORM 
PLATFORM LENG1H 
ESCALA TOR/EU!VATOR 
HANDICAP ACCESS MODE 
WEA 1HER COVERAGE 

Each 
Linear Feet 

(YIN) 

Type 
Percent 

Each 
Linear Feet 

(YIN) 
Type 

Percent 

3 $913,869 $2,741,608 1988 $947,997 $830,446 

:~t'f(ffi~P!?:IF ~t~~4i!® •• ••t~~41II • ,gf~ttti~I :t• r.~tttt:fpg, 

$27,684,300 $27,684,300 1988 $28,718,154 $25,157,102 

Booz, Allen & Hamilton 



CAPITAL COST DATA BASE 

UMTA FIXED GUIDEWA Y 
CA PI TA L C O S TING S Y S TE M I UN"5 OF 

LIGHT RAIL SYSTEMS MEASURE 

1s814.OO $!~!ICJ}J$(~~f'lt,ir1J-!~C!) .......... .. ........... .. ....... ..... .. 
1 

..... .......... ....... . 
1S91 ~~P.~€#.€¥4-Tf#W??@@ ttt@ @ ? ? 1< \ f.i@"1 ?? 
160 
161 
162 

163 
164 
16S 
166 

167 
168 

169 
170 
171 
172 

173 
174 

CENTER PLA1FORM 
PI.A TFORM LENG1H 
ESCALATOR/ELEVATOR 
HANDICAP ACCESS MODE 
WEA 1HER COVERAGE 

SIDE PLATFORM 
PI.A TFORM LENG1H 
ESCALATOR/ELEVATOR 

Each 
Linear Feet 

(YIN) 
Type 

Percent 
Each 

Linear Feet 
(YIN) 

HANDICAP ACCESS MODE I Type 

ii~P4P4R~4f~t~mw>r!r t • ? : Ftafl# > 
NUMBER OF LOTS 
NUMBER·OF SPACES 

f ;Q~ PARKlN4 qAIJAqf$ @ I# t fQfif l 
NUMBER OF LOTS 

!~~ I ?4:06/PEr;;i;;;,c;,itt~P.astfEs> > t I r:::r.ora1 > > ~~;r·OO 

,7c,i'f~ti:Q~Vtf1J¢t~$§Ql(PE11JA ? I fia 
179 MAKE/MANUFACI1JRER 1 Name 
180 
181 

182 
183 
184 
18S 

186 
187 

188 

189 
190 
191 
192 

193 
194 
19S 
196 

03/19/91 

BODY TYPE (RIGID,ARTIC) 
LENGTH OVER COUPLERS 
WIDTH 
NUMBER SEA TS 
AIR CONDffiONING 
CAB SIGNAL EQUIPMENT 
BRAKING cysTEM (AIR,ELEC) 
TYPE OF STEPS (HIGH,LOW) 
HANDICAPED (L!Ff,RAMP) 

ON-BOARD FAREBOX 

Type 
Linear Feet 
Linear Feet 

Each 
(YIN) 
(YIN) 
Type 
Type 
Type 
(YIN) 

PROCUREMENT COST Total 
SPARE PART3 Tolal 
SPECIAL EQUIPMENT COST Total 

§)P.~i8t.VEf1.Q£;Vtfl}¢}Jt'$#¢Ri:it.llJIP ]?]: : ¥.ii~6T? t 
MAKE/MANUFACI1JRER 
BODY TYPE (RIGID,ARTIC) 
LENGTH OVER COUPLERS 

Name 
Type 

Linear Feet 

LOS ANGELES COUNTY TRANSPORTATION COMMISSION 

LOS ANGELES COUNTY TRANSPORTATION COMMISSION 1990 CITY I 1990 NATIONAL 

QUANTITY 

UNIT 

COST 

TOTAL 

COST 

J,g~gf~41 I • $1.)t~~ 
3 I $2,928,894 

!J Jt:;i$}1.lU4tlF ••J •$#~4~(1.)$~ 
s 

COMPONENT 
COST 

UNITCOST 
YEAR I EST/MA TES 

UNITCOST 
ESTIMATES 

••t 1]tt11••· • ~A##~, Jff@•:•$g'-lf~' 
$8,786,682 I 1988 $3,038,272 $2,661,526 

JJttll 11;#.itl~tl t t• 11P:(:tfflli' 

l,OSl I $

8

,07
91 

I rn•n •t•••t?@?? dtt?Jijj1 •• ? • • .. ;j;~;t ····••Mlm•h 

• • $99~fsft ??1ffl m : :11:ffli'J : rt ··· ····· ••'6o 
541 $1,480,354 1988 $1,535,637 $1,345,218 

fii◄l.il~ ] I : FJJ?•••t:n:u: .,,.,, rn:•• Jlt:~Ml.cU } ;•: ,,ttJlmi 

Boaz, Allen & Hamilton 



CAPITAL COST DATA BASE LOS ANGELES COUNTY TRANSPORTATION COMMISSION 

UMTA FIXED GUIDEWA Y 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 
191'5.00 VEHICLES (continued) 

WIDTII 
NUMBER SEA TS 
AIR CONDffiONING 
CAB SIGNAL EQUIPMENT 
BRAKING SYS1EM (AIR,ELEC) 
TYPE OF STEPS (HIGH.WW) 
HANDICAPED (LIFT ,RAMP) 

ON-BOARD FAREBOX 
PROCUREMENT COST 
SPARE PARTS 
SPECIAL EQUIPMENT COST 

••••••~~ f!IVIN#$!Vfl1!¢4~$±PRP.fRP\ 
MAKE/MANUFACTURER 
BODY TYPE (RIGID,ARTIC) 
l.ENGTII OVER COUPLERS 
WIDTII 
NUMBER SEATS 
AIR CONDffiONING 
CAB SIGNAL EQUIPMENT 
BRAKING SYS1EM (AIR,ELEC) 
TYPE OF STEPS (HIGH.WW) 
HANDICAPED (LIFT ,RAMP) 
ON-BOARD FAREBOX 
PROCUREMENT COST 
SPARE PARTS 

LOS ANGELES COUNTY TRANSPORTATION COMMISSION 

UNITS OF I I UNIT I TOTAL I COMPONENT 
MEASURE QUANTITY COST COST COST I YEAR 

Linear Feet 
Each 
(YIN) 
(YIN) 
Type 
Type 
Type 
(YIN) 
Total 

Total 

Total 

l.i@h \ 
Name 

Type 
Linear Feet 
Linear Feet 

Each 
(YIN) 
(YIN) 
Type 
Type 
Type 
(YIN) 
Total 

Total 

1990 CITY 11990 NA noNAL 
UNIT COST UNIT COST 
ESnMA TES ESnMA TES 

:::::::::::::::::: 

198 
199 
200 

201 
202 
203 
204 
20S 
206 
207 
208 
209 
210 
211 
212 
213 
214 
21S 
216 
217 
218 
219 
220 
221 
222 
223 
224 
22S 

~ii4iN4f#R~iiws.H@lk1 • ()=:: ••ti• • 1••ii4 •• I •tttt :t tf/1911 JJ@:JtJ.&iP.it l:tflll t ff«m1: :::.:+:m:::r••1 

SERVICE TRUCKS 

2261 AUTOMOBILES 
227 arnER 

22816.oo $.~~PJ~L.. qq~P.J!.!9"'1.$.. ..................... . 
229 r;Pt!lf!l4J!JfiR€4Qq~Jl9.l!HA~~? t t 
230 NEW INSTA'.1.ATION 
231 GAS 
232 TELEPHONE 
233 ELI..--TRIC 
234 WATER 
23S PIPELINE 

03/19/91 

s 
12 
2 

unr.;;;~;~ I r: 119;;;~ 

$136,000 
$28,333 

$391.SOO 

........... ~ 1,?7.!.j. f..1. ~?,:,.1~ •. ~~~ 
:::::~;.§.~:,;~ t=it@P.~li~ 

$680,000 
$340,000 
E.83,000 

S391,n6 
$179,117 
$52,17S 

$130,06S 
$1,006,224 

19851 $1,4421 $1,263 
: tt?§ tf: Jrg~-~ ; it ::,t~]~I 

Booz, Allen & Hamilton 



CAPITAL COST DATA BASE 

UMTA FIXED GUIDEWA Y 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 
UNITS OF 
MEASURE 

23616.00 SPECIAL CONDITIONS (continued) 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 

RAll.ROAD 
amER 

: : ,tq~ :Qtttlllt:R~40¢4t.(<?.N¥: ~1$.~ ~;;t;M;"Nt$ Jil< <t§t#! : > 
NEW INSTAI.LATION 
GAS 
TELEPHONE 
ELECTRIC 

WATER 
PIPELINE 
RAll.ROAD 
amER 

t/P.JtotlfittYtftJ:i!PAtlt:!llMP/tlJ~l!A J <IF kt#tit 
NEW INSTAI.l.ATION 
GAS 
TELEPHONE 
ELECTRIC 

WATER 
PIPELINE 
RAll.ROAD 
OTHER 

Itta P~M<?t.tt!<?:N.$% < ' = . 

BUii.DINGS 
REMOVALS 

:f ~q$\8'-MPWAYP&ANQ.g$.JJ 
BRIDGES 
STREETS 
OTHER 

: it~i.U?> 

:: ~®.•1;'.NV/BQ.N.MFNt4Pi : :::::: : I :rc>ti.N f , 
NOISE 
VISUAL 
VIBRATION 

2681 amER 

~~ 11·
00 :~~Z~f rf:i~~t~rnqttweJilt¢ffA$gpy n : I ~~0r~~;2 

271 
272 
273 
27~ 

03/19/91 

MAINLINE 
STATION 
YARD 
PARKING 

Aa-es 
Aa-es 
Aa-es 
Acres 

LOS ANGELES COUNTY TRANSPORTATION COMMISSION 

LOS ANGELES COUNTY TRANSPORTATION COMMISSION 1990CITY 
UNITCOST 
ESTIMATES 

1990NATIONAL 
UNITCOST 
ESTIMATES QUANTITY 

UNIT I TOTAL I COMPONENT 
COST COST COST YEAR 

$788,148 

,1,1;r.~1tf~l n11:1timMt@I : rrr::<::n r:11~1 ::• 1t;§ttttdMI :1r11,t.#-Pmf#, 1 

:{ t flft;g1 @ • :: ~ftit.~ 

$4,636,851 
$1,991,741 

$21,311,426 
$6,168,122 

$27,379,768 
$56,398,574 
$1,875,152 

$384,438 
$583,398 

1988 

•: 1m1 ::: :::1,~•t~n' r:r1sg11::r,1 

}$1\1Ut4?;gftl ::::tt.?i(?gf!i~:t~l•r ··••m::<]d: .,,,~, u:::::::::it,~§f~Mtt.41 :•u:::::::11:1:;;1,gmm; 
$400,000 

$11 ,688,912 

I ,,,~,tt~~k .,,~~tt;mm1 :: : :• ]l<II :@tP.~II/ %1tt)tlt)~t4U@::1,1,~t.Mimi 
$10,124,905 

$6,852,600 

119
'
2;~1 ~i~i~iiZI :;~,:.ttt;~ j :,i:1.. $$.t~,,~1:: rn::::::~;1r.i;:: 

$55,437,402 $55,437,402 

Booz, Allen & Hamiltor: 



CAPITAL COST DATA BASE 

UMTA FIXED GUIDEWA Y 
CA PIT A L COS TING S Y S TE M I UNITS OF 

L I G HT RA IL S Y S TE MS MEASURE 

~: 1
1
·
00 :J~t~tiA~~~Jfl~~¢N4~PY) u ] J] • t#.ii( >• 

MAINLINE 
STATION 
YARD 

PARKING 

tP~AGPQl$l1!QfJ/IJ.€t/A1$'a¢0$.T • ] t i< tiifiU> 
LEGAL & CONSULTING 
APPRAISAL 
PROPERTY MANAGEMENT 

LOS ANGELES COUNTY TRANSPORTATION COMMISSION 

LOS ANGELES COUNTY TRANSPORTATION COMMISSION 

QUANTITY 
UNIT 
COST 

TOTAL 
COST 

Hii~:,;~ t l t ?M~J;:;,141 

COMPONENT 
COST 

$2,211,075 
$40,500 

$2,241 ,826 

YEAR 

1990CITY 
UN/TCOST 
ESTIMATES 

1990 NATIONAL 
UNIT COST 
ESnMATES 

::1~~1• • H~f!t#.MI ••• •••sm111tit: 

2n 
278 
279 
280 
281 
282 
283 
284 

285 
286 
287 

•• ~P4•At4PPAt!lJN r ruu•••> ••> ••••••••••+•••I••••< •••••tats, >I • <t it tI••• tt~i®PI J tM·◄;@1 : • I t tmml t!?P}t.~tl • •••• •t:®Pl.l, 

291 
292 
293 
294 
295 
296 
297 
298 
299 
300 

BUSINESS 
RF.SIDENCE 

t toiil ? 
.00 SOFT-COSTS Linear Feet 

wr.<tt F€4~1114tnt\~tQP!f$ ;. t • • •t bi• ····••tqti! •t•••t• 
If tlllL"&fif 2iilt!IJl:!1'f I I lll(tllJll1- "" .. 

·····••1~1•••1;§iiiullt¥ti1l •ili~nfil••·········•······ ··················••fgf:~•·················· INSURANCE 
MOBILIZATION 
MAINTENANCE OF TRAFFIC 

i#t F'i-!-'Nq~\eff-489€$: < : • 
IJ/QQTRA!N.W®.TAIJ.f,;l!PlT.£.STJNG > < !~~, .·.•.•.·.···.·.··.···.·.·.···.··~~;~;~~~~N 303 ?{8;09•••:OTHERt•:=::••••••••••••·•·•'· 

$77,000 

ll~!l]!I 
~1-~~ 

II■! 
I 111 ]l~l,l~JI 

•~tJJ .,,,J 
•:•1•• ;10 > ,,,, 

::••••llltl! 
?~ 1~§1~ 
)!~~!!! 

:~~~iltf?1 
?J~J-

•••••••••••••••ilDI ••••••••••••111••11~•i~~l lllt l•••1••••••••••••••••• 
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UNIT COST SUMMARY 





CAPITAL COST DATA BASE 

UMTA FIXED GUIDEWA Y 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 
UNITS OF 
MEASURE 

11 0.00 SYST'=MPl=SqFllf'TIQt( 
2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 
14 
15 
16 
17 
18 

03/19/91 

ROUTE MILES 

TRACKMilES 

STATIONS 

VEI-llCLES IN SERVICE 

PEAK 
MIDDAY 

HEADWAY 

PEAK 

RouieMiles 

Track Miles 

Each 

Revenue Vehicles 

Revenue Vehicles 

Revenue Vehicles 

Minules 

MIDDAY I Minuies 

••••·••4)97 $.tAFltl.NqJ. 1:l:ttJfl;; << <••••••• < < <<•••••••••••••••••••••• • < •n#ijfl t 
ADMINISTRATIVE 
OPERATORS 
MAINTENANCE 

VEI-llCLE 
FACILITY 

lion 

FTE's 

FTE's 

FTE's 

FTE's 

FTE's 

5 

5 

5 

5 

5 

5 

4 
4 

4 
5 

4 
4 
5 

UNIT COST SUMMARY 

UNIT COST SUMMARY 

MINIMUM I MEAN I MAXIMUM 

0 

26 

13 

26 

15 

8 

0 

0 

0 

32 

0 
0 

5 

18 30 

40 62 

22 28 

51 97 

31 70 

15 28 

15 91 30 
13 .···•···· : : \~03 
14 
62 

29 
27 
99 

28 
112 

55 
53 

391 

RANGE 

30 

37 

15 

71 

55 

20 

0 

15 
30 

28 
80 
0 

55 
53 

386 

I 

Booz, Allen & Hamilton 



CAPITAL COST DATA BASE UNIT COST SUMMARY 

UMTA FIXED GUIDEWA Y UNIT COST SUMMARY 
c A PIT A L cos TING s Y s TE M I uNrrs OF 

LIGHT RAIL 5 YSTEMS MEASURE OBSERVATIONS MINIMUM MEAN RANGE 

111.00 gtJJL?.~"Y~Y. ~~l=l'~~!'IT$ .................................. ... 1 y~~11.r..E.~t. 
2 =• J;p1gqfQ.€W.-AY\4T~R-AP§FI • • ? @ t= Fil • t~tf«@ff 

5 $428 
!Jtf t:tll ? • t 

$1,016 
Il~lf?f 

$1,079 
l.tf.#. 

3 

4 

5 
6 

7 
8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 
23 

24 
25 
26 

Z7 
28 

29 

30 

31 

32 

33 

34 

35 

36 
37 

38 

39 
40 

DIRECT FIXATION 
BALIASTED 

IN-PAVEMENT BALIASTED 
EMBEDDED 

m~ gQiQl:JVAYF~~YA~t1}$JBJl¢11J.8~ t 1 I I ~ ~ M 
DIRECT FIXATION 
BALIASTED 

IN-PAVEMENT BALIASTED 

$696 

$350 

$526 

$696 

$491 

$1,557 

$696 
$679 

$2,588 

::ii~ •••• J •t,t;riltt =t •• n1•:1i!.i>.fi1rn•••• :== 
$410 $1,233 $2,756 

$1,119 $2,746 $4,516 

$0 

$329 
$2,fJ62 

$3,131 

113.~t 
$2,346 

$3,397 

EMBEDDED I I 21 $5061 $1,9361 $3,3651 $2,859 
•• j)tijgQ1pgtf,4)1 f~t§Y.41§(!.}IJ.S1J4.fl.l~Rtt U •tl®it•r:.,e fr > >~ :: •Jt)] mt / ?• :•::: 1,;pqJ J t=t••t• liftrg: •• :. ::::::::: tI••••t~~ 

DIRECT FIXATION 
BALIASTED 

IN-PAVEMENT BALIASTED 
EMBEDDED 

2 $847 $1,(X)() $1,172 $325 

$~ PUIP.SW.AYdttlV.A.nt4Eltt.• I • • • I ~E~M < ., === •••••i,t~lt • • t •::::11111 ==•••••••••i irtl 
DIRECT FIXATION 
BALIASTED 

IN-PAVEMENT BALIASTED 
EMBEDDED 

1 $616 

DIRECT FIXATION 
•• t®' gq;111;wAYM$P~.W.A¥ • • • •t• I tmi#\5.iM I : ~, J l.~P~l t = 

2 $6,329 

BALIASTED 

IN-PAVEMENT BALIASTED 
EMBEDDED 

ti~ g(!(pgW.AYHB~TAlHJt.P•A'lfn • ? I t!Mlt ff~N 
DIRECT FIXATION 
BALIASTED 

IN-PAVEMENT BALlASlED 
EMBEDDED 

:11■ii;lililll 11:lflllil ll[f! 
TIJRNOUTS Each 

#5 
#4 

#6 
#8 
#10 

1 
1 

$329 

$616 $616 $0 

· :1@;.m1•••• • n• • ,z.t#., 
$20,730 

$4.730

1 
$4.730 I ($0) 

•~;~ In• • •••• •1£414 t••••• •t •>1.£~, 
$2,870 $5,410 $5,081 

I 

03/19/91 Booz, Allen & Hamilton 



CAPITAL COST DATA BASE UNIT COST SUMMARY I 
UNIT COST SUMMARY UMTA Fl':ED GUIDEWAY 

CAPITAL COSTING SYSTEM 
LIGH~ RAIL SYSTEMS 

UNITS OF 

MEASURE loBSERVATIONsi I I J ::J MINIMUM I MEAN I MAXIMUM RANGE 

4111 .00 GUIDEWA y ELEMENTS (continued) 
4" 
43 
44 

45 
46 
47 
48 
49 
50 

51 
52 
53 

#20 

O1HER - SPECIFY 
GIRDER,25 METER 
GIRDER.SO METER 
#4,GIRDER 
#8 SINGLE CROSSOVER 
#4,DOUBLE CROSSOVER 
#5,DOUBLE CROSSOVER 
INTERSECTION 

1s1q 4:QiR~W4Y,!$P,i.;¢.!A#$tlftJtttf!J1f!!; 1 I 4t6~r~f 
BRIDGES 
OVERPASSES 

541 O1HER 

Each 

Each 

Each 

:: r.oo r,.,1;~~:1.:;lJ):; <> >••···· • ·= • ··• .. ·.·.·· 

Total 
t i ::~.@.th J: 

51 

58 

59 
60 

61 

62 
63 

64 

65 
66 

67 

68 
69 
70 
71 

72 
73 

74 
15 

76 

77 
78 

79 

03/19/91 

DESCRIPTION 
SHOP CAPACITY• 
YARD STORAGE CAPACITY 

Each 
Revenue Vehicles 

Revenue Vehicles 

WORKSTATIONS I Each 
TRACK LENGTH Linear Feet 

PARKING 

iii~fi~IIKlilrnleeY,fr:: 1 i 1 

BODY 
TRUCK 
EQUIPMENT 

~tti4 MP.tl:!l1§8Ql{$i ? I 

VARIABLE TEST WAD 
REWIND 

011-IER 

l®~HWBtt#$8<.?P > : < •• ! 

WHEEL PRESS 
WHEEL TRUING 

••••~®MAP..fflf!.g{$f!QB l ?•••••·••>• <•··· · 

(YIN) 

(YIN) 

Each 

Each 

LA TI-IE I Each DRILL PRESS Each 

•• if:gJ••1t1atfCf&l!lm • :: i•• 1 ~i1••·······••i 

tf@f~i: : 14;~,n1 : • H $fi;tftl : HU : : f 1 HIPI 

51 $4,086,7831 $23,862,4351 $42,837,5701 $38,750,787 
: s tqgitth:t •t tltttvnnn, •@t: ,it.,,~ : 1::n.,~1t.1iii 

••••••••••••••••••••••••••••••••lli:itl•1•••1••• ••••••••••

1

•1•1•1•1•11mt• ••••••••••1•••••••1•1•iit;.lfil•lllll•l•••1•1• 1•••1•1•1•1•1•••••11■1 
r .ttt;~t.11 1 :mm;;g1:= f 14.~$tl@I U tt:'rn?ff:~ 

••• • :$7~;~~11 11 1@ f $«f4.J,.1.PI J : tM't.lPUt.41f•t1 t:• tt]qtfllf# 

> l ffl~I :@ : ltt~itt;I : @~~1.P:1::: @~t~ 

• :@ :~.JJg;~~ : P)4t~;g~~ sz4.1'9.liJds ??.? i ?? lg 
/ ?$230233 ••tt$1tfSZ:•600 • •••$to45400 . r •t $t!4t5J6.7 

Boaz, Allen & Hamilton 



CAPITAL COST DATA BASE 

UMTA FIXED GUIDEWA Y 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS 
UNffS OF 
MEASURE 

80a;i!.00 YARDS & SHOPS (continued) 
81 

82 

83 ll1IIJ1lii111l ill!IJllli 11111111111111, 
SIGNAL 

TRACTION POWER 

COMPONENT REPAIR 

TRACK 

2:..tg MAlflttlJANlte::PliWAXEJiJ!lfJ,f;}lth %' 

(YIN) 

(YIN) 

(YIN) 

TRUCK Each 

CRANE Each 

OTIIBR Each 

UNIT COST SUMMARY I 
UNIT COST SUMMARY 

OBSERVATIONS MINIMUM MEAN MAXIMUM RANGE 

1'11!•111•1111111• ~lliiillllii 
• • l-?!i~U? > • •14t#~lt ••• • l~ltmlJ • ••• ••••••• 1#1?:4 

84 

85 

8b 
87 

88 

89 
90 
91 

92 
93 

94 
95 

96 
97 
98 
99 

100 

~,~ sgv~NJJ~)¢.~flttl!} <••· ·····••> ••······ t ••· < ·················•• tifi;h JI > t ,., f }i?$1R.Q($,.¢f~U •• •• ,,~~l~I@ t)?ti#9§#t:,I] ·····••tlPI 

101 

102 

103 

104 

CASH COUNTING MACHINE 
VAULT 

OTIIBR 

gf.( ¢t;N't1f4MJtqfltRPt Vt •>>••••••• > > • • < l tl{l!B ? 
MIMIC BOARD (YIN) 
PUBLIC ADDRESS (YIN) 
COMPUTER (YIN) 
FIRE/INTRUSION DETECTOR (YIN) 
MAINLINE CONTROL (YIN) 
YARD CONTROL (YIN) 
SEISMIC OR GAS DETECTION (YIN) 
OTIIBR 1-----------------------------------tl 

105 I* Line 58 - Unit Cost calculated bv dividinl!: total cost bv shop capacit 

::r-00 ,~i~t~:#$Y$.T€M••t< I } ••••• Jg,~~w,':@'r 
108 

109 
110 

111 

112 

113 

114 

115 

116 

117 

118 

03/19/91 

TRAIN CONTROL - WAYSIDE 

INSTALlATION 

HARDWARE 
DESIGN 

CROSSING PROTECTION 

TRAFFIC SIGNALS 

INSTALlATION 

GATES 

OTIIBR 

$.~ t4.·tJftfJ.!ff¢A11¢1JJt ' 
SUBSTATIONS 

Each 

Each 

Each 

>< l#Fi (iµJiflhWl 
Each 

.. ? $19~1§?.~51 •• #JP]lfil~:B.1:l t +•••t«tl.£1~~,r@ ••>r %191 

51 
··· >> l~n >>• >;~ii•••: ;lilt · · •:fl~ 

·•••••••n•••r ••• §':(#pl/ tt•••t:m~ 

Boaz, Allen & Hamilton 



CAPITAL COST DATA BASE UNIT COST SUMMARY I 
UNIT COST SUMMARY 

UNITS OF 
UMTA FIXED GUIDE WAY 

CAPITAL COSTING SYSTEM 
LIGHT RAIL SYSTEMS MEASURE I OBSERVATIONS MINIMUM MEAN I MAXIMUM RANGE 

11913.00 SYSTEMS (continued) 
120 
121 
122 

123 
124 
125 
126 
127 

128 
17,0 

130 
131 
132 
133 

PURCHASE 
INSTALLATION 

CATENARY 
INSTALLATION 
}>')LES AND COMPONENTS 

HIRE 
TROU.EY 
MESSENGER 

FEEDER 
RE'!"URN 

FAREBOX 
VENDING MACHINE 

1341 OlHER 

Each 
Each 

L.F. Guideway 
Each 
Each 

~:: r·00 

i.$ii~~~P.€ ) t••••t t••··••t••········ c l••······ )£A~h ::c , /,.,',',',',',',''' 
137 

138 
139 
140 
141 
142 
143 
144 
145 
146 
147 

148 
149 
150 
151 
152 
153 
154 
155 
156 
157 

03/19/91 

CENTER PLATFORM 

PLATFORM LENGTII 
ESCALATOR/ELEVATOR 
HANDICAP ACCESS MODE 
WEA TIIBR COVERAGE 

SIDE PLATFORM 
PLATFORM IENGTII 
ESCALATOR/ELEVATOR 
HANDICAP ACCESS MODE 
WEA TIIBR COVERAGE 

4.Qi$J)~ 
CENTER PLATFORM 

PLATFORM LENGTII 
ESCALATOR/ELEVATOR 
HANDICAP ACCESS MODE 
WEA TIIBR COVERAGE 

SIDE PLATFORM 
PLATFORM LENGTII 
ESCALATOR/ELEVATOR 
HANDICAP ACCESS MODE 
WEATIIBR COVERAGE 

Each 
Linear Feet 

(YIN) 

Type 
Percent 
Each 

Linear Feet 
(YIN) 

Type 
Percent 

'? Ht~¢tt••< 
Each 

Linear Feet 
(YIN) 

Type 
Percent 

Each 
Linear Feet 

(YIN) 
Type 

Percent 

5 $180,8611 $1,431,9361 $3,205, 1431 $3,024,282 

31 < ii!1~1~ ~;! t Uii)9!!! J • • ii:tf!!!f 

5 $184,828 $778,309 $1,924,381 $1,739,553 

> t~~~~~;~~IJ •• ttm~~tl, t~it~tP#li ltl~~itl1 

2 $6,936,659 $16,046,881 $25,157,102 $18,220,443 

Booz, Allen & Hamilton 



CAPITAL COST DATA BASE UNIT COST SUMMARY 

UNIT COST SUMMARY 
UNn-S OF 

UMTA FIXED GUIDEWA Y 
CAPITAL COSTING SYSTEM 

LIGHT RAIL SYSTEMS MEASURE I OBSERVATIONS I MINIMUM I MEAN I MAXIMUM I RANGE 

::: r·00 .,r.~:~~~i~~02~ia00:~~ : , ? )!:?: tt lt,~fi =::r::1 r : :m :nnr::nr#~~,~~1n: 1 ::: l#im.tt~1:::1rn:n::•~~1~1r nnn?rt::=:rn::=t:M 
160 

161 
162 
163 
164 
16S 
166 
167 
168 
169 
170 
171 
172 

17~ 

CENTER Pl.ATroRM 
Pl.A TFORM LENGlH 
ESCALATOR/EI.EVATOR 
HANDICAP ACCESS MODE 
WEAlHER COVERAGE 

SIDE PLATFORM 
Pl.A TFORM I.ENGlH 
ESCALATOR/EI.EVATOR 

Each 
Linear Feet 

(YIN) 
Type 

Percent 
Each 

Linear Feet 
(YIN) 

HANDICAP ACCESS MODE I Type 

4.i.~ Pitti'Gtc;i~iwvS~ ........ : ? :r ] :rii, fj 
NUMBER OF LOTS 
NUMBER OF SPACES 

:1.;Mt-Aftl<f.Q.44A84.gt$ •tt t@:I:: t•:t4tiU : •> 
174 NUMBER OF LOTS 
17S NUMBER OF SPACES 

?)) fflJ#(jl 11t.Ut1U$.fl}] • :: tt~1,i1:r Jl1tt~t.i 

176 :4ti:J6./PEDES'tRIANoVERPASSES :: :: •• :/ ) :=): totsh k} t:J 1$908360 I 1} $908360 }I? .·.··.·· •· ·;31o )) 111)\'l\iF/?tF=:Jd 
m .00 VEHICLES Each 5 $968,562 $1,159,567 $1,345,218 $376,657 
118 lctt•: aSYS.NQIUYgfl!¢tt$9 98P~8A ? t ti~fi@? l/t@ /H M• :t J~.#Q.? JJ.:tJ.tiJ.J.@.9 J:J::::::1:tt;11.m1:.: :::::t:~tti 

MAKF./MANUFACTURER 
BODY TYPE (RIGID,ARTIC) 
LENGlH OVER COUPLERS 
WIDlH 
NUMBER SEA TS 
AIR CONDmONING 
CAB SIGNAL EQUIPMENT 
BRAKING SYSTEM (AIR,ELEC) 
TYPE OF STEPS (lilGH,LOW) 
HANDICAPED (LIFT ,RAMP) 

ON-BOARD FAREBOX 
PROCUREMENT COST 
SPARE PARTS 

Name 
Type 

Linear Feet 
Linear Feet 

Each 
(YIN) 
(YIN) 
Type 
Type 
Type 
(YIN) 
Total 
Total 

I 

179 
180 

181 
182 
183 

184 
18S 
186 
187 
188 
189 
190 
191 
192 
193 

194 
19S 
196 

lP.~1•#~eSN.Qi:'~~Hi¢Ar$4~~#Q~8]t : ] : Im < ~i~.i : • 1 ] • : : •Ml: $1~$.~P.PI • • • ,,~~iWPI ••• : :11ltif.$.1l@I?. ?? t•rn ::::mt @: $.6.I 
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MAKF.JMANUFACTURER 
BODY TYPE (RIGID,ARTIC) 
LENGTH OVER COUPLERS 

Name 
Type 

Linear Feet 

Boaz, Allen & Hamilton 



CAPITAL COST DATA BASE UNIT COST SUMMARY I 
UNIT COST SUMMARY 

UNffS OF 
UMTA FIXED GUIDE WAY 

CAPITAL COSTING SYSTEM 
LIGHT RAIL SYSTEMS MEASURE I OBSERVATIONS MINIMUM I MEAN I MAXIMUM RANGE 

19715.00 VEHICLES (continued) 
198 
199 
200 
201 
202 
203 

204 
205 
206 
2CT7 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
21!1 
219 
220 
221 
222 
223 
224 
225 
226 

WIDTII 
NUMBER SEATS 
AIR CONDmONING 
CAB SIGNAL EQUIPMENT 
BRAKING SYSTEM (AlR,ELEC) 
TYPE OF STEPS (HIGH.LOW) 
HANDICAPED (LIFT ,RAMP) 
ON-BOARD FAREBOX 

Linear Feet 
Each 
(YIN) 
(YIN) 
Type 
Type 
Type 
(YIN) 

PROCUREMENT COST I Total 
SPARE PARTS Total 

t~ 11J,it1?1;igo~~;PB.Plff Q :: 1:: :iii1t :: : 
MAKEJMANUFACTIJRER Name 
BODY TYPE (RIGID,ARTIC) Type 
LENGTII OVER COUPLERS Linear Feet 
WfJTII Linear Feet 
NUMBER SEATS Each 
AIR CONDmONING (YIN) 
CAB SIGNAL EQUIPMENT (YIN) 
BRAKING SYSTEM (AlR,ELEC) Type 
TYPE OF STEPS (HIGH.LOW) Type 
HANDICAPED (LIFT ,RAMP) Type 
ON-BOARD FAREBOX (YIN) 
PROCUREMENT COST Total 
SPARE PARTS Total 

ttt:J.t w&;i~l~~r3il~ : tt I riil6 w 
SERVICE TRUCKS 
AUTOMOBILES 

2271 OTHER 

~: 1
6
·
00 ~t;pif:i:~~~g4~1fk%l1$J$ : : = I ~~tr§@~;~: 

230 NEW INSTALLATION 
231 GAS 
232 TELEPHONE 
233 ELECTRIC 
234 WATER 
235 PIPELINE 

03/19/91 

'' : :11:,~1 : mtt.$41! rt : ,~1:1 :rn :1::: itti§ 

51 J~J1 ............. .... ..... ~:J:J.7.l ·· ··········· ·· ·· l1.,~~~,............. J1.,H1.~ 
? :f-?;§g1~~1 : : : ffilWM?? ?if ff!.)~79Rli : :: t? lli'Mi~!!.: 

Booz, Allen & Hamilton 



CAPITAL COST DATA BASE UNIT COST SUMMARY I 
UNIT COST SUMMARY 

UNITS OF 
UMTA FIXED GUIDEWA Y 

CAPITAL COSTING SYSTEM 
LIGHT RAIL SYSTEMS MEASURE I OBSERVATIONS MINIMUM I MEAN I MAXIMUM RANGE 

23616.00 SPECIAL CONDITIONS (continued) 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
2C 
262 
263 
264 
265 

266 
267 

RAil.ROAD 
OTIIER 

Ltfrozr1t11JttMRSt/QCAtlt:iNVSJ;)t'EJilr!Silt$:, J I i te?~i f 
NEW INSTALLATION 
GAS 
TELEPHONE 
ELECTRIC 
WATER 
PIPELINE 
RAILROAD 
OIBER 

>•~J'Q3(ltfttfYftlEL<f¢A11¢NA'OftH~lf t < I t••••••t4tJD • > 
NEW INSTALLATION 
GAS 
TELEPHONE 
ELECTRIC 
WATER 
PIPELINE 
RAILROAD 
on-;:R 

t;~Q4 DEMQAITTQN$ > J I I > te?r#U < 
BUILDINGS 
REMOVALS 

t• B/q$ R¢.4QWAYClJAHlfi$l •• <•••••<••••> <<<<• : t i ?Tcif~V? ••• 
BRIDGES 
STREETS 
OTIIER 

•• t;.~ EMVIRP.NMENtAC? > t t• >< I>> I>• >••• tC)tJHU<X 
NOISE 
VISUAL 
VIBRATION 

268 I OTIIER 

26917.00 RIGHT-OF-WAY I Linear Feet 
210 t.qf f.ANPA½P1.,J}$}1Jgf'{fffJ1lJPl!lf$;.P J •t tcitiM I 
271 
272 
273 
274 

03/19/91 

MAINLINE 
STATION 
YARD 
PARKING 

Acres 

Acres 

Acres 

Acres 

t ~l$A4~1 •• •• ~1]4~6~1 $1:tli(~tl~I iII'\JUZPi,;,~ 

> tttt.~ll ~Mitt.ti •• tt.~tft11 • :@ • : :: JM.I~ 

.·.·.·• t •••<•••• Jg~q;?t4IJ tt~g~tl <> ••• lt1ff$.~Affl % •• : tt,t~tlt&ff 

••• < HJ '#l~~;~pl{ I ~~pH;1gl• lt~)tft~~~I U tt,fl-?!JRII 

51 
•< lt?~#1:,~i~1 ~Pi-?.J~;t l@i~T~;f .••• Httff~~,~ 

Booz, Allen & Hamilton 



CAPITAL COST DATA BASE 

UMTA FIXED GUIDEWA Y 
c A PIT A L cos TING s Y s TE M I UNn-s OF 

L I G HT RA IL s y s TE Ms MEASURE I OBSERVATIONS 

27517.00 fl:!(:;ff.!.~<:Jf.-"'!.~Y.(~~l1J!l)U.f3.d} ····················· 1 ····················· ··· · 
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