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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
BoozeAllen & 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 Transportatwn or the
Urban Mass Transportation Administration.

_ This report was authored by Donald C. Schneck, Richard M. Amodei
‘and Michael G. Ferreri of BoozeAllen 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
' assistarice and information provided by the light rail transit systems that
became a part of this Fixed Guideway Capital Cost Study ‘Employees and
rconsultants of these agencies were. very. helpful in furnishing detailed
construcnon cost information of each system ¢lement and ‘then rev:ewmg
. the initial rcsults

_ The leed Guideway Capital Cost Study is an attempt to dcvclop a
* capital cost data base of actual unit ~costs to construct and procure the
. :varxous ‘assets necessary to operate mass transit busway and’ rail systems..

This’ rcport dok, aments - -the initial effort at this overall objective. by
_concentratmg on the light raxl transit mode of passenger. rail systcms The
_term light r_a1_1_ refers more to this - modcs rclatl_ve_ simplicity and







operational flexibility rather than actual vehicle weight or cost. With an
overhead power supply source, light rail systems can operate in mixed
traffic and various alignment configurations. Service can be operated in
single or multi-unit trains of standard and articulated vehicle fleets that
permit close service level design in line with passenger- demand. Seven
light rail systems that were developed over the past ten years, were the
focus of this project. However, only five of the system operating agencies
responded with pertinent capital cost information that formed the basis of
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STATEMENT OF PURPOSE

Introduction

This fixed guideway capital cost study represents the first in a series
of studies to examine the actual costs of major transit capital investments.

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

rail projects that have been developed during the 1980's. Following
studies will utilize this basic analysis structure and apply it to the other
transit fixed guideway modes that have been implemented recently.

The information presented in this report should be used in line with
the objectives posed for the study. The range of component unit costs
should not be confused with any measures of efficiency since there remain
other cost sensitive factors that lie outside those measured here. Further,
the basic design philosophy of each system will directly affect unit and
total costs. For example, some systems adopt a minimum cost design
approach while others add amenities to attract higher market share.
Station designs are a good example of these different developmental
approaches. These effects on unit and total component costs do not easily
conform to the quant_itativ'e' 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
gu;dance on the number and type of assets required for a light rail project.
The cost ranges could also be uscd as a measure of project complcxuy and

~overall servxcc levels and passenger carrying capacity -- the more complex
and/or greater r1dcrsh1p demand, the more likely the project costs would

tend toward the higher end of each component cost range. In addition, site
conditions and mterpretanonal provisions will have some direct effect

~upon the unit cost Tesults, ‘These. effects should all be con31dered with- the
_use of the 1nformat10n prcscmed in thlS _Teport.




Background

Capital cost estimates are key ingredients in determining the cost
effectiveness, financial capacity and overall engineering feasibility of
major capital investments. Fixed guideway transit systems, which involve
Federal funding are developed in accordance with the Major Capital
Investment Policy This policy established a structured decision-making
process that requires the careful devélopment of costs, benefits and
impacts of proposed -systems. Reliable capital cost estimates are an
important element of the investment decision process. The project
development study process for major capital investments includes system
planning, alternatives analysis and preliminary engineering.  Since capital
cost estimates are key ingredients to the decisions reached in each of the
project study phases, the results of this study are intended to help guide
the preparation of these capital costs through the availability of pertinent
unit cost information and the typical asset. requirements of a fixed
guideway transit project. '

An important aspect of the cost estimation procedures is the
development of "Composite Unit Costs for Sections and Stations.” The
purpose of this study is to improve the accuracy and comparative
compatibility of the capital cost estimates of the various systems under
‘study.  The benefit to the industry ‘is the opportunity to check the
reasonableness of planning-level cost 'estima_tcs_. 'w_i_th the. actual experience
of building similar  systems .n_ationw_idc[

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 élter'nativc investments and
reasonably in line with actual construction and procurement. costs of eachA
proposed system under study. More certamty of cost estimates and less
- varlauon to actuaI costs is more crmcal glven the hmated governmental




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 projcct-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 wéuld_ 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;




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

4. Checking of returned forms for completeness and/or
misunderstandings;

3. 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
p:rov'_idc 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 pro_ject staff and system
. operating staff was necessary to clarify the request; assist in the
- 'interpkretat_ion “of special conditions; and adapt the original data base
- “structure and - component definitions to better fit the composition of the
~available cost information. ' S '

-+~ The. data base file structure was con’strucied _around the format of
~ the ‘data collection guide. As the data C_bllection 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

10




access in this project and later additions of other fixed guideway transit
modes. - A Lotus 1-2-3 add-in system Impress, was used to prepare the
final data base and exhibit graphics for final publication.

Cost values were entered into the data base at the finest level of
detail provided by each agency. Costs and quantities at the subsystem
level were subtotaled into system level costs. Unit costs were calculated at
each level of cost detail available. Unit costs were then updated into a
constant 1990 dollar value using published construction cost indices.
These 1990 dollar values were then normalized using nationwide cost
indices to standardize the unit cost values from each city and form a more
comparative cost basis. '

The individual category unit costs were indexed to reach a consistent
level of comparability. Individual unit costs were indexed in two separate
ways. - The first method involved inflating the costs to a consistent time
basis. - All _costs were inflated to a Year 1990 base using the following
formula and the historical cost indices published by Means Construction
Cost Data. .

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

_ Means Construction Cost Indices are published annually by the R.S.
Means Company, Inc. and are also available through the Engmeermg News-
-Record City Cost Indices from the same 1990 Means report were then
applied -to the Year 1990 unit costs to normalize to a consistent nationwide

'.____comparanve cost basis. The total weighted average construction cost

indices were apphed representing  all construcnon types and including
both materlal and mstallatlon 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 I, 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

«  Piusburgh 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. ' : ' S

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 'normali_zc_d' 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 trangit 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.

. Pag _r: land - - Regional public transportation is operated by the Tri-
County Metropolitan Tra_nsportat-ion District of Oregon (Tri-Met).
Portland's light rail system was opened in September 1986 and was
christened "MAX"' for metropolit:in area express. The 15-mile east-west
alignment is mostly at-grade with some elevated sections along Jomt
highway alignments.  The line utilizes reserved rights-of- -way in city
streets, arterials and hi_ghway medians to connect the city of Gresham and
other eastern suburbs with central Portland. Passenger access is through
25 at-grade s'tat_ions that provide spacing of less than one mile and easy
walk-on accéssibiiity for most of the aligni’nent length. Only 5 stations
offer park-and-ride. facilities, but almost all stations have coordmated 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.

Sgcramento -- The Sacramento Light Rail Project became
operational with the opening of the first phase in 1987. This first phase
includes both the Northeast and Folsom Lines connected through
downtown Sacramento. This phase is mostly composed of a single-track
main line with double-track passing sections along about 40% of the length.
The alignment utilizes unused freeway and abandoned railroad rights-of-
way for most of ‘its length. There are 101 grade crossings along this first
phase development, indicating the limited investment in guideway
elements. The downtown portion was constructed within city streets in
both a dedicated transit mall and a mixed traffic - operation. . The design
philosophy was a low-cost approach using off-the-shelf technology and at-
grade construction to minimize total project capital costs. However,
Sacramento did note a preference for double track designs for the existing
and proposed lines, and a priority for the existing line conversion to double
track, A total of 28 passcngcr stations are included in this phase, with
seven suburban —stations offering parking facilities, and six with bus
transfer facilities.

N San Jose - - The Guadalupe Corridor Project, opened in December
1987, connects the cities of San Jose and Santa Clara with the surrounding
suburban areas. The initial phase of the light rail system consists of a 20-
mile Nor_th Line that is mainly located along the median area of major
roadways and along a transitway through downtown San Jose. The
alig'hmént 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 _.chtirc_l'ine is double-tracked with only two small
sections’ of single-track operation.  There are presently 22 stations in
-operation  with the .plannedj"é-kpansion _tb 30 upon completion of the
proposed full line length to the southern sections of San Jose. . This South
Line ‘extension will add ten_"mor_c_milcs 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.

Littsburgh -- 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 1 and includes 12.5 miles of new alignment
construction and 12 miles of complete right-of—wajl 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-
‘telated 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 stafions.
Service and passenger - levels have increased when the new and
rehabilitated services were implemented and continue to expand. A Stage
T plan will next consider expansion of this light rail network into other
‘high density travel areas. .

Los Angeles - - The Metro Biue Line connects Long Beach with
-_d_owntowh Los ‘Angeles along a 22.6-mile, mostly at-grade (approximately
80%), and dcdicatcd-'alignment, that incledes a subway section and
‘connection to the Metro Red Line (currently under construction) in
~downtown Los Angeles. This line was constructed as the first part of a
regional network of rail service, serving the entire Los Angeles area.
:_Initial service was inaugurated in July, 1990 over almost the full length, -
and since February, 1991, into the tunnel connection in central Los
‘Ah_geles. -There are 28 highway, ‘4 pedestrian and  two at¥grade railroad
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crossings that required warning and control systems. The full alignment is
double-tracked except for the one-directional loop in downtown Long
Beach. The Blue Linc 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 Jlink 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 _éanc!_i-datc descriptions . and supported by the detail in the appended
data base listings for each system. |

Cost Elerh_gn!g '

'T"_l'ié_ 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
rc_quc'st,' ‘since unique conditions were encountered in- the design,
'_-constru'ct'ion.'an'd p’focurcmch_t 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 capi'tél__ﬁcgs't‘ data. base. For example, when construction bids were
contracted for ~certain - line sections, ‘some  CONtractors provided the
: -componént'_cbs'.t ~details for the individual subsystems, w'hile others were
‘not *_'r_eq_l.'i'iréd'__‘_arid'..'_'si:hr_hi_tted only total -cc')st'_-pfo'posals; ‘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""r'ight*ofvway 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 secuons ~In other words, a one mile section of guideway was
- presented in a combined or average guideway type mile, whether it is a
:'smgle track  or a double track section.  The guxdeway_ elements were
~segmented into the various alignment grades and __track construction. types.

System _ Description -- A -general -information section was
included - at the "-be-g'inning' of each . project information request to
summarize the overall characterictics -of each light rail system. -Areas
covcred in this section mcludc network or line. sme service le_v_el's and -
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staffing levels by general categories. The intention of this section was to
gauge the system sizing and service level complexities to better
understand some of the unit cost differences among the rail systems and
the individual asset components. The size and service section quantifies
the length and breadth of the line, stations, and auto access facilities;
revenue vehicles available and scheduled for service at peak and midday
time periods; and, frequency of peak and off-peak services. Staffing levels

. were also included to size the system manpowel requirements by
functional area of light rail operation.

Guideway Elements - - This asset category includes the
alignment components of track and structural requirements along the

entire right-of-way. = Capital cost information was requested for each
alignment grade and track construction technique. Generally, there are
two types of track construction for passenger rail systems - - direct
fixation and ballast base. These two main construction techniques were
segmented further for mixed traffic track alignments such as embedded
and in-pavement ballasted. The aiignmcnt grades included all relevant
categories that represented significant cost impact such as:

. At-grade;
. Elevated structure,
»  Elevated, retained fill;
. Elevated fill;
. Subway; and
. Retained cit.

‘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 freated

separately and noted for .each system.  The unique construction and

Operating' conditions posed' by each system make this category the highest
- _évcrall cost component of these i‘ght rail passenger systems.




Exhibit 1 presents the summary of guideway costs which
represented on average, 33% of total project costs, exclusive of the
planning/engineering/developmental type soft costs.  This summary of
actual guideway unit costs presents the number of data entries or
observations for each guideway element, plus the minimum, mean,
maximum, and range of unit cost values. The unit costs presented in this
summary represent the constant dollar values in 1990 dollars, calculated
from the original construction cost and year of construction, and then
normalized to the nationwide comparative standard using the Means
construction cost indices.

Guideway element costs in total, ranged from a minimum of $428 per
linear foot to a maximum of $1,508 per linear foot. This leads to a wide
cost range of over $1,000, which illustrates the éxtensive cost variation
from a mainly single track at-grade alignment to the more sophisticated,
higher service volume systems that include mainly grade separated and
"somc_ 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’ Wés 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
or1g1nal actual costs submitted by each agency.

Yards and Shops -- Maintenance of the rail system ‘components

ITCQUII'CS specialty shops for each major asset catcgory Unit costs were
. requested for each shop and particular system support, function. In cases
‘ 'wherc system development was more complex, detailed cost information
was avallable by shop,. however, in some systems, yard and shop
~construction was contracted out as a "package” and cost information was
only available at a summary !é'vcl Thc capxtai cost 1nformat10n request
‘included fourteen yard and shop areas that ﬁncompassed the full range of
'._3system support needs.  Flexibility was desiened into the request to
'accommodate both detailed and summary level responses.
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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,

S ystem_ _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
catcgory, since  these components are typwally procured and/or installed -

-through separa:c contracts

As demonstrated in. Exhlblt 3, systems costs are somewhat more

_"_prcdxctablc and telated overall, to the linear feet of each s stem, Systems
. costs ranged from $179 per linear foot to a maximum of $87% per linear

foot._ Thls cost range is 1ndlcat1ve of the ]evcl of systems sophlsucauon
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necessary to operate the different service levels. The systems with higher
service levels were grouped at the higher unit cost range, while the other
systems were mainly grouped in the lower unit cost range. The mean of
systems unit costs therefore is not as pertinent as the two ends of the unit
cost range.

Stations -- This asset category was fairly straight forward with
the identification of components and definition of their individual
characteristics.  Stations were first designated by grade, and then by
center and side platform locations.  Unique station descriptors were
included to identify special asset requirements and related cost impacts.
These descriptors included platform length, escalator/elevator availability,
disability access mode, and weather coverage. In addition, station access
amenities were separately requested to define the cost impacts of such
elements as parking areas and pedestrian overpasses. | '

The station unit cost summ.ary 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
pcrio'd and capital cost data base. Unique vehicle characteristics -and/or
special componentry' were noted to idehtify unit cost impacts of each
wvehicle order. 'Thesc included the make aﬁd_ manufacturer; size and l:ay_out
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dimensions. Special components such as cab signaling, air conditioning,
wheelchair lifts, and the particular farebox system Wwere denoted when
included in each vehicle order -- otherwise the farebox costs were
included in the systems cost category. Non-revenue vehicles were
included as a separate category for service trucks, support automobiles
and any other necessary nom-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 significanily because of the
different operational philosophies. Some systems procured all necessary

non-revenue vehicles and others only purchased the minimum amount
and contracted for the other support services. The unit cost range reflects

these two developmental approaches with a minimum unit cost of $11,000
for mainly automotive support vehicles and a maximum of $86,000 each
for a sixpport fleet that also. includes more heavy trucks and other- support
vehicles. - - | -

Special Conditions - - Development of a light rail system
involves some mitigating construction requirements that are not directly
related to rail service, but necessary to construct each rail line. The capital
costs of these items have been _included' in this special conditions category.
The largest cost component is the relocation of existing utility lines from or

~within the ‘rail’ corridor under construction.  These costs have been
- separated by replacements in the same or similar condition and
- replacement = with improved or different utility -conditions that was
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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.

Thesc 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
spec:lal 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 condmons the
overaIl unit costs may be more appropnatc The lower unit costs may be
more appropriate in less dense urban. areas and the hlgher unit costs
: more dcnsely dcvcloped and/or mature urban areas.

Rieht Of Way -- 'This capital cost category covered all' land
_acqutsmon and - acquisition- related costs. Land acquisition. costs were
requcsted for direct purchases and estimated value for any land donauons

'2_ 3
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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 foillowed a similar cost
pattern ranging from $800,000 to a high of $4.1 million. Relocation costs
were fairly small and only reported by three of the five systems.

Project Soft Costs - - This section included all other miscellaneous
costs related to development of passenger rail services. The majority of
these costs were expended in the planning, engineering, and project
management efforts.  These services included in-house agency staff and
the use of consultants for particular tasks. Project start-up and initiation
expenses were also included in this cost category. Project financing cost
and an “"other” expense line item which includes any reconciliations and
unaccountable costs, comprise the full range of any project development
capital costs. '

Exhibit 8 highlights the unit cost summary of all project soft costs
incurred in the development of these light rail systems. ‘This capital cost
_category represents a fairly large expenditure commitment for light rail
system development. The wide cost range is some indication of the
_ relative complexity of each system and the extent of professional services
. necessary for system development. The cost measurement of in-house
~agency staff support may not be fully represented and “possibly an
indication of the cost variance among the individual categories and overall
~ project soft coste. - The other expense line item included some  reconciliation
~account COSts and'_co'm:e_ other unidentified expenses. - - o
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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 appendicics-. 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 speczflc system may be
more pertmem 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,
avcraging approximately -18-1/2 miles. ‘They are substantially ail double-
track operations, with the exception of Sacramento, which is approximately
60% single-track and currently in the process of extendmg double-tracking

‘to about'-60%. Average station spacing varies from slightly over one-half
- mile to one mile. Exhibit 9 also dxsplays a- key characteristic that

s'ignificantly'affects unit costs (especizlly statlons and gmdeway)

_'Sacramento and Santa Clara are virtually tntally at-grade systems whlle
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at-grade mileage for Portland and Pittsburgh is only two-thirds of the
alignment.

The balance of this section provides an overall summary of unit costs
by major category, followed by more detailed comparisons of subsystem
costs within each category. Appendices A - E include the full capital cost
data base of statistics organized by system. Data are provided in both
aggregate and detailed unit costs to be useful at various stages in a
project's development from early system planning stages to engineering.

Summary Cost Qverview

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 Ange]es 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 dependcnt on local characteristics such as "special
conditions" wherc the range is 358% of the average and “stations" which

. - vary from eIcvated Structures to on-street stops. Conversely, the smallest
variation is in vehicle unit costs which averaged $1.272 mllilon with the
- range being only 37% of the average. '

Guldeway unit costs average $5.782 million, with Sacramento and
San Jose being at thc dow end due to virtually 100% at- grade construction,
Pittsburgh, with 13% of. I[S ahgnmcnt in subway, has the highest average
gmdeway unit cost.
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Total project cost per route mile averaged $27.5 million with a range
from $9.746 million to $41.748 million. Reasons for these variations are
more evident from the sub-category data presented in the following
sections.

System Cost Summaries

Prior to examining comparative unit costs in detail, it is ‘helpful to
review actual systems' cost by category to understand some of the
underlying differences in design philosophy and local conditions. Exhibits
12 through 16 display total actual cost for each system in the three types
of developmental costs. The “as built" system costs are based on the actual
costs expended in the development of each project, and are measured in
year-of-expenditure dollars.  The city costs represent the inflation of the
"as built" costs to a constant 1990 dollar value from ‘each of the individual
compo'nent' procurement years. The . national costs then normalize the
category costs to account for conmstruction costs of each major metropolitan
area. It is evidenmt 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. Portlan_d'
represented a mid-range design a'pproach 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_-highef-
guideway and station -cost categories. S
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Sacramento is the lowest cost project of the responding
systems -- Exhibit 13. This low cost reflects a philosophy
of design simplicity using at-grade construction and
single track operation as much as possible. A simplified
design approach to stations and yards and shops COStS
also reflect this design philosophy. The capital costs of
the recent and ongoing Ssystem 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 y&rds 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
_individua_l_-_line under development; Elsewhere, this line's
unit ¢osts -were __rhaintaincd 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 .'-pi_'dpo_rtions. _ o

28




000'611°98$
09L'606'LT$ 9€L'00L'61$ 000°80V LIS . %96 A¥M JO LHO1H 00°L
TER'9ES'TIS STL'BILELS STYESI'TIS %HLY SNOLLIGNOD TVIDUS 009
7ET'89%'KES 80L9TE'SES : 000009 PES %T6l _ SWIDIHAA 00'S
881°8KS'0T$ TIPTES'TIS voo'oLT'o1s . %BLS SNOLLV.LS 00'p
PPS9E0°0TS 765150778 LEO'SYY'6IS %EOT SWILSAS 00°€
£8L°980°F$ BRI _ 000'6L6'ES BTT SAOHS ¥ SAUVA 007
809°806°L¥S 958 ITL'TSS 00¥'8L9'9VS %8'ST ,m_,_.z”.ﬁzm,.m AVMEAIND 00
SHVTIOU 0661 SUV'TI0Q 0661 SYVTI0A (2-0°X) 1500 V101 40 %
SLS0D TVNOLLVYN S1S0D AL SLSOD WLTING SV SY SLS0D wL'1INd SV,

. v (%TEDSTTOIHAA
(% L*S)SNOLLVLS — |

(%8 0DSWALSAS

2,

T

ST
LA
KRR
R

(%TTSIOHS ¥ SAYVA ——Pp

.“w\ %»N

%0&0

(%8 STSINIAWTTH AVMIAIND eV

AJODALYD LDATOUd A9 m&mou J<PE<O .
LONLSIA LISNVYL TYNOIHTY OHZWE«EU«@
£1 LIFIHXA

{% L'9)SNOLLIGNOD TVIDAJS
K | \ J .m

Sy .,& <4— (%96)AVM 40 LHOIH

| . @z_ 02)S1S0D-LA0S -




881'878°071$ FT6'960°1S1$ 000'LTF'9ETS

00TISE'6FS SrL'99 195 000°L19°¥5$ %y'pI AVM A0 LHDIY 00°L
E6'P8KLS s2LYLE'ES 000'L8Y'8S BT SNOLLIGNOD TVIOAdS 00'9
0STIEL'ISS 056°€99°19% 000°'119°55$ %IVl SATIIHIA 00°S
TPE'SLE'ES Pe9'ELE'YS 00'PE6'PS %ET SNOLLY.LS 00°F
009'505°97$ 0OF'SST'EES TrL'YTI'EES | BLE SWHLSAS 00'E
6L5'T98°81S$ wUsLs'els 9ET'I62'1T$ %9's. SAOHS ¥ SAUVA 00T
Y98's60°95S POL'BLO'OLS 000°L88'59% HELL SINIWATA AYMIAIND K0T

$1800 TVNOLLYN 531505 AL SIS 100 BOW. | sVs050D AINE SV
(% TTISNOLLIGNOD TYIOIS — ) % V\ - (%¥PT)AVA A0 LHOIY

(%ETVSNOILVIS ———y

(2% L'8)SWALSAS —p

(%9'S)SIOHS ¥ SAUVA ——Y

(%€ LDSINAWATI AVMEAIND

(%9 PDSATIIHIA ——p

AHODILY
AONTDV NOILLVLHO

b1 LIFYHXH

JLOArodd Ad SLSOD
dSNVUL XINNOD VYV VINYS

¥ (%6'E)S1SODLIOS




. Pittsburgh 1is a reconstruction and expansion ‘of an
existing line with commensurately lower costs for right-
of-way and special conditions -- Exhibit 15. These unit
costs are representative of the capital costs necessary to
rehabilitate an existing light rail line or system. On the
other hand, 13% of the line was placed in a new subway
alignment, raising overall guideway costs, but also
providing a good basis to estimate future subway costs,
particularly the highest unit costs for the section through
bedrock in downtown Pittsburgh. This subway section
also offers cost information for the construction of
subway stations through similar grade and high activity
construction locations.  Proportionately, Pittsburgh was
high in soft costs, mainly due to a single line item of $91
million in other costs. '

. Los Angeles, is the first in a series of new lines for the
 region and the entire systems/support facilities were
designed to integrate into the totdl network. The double-
track guideway includes elevated and subway sections
“with provision for connections into the other portions of
_the regional rail network. This line also provides subway
or tunnel construction costs that averaged about the same
as Pittsburgh's overall. Exhibit 16 presents the "as built",
city and national costs by category with relatively low
guideway costs and high special conditions on a
proportionate basis.

These "as built", city, and national costs by component category form the
‘basis for the comparative unit. cost analysis using the normalized national
unit cost calrulations..
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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 natiomal 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 Avérége Cost

Type of Construction Per Linear Foot Per Guideway Mile
~ At-Grade _ $665 3 $3.51 M
Elevated Structure - $1,768 | $9.34 M
Elevated Retained Fill -$994 _ $5.25 M
Elevated Fill S $658 8347 M
Subway _ - $7,001 _ -$36.97 M

Retained Cut $3,319 S s1752 M

Wlthm gradc catcgorles ‘there 2re also variations in track laying methods.
__For,. e_xample, the 1cast cxpenswe method for at grade track is simple

.30
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ballasted guideway and it is clear from the data that this method is used
wherever possible -- two-thirds of the 392,000 linear feet of at-grade
track in the sample was ballasted. This is also true for elevated track
where 64% of the 57,000 linear feet in the sample was ballasted
(combining all forms of elevated guideway). Combining the entire sample
of 475,847 linear feet yields the following breakdown of construction
methods: |

Type of Trackwork Linear Feet Percent
Ballasted - 305,022 64.1%
In-Pavement Ballasted 43,490 ‘ 9.1%
Direct Fixation ' 28,912 6.1%
Embedded : ] _ 98,423 - 207%
Total - ) 475,847 100.0 %

Exhibit 17 also presents comparative unit costs for special trackwork such
‘as turnouts and CIOSSOVErs whzch average $25.00 per linear foot of
guldeway

Yards and Shops Cost and comparatwe features are prov:ded
'Exhibit 18. Both cost per facﬂxty and cost per unit of shop capacity vary by
~a factor of almost 10. Some of this variation is exp}amed by facility
~ features (e.g., Sacramcnto does not incorporate heavy repair, motor or car
wash/cleanmg shops) " There is also variation because some yards and
. shops were deSI_gncd to accommodate future system expansions (e.g., Los
Angeles). Var_ia_tions also ‘exist for local cost of construction. For example,
even when “national average" constructio.. indices were applied to Los

_'Angeles an Plttsburgh costs; they were still "rgmﬁcantiy higher than the
other three systems. ~ Further unit. cost and component detaxls are - prov1ded_-
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for every system and cost category in the data base sheets in Appendices
A -E. '

Systems Costs ranges vary by more than 100% of the average for
every component category (Exhibit 19). Several of the categories vary
because of operating complexities and designs for future expansion (e.g.,
communications costs in Los Angeles). The method of fare collection varies
from on-board fareboxes to self-service impacting fare collection hardware
costs. This category is also affected by single-track operation,  For
example, electrification costs per linear foot of guideway in Sacramento is
$92 compared to an average for the other four systems of $259 per linear
foot of guideway.

Station Cost is shown in Exhibit 20 which highlights the wide
variation of designs from fairly simple "on-street” stops to major buildings.
Of the 109 stations in the sample, over 90% are at-grade and three-
quarters of the total are side platforms. At-grade costs range from a low
of $156,000 per station for a center platform to a high of $1,924,000 for a
side platform station. The other station cost categories are limited and
provide mainly cost examples.

Special Condition Costs are driven by particular local situations
(Exhibit 21). Utility relocations are the largest category and most typically
include gas, telephone, electric and water. All sysiems incurred some
"demolitions” costs, but the balance of the costs are very lsite-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-
'scn_sitive, with . the range being 70% of the average. | o
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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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APPENDIX
CAPITAL COST DATA BASE
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