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SECTION1.
EXECUTIVE SUMMARY

1.1 CONTEXT FOR STUDY

A number of studies have documented considerable variation between forecasted capital costs and
the actual final capital costs of fixed guideway transit projects. However, these studies considered
an older generation of projects and did not confirm the total cost variance. A better '
understanding of the unexplained causes of cost overruns requires additional in-depth analyses.
This report documents, in far greater detail than past studies, the actual versus estimated costs in
the planning, construction and start-up of selected transit capital projects. '

The goal of the study is to provide the Federal Transit Administration (FTA), transit agencies,
metropolitan planning organizations (MPOs), local governments and state agencies with
information that can be used to develop more accurate estimates of transit project costs and,
thereby, reduce cost overruns in the planning, construction, and start-up of major transit capital
. projects. This in turn, will aid in the selection of the most cost-beneficial alternatives.

1.2 ANALYTICAL APPROACH

The basic approach to the task involved conducting a variance analysis of capital cost estimates
against final costs, by studying costs at a very detailed level over project life cycles starting at the
Final Environmental Impact Statement (FEIS) stage. Considerable effort was devoted to
collecting relevant reports, data, and interviewing personnel from both project offices and regional
FTA offices. Digital data was requested from all case study projects, but most data was delivered
in hardcopy format.

After a thorough review of all collected material, a data analysis approach was developed for each
case study. Due to significant differences in reporting formats and types of data available, the
approach to data analysis was customized for each case study. In most cases data was manually
entered into a computer database. This database was then used as a central repository providing
data for spreadsheet and graphical analysis. Costs were considered on z line item basis and were
grouped into major cost categories for trend analysis. A variety of graphical and tabular exhibits
were developed to provide insight into potential causes for cost growth and/or cost differences.
This quantitative data was finally considered in fight of the background provided by project
reports and observations collected during interviews.

r

1.3 CASE STUDY PROJECTS

Five case study projects were selected for detailed analysis. Two of the projects involved heavy
rail systems (Chicago Southwest Transit Project, Los Angeles MOS-1), two involved light rail




systems (St. Louis MetroLink Project, Sacramento Light Rail Starter Line), and one involved an
extension of an automated guideway transit (AGT) system (Miami Metromover). Table ! _
provides some detailed characteristics of the selected projects. Note that there were considerabie
differences in the level and types of risk faced by each project due to political/financial
environment, technical requirements, project scope, contracting strategy, etc. These factors are
considered within the detailed analysts of each case study.

1.4 GENERAL FINDINGS

Estimate accuracy as a function of time is graphically portrayed for all projects in Exhibit 1. This
exhibit indicates the variance between final project cost and estimates at various points in time.
The y-axis shows the cost estimate as a percentage of the final project cost. The x-axis attempts
to place various estimates relative to time. Note that the Chicago project stands out for the well
behaved nature of its graph. Also nnte the underestimation of the two light rail projects, St. Louis
and Sacramento, and the wide sw: s in estimates for Los Angeles and Miami.

Given the above level of estimate .ccuracy, a key study objective was to uncover causes of cost
overruns. Table 2 presents the cost growth (percentage difference between latest available cost
and cost estimate) experienced on each case study project by major cost category. This table
indicates increased attention should be devoted to planning, estimating, and monitoring in the
following areas;

+ Right-of-way and real estate acquisition programs
+  Construction

»  Construction management

*  Administration

»  Design/engineering

As indicated in the tables, at least three projects experienced significant cost growth in these
categories over their life cycles. Note that three of the categories fall under the general cost
category commonly called "soft costs", a category previously hypothesized to be a major
contributor to cost growth. -

Soft costs are analyzed in detail in the case studies. Exhibit 2 provides an indication of the
relative importance of soft costs in the budgets of the various projects. The figure indicates the
percentage of budgeted soft costs to total project budget at various points in time. Note the
following:

*  Soft costs for Los Angeles MOS-1 are much greater than all other case studies
»  Heavy rail project soft costs tend to be higher than the light rail and AGT soft costs.
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Comparing actual soft costs expended to total project expenditures produces a very different
shaped graph, as shown in Exhibit 3. For a well behaved project, one would expect to see a
curve similar to that genérated by the Chicago Southwest Transit Project.

Another cost category studied quite closely was contingencies. Exhibit 4 indicates approved
budget contingency as a percentage of the total approved budgets for the five case study projects.
Once again. Chicago's curve shows a slowly decreasing function, eventually approaching zero.
Note that St. Louis and Miami experienced issues related to extraordinary costs and unresolved

claims, respectively.

1.5 GENERAL OBSERVATIONS/RECOMMENDATIONS

Based on analytical evidence accumulated during the five case studies, some general
observations/recommendations can be offered:

Standardized capital cost reporting formats appear to be lacking, |
Other than the use of GMIS coding, there does not appear to be a mandated project reporting
format for tracking ‘capital cost budgets or expenditures. The lack of a standardized format -

means that each project must be monitored from its own unique perspective.

Recommendation: Develop a standardized reporting format for capital costs which will make
project performance more transparent to Federal monitoring.

Standardized procedures for estimating the capital cost of major urban transit projects appear
to be lacking. ' '

The projects studied appeared to utilize different "rules of thumb" for estimating different
classes of cost. Facilities, systems, and soft costs are often estimated quite differently.

Recommendation: Develop specific guidelines for projects to follow in developing cost
estimates, based on empirical factors. Track and update factors over time.

Grant budgets and working budgets often appear to be quite different.

Most of the projects seemed to develop completely different working budgets and grant
budgets. It would seem that there should be a closer relationship between these budgets.

Recommendation; Mandate that grant budgets must have a direct relationship to project
working budgets. This will help ease the monitoring effort and reporting requirements.
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Drawdown data indicates that funds are often obligated to projects well in advance of their
requirement. This resulting float may be imposing a significant opportunity cost.

Recommendation: Develop an accounting system whereby funds could be assigned to
projects, but not obligated until shortly before expenditure is required. This recommendation
would require projects to more accurately predict their cash flow requirements.

There does not appear to be a standard method for estimating or accounting for contingencies
within a project budget. Some projects consider contingency on a line item basis, some
consider it on a project basis, and others consider both types of contingency.

Recommendation; Develop a procedure which relates contingency to project-risk. Develop
standard procedures for projects to follow to calculate leval of risk and contingency ' als.

Mandate how contingency should be treated from an accounting standpoint.

Issues related to alignment and real estate acquisition can have major impacts on proj. :
capital cost. Many of the case study projects experienced quite significant impacts from
alignment related issues.

Recommendation: Prior to the signing of any Full F unding Grant Agreement, ensure that all
alignment scenarios have been fully considered and factored into the cost/budget estimates.

Ensure adequacy of property market assessments and the size, experience, and skill level of
the real-estate related project staff, ’

Relevant management/organizational experience and stability are necessary conditions to
maintain project capital costs within forecasts.

Recommendation; Place project within one organization for its entire life cycle. Ensure that

the _roject team has the requisite managerial and practical experience required to -i2al with
the «ssumed level of project risk.
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SECTION 2.
INTRODUCTION

This final report has been prepared as the final deliverable for Task 10 of Contract No. DTUMG60-
88-C-41032. The study encompassed a detailed review of capual costs for five recently _
implemented fixed guideway transit projects. This report will describe the goals and objectives of
the project, the methodology that was used, general findings from the case studies, and
recommendations for improvement. Detailed case studies are then presented for an AGT project,
two light rail projects, and two heavy rail projects.

2.1 CONTEXT FOR THE STUDY

A number of reports have documented considerable variation between the forecasted capital costs
and the actual final capital costs of transit projects. The "Pickrell Report™, a study of 10 heavy
rail, light rail, and AGT projects built in the 1970s and 1980s, found that actual costs exceeded
forecast costs by as much as 106%. Only one of the projects studied was completed within its
original estimate. Seven of the projects exceeded original cost estimates by 50% or more.

In attempting to explain the reasons for these cost overruns, the report examined changes in the
overall scope of the projects. A comparison was made of the planned versus actual number of
system miles, the number of stations, and the number of vehicles. Only minor differences were
found. It was concluded that changes in total project design had minor, if any, impact on capital
COSt Overruns. :

The study also examined the impact of construction delays on project financing. Delays in project
construction were documented and the forecast versus actual inflation rates for the period were
compared. The study found that, at best, less than one-third of the total overrun could be
explained by delays and inflation. In four cases, estimates of inflation exceeded actual rates,
suggesting that delays should have helped keep these projects within estimated costs.

While the Pickrell study provided information about the total cost variance in these projects, it did
not identify the major contributing factors to these overruns. A major limitation of the study was
that it compared estimates generated in the Alternatives Analysis (AA) stage of the projects to the
final costs.  Differences in costs at each of the other project milestones - Preliminary Engineering
(PE), Final Design, and receipt of construction bids - were not documented. For this reason, the
report could only speculate on why the documented cost overruns occurred.

" Pickrell, D. H., Urbap Rail Transit Projects: Forecast Versus Actual Ridership and Costs, prepared for the Federal
Transit Administration, October, 1990.
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Studies have suggested that the following factors are probably responsible for 2 significant part of
these capital cost overruns: :

*  Unrealistic or inaccurate estimates made during the Altematives Analysis phase.

*  The cumulative effect of numerous small design changes made in the construction phase (by
owner or induced by the site).

*  Higher than anticipated increases in "soft costs” such as planning, design, environmental
impact statements, geotechnical studies, insurance, project managerment, public relations,
testing, etc.

Some detailed analysis is available in recent studies. For example, the Hennepin County LRT
Implementation Alternativ=s Study’ provides a cor rison of PE, FD, and final actual-costs for
three recently completed [ at rail systemsin SanL o, Los Angeles, and Portland, Oregon.
Costs are p.esented by mu;jor project line-items and 2 disaggregated into "construction",
"services”, right-of-way", and "other" costs. Reasc.is for major overruns are also detailed. This-
study does not, however, present the initial cost estimates (at AA) for these three projects. Two
of the three projects studied are also different from those examined in the Pickrell report. A
thorough comparison of information between these studies is, therefore, ot possible.

FTA's Light Rail Transit Capital Cost Study’, prepared by Booz-Allen & Hamilton, examined
final actual costs for five of the most recently completed light rail systems. The objective of this
study was to develop unit costs for various components of light rail systems. Because actual
costs were not compared to estimates made in previous stages of the projects, an assessment of
cost overruns at various stages is not possible. The study did reveal the importance of non-
construction or “soft-costs" as a capital cost. Of the five systems studied, soft-cost ranged from
20% (Sacramento) to 40% (Pittsburgh).of total "as built" project costs.

A more detailed examination of cost estimates, design changes, and actual costs is needed for 2
greater number of recent projects. An expanded base of information will provide 2 better
understanding of the past causes of cost overruns. This information will help local planners
improve their cost forecasts. It will also assist FTA in verifying the reasonableness of projections
develdped at the local level. | '

: Capital Partnerships, Inc., LRT Implementation Alternatives Study, prepared for the Hennepin County Regional
Railroad Authe~ v, December, 1990,

1 Booz-Allen & nilton, Inc. Light Rail Transit Capital Cost Study. Prepared for The Federal Transit
Administratic  pril 1991,
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2.2 STRUCTURE OF REPORT

This report is composed of nine sections. Section | presents a concise overview in an executive
summary. Section 2 introduces the reader to the material of the report by discussing the context
for the study and the structure of the report. Section 3 discusses the purpose/objectives of the
study and the approach that was used to satisfy those objectives. General findings from the case
studres are presented in Section 4 from a comparative standpoint. Observations, lessons learned,
and recommendations are also offered in Section 4. Detailed case studies are presented in
Sections 5-9, respectively, for each project studied. Appendices related to individual case studies
are placed at the end of the respective case study sections.
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SECTION 3.
STUDY OVERVIEW

3.1 PURPOSE/OBJECTIVES

This report documents, in far greater detail than past studies, the actual versus estimated costs in
the planning, construction and start-up of selected fixed guideway transit capital projects.

The goal of this study is to provide the FTA, transit agencies, MPOs, local governments and state
agencies, with information that can be used to develop more accurate estimates of transit project
costs and, thereby, reduce cost overruns in the pianning, construction, and start-up of major
transit capital projects. This, in turn, will aid in the selection of the most cost-beneficial
alternative.

To meet this goal, the study examines in detail five major transit capital projects. Cost estimates
made throughout the planning and construction stages of these projects are documented. These

estimates are then compared to actual costs. Cost estimates and actial costs have been collected
for all aspects of the projects including construction costs and non-construction or "soft costs.”

The study documents and analyzes costs for several different modes including rapid rail, light rail,
and AGT. Table 3 lists several recent transit capital projects by mode. As shown, eight of these
were examined in the Pickrell study. General conclusions about total cost overruns based on a
comparison of AA estimates and final actual costs is, therefore, already available. Three other
projects listed in Table 3 were examined in detail in the Hennepin County report. Line-item
comparisons of PE, FD, and final actual costs are, therefore, available to some extent.

This  dy gathered detaited information needed to conduct a case study analysis of capital cost
for fi~ ¢ of these projects. Detailed line-item information was collected for the following projects:

*  Rapid Rail: Los Angeles (MOS-1), Chicago SouthWest Transit Project

* Light Rail: St. Louis Metrolink, Sacramento Light Rail

. *  AGT: Metro-Dade Metromover Extension

3.2 STUDY APPROACH

The following tasks were undertaken in order to meet the objectives noted above:

Task 1. A work plan was developed to describe the goals and objectives of the project, the

methodology that would be used, and the deliverables. A management plan was
provided including staffing and responsibilities and a proposed work schedule.

14
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Task 2.

Task 3.

Task 4.

Task S.

Task 6.

Task 7.

Task 8.

Task 9. |

Task 10.

Task 11.

~ All available reports which include cost information and comparisons were

collected and reviewed. This inciuded copies of documents forwarded to FTA as
part of the management of the projects, local studies undertaken to review the
projects upon completion, and independent studies undertaken by FTA or others.
Local project planners and managers and regional FTA staff were contacted as
part of this data collection effort.

Each local transit agency and regional FTA office were contacted by phone and by
letter and a schedule for on-site visits was developed.

On-site visits were conducted to gather cost information, change orders, schedule
updates, as well as other pertinent project documentation. Where possible, data
was collected in digital form. Key project staff were interviewed and contractors
were contacted as needed for clarifications and insight on project development.

Follow-up telephone calls were made where clarification was required.

Preliminary information was also shared with local agency staff where appropriate.

Data was entered into computer databases and spreadsheets for.analysis.
Graphical analysis was employed extensively to gauge major variances and trends.

Additional contact was made with local transit agency staff to obtain insight into
cost variances which could not be adequately explained by information available in
reports.

Interim reports were prepared. A separate report was prepared for each project
studied (i.e., Chicago SouthWest, St. Louis Metro Link, etc)).

A preliminary draff  srt detailing the findings of all case studies was prepared.
Findings and recor dations were based on analyzing common cost variances
across projects as w- . as on the qualitative information provided.in interviews
with local project planners and managers, regional FTA representatives, and
project PMOs. Recommendations for improved cost estimation and review
procedures were made.

FTA reviewed the interim reports and the draft findings and recommendations.
The draft findings and recommendations for improved cost estimation and review
procedures were also shared with local transit agency planners and project
managers and comments were received.

+ A draft final report was prepared. This report included final findings and

recommenc:uions, and a summary of the cost and project information from the
"case study” reports.
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SECTION4.
GENERAL FINDINGS FROM CASE
STUDIES

This section offers some general insights across the five case study projects. The first part of the
section discusses findings associated with Key topics. The second part offers some
recommendations for improving the capital cost estimating, review, and momntoring process.

4.1 COMPARISON OF CASE STUDY RESULTS

Table | presents some major characteristics for each of the case study project. Included in the
table are: ' :

*  Year of Final Environmental Impact Statement, date of revenue service
*  Length of line in miles

Percentage of funding from FTA and percentage from other sources
Latest available cost

Cost due to claims- resolved, unresolved

Cost due to change orders

Key events impacting cost

- - * -

The FEIS/Date of revenue service life cycle ranged from four to ten years, with two projects
nitiated in the early 1980s, one in the mid 1980s, and two in the late 1980s. Length of lines
ranged from 2.5 miles for the Metromover Extension to 18.3 miles for Sacramento. Percentage
construction funding from FTA varied between 75% and 85%. Latest available project cost
spanned from Sacramento's roughly $170M to Los Angeles MOS-1 $1.4B. Claims experience
also varied widely between projects. Sacramento experienced $3.6M in claims, while Los
Angeles totaled $81.4M. Similarly change order costs ranged from $3. 1M for Sacramento to
$206M for Los Angeles. Most key events revolved around either realignments or management
reorganizations. -

4.1.1 Capital Cost Estimating Process

Documentation was available for three of the projects on the process that was used to develop
capital cost estimates: two heavy rail and one AGT. For the heavy rail, estimates were available
at two points in time: A

FEIS - Design and construction management = 13% for facilities, 10% for systems
- Design contingency = 15% for facilities, 10% for systems

17




SEIS - Design and construction management = 15% of facilities cost, 10% for systems
- Contingency = 10% of total escalated project cost

Chicage .
FEIS - Project management, design. construction management, change order reserve =
22.9% of construction cost (including contingency)
- Contingency = 10% of construction cost, 5% of procurement cost
PE - Professional services = 13.4% of total project cost or 20% of project direct
costs S
- Contingency = 15% on fixed facilities, 29% on procurement, 29% on systemns
Miamij '
FEIS - Professional services = 8.75% of total escalated project cost

- Contingencies = 5% to 10%, 6% of total escalated project cost

Based on this evidence, there does not appear to be a standard methodology employed to
develop capital cost estimates. For the same projects, different percentages were used for
different time periods. i

4.1.2 Project Financing

The funding profile for the five case studies varied quite widely. FTA and its predecessor
(UMTA) provided between 75% and 85% of construction funding for the projects.
Congressional earmarking played a2 major role in the Miami and St. Louis projects. St. Louis
matched the Federal grant totally with donated real estate. Cash flow was an issue for St. Lous
and Sacramento. Extraordinary cost, provisions in the Full Funding Grant Agreements were
instituted on only one project, St. Louis.

Evidence available from the case st::”  indicates that the timing of the commitment/obligating of

- federal funds to the projects may b: - Ay of further review. Funds appear to be obligated well
ahead of project requirements. Tir> .- need for funds more closely could free up substantial
sums of money and lower the opp:: v cost associated with the resulting float.

4.1.3 Project Organization

Organizational issues impacted all of the projects. Organizational experience/strength and
stability had a positive impact in ensuring cost stability for the Chicago project. It appears that a
minimum level of internal project support is necessary.to ensure project effectiveness. Lack of
sufficient internal project staff appeared to negatively impact St. Louis in the beginning stages of
the project. Transitioning project management responsibility after completion of preliminary
design to another organization also appeared to have a negative impact on St. Louis.
Reorganizations generally followed ~ - .ative experiences in project schedule and cost control.
Decision making authority was ai- .*sue, particularly in field relations related to change
orders. Generally, the greater th—  -endence of the field organization, the lower the claims
experience, and the lowerthece = -ation. Contracting philosophy is the la:t area that seemed -
to unpact projects. Most projec’ ©  anel seemed to advocate the need to '
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minimize construction contractor interfaces as much as possible as a means to reduce project risk.
Miami aiso had a somewhat negative experience from dividing design responsibility between two
prime contractors. _

4.1.4 Key Events

For Los Angeles, St. Louis, and Miami capital cost was impacted by major changes in alignments-
impacting design and right-of-way acquisition programs. Los Angeles and St. Louis were
impacted negatively and Miami was impacted positively. Lack of geotechnical and utility
location data negatively impacted cost in more minor ways in Los Angeles and St. Louis.
Reorganizations in Los Angeles and Sacramento had major positive impacts on project control,
resulting in lower capital cost of the project. A major design change in Chicago had a significant
positive impact on project cost.

4.1.5 Budget/Cost Growth

Comparing capital cost estimates and latest available costs across all projects showed some
definite trends.  Projects showed increases in all or some "soft costs" (administration, construction
management, design/engineering, insurance, and testing). With the exception of the Miami
Metromover Extension project, right-of-way costs outpaced estimates for all of the projects.
Construction cost increases for Los Angeles, Sacramento, and St. Louis over the project life cycle
were worthy of note. Miami also showed cost growth in the systems arena. Many of the reasons
for the cost growth have been discussed in the prior sections. For the scope of this project, it is
not possible to isolate causal factors for growth in particular cost categories.

4.2 RECOMMENDATIONS

Based on analytical evidence accurnulated during the five case studies, some general
recommendations can be offered:

*  FTA should develop specific cost estimating guidelines for projects, to allow for cross
comparisons between projects.

*  Projects should be based in one organization over their entire life cycle, an organization with
a substantial base of civil construction experience.

»  Project management personnel should be carefully evaluated in terms of prior experience
with managing outside contractors and prior project control experience.

*  Careful attention should be paid to project alignment and real estate acquisition throughout
the project. FTA oversight of the real estate arena probably warrants increased attention
with respect to deciding on the final alignment, risks of property acquisition programs,
adequacy of staff, and market assessment.
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*  Adequate funding of up-front planning and design/engineering costs appears to be a cost-
effective investment.

*  Number of contractor interfaces should be minimized to reduce both management and
construction risks.

*  Construction risks can also probably be decreased by allowing field personnel to exercise a
maximum amount of discretionary judgement regarding change orders.

*  Positive contractor relations concerning change orders and invoice payment should result in
positive cost impacts.

*  Grant administration/oversight also warrants some attention to bring it more .into line with
project budgeting and control. Grant budgets/project budgets should be closely aligned and
any deviation should be justified.

savings. Evidence from this case study sampling implies that funds are obligated significantly
in advance of when they are needed. There is a definite opportunity cost associated with this
float.

*  The tifning of obligating funds to projects appears to be an area for potential significant

* Reallocations between accounts should be carefully monitored with respect to percentage
changes. Significant rea.llocatipns may be an indicator of project difficulty. ‘

* Standardization of reporting formats that serve both the needs of the project team and FTA
oversight should be considered.

* . Standardization of estimating and accounting for contingency would also be useful in
ensuring project control.

Given the magnitude of the typical urban transit project, the number of uncert. nties involved, and
the typical life cycle, variance can be expected between estimates and final costs. Contingency
budgets are designed to deat with the cost variance. One method worthy of consideration to deal
with these uncertainties would require estimators/decision makers to explicitly account for
perceived risks by inputting critical costs as distributions, rather than point estimates. Within a
risk analysis framework, the probability of costs would be explicitly presented. With this
additional information, decision makers and FTA oversight would be able to concentrate on those
areas with the greatest risk/uncertainty and would know immediately when a cost exceeded a
reasonable bound.
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SECTION 5. _
CASE STUDY OF CHICAGO |
SOUTHWEST TRANSIT PROJECT

The Southwest Transit Project (SWTP), now referred to as the Orange Line, introduced high
speed rapid transit service to the Southwest Side of Chicago in 1993 by connecting downtown
Chicago to Midway Airport. The project includes approximately nine miles of double track fixed
guideway, eight stations, a yard, and shops. Patrons of the Orange Line can interconnect with the
Chicago Transit Authority's (CTA’s) transit system at the Dan Ryan line at 18th and Clark Streets
near the Chicago Loop. Elevated structure is utilized for 2.7 miles of the line with the balance on
embankment, mainly along railroad rights-of-way. :

This case study of a heavy rail system stands out among the five projects studied for its lack of
events which had major impacts on capital cost. With the exception of a train control system
contract which has progressed to litigation, the project appears to have been extremely well
managed and executed. '

3.1 PROJECT BACKGROUND/HISTORY

Funding for the project first became available when plans for the Crosstown Expressway (FAI-
494) were cancelled in 1979. As part of the Interstate Transfer Program (ITP), the Chicago-
region became entitled to approximately $2.4Bin federal funds to undertake a comprehensive
program of transit and street substitute projects. The transit component of the [TP was to
complement the FTA's regular (Section 3 and 5) capital assistance programs to the Chicago
region. )

The Southwest Transit Project was initiated in 1977 with a Phase I Preliminary Alternatives
Analysis, which evaluated more than 600 proposals 4nd recommended further study of 11
including: TSM, busway, and rapid rail facilities. By 1982, studies of transit alternatives to serve
the Southwest sector of Chicago had resulted in the adoption of an L’ shaped alignment for a
rapid transit line using existing railroad right-of-way for about two-thirds of its length. This
alignment was firmed up with the publication of a FEIS in September of 1985.

Preliminary design took place from mid 1984 to late 1986. In early 1985, a technical advisory
committee was established to review drawings. About the same time 2 board of control was
formed to oversee cost control. In 1987, several major design changes, résulting in cost savings
of roughly $40M, were initiated as a result of changes to the Midway Airport development plans,
The station and parking lot at Midway Airport were changed from elevated to depressed
structures. Depressing the station also resulted in a change to the track structure for the station
approach. Costs associated with close to one mile of elevated structure were saved. Final design -
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was accomplished between late 1985 and the end of 1988. At one potnt wark had progressed so
satisfactorily that the master schedule advanced revenue service to October 1992, one vear ahead
of the date specified in the Full Funding Agreement.

5.2 PHYSICAL DESCRIPTION OF PROJECT/ALIGNMENT

Figure | depicts the basic alignment for the Southwest Transit Project. Ofthe nine miles of
double track line construction, 2.7 miles are aerial structure and 6.3 miles are embankment
construction along railroad rights-of-way. The embankment portion is mainly located paralle] to
49th Street, Western Avenue and Archer Avenue. The Line begins at Midway Airport and joins
the existing Dan Ryan elevated structure in the vicinity of 18th street.

Each of the eight stations has a center platform épproximately 24 feet wide and about 420 feet

long, sufficient to accommodate an - train. At least one escalator and one elevator is
provided at each station. Platform ies reach out over the tops of trains for protection, and
windbreaks with overhead heaters .2 added comfort.

The below-grade-level Midway ter . nas two platforms served by three tracks. Attached to

the station at street level is the entra: . to an enclosed elevated pedway with moving sidewalks.-

Cars utilized on the Orange Line were part of a separate large purchase made by the CTA in 1989
with Morrison Knudsen. They are designed for one-person operation.

5.3 PROJECT ORGANIZATION

The Grantee for the project was the City of Chicago Department of Public Works (DPW-renamed
the Chicago Department of Transportation in 1992). Due to the size and complexity of the
SWTP, the DPW decided to utilize outside consultants to augment its core staff. The DPW
established a technical - ivisory committee made up of representatives of relevant bureaus to
review drawings. A bo.rd of control was also formed and held bi-weekly meetings on cost
control.

As part of the Full Funding Grant Agreement, the City contracted with a Supervisory Consultant
to provide oversight of the design effort and a Construction Manager to oversee construction,
procurement, and system contractors. The detailed design of the line and station structures was
contracted directly by the DPW to Section Design Consultants. No turnkey contracts were let,
but procurement contracts were used to obtain standardized elements on a systemwide basis.
Figure 2 depicts major participating organizations and their relationship to one another.

During the construction phase, zone offices were established with resident engineers having

responsibility for monitoring schedules and resolving problems. No integrated master schedule
was developed for the project so project float was managed as the sum of individual tasks.
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5.4 KEY EVENTS/CHRONOLOGY
This section presents a brief overview of some of the key project events and their chronology.

* 1979- Interstate Transfer Program designates Crosstown Expressway, entitles C hicago
region to $2 4B in federal funds for transit

* 1983 - Orginal planning grant awarded in September

» 1985- Final Envirénmental Impact Statement (FEIS) submitted in September
* 1986 - Full Funding Grant Agreement executed

* 1987 - Construction started in mid-year

* 1987 - Major design changes save about $40M

. * 1993 - Original date for revéf{ue;service, October 1
- Actual date of revenue service, October 31

5.5 PROJECT FINANCING

Financing for the SWTP appears to have taken place through traditional grant funding from the
Federal Transit Administration (85%) and local match by the State of Hlinois Department of
Transportation (15%). Appendix 1 to this case study presents (at the line item GMIS level) grant
and amendment budgets from 1983 to 1989. Note the increased funding in 1986, after the signing
of the Full Funding Grant Agreement. Also note that there is no Amendment 4; Amendment 5
incorporates two amendments (5.1 and 5.2). The grouping scheme used for the case study is
included as Appendix 2.

Exhibit 5 provides a more easily understood representation of the buildup of a baseline budget for .
the project by grouping of line item costs according to the grouping scheme appearing in the
appendix to this case study. This exhibit graphically shows the funding trends by major cost
categories. Note the decrease in contingencies, design/engineering, and procurement; and the
reversal in systems. ‘

25




L LR TN T P ke vty
gy | PECDRRIR ORI iy

98/v/8

68/02/t |
NU:GE(

G8/61/¢

cpUBWY Zpusy

e oy o =

88/4/9
gpuswy

PO/SLILL
LpUSWY

GpUaWyY

€8/51/6
feutblio

0Gl

suljesegq jobpng g Jqiyxgy

002
(ng)

00}




/AdminiCanst. Const. |Contin- Design/ iForce Insur-  Procure- Right-Of - :Systems Totals

: ‘ Mamt, igencies Cng.__Account’ance ‘ment  Wav

Original 200! ol ___ o 480] 75001 500i 0 ol 20! 0l 8w
Amendt | 1gol of 0| 5001 3050 550! 0i 0! 1300 0 55¢
Amend2 | 100 0i 0i 410/ 5590  100i oi 0i 0l QB
Amend3 : 2295 124942! 7000 19205! 25300/ 7394 0i 267431 17423 0 2303C
Amend5 . 38250 135892! 11800i . 28491] 30015, 10929 109131 27026i 17288/ 74750! 35003
Amend6 ! 4390! 173465/ 11800 244661 43215] 11319 0f 270261 17346/ 66087 37911
Amend7 ' 4933| 178793 18980 171931 38965| 151361 173001  20385] 203961 73759 40881

Table 4. Budget Baseline (3K)
5.6 CAPITAL COST ESTIMATES .

Estimates of project cost were considered at four points in time and compared with the actual
costs as of March 1994. Cost estimates analyzed include: the estimate used in the Final
Environmental Impact Statement, an estimate made by the Supervisory Consultant about a year
later, the construction manager’s estimate two years later, and the baseline budget after approval
of Amendment 7. Exhibit 6 and Table 5 present this comparison of estimates. 'Note the relative
closeness of most of the estimates versus the actual costs. Exceptions to be explained include: a
steep drop off in procurement costs when the car order was deleted from the project after the
FEIS; a decrease in construction cost estimates from the FEIS until 1988 when forecasted costs
started increasing; a decrease in contingencies after 1988: a decrease in design/engineering and an
increase in force accounts in 1989. It appears that 1988 was the date that the Construction
Manager started tracking costs. As project construction began, design requirements decreased,
and construction costs firmed up allowing the contingency to decrease.

; :Admin- {Const.  Const i‘mmm- {Design |Force iinsur- Procure- Right-  iSystems  ;Testing ;Unak-

; ' Mot encies YEng Accourt lnen [rent 0f Way jocated
985 (FEIS) | 115 208000 | 13948] 13924 | 4s14s]  3ese) ol _112026)  13844] 79969 1464| 23
112/86 (Super. | 0] 173589 | 22000] 37043 | s4s28] s or 24721 16199 75295 1000] 0
.Consuit.) | : i H ;
8s(CM) | 0. 173518 | 18980 38684 | 54358] 6404/ 17300] _17704]  1s108 §5765| 1000 0
ar20/89 ' 4933) 179793 | 18080| 17193 | 3896s| 15136] 17300; 20365 20395, 73758 0 0
‘(Amend7) j . !
13/34 (Actual t 0| 189944 | 18980f 20685 | 55481| 6494] 17300| 16398 15744[ 69392 1000] 16477 |
‘Cost)

~ Table 5. Estimates vs Actual Costs ($K).

Available documentation indicates that the FEIS assumed that project management, design,
construction management, and change order reserve were equal to 22.9% of construction cost
including contingency. Capital costs included line item contingencies estimated at 10% for
construction costs and 5% for procurement costs. Contingencies appearing in the table are total
project contingencies.
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The Supervisory Consultants estimate included: a 15% markup on fixed facilities for
contingencies, 25% contingency on procurement items. and a 29% contingency on systems.
Professional services were estimated as 13.4% of total project cost or 20% of project direct costs
(fixed facilities, procurement, and system contracts). Construction Management was estimated at
5.37% of total project cost.

3.7 PROJECT CAPITAL COST HISTORY

An analysis of the capital cost history of the SWTP indicates a project which pretty much
followed its predicted course. Figure 3 presents the Quarterly Review format utilized by the
project and the types of data utilized in the historical analysis. o

Exhibit 7 and Table 6 show the well behaved nature of the working budget over the life of the
project.

‘Admin jConst. {Coast bont_in- i‘DesigniiFom ilnsur-il‘rocur— iR.ight- ISvs::ms {Testing éUr:aj-_i
i I . : et Of Wav | Nocated |
88 : 19877] 227541|118000 15219 15236] 112790 10913 22062] 17061} o o 1464
189 1 273851 184127119937 11293 16927 15682 (7300 19633]  2009¢ 73439 1o0d  tooo
190 | 27385| 189674119937 4982 13487 16128 17300 17579 20096 74191 1000 1000
191 | 26635) 187731119937 2803 19316] 16254 210000 17667 200961 74381 1ooof 0
197 | 26635 191934[2229d _ sod 19469 15407 210000 17152 198890 71534 1ood 1000

193 | 26035! 191676123520 223 19469 15238 19190 " 17185] 197791 7350 1000 0

Table 6. Budget Of Record (3K)

Comparing budget figures against actual costs confirms the picture of a project whose cost was

under control (see Exhibit 8 and Table 7). Note the decreasing step function of the difference in
budget minus cost data. Slight increases were noted in 1989 in construction management, force
account, insurance, and right-of-way.

; anmal cost 8a [ BORAY | COSTEe | BOR9O | COSTSQ [ BOR9! | COSTSY | BORSz E CosTsz | BORS | cosTsa F
{Adrminsswanon | 19 8771 15312 27,385 15,248 27,385 201 28 835 24 258 28,8351 25732 28,035} 25744
Construcuon | 227 5411 50230 184127 79.304! 189874l 1418951 1ar7Tari 1esat4l  19vy3al  1s2.423]  tovaral 190475
‘Canstmanag | 11800 1,969 19,537 5815 19,937 13,868 19.937] 18,861 2,209/ 21,930 7520 21518
‘Contingencies_| __ 15.219 ) 11,293 0 4,987 0 2802 0 500 9 2 g
. DesigriEng 15,208 13 847 18,977 15,807 18 487 17,153 19,218 18,707 194880 19382 19,489 19,283
iFores Account | 11,299 2,851 15 a& 5 285 18,188 5031 18254 10,818 1507l 12781 15,238 13315
‘Insurance 10013 4078 17,500, 10,388 17300] 18530 21,000 20,358 71 000 20949F 19190 15.150|
‘Procursment | 22, 2310 19,633 7,147 17.57% 12,784 17 88y 14,158 17,152 157101 17,385 18,472
RignOtway | 17081F 13382 20,008 15712 20006] ~ 18,921 20008 17783 19,285 19.033f 19779 15,628}
| Systerms g a 73,439 3,002 74191 77394 74281 51162 71534 888 73505 £9,367|
;Testing af ) 1,000 0 1,000 a 1,000 a) 1,000 sg| 1000 7l

Table 7. Budget vs Costs
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ot §1L-23-%20

grant § CAp-43-200-157

QUARTERLY BUDRET STATUS REPORT

SCUTHMEST TRAMSIT PROJECT

sassnsensse

qumr:' Fiscal Tear 1993
415 Quarter Ending 09736/

......

1003 of work done oa enqineering design }ine itans aezns that coatract docussats hava bess comoleted far bidding.

{onstruction suppart services aay resain to be perforaed.

Figure 3. Quarterly Review Report Format
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GAIS Cade Respon, Agency/ Budget Obligated 8/ Noarmdligated 8/ &stimste of (T} as  tof
nd Forcs Acct. (P4} of Aporoyad Yaapproved Costs Yof ork
Description af Activities or fira Recard  Force dccoust$ Force Account § facurred (5] - Qene
| (1} and (2} (3) {4} (8) (s} {7 (3) (%}
: ) ; , - -
Si-116 Aerisl C00T/Suaeson 13,526,010 13,926,911 0 ,527.400 00 100
SH-il6AJunction Structurs CBOT!Pu.erny 4,028,050 4,028,000 0 402,08 o 10
SH-117 Roosevell Station (OOT/Cimeroa Comst. 12,874,448 12,671,138 zbs.'ua 12,203, 414 % %
$§-118 Subsiation Bldgs.  COOU/F.A.Paschen 1,209,486 4,209,466 0 4,209,466 100 100
SH-30% Tractwory/tard (o0T/Caaeron Const, 28,801,107 ' 28,158,5% 44,571 23.-572,140 % %
S4+302 Train Controt f00T/uUn SwtchiSignal 21,423,138 0,267,648 1,135,540 19,284,197 LT ]
S¥-303 Commnicatins {007/ Divane Bros. '. 4,678,112 4,080,919 S9L.I93 3,779,484 CA 1
SM-304 Traction Power CBGTIGih;un-Uniq;:e 4,937,183 *_.é??,OJS ss,us‘ 4,645,423 9% 45
5i-305 Subst.Eovigeent  COOT/G.N.Aorth 1,809,314 !,784,581 95,335 1,784,561 100 100
S¥-307 Escalators £00T/Mid amricaa 1,30, +. 289,488 81y 1,110,501 5 34
§¥-308 Elevatars £0aT/Reliance Elev. 2,457,58¢ 2,199,833 57,04 2,198,948 §2 92
S¥-309 Fare Collection  COOT/Camsrcm 3,915,058 3.0 78 1IN 9% 9
$i-310 Signage § Graphics CO0T/Cusaings 1,336,0% 1,137,864 199,02 $44,343 8§35 u
SW-311 Commesceasat £00T/vestesn In 750,000 1,10 13,293 399,010 i35
Insuranca Co0Tflear North - 19.18?.?59. 19,189,959 19,189,998 e w7
Insurars Aeview J¥ '
Utilities Saco/Peoples 431,000 2,40 103,580 327,420 06 =
Cantingencies chet 222,091 9 0,89 3 g ]
s 60N LIS LIS 950,45
PREVIDUS TOTALS: 102,138,542 480,571 392,676,700

Repreduced from e
. [best available copy. @
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Despite the normal well behaved trends of major cost categories, when considered on a line item
basis, 1989 was a year of some major reallocations between accounts, as shown in Table 8.

1

89 ’ 90 __ 91 92 93 !
Budget | 3509383207 d06819233: 106819513 4068195131 406819513
Line Item Changes | 4327746731 200048561 155922881 20295864 7592932!
Percent of Budget : 123.32%i 4.92%: 3.83%: 1.99%: 1.87%j

Table 8. Changes Between Accounts (89-93)

An analysis was done to compare the FTA budget baseline established after approval of
Amendment 7 against the budgets of record presented in the Quarterly Reports. This analysis was
intended to establish where project working budgets differ from grant budgets. Significant
discrepancies were noted in administration, design/engineering, and contingencies. The closeness
of the design/engineering and administration differences leads one to speculate whether some
costs were redefined for the different budgets.

Right-of-way acquisition costs came in about $2M above Full Funding Contract estimates as of
December 31, 1993, according to project documentation.

Comparing initial contract value against the Supervisory Consultants estimate indicates a
successful procurement process produced bids lower than engineers' estimates:

Construction 173,589,469 171,225,910
Procurement 24,720,787 15,412,872
Systems 75,295,106 65,711,637

Table 9 takes a different look at the initial contract value by comparing the initial contract value
against the baseline budget and actual costs by major cost category.

E BASEBUD ICV Actual Actual-ICV_ !
\Construction 191,245293] 171,225,910 189,944.212| 18,718,302
.Procurement 17,185,238 15,412,872 16,396,123 983,251
‘Systems 73.505.435 65.711.637] __ 69.391,921 3.680.284]
Total 281935966 252350418/ 2757322568 = 23,381,837

‘Table 9. Contract Analysis as of 3/4/94
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Change order activity on the SWTP also appeared to be moderate, given the size of the project.
According to project personnel, a change order reserve of 5% was included at the line item level
In estimating budgets. Table 10 presents a detailed breakdown of change orders by cause, '
{requency, and amount. Note the relative importance of scope and design changes to the total
amount of change activity.

Frequency Mod Amount Percent of ICV_Pending

ADDITIONAL DEMOLITION 5 456, 184! 0.18%,
ADDITIONAL PROCUREMENT : 20 1,150,044 0.46%:
'ADDITIONAL SCOPE i. 357 11,548,341 4.58% 352,040
'DESIGN CHANGE 659 5,820,831| - 2.31% 1,154,463
DIFFERING SITE CONDITIONS . 251] 4,481,276 1.78%i
FORCE ACCOUNT TRANSFERS] 13i 807,269 0.32%i
HAZARDOL'S WASTE REMOVAL| 11! 2,589 014| 1.03%!
Total - _ s 1,316] - 26.852,938] 10.64%} 1,506,502!

Table 10. Change Order Analysis as of 3/4/94
5.3 DETAILED ANALYSIS OF SELECT COST CATEGORIES
This detailed analysis section will concentrate on soft costs, contingencies, and force account.

Table 11 details soft costs as a percentage of total project costs over time. Note the drop in
percentage of costs expended between 88 and 90 followed by a slow decline from 91 to 93.

38 %of 88 Expend |89 %al 89 Expend 50 “%af 90 Expend
Administration [15311968 |0.25848787 {19347961 0.1158974907 {22,011,290.1 0.07936088
Const. Mgmt |1968525 {0.0332315 6614985 0.0385222387 113,657,951, 0.04924323

Design/Eng 113641662 [0.2302907 | 15606589 |0.093244065 |17.152.6-7 1 00618433
insurance 4978198 10.0840391 10384525  [0.062044007 |16.530.° = | 005955357
Testing o) 0 ] 1] 1] 0.00 Q
Total 35900442 10.506 51954149  [0.3104 69,3522 =3, 0.25

91 %cf 91 Expend |92 %of 92 Expend 93 %cf 93 Expend

Administration |24256122 |0.0703396 25231532 {0.066158297 1|25.743.827.1 006480749
Const. Mgmt 118891063 10.0542017 [21930010  |0.057501546 123,518,132 | 0.05530455
DesigniEng  |18706683 |0.054247  |19382000  10.050820547 19,383,266. | 0.04879542
Insurance 120855697 |0.0604788 [20849420 |0.054930392 [19.180.959. | 004830878

—

Testing 0 1] SQ000 0.0001311 233.155.00 0.00a387

Total 82509656 |0.2393 87543054  |0.2295 88,068,343. 0.2217

Table 11. Soft Costs Actuals and Percentage of Total Project Costs

Estimates ve s actual costs as of March 1* 34 are presented in Exhibit 9 and Table 12.
Comparing  2ls against Supervisory Consultant estimates indicates a 19% underestimation of
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soft costs, a 44% overestimation of contingencies, and a 24% underestimation of force account
COsts.

Looking at budget numbers against actuals for the three categories generally shows expected
behavior.

- EIS(85) | Supervisory | CM(8) | COST(3/94)
: ._Consuitant {86) ! : :

‘Soft Costs | 63,671,700 77,928,000| 91,637,500! 92,761 200
Contingencies | 13,923,6001 37.043.000] 38,684,368 20,684,500
Force Accounts | 3,665,600 - 5225638/ 6,494,000] 6,494,000
Unallocated | 0l 0l 0l 16,477,000

Table 12. Estimate History Selected Categories
5.9 FINDINGS/HYPOTHESES

The SouthWest Transit Project is a case study of a transit project which was planned with
minimurm risks (no tunneling, minimum land acquisitior, used proven technology), devoted
significant funds to the preliminary and final design efforts, and realistically estimated its project
costs. The Supervisory Consultant had two full time cost estimators and schedulers on the
project.

Organizationally, the project resided in one primary organization for its entire life-cycle with one
project.manager. Staffing of consultant organizations was carefully screened to ensure
appropriate backgrounds of key personnel, such as railroad construction experience.

The project team purposefully cultivated contractor relationships by attempting to resolve
disputes quickly and by paying invoices in an average of 27 days. Only two claims were denied
and only one has gone to litigation, with an unresolved claim of $4.3M. Project control was a
concern from the very beginning and all major project participants were brought into the process
through the formation of oversight committees in design and cost. A major design change in
1987 resulted in a cost savings of over $40M to the project. Finally, the project was blessed with
luck as Chicago winter weather was better than average for 3-4 years during construction.
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Appendix 2. Grouping Key

A . upenising Consyitant

A 13.79.00 : . Project Administration

A _SW4a0s Spares .

C 13.33.02 ‘SW117 Roosevelt Transfer Station : SW-114 Embankment

C 13.23.06 “SW111 Aerial Section . Utifities

o 13.23.06 -SW110 Embankment Section : - Electric Power

C 13.23.06 SW106 Aerial Section ! :
C 112.33.02 : ] ] . Demoiition

c 12.76.93 ' . i Various Canstruction

[+ 13.23.06 iSW114 Embankment Section : : SW-118 Substation Bldgs.

c 12.23.06 i ; ! ' SW.117 Roosevell Station

c 13.2306 ] 1 ! i SW-116A DanRyan Mods

C :13.75.93 (SW118 -DEMOLITION | 1 SW-116 Aeriai
- 13.43.02 | SW10t - Maintenance Faciiity ; "SW-115 Haisted/Archer

c :13.33.02 (BW11S .Haisted/Archer & Embankment | ' SW-113 Ashlana/Archer

C ; [ SW116A . Dan Ryan Medifications ! 1 SW-112 35/Archer

c 113.23.08. iSW116 . Aerial Secton i 1 SW-111 Aerial
g :13.33.02 'SW113 : Ashtand/Accher & Embankment * SW-110 Aernial
< :113.33.02 1 SW109 ' Westerm/adth & Embanianent ~ [SW-108 Westarryasth
c ;13.33.02 (SW107 i Kedzie & Embankment : SW-108 Caiifornia & Emb :
G 113.33.02 SW105 ; Pulasid & Aenal . SW-107 Kedzie & Embank i
C X 3W103 i Midway 3 Aerial i SW-106 Aerral ;
o] ! Swigs : Cafifornia & Emtankment [ | SW-105 51/Pulaski !
¢ ; SW104 ! Aeral Section I : SW-104 Aerial Structure:
< 11333.00 :  Fixed Facilities | SW-103 Midway Station
ic :13.33.02 iSW112 : 3StArcher & Embankment ' SW-101 Maint. Facility !
C 1 13.50.03 1SW118 ; Substation Structures 1 SW-115A Archer Retain Wall .
-CM 13.71.04 iROW : Construction Management I Construction : Construction Managerment

. CM L13.71.00 i CONSUP i Canstruction Supervision | {

'CONT  -13.73.00 | ROWN 1 Contingency : Contingency - Cantingencies

CONT 12.73.00 ;CORES Change Qrder Resarva

DiE ;  SW-113 Design A
/e ! , Value Engineering :
DIE : ; Train Control Design .
-DIE Miscellafieous Systems Design |
‘DIE 3 ! : Tractor Pawer Design :
DIE X ' Trackwaork Design :
e ; “SW-118 Design
e ! :SW-117 Design i
DiE "SW-116 Design :
D/E ! ' SW-114 Design :
TE : ‘ SW-112 Design :
DIE i SW-111 Design :
.DIE i SW-110 Design i
O ! ; SW-108 Design :
BIE 5 - . SW-108 Design i
DIE "13.71.00 : SW-107 Dasign :
D/E 1371.03 - |SW-106 Design :
:DIE 113.71.00 SW501 Professional Services i Professicnal Sarvices | SW-105 Design :
D/E 13.71.00 SW-104 Design !
DIE :13.71.02 ! SW-103 Design .
O/E 112.31.06 | ' SW-101 Design :
OIE ; SW-115 Design i
‘FA (13.72.02 ; i | Forca Account-DOW i
FA 113.72.00 : | Force Account-DSS 3
FA 113.72.00 i |BOCT/FA i




FA -313.72.00 ! : . FA-City Construction
FA ! ‘ ! : Cormidar Development
I FA ! i :Force Account - CTA(ENG)
FA H ; -Force Account - DPW
FA i Undistnbuted/FA
fA | AMTRAKIFA
FA 12.72.02 ' . CONRAILFA
FA 13.72.00 ‘LIGHTNET/FA
FA 13.72.10 [HB/FA
FA 13.72.08 ] BRC/FA
FA 13.72.08 ; - GTWIFA
FA 13.72.06 . ICGIFA
FA 13.72.00 [ : ) {Force Account - Raiiroads
FA :13.72.04 i ! L ' Demaiition Inspection
FA 113.72.06 | : Relocation Services
(FA :13.72.00 i . {Farca Account - Legal Services
.FA i 13.72.00 ! i i FA-CTA Trackwork
‘FA 112.72.08 ' SW4A01 : Force Account Farce Accounts | Force Account-DOS
FA i i i ! i METRA/FA
A 13.71.05 INS ! Insurance i “Insurance
P '13.52.01 . SW206 Proeure Traction Power Cable ; : SW-206 Tract. Powar Cable
P 13.52.00 ‘ ; - - SW-204 Ties
P i 13.22.03 i ; ; SW-208 Lighting .
P :13.42.00 | SWZ04 i Procure Ties F - SW-205 Subst. Equipment
P 135203 [SW205 . Procure Substation Equipment | : SW-202 Running Rail
P 7133200 i SW208 t Procure Lighting Systems I '

P ,13.52.03 i SW207 ; Procure Substa Supervisory Equip i Procurement ;
P ! | SW201 1 Procurement Vehicle f | i
P 13.52.03 T SW203 i Procure Contact Rait ] ; Various Procurement
TR 113.42.00 | SW202 | Procure Running Rait ] i SW-203 Contact Rail
JROW  113.75.91 ! ' i RE/DPWIT Engineering
JROW 12,7694 i - t i
JROW  113.7200 © | g
JROW  |13.75.94 i i i Real Estate Appraisais

ROW 13.72.11 i ] i
‘ROW  .13.70.82 ! : I . RE/DPW/Cutmere
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ROW  [12.76.91 SW403 ! Right-Of-Way Right-Of-Way RE/DPWMid America f
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8 £13.33.09 SW310 Signage & Graphics SW-309 Fare Collection I
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i 8 SwW308 Elevaters
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18 . 1133306 SW309 Fare Collection
8 13.43.05 SW102 Vehicte Sterage Yard  SW-310 Signage & Graphics i
s 13.33.20 SWan Commenceament ! | SW-308 Elevaters :
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3 1 13.83.00-.. SW302 Train Controt : SW-305 Subst. Equipment !
'S 13.23.03 : SW-304 Traction Power }
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i i SWa02 Testing : Testing | Systems Testing :
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SECTION 6. | -
CASE STUDY OF ST. LOUIS METRO
LINK LIGHT RAIL PROJECT

Metro Link is 2 modern [8-mile light rail transit (LRT) system built and run by the Bi-State
Development Agency (Bi-State, BSDA) to connect downtown St. Louis to Lambert International
Alrport. It is the first LRT to serve an air terminal in North America. There are several aspects
of this case study which are unique among the case study projects. Metro Link rehabilitated both
an historic bridge (first opened in 1874) and railroad tunnels, and structured its local match to
involve only the appraised value of property acquired as part of its right-of-way. The project also
had to deal with state funding const .nts. The State of Missouri provides no transit operating
funds and state law forbids using ¢ 1x revenues for transit.

EJ

&

The system currently has 18 passe. r stations: 13 at-grade, three subway, and two on the
existing Eads Bridge structure. All .:ations are on exclusive right-of-way and are unattended.
Fare collection is via a self-service, proof-of-purchase system. Thirty-one double-ended
‘articulated rail vehicles, with electric power provided by an overhead catenary, serve as the
passenger fleet. A 12 acre site serves as storage, maintenance, and the control center. Six park-
and-ride facilities offer nearly 3,000 spaces. :

In its first year of operation, Bi-State reports that at least 8 7M passengers, nearly double the
4.8M projected in preliminary engineering studies, rode the system.

6.1 PROJECT BACKGROUND/HISTORY

St. Louis first considered constructing some form of rail passenger transportation in the mid
1960s and early 1970s. Formal system planning commenced in 1981. Concurrently, public
advocacy for a light rail system took hold in the early 1980s, lead by a group called Citizens for
Modern Transportation (CMT). This group mobilized-not only the general public, but also
established relationships with local businesses. The group .was so successful that they raised
$800,000 from the private sector to help with the official launch of Metro Link.

Throughout the planning process, Draft Environmental Impact Statement (DEIS- May 1984) and
Final Environmental Impact Statement (FEIS- September 1987), UMTA remained skeptical about
the ridership projections and the ability of Bi-State to fund the system’s long term operations,
given the restrictions imposed by the State of Missouri. Funding for the project was largely the
result of Congressional earmarking and the project was advanced at Congressional direction.

On August 2, 1994, residents of the St. Louis area voted in favor of a one-quarter of a cent sales
tax increase to fund transportation services provided by Bi-State. The tax increase is projected to
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generate 335M annually in revenue for use as o‘peratihg funds, and as 2 local match for Federal
dollars for Metro Link extensions, bus modernization, and other transit services,

6.2 PHYSICAL DESCRIPTION OF PROJECT/ALIGNMENT

The 18-mile largely double-tracked system extends from East St. Louis, Illinois, through the St.
Louis, Missouri central business district (CBD) to the Lambert International Airport. The system
is largely surface running with the exception of 2 bridge over the Mississippi River, a tunnel under
the CBD of St. Louts and elevated structures over highways and local streets.

The LRT alignment crosses the river on the lower deck of the existing Eads Bridge, traverses the
business district using the Washington Avenue/Eighth Street tunnel acquired from the Terminal
Railroad Association of St. Louis (TRRA), follows an existing rail corridor west to Forest Park -
and north to the University of St. Louis near highway I-70. Theroute then turns northwest on
newly constructed right-of-way, crosses over highways I-170 and I-70 and then divides with one
line serving the Airport and a future line to serve Berkeley, Missouri.

Airport expansion plans forced a major project realignment and the acquisition of a number of
additional parcels. Originally configured to bypass the Washington Park cemetery, the LRT was
- constructed on an easement through the cemetery which required the reburial of approximately
2,500 remains. Figure 4 depicts the current system map. The originally approved alignment was
changed starting at I-70 and the Northwest park-and-ride lot and station were eliminated in favor
of expanding facilities at other locations. |

Bi-State opted for proven designs and components where possible. Stations incorporate 200 foot
platforms and are of a modest design, some totaily open air. Security at the unattended stations
include CCTV monitoring and two-way passenger telephones linked to central control.

The 31 car service fleet is made up of articulated LRV from Siemens-Duewag. The vehicles are
approximately 86 feet long and 8.67 feet wide and carry 72 seated or 106 standing. Traction
power is provided by a 750 volt D.C. overhead contact system powered by 12 substations. A cab
signal system with overspeed protection is provided for the cars. Approximately 17 miles of
automatic train protection signaling is provided by the signal system. The communications system
includes a supervisory controi and data acquisition (SCADA) system. |

Maintenance is performed in part of a 60,000 square foot building complex situated on a 12-acre
site. The complex houses shops, a control center, and an office complex. The shops have two
stub-end and three through tracks for repairs plus capability for both exterior and interior
cleaning. '

6.3 PROJECT ORGANIZATION

Initial planning for Metro Link was the responsibility of the East-West Gateway Coordinating
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Council (EWGCC) the MPO for the St. Louis Metropolitan area. East-West Gateway carried the
project through the 30% design point, with a staff of crly three dedicated professionals and the
help of a Project Management Group (PMG), Sverdrur Corporation, before handing it off to Bi-
State Development Agency for final design.

Bi-State Development Agency is the transit agency in the St. Louis Metro area. Bi-State
established a separate project office within its existing organization. The Project Manager for
Metro Link was also the Assistant General Manager for BSDA, reporting directly to the BSDA
General Manager who reports to a Board of Directors. BSDA established separate responsibility
centers for the design and construction of facilities and systems (vehicles, signals, '
communications, power) (see Figure 5). Sverdrup Corporation continued its involvement in the
project by managing the facilities contracts. Bi-State maintained management responsibility for
the systems and vehicles contracts with assistance first from Gibbs & Hill and Booz-Allen &
Hamilton and then from Booz-Allen alone. ‘

Coordination between facilities and systems contractors was a concern through most of the
system design and construction.
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6.4 KEY EVENTS/CHRONOLOGY

This section presents a brief overview of some of the key project events and their chronology.

. September 1987 - Final Environmentai Impact Statement issued

. Late 1987 - Bi-State Development Agency designated Grantee

. October 1988 - Full Funding Grant Agreement executed

. May 1990 - Construction ground-breaking took place

. December 1990 - Realignment as a result of new airport master plan

. July 1,1993 - Original date for start of Revenue Operation

J July 31,1993 - Actual date for start of Revenue Operation

. June 25,1994 - Metro Link connection to Lambert Airport Main Terminal opened

6.5 PROJECT FINANCING

The Metro Link project wasre  -ed to operate under extremely tighf fina:
because of a lack of dedicated . :te funding and the fact that the local mat.
contributed property. In addition to a contingency account, FTA required ..

trameters
totally in
-ject to establish

a capital reserve account equivalent to 5% of outstanding commitments. Cash Hlow needs
eventually required the project to establish a line of ¢redit with a private bank to meet some of
their operating expenses. $90.2M had been earmarked for the project in Congressional
appropriations by the end of 1988. Figure 6 lays out the flow of funds through the Federal
appropriation process. Note the use and magnitude of funds for project oversight ($1.9M), for
alternatives analysis ($1.3M), and for preliminary engineering (38.0M).

With the signing of the Full Funding Grant Agreement (FFGA) in 1988, project funding flowed
through the grant/amendment process. Table 13 and Exhibit10 present the build up of the project
budget, as indicated in GMIS data sheets. Table 14 indicates the changes in budgets for major

1025/28

: 9127/90 Q20021 Q7297 (L1892 01/21/94]
‘Administration 4,352,768 9,565.479 10427,780]  10.427,780i 13,005,851 14,606,638
‘Construction 48,694,844 78,499,628  122,344,173| 133,300,048 166.631,163] 175.491.890!
‘Const. Mgmt. 10,068,447 11,203,259 10.281.072] 11,684,298 13,444613] 13,444 613!
‘Contingencies 6.446,721) 13,689,892 o . 0 of 0
Design/Engineering 16,448,422 18.048,9401 26,101,000 26,101.000] 29.032.962] 29,026,179
'Insurance 353,118 3,531,1831 2.419.523] 2419523 2.461.502 2,639,024
Procurement 500,000 4,950,144 4774550  47745350] 4609530  4.392.823
‘Purchase Cars 57,694,753 57.694.753]  45.787.851| 45.787851] 416822711 45929061
Right-Of-Way 55,346,827 77.517.165] 105,583,236 114,384.135] 1288983141 134817532
Svstems 0 13.312,907  32,523.876|  32.523.876! 34040834 _ 33,558.453!
Testing 0 ol 2036956 20369561 20369561 2052362
[Est NetProjectCst | 9.905.900]  288.013,350] 362280017 383.440017] 435.844016] 455958.575

Table 13. Metro Link Budget Changes
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categories between amendments. Note the relatively large changes in right-of-way, design/
engineering, construction management, and car purchases.

The appiication of donated real estate to project financing is depicted in Table 15. This exhibit
indicates differences between cumulative appropriations and cumulative project expenditures over
time. Note the $8.6M deficit in 1993 and the capital reserve available at that time (8341K from
Exhibit 11). A deficit was probably precipitated by a forced reduction in Congressional
appropriation in 1992 due to authorization levels having been exceeded. Table 15 also indicates
the relative difference between the valuation of donated real estate and the application of real
estate to matching federal appropriations.

It is worth noting the refatively slow build up in expenditures versus the available cumulative
appropriations. It is not until 1992 that project expenditures began approaching available funding
levels. . o

6.6 CAPITAL COST ESTIMAT? 5

Estimates were considered at four ditferent points .ae: FEIS, at the conclusion of Preliminary
Engineering, at the 40% design review point, and a: ..¢ 55% design review point. These
estimates were then compared against the latest costs made available for the analysis (Exhubit 12
and Table 16). It was not possible to break-out design/engineering from contingency for all
estimates, making it difficult to make any statements concerning potential cost growth in design/
engineering. : '

Significant differences between estimates and actual project cost were noted in administration
(58% increase), right-of-way (56% increase), procurement {72% increase), and systems (22%
decrease from 40% review estimate).

6.7 PROJECT CAPITAL COST HISTORY

Two types of reports from the quarte%”shbnﬁitals were utilized in analyzing the capital cost
history of the project. They are included as Appendix 3 (Costs by Major Contract) and
Appendix 4 (Costs by GMIS Code). The grouping scheme used for the case study is included as
Appendix’s. - '

Capital cost.of the Metro Link project largely revolved around issues related to right-of-way and
real estate acquisition. Exhibit 13 graphically shows the discrepancies between the grant budget
and actual expenditures for major cost categories. Right-of-way clearly stands out for its large
negative variance. The earliest negative variance noted was in 1991 for design/engineering.
Other small negative variances were noted in administration, construction, purchase cars, and
systems.
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The major relalignment as a result of changes in the airport master plan lead to the formulation of
a re-allocated budget. Exhibit 14 compares this re-allocated budget with the construction cost
estimate (CCE). Note the negative variances for construction management, contingencies,
insurance, purchase cars, and systems indicating potential budget shortfalls.

From the beginning of the project, costs were projected to be considerably above estimates.
Exhubit 15 indicates the differences between projected final cost and current construction cost
estimates over time. Projected final cost is equal to the sum of CCE+contingency+additional
cost. Construction, right-of-way, and design/engineering stand out as having the largest positive
variance, a potential indicator of higher than expected cost growth.

Cost growth for Metro Link does not appear to have been caused by either excessive change
orders or claims. Tabie 17 shows a detailed breakdown of change orders as a percentage of the
current construction estimate. Note cumulative change orders totalled under 1°  As of the
Aprl 1, 1994 Quarterly Report, $2.26M in claims were still pending, while $3.7 :ad been
settied. :

6.8 DETAILED ANALYSIS OF SELECT COST CATEGORIES

"Exhibit 16 graphically shows the growth in the land acquisition and donated land budgets. Also
indicated are the full funding cost estimate (devetoped for the FFGA) for land acquisition and the
initial appraised value of the property. Note that the acquisition budget increased to $21.6M from
an initial appraised value of $10.2M.

Project extraordinary costs were calculated from data provided in the quarterly reports and are
compiled in Exhibit 17. Extraordinary costs are those costs which are considered to be beyond
the control of the grantee. For Metro Link, five categories of extraordinary cost were allowed:
inflation beyond the rate utilized to develop the total costs of construction and procurement
contracts; costs due to acts of God; excess property costs resulting from court orders; costs
directly caused by Federal legislation, regulations, actions -)r decisions; and costs directly caused
by the unavailability of funds from Congress. Comparing a draft submittal of extraordinary costs
(See Figure 7) prepared separately from the Quarterly Reports with Exhibit 17 seems to indicate
that the Quarterly Report only includes Airport-related extraordinary costs. There remains some
unexplained variance between the two reports, even on an airport line item basis.

Metro Link incorporated both a construction contingency and a project contingency in its cost
accounting system. A breakout of the construction contingency is provided in Exhibit 18, along
with an overall project contingency. Exhibit 18 indicates major increases in contingency for
construction management, construction, and systems. Project contingency doubled between 1991
and 1994. '

Considering soft costs expendtures over time as a percent of total project expenditures, Table 18
shows a refatively small value in 1989, increa: ing significantly in 1990, and a gradual drop-off
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05-Apr-94

08:33
Total Costs  Total Costs Difference  Difference Actual  Difference
as of 1994(1) asof 1993(1) Requested Amount  Projected
A. INFLATION $0 $0 50 $0 $0
B. ACTSOFGOD $I32,961 b vy $85.184t 585,184 $0
C. PROPERTY $22,106,284 $29,087670 (36,981,385) $732,306 ($7,713,652)
Facility [ & IT
D. . ACTS OF THE FEDERAL GOVERNMENT
Enviroomental Withdrawn and submitted under separate cover
Remote Transmitter Receiver 30 50 S0 $0 $0
Glide Slope $117,089  $117059 SO $0 50
American With Disabilities Act $106,567  $106,567 $0 $0 $0
Painting ol Eads Bridge not requested  not requested 0O not requested
Isolation Beanngs $1,261,697 S§1261,697 (30) (30) $0
Alrport $36,500,810 $35,646,167 $354,643 $890.651 (836,050)
Berkeley Spur . 54526040 354,526,040 S50 $0 $0
Subtotal $42.512,173 $41,657,530 $354,643 $890,592 ($36,050)
E. UNAVAILABILITY OF FUNDS |
T §290,502 3$290,902 (611)] ($0) 50
TOTAL EXTRA. COSTS IDENTFIED (1)
$65,042319 $71,083,879 (36,041,560) $1,708,181 (87.749,742)
TOTAL EXTRA. COSTS APPROVED ) $52,938228
Project Admin. Requested $4,168,403 354298982 (3130,579) 395,142 ($225,721)
Project Admin. Approved $3,770 469

4)) Includes actual and projected expenses,

Figure 7. Metro Link Extraordinary Costs
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between 1990 and 1994. Calculating account re-allocations between line items indicates (in Table
19) a project that experienced considerable change until 1992.

g0

22 2 2. 93 3t
Admun 1346292 (L11%)] 3829658 (2.52%; 7465498(2.97%) 11328868 (292%); 14807734 (3.26%) 15199256 13.33%)
Const. Mgmt 917616 (1.59%) 5765684 (3.79°%)) 9213745 (3.66%) 12698827 (3.27°6)  13194224(2.91%)] 13194724 (2.90%)
DesigvEng 3391684 (281%): 17004774 (11.19%)1__ 24162861 (9.60%)i 27120825 (6.99%) 28528279 (6.28%) 27569741 (6.08%0y
Insurancs 0 10.00%)- 1569679 (1.03%): 1660510 (0.66%)] 2797041 (0.72%) 2654804 {0.58%); 2036487 (0.45%)
Testing 019.00°%): 4320 (0.00%): S8047(0.02%)  S3S176(0.13%): _ 2273035(0.50%) 2205487 (0 48%):
Soft Costs 8657592 (5.50%); 28174115 (18.53%): 42560661 ({16.92%) _S4480737 (14.05%) 61458076 (13.53%) 60164690 (132 1%

Table 18. Soft Costs

6.9 FINDINGS/HYPOTHESES

The Metro Link case study is an examinat: ' 1 of a project which faced considerable risk—technical,
financial, managerial, and political—tackle -he risk head on, and achieved success through the
determination of a devoted project team ard the support of the general public.

Cost growth from the estimate stage to actual costs were most pronounced on a percentage basis in

administration, nght-of-way, and procurement. Administration increases can probably be traced to an
underestimation of the staffing levels required on the project and higher than expected legal expenses
due to land acquisition. Right-of-way costs have been discussed extensively with respect to the
airport. Other reasons for right-of-way increases may relate to higher than expected utility relocation
expenses. Increased procurement expenses may relate to enhancements in signage, station art work
or station landscaping.

Increases in construction management can also probably be traced to interface issues between systems
and facilities contractors, along with realignment issues and resulting contractor delays.
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Appendix 5. Grouping Key
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GroupName ~ GMIS  Description Contract _GontractQescrgtion
_Admunistration - SS0R07 _ Mise Office Equinment
_Administration 1371 D6 {egat {3rd party) SSOR0S  legal '
Administration 1374 07 Audit {3d party) _SSOS08 _ Audgit

Administration 1373 00 Braject Admn MS0S Q1 Prowect Administration
Lopst Mamt . SSO0R03  Droject Managemant

Const Mgmt 1374103 Contruct Mamt [3rd party} )
_Coanstoirtion C111 01 East St ImJMMWm
Constryctinn Cl1f 34 SCRBAEN Hanley Road PR {op
Copstruction CLI128  Mill Creek Sewer Stapileation .
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SECTION 7. | |
CASE STUDY OF MIAMI METROMOVER
EXTENSION PROJECT

This case study considered a project to extend an automated guideway transit (AGT) system
operating in downtown Miami. [t is the only AGT project considered within the five case studies
of this task. The original metromover system consisted of 1.9 miles of elevated dual-lane
guideway, 9 stations, a maintenance facility, and 12 driverless rubber-tired vehicles.

The elevated superstructure of the guideway is composed of cast-in-place concrete running
surfaces. a guide beam and associated power rail needed to guide and power the vehicles. During
automatic mode, all train functions are monitored from a central control facility. The power
distribution system consists of seven substations and five gap tie stations with the necessary
transformers and switchgear. A communications system consists of CCTV cameras, 2 public
address system and emergency telephone system. Dynamic graphic signs are available at the
stations and in the vehicles to provide trip information.

-1 PROJECT BACKGROUND/HISTORY

FTA approved funds for engineering of the original Metromover system in 1978 as part of the
Downtown People Mover (DPM) program. Final design of the initial core loop area was started
in 1979. In April 1986, after a 23 month delay and $121,624,880 increase in cost, the
Metromover system opened for revenue service. Final cost of the system came to $145,624,880,
with UMTA. contributing $82,224,880 and Metro Dade County and the Florida DOT contributing
an additional $63,400,000. A turnkey contract, for which Westinghouse Electric Corporation had
full implementation responsibility, was used as the contracting approach.

Studies for the extension, consisting of the Omni and Brickell legs, continued for 2 number of
years and were concluded in February 1988 with the issuance of the Final Environmental impact

Statement (FEIS).
72 PHYSICAL DESCRIPTION OF PROJECT. /ALIGNMENT

The Extension project includes the addition of 2.5 miles of dual lane elevated guideway, 12 new
passenger stations, six on each leg, 17 new vehicles, a vehicle wash/inspection facility, two
additional service bays at the Maintenance Facility, improvements to the Central Control Center,
and a Bus Transfer Facility. In addition, the existing fleet of Phase [ vehicles was retrofit to
ensure compatibility with the extension. Stations and guideway construction was for the most
part tailored to the same design criteria used for Phase 1. Stations are cast-in-place concrete both
at grade and platform levels, are of an open air design, and predominantly have canopy roofs.
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The Omni station includes a third level which connects directly to the Omni Mall, via a privately
funded footbridge. All stations include elevators for handicap access, while escalators are
provided at ten of the 12 new stations.

Figure 8 shows a system map of the original downtown loop, the 1.1 mile Brickell southern
extension and the 1.4 mile Omni northern extension. The Omni extension connects to the existing
loop at N.E. Sth Street and extends north along N.E. 2nd Avenue. The Brickell Extension
connects to the existing loop between Miami Avenue and S.E. Ist Street just north of the [-95
expressway connector. '

Project alignment was developed after a detailed process of analysis and evaluation. The
Metromover Loop was selected as the preferred initial segment in 1979. Metro-Dade Transit
Agency (MDTA) conducted further analyses for the Omni and Brickell legs in 1981 and
developed an approved alignment. Further refinements to the 2lignment were identified in
environmental studies conducted in 1988 and eventu:-ily adopted as part of the F=1S. The
alignment delineated in the FEIS was subjected to fu.~her scrutiny in -n eSort to .ave costs of
property acquisition by moving more into public strec.s. As a result ¢ tais final _ignmen,
MDTA only needed to acquire a total of 30 parcels (instead of 54) at a cost of $14M (instead of
$49.3M).

7.3 PROJECT ORGANIZATION

A thirteen member Board of County Commissioners (BCC), elected every four years, governs
Dade County. Day to day management of the county is the responsibility of the County Manager
with the support of directors of various departments and agencies. MDTA is the agency
responsible for providing public transportation services within the county.

Project management responsibility for the Metromover Extension was originally assigned to the
Metro-Dade Department of Public Works (MDPW), with MDTA providing only administrative
support. In January 1990, the MDPW Project Director and his project team were reorganized
under MDTA. Within MDTA, overall management for the project was placed with the
Directorate for Planning, Engineering and Construction. The Metromover Extension Project
Director is also the Assistant Director of Planning, Engineering and Construction for MDTA.

Figure 9 shows the basic organizational structure for the project, with design, project control, and
construction chiefs all reporting to the Project Director. Specialized consultants were used to
augment a core project team. AEG Transportation Systems Inc. was awarded an equipment
turnkey for vehicles and control systems. Consultants were utilized in the following areas: project
design, design review, value engineering, construction engineering and inspection, systems/vehicle
design review, fabrication and testing, claims review, safety and quality assurance.
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On the contractual side, final design was done by two separate consultants, one for each leg. Civil
construction was segmented into four contracts. There were separate Brickell and Omni station
construction contracts, each containing six stations and separate Brickell and Omni guideway

construction contracts. Interface issues resulted from the construction contract strategy because
the station contracts included the guideway piers, while the guideway contracts included all the
steel girders and running surfaces making up the track superstructures.

7.4 KEY EVENTS/CHRONOLOGY
This section presents a brief overview of some of the key project events and their chronology.

. 1985 - Extension project reactivated after having been deleted from original proposal
because of cost overruns. '

. April 1986 - Phase [ Metromover became operational

’ February 1988 - Final Environmental Impz.zct Statement issued

. May 1989 - Full Funding Grant Agreement executed

. July 1989 - Contracts for design of fixed facilities awaraed

. QOctober 1989 -. Notic.:e to Proceed issued to AEG Transportation Systems, Inc. after

negotiation difficulties with escalation clauses. Contract completion date extended by 46
~ days to March 1994,

. January 1990 - Final alignment approved by FTA

. March 1991 - Confstruction began on stations and guideway

. ?;g;g:st 1992 - Hurricane Andrew hit Florida._ Project completion date extended to May
. May 1994 - Metromover Extension began revenue service

7.5 PROJECT FINANCING

The Full Funding Grant Agreement indicates that between 1984 and 1989 Congress earmarked
$151,464,170 in funds for the extension. After several iterations of estimating total project cost,
target cost was established at $248M with FTA to provide 75% or $186M. The local share was
to be provided by the State of Florida, City of Miami, and through taxing all businesses within
1800 feet of a new station. The projected principal sources of funds in millions were:
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Amount  Percent of Total

*+  FTA ' . 5186 75.0
. FDOT g 31 2.5
. City of Miami $ 7 2.8
. - Taxing District $ 24 _97

Totals $248 100.0

In January 1993, MDTA received a separate FTA grant for Hurricane Andrew expenses. The
PMO final report states that approximately $500K of this grant was appropriated for Metromover
project hurricane related costs.

The Federal flow of funds to the project can be analyzed by considering the grant history of the
project in combination with the schedule of drawdown of Federal funds. In considering the grant
history (Table 20), keep in mind that approved total project budgets are presented—the Federal
portion is 75% of the totals and line items indicated. The Full Funding Grant Agreement in 1989
provided $115,500,000 in Federal funding. Two mods were later added to this amount: $20.1M
in 1990 and $25.65M in 1993, bringing the total to $161.25M.

GMIS Description FEGA(89) iMod 1(90)___IMod 2 (93)
13.23.07 Transitway 30,000,000{  43.800,000]  52.000,000
13.43.02 Maint. Facility 3,000.000 2.000,000 3,000,000
13.62.01 ___ {Train CntrliSigni - 10,000,000]  10,000,000f  19,980.000
13.53.01 Electrification 14,000.000]  14.000,000] 16,522,000
13.33.02 Stations 18,000,000]  22.000.000] 30,573,000
13.13.31 Vehicles 24,000,000} 24,000,000 22,315,000
13.76.91 RE Acquisition 30,000,000{  35,000,000] 15,000,000
13.21.07 Final Design 9,055,000 9,055,000f - 11,714,000
13.71.04 Const. Mgmt. 3,000,000 5,000,000 9,734,000
13.79.00 Project Admin. 3,000,000 5,000.000] 12,370,000
137300 Contingency 29420000 90400001 21792000
Total 154,000 000] 180,800,000 215,001,000

Table 20. Grant History

Exhibit 19 graphically depicts the drawdown of federal funds against the total project charges. As
of April 1994, Federal funds in the amount of $161.250M had been approved and $137.423M had
been drawn. Note the significant balance of funds through 1990 and 1991. The opportunity cost
of this unused balance is worth consideration.

7.6 CAPITAL COST ESTIMATES

Four estimates of project cost were considered at a detailed level. These estimates were extracted -
from the FEIS, from an independent estimate done by Morrison-Knudsen (MK), and from Full
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Funding Grant Agreement documentation from 1988 and 1989. On a macro level all of the
estimates. with the exception of MK's, cluster around $240M. MK doubled most of the
contingency amounts utilized in the FEIS estimate yet arrived at $221.8M. Both the FEIS
estimate and the MK estimate are included as background in the appendix to this section. The
engineer's estimate for construction contracts totaled $92.6M. A construction contract bid
analysis performed by the MDTA showed bids coming in $11.8M below the engineer's estimate.
Actual total charges as of June 1994 were about $185M, not including outstanding claims totaling

$32M.

Exhibit 20 compares the estimates on a detailed level versus the most recently available project
charges (1/24/94). This exhibit indicates the dramatic impact on right-of-way costs as a result of
the realignment, reducing costs by over $30M from prior estimates. Other notable cost
differences between estimates and actuals occurred in: construction management, almost doubling
the FEIS estimate of 1988; car purchases, coming in almost 30% less than expected; and
construction coming in almost 9% less than estimated, before claims adjustments. Systems costs
were underestimated by about 25% and design/engineering was underestimated by about 12%.
Given the five year time horizon of the project construction, the construction estimate and
design/engineering estimate appear to be within a reasonable bound of accuracy. The other
variances will be explored further in the following sections.

7.7 PROJECT CAPITAL COST HISTORY

This section analyzes data provided in quarterly progress reports. Trends, variances, and major
changes were analyzed by considering the data on a detailed level. Figure 10 depicts the basic
financial reporting format used in the quarterly reports. This data was tabulated and regrouped
according to the scheme shown in the translation table (Figure 11).

CATEGORY SUB CATEGORY Group Name

1 WESTINGHOUSE Various

2 FINAL DESIGN Design/Engineering
3 STATION/GUIDEWAY CONSTRUCTION CONTRACT . Construction
4 REAL ESTATE ACQUISITION Right-Of-Way
5 UTILITY RELOCATION Force Accourt
6 INSURANCE PREMIUMS ) insurance

7 PROJECT ADMINISTRATION Administration
8 CONSTRUCTION MANAGEMENT Const. Mgmt
9 PRE-OPERATIONAL EXPENSES Various

10 CONTINGENCY Contingencies

Figure 11. Translation Table

Exhibit 21 compares grant budgets over time against project budget ceilings. Note the changes in
the ceilings. Also note the variance between the 93 grant budget and 93 budget ceilings.
Differences of $4-$5 M are common among the categories, with a major difference of $11M in
contingencies. Major variances were also noted when comparing grant budget in 93 vs. actual 94
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charges, particularly in administration, construction management, and design/engineering.

Looking at budget ceiling (Exhibit 22) and charges to date trends does not show any major
surprises. The ceiling for the ROW budget was adjusted in 1990 and showed a steady decline
over time. Construction management, on the other hand, showed a steady increase over the
project life-cycle. Car purchases and systems maintained a more constant ceiling. The steep drop
in insurance in Exhibit 22 is due to the inability of the project to obtain blanket insurance
coverage. Note the $32M in contingency still being carried in the budget ceiling in 94.

Considering reallocations in line item budgets between time periods also offers some interesting
insights. Exhibit 23 calculated the absolute percentage change in individual contract values
between vears. Note the relatively large changes to administration, construction management,
construction, right-of-way, and systems over several years. This variability may indicate greater
uncertainty or higher risk in these areas.

7.8 DETAILED ANALYSIS OF SELECT COST CATEGORIES

Detailed analysis of available data indicates that adjustments were made to ROW budgets in 1990
(Exhibit 24), establishing a ceiling at about $20M and a real estate contingency of $4.9M. These
ROW related ceilings were steadily reduced between 1990 and 1994. Note that ROW
contingency was budgeted separately from project contingency. At the same time that ROW
budgets were decreasing, available project contingency was increasing from $13.8M in 1990 to
$20M in 1994. Exhibit 25 presents a breakdown of how the project contingency was distributed
between major categories over time. Note the direct relationship between those categories with
significant cost changes from the time of the FEIS and those categories receiving the greatest
contingency distributions (construction management, car purchases, and systems).

Soft costs on the Metromover Extension Project appear to have been in line with the risks of the
project and followed a reasonable pattern of behavior (Table 21). The increase in charges from
92 to 94 is worthy of note and may reflect increased attention to claims by the claims consultant.

H

\Group 90 o1 92 93 94!
Administration 7.03%| - 4.12%| 2.66%| 3.10%| 3.40%
“iConst. Mgmt 0.01%! 4.10%| 5.56%| 6.77%| 6.80%
Design/Engineering | 34.47%| 12.16%| 5.39% 5.10%| 5.03%
Insurance 0.59%| 0.26%| 0.11%! 0.10%! 0.10%
Total Charges 42.10%| 20.63%| 13.72%]| 15.07%| 15.33%

Table 21. Percentage of soft cost charges
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7.9 FINDINGS/HYPOTHESES

The conclusion to the Final Report on Project Management Oversight states that the Metromover
Extension Project was completed on schedule, within budget, and to a high standard of quality
through the concerted efforts of a dedicated MDTA team. Considerable effort was devoted to
project planning, document preparation, design and drawing review, quality control, and
contractor management/change control in the field. MDTA brought the project to a successful
conclusion despite the impacts of 2 major hurricane and a resulting geographic shift in
construction labor.

Additional contributors to the positive capital cost history of the Metromover Extension Project
can probably be traced to a somewhat conservative estimate at the FEIS stage, the major
realignment approved in 1990 by the FTA, risk reduction techniques such as hiring a consultant to
explore utility locations at the final design stage, and strong project management/control through
the requirement of cost loaded CPMs. . It should be noted that a reserve of $12.5M has been
establishec for final change orders and claims adjustments, while claims totaling over $32M are
still not resolved.

The most notable aspect of the capital cost of this project was the decreased real estate
acquisition costs as a result of the final realignment. Changes to the ROW costs have been
discussed extensively in other sections. Increases in construction management may be traced to
the method of contracting for both design and construction. Design and interface issues had to be
dealt with throughout the project because of the presence of multiple contractors. CE&I
consultant costs came in higher than expected because of two primary reasons: design submuttal
reviews were much more intensive than previously estimated, and quality controi was required to
hire more inspectors to ensure quality.

Experience with car purchases can probably be directly traced to lower than expected inflation
related price adjustments for the AEG contract. The project had assumed $5M in price
adjustments and only required $2.5M.

In the systems arena, the interface between the systems work and construction was a constant
issue. Of particular concern was the tolerance of the running surface. Some delays in system
work can be directly traced to running surface rework or guideway grounding rework and
probably resulted in higher than anticipated costs.
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Appendix 6. Capital Cost Estimate - Metromover Legs
(X1000 Dollars)

: ITEM : ! JUNE 1986 1 MIDPOINT i ESCALATION ESCALATED
: . DOLLARS ! i FACTOR |_DOLLARS
Guideways ; 50000 | Apr. 90 725 | 52500
i (5% Contingency) 2500 ! ! ; 3125
| | |
i Stations : 21000 ! Apr. 30 i 1.25 | 26250
- (10% Contingency} : 21 | ' i 2265 !
“Maintenance Faciiity - 3600 - Apr. 90 ; 125 4500
. {10% Contingency) ! 360 : ; 450
" Command & Control____ 1000 Oct. 90 128 " 13029
| {10% Contihgency) i 1010 | = ' 1303
i ! | ;
" Electrification 11600 | Oct. 90 1.29 14964
(10% Contingency) j 1160 1 1486 ;
County Administration 5172 | Aug.89 1.2 6206
~Final Design f 7240 | Oct. 88 115 8326 |
“Construction Mamt i 5172 Apr.G0 | 125 5464
Vehicies ] 55200 | June 89 | K 5988
(10% Contingency} % 2520 | 2999
i i ;
System Testing 5000 | July 91 1.34 | 6700
(10% Cantingency) 500 i ‘ 670 .
; | | :
: Land Acguisition ! 40265 | Nov. 88 115 . 46304 .
(5% Contingency) 2013 ! 2315
]
" Total ; ! ] 239854 |

Source: Final Environmental impact Statement.
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Appendix 7. Morrison-Knudsen Engineers, Inc. Estimate _

' CONSTRUCTION

‘ MDTAMKE

;_ MEM i MAR 1987 0% ANNUAL ' © BEGIN 1987

i : DGLLARS P OMID-POINT © COMPOUNDED ESCALATED ! DIFFERENCE(—-)

‘ i | FACTOR DOLLARS ! .

* Guidewavs : 44000 | Mar 90 [.19 52,360 -10,140

' (5% Contingency) i 4400 ; 5,236 | +2,111

: ‘ I : i

' Stations 16,000 | Mar90 119 ¢ 19040 -7.210

_ (20% Contingency) i 3,200 3,308 +1,543

- Maintenance Facility 5 4,000 : Feb 90 1.1§ ! 4.760 +260

* (20% Contingency) i 800 | ; 932 +302

‘ : T : .

. Command & Control : 9455 ' Feb9l 1.26 11913 ! -1.116

" (20% Contingency) ‘ 1,956 . . 2,465 +1,162

. i I .

- Electrification 11303 | Aug %0 1.22 13,790 -1,174 .
"7 (20% Contingency) 2260 1 : 2,757 1 +1,261

County Admin (5%) 4,904 1 Feb 90 1.19 5,836 -370 ’

' 4

i Final Design (7%) 6,866 | May 89 1.14 7.827 -499 |

| I ! !

l Construction Management 6,866 | Jun 90 1.21 8,308 +1,844 |

(%) ?

; ! . i

I : 1 :

i Vehicles {25634 | Nov&g9 1.17 29992 | 4 !

. (20% Contingency) E 5.127 | 5999 +3,000

j i :

: System Testing ! 3.062 | Nov 91 1.31 4011 -2,689

. (20% Contingency) ! 612 802 +132

"TLand Acquisition 35676 | Mar 89 RE 41584, 4320

; -2,315

i Total 186,121 221,840 | -18014
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SECTION 8.

CASE STUDY OF SACRAMENTO LIGHT
RAIL TRANSIT STARTER LINE
PROJECT

This case study considers a light rail project that began in the late 1970s and was constructed in
the mid 1980s. System design was intentionally geared to low cost, no frills standards using off-
the-shelf technology. The main segment of the light rail system, known locally as the RT Metro
System, was largely single track with double or passing track sections provided on forty percent
(40%) of the route. In recent years, several double track construction projects have improved this
situation. There are 28 stations located along the route. Seven of the stations have park-and-nide
lots and six stations have bus transfer facilities. The light rail vehicles are of a West German
design developed originally for Frankfurt.

Sacramento was a project characterized by some lack of project control resulting in spiraling costs
and eventually a managerial reorganization. Capital costs associated with these occurrences will
be analyzed in the following sections of this report.

8.1 PROJECT BACKGROUND/HISTORY

In August 1979, the Sacramento City Council voted to delete the I-80 bypass freeway from the
interstate highway system. This action signaled the beginning of the LRT project by entitling
Sacramento to Federal funding to finance an alternative project. Two years of effort were then
devoted to conducting an Alternatives Analysis and a Draft Environmental Impact Report which
recommended selection of a light rail transit system as the locally preferred alternative. An 18.3
mile starter line was identified to serve both the I-80 (Northeast) and U.S. 50 (Folsom) cornidors.
The route of the line utilizes unused freeway and/or railroad branch line right-of-way.

A new agency was established in 1981, the Sacramento Transit Development Agency (STDA),
with the mission to plan, design, and construct the system. Representatives of the City of
Sacramento, Sacramento County, the California Department of Transportation, and the
Sacramento Regional Transit District (SRTD}) served as a joint powers board. The SRTD was

designated as the Grantee.

In August of 1983, STDA certified an EIS that analyzed the impacts of constructing the 18.3 mile
LRT system in the Sacramento area. Ground was broken on March 14, 1983 under the au5p|ces
of STDA. By late 1984, the project was two years behind schedule and projected cost had risen

substantially.
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A re-evaluation of the project was commissioned to identify the underlying problems which had
caused the out-of-control status to occur. In the summer of 1985, project management
responsibility was given to a new Transit Systems Development {TSD) Division of the Grantee.
Project scope, design criteria, and master schedule were all revised based on the results of the re-
evaluation study.

Revisions to the project budget saw increases from initial estimates of about $126 million in 1983
to $159.5 million in August 1985. Management and control were further improved by a
reorganization in 1985. These changes returned construction activities to a more stable basis.

8.2 PHYSICAL DESCRIPTION OF PROJECT/ALIGNMENT

The Light Rail Transit System is an 18.3 mile interurban electric railway, built using a typical
European LRT design in which existing rights-of-way and at-grade crossings are utilized. It
provides the trunk line service for an integrated Bus/LRT public transportation system.

Two major transportation corridors are served by the light rail line: the Northeast Cornidor and
Folsom Corridor. Approximately 9.3 miles long, the Northeast Line runs from Watt Avenue and
[-80 southwest to Downtown Sacramento's "K" Street Mall. A second line, the Folsom Line,
serves a 9-mile corridor extending east from Downtown along a railroad right-of-way to a
terminus at Butterfield Way. Figure 12 is a route map of the current system.

Since the initial construction, the system has reduced the number of single-track segments. Of the
28 stations along the route each with at-grade platforms, park-and-ride lots are located in seven
and six have bus transfer facilities. Each double-ended light rail vehicle is approximately 80 feet
long, operates at speeds up to 50 miles per hour and has a combined standing and seating capacity
of 175. Trains composed of one to four cars are controlled by a single operator.

Traction power is provided through thirteen self-contained, automatic substations feeding fuily
auto-tensioned catenary. A maintenance facility and storage yard are located on the Northeast
Line. |

8.3 PROJECT ORGANIZATION

The Sacramento Regional Transit District was initially organized with a policy-making Governing
Board of seven members, an Executive Director and a Project Director. CalTrans provided the
bulk of the technical and management support for the project. Three months after
groundbreaking, SRTD appointed a Manager of Light Rail Operations- By mid 1985, SRTD
assumed total management responsibility for the project and set up a separate organization, the
Regional Transit Development Division. Figure 13 depicts the organization of the transit
development division. Note the heavy use of consultants in key positions - assistant general
manager, project control, contract administration, track and roadbed design, and systems design.
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8.4 KEY EVENTS/CHRONOLOGY

This section presents a brief overview of some of the key project events and their chronology. -

January 1981 - U.S. Secretary of Transportation signed a $500,000 commitment to start
engineering.

March 1981 - Sacramento Transit Development Agency was formed to build a Light Rail
Transit Starter Line.

March 1983 - Ground was broken for system

September 1983 - Full Funding Grant Agreement executed

August 1985 - STDA was officially dissolved
March 1987 - The Northeast Line was formally opened

September 1987 - The Folsom Line was formally opened

8.5 PROJECT FINANCING

Financing for Sacramento is unique among the case study projects for the diversity of funding
sources and the relatively low overall percentage of Federal funding. Figure 14, extracted from
the PMO final report, details the sources of funding as of March 31, 1988. Major funding sources

and percentages provided were:

" Federal Government $97.503,130 55.4%

State of California $31,158,000 17.7%
Local Governments $39,434,000 22.4%
Private Funding $ 1,326,000 0.8%
Funds Required $ 6,578,870 3.7%

Federal funding included $7.9 M for planning, preliminary engineering, and final design activities.
The actual construction grant under the Interstate Substitution provisions of Title 23 provided a
total of $84,913,130. As of the writing of the PMO report, $6.5 M in additional funding was
needed to meet forecast project costs.
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Sources of Fuhding as of March 31, 1988

Federal Government Amount
interstate Transfer-Planning $ 7,960.000
interstate Transfer-Construction 84,913,130
Formuta Grant 2.408.000
Fedaral Aid interstate (FA/) 650,000
Federal Aid Urban Systems (FAU) 1,541,000
National Endowment for tha Arts (NEA) 30.640

Total Federal Funds $97,503,130
State of Callfornia $31,158,000

Local Governments
Sacramento Housing and
Radeveicpment Agency $22,301,000
Sacramento Regional
Transit District (SATD) 9,174,000
Reimbursement Account,

City of Sacramento (RACS) 3.942.000
City ot Sacramento - Other 2,403,000
County of Sacramento 1,160.000
Other Governmental Sources 454,000
Total Local Government Funds  $39,434,000

Private Funding $1,326,000
TOTAL FUNDS SECURED TQ DATE $169,421,130

Additional Funds Required
Interstate Transfer-Construction (Pending) $3.231.530

Other Source(s) 3,347,340
Total Present Funding Requirement $6,578.870
TOTAL PROJECT BUDGET $1786,000,000

SQURCE: Sacramento Regional Trangit District (SRTD)

NOTE: Variation in addition of percent column due !0 reunding.

Percent

of Total
45
48.2

1.4

0.4

0.9

0.0

5§54

17.7

12.7
5.2
2.2
1.4

0.7
0.3

224
0.8

9.3

1.8
1.9

.7

100.0

Figure 14. Sources of Funding as of March 31, 1988
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More detail on the construction grants is provided in Exhibit 26 which shows the buildup in
funding from 1983 to 1987 by major cost category. Note that this exhibit shows total grant
funding, with Federal/Local'contributions assumed to be split 85/15. Only three amendments are
shown because the other two amendments were issued to make minor corrections, such as
typographical or mathematical errors.

8.6 CAPITAL COST ESTIMATES

Three capital cost estimates were compared against closeout costs in Exhibit 27. Note the close
clustering of the estimates between $126 M and $131 M even though they were developed with
different levels of information at the time of: Final Environmental Impact Statement (FEIS),
Preliminary Engineering (PE), and Final Design (FD). . The level of detail offered in the three
estimates differs significantly, with the FEIS unexpectedly providing the most detail.

Comparing the FD estimate against closeout costs shows significant underestimating of
construction and construction management costs, administrative costs, force account, systems,
and right-of-way. Surprisingly, there were overestimates of design/engineering and procurement.

8.7 PROJECT CAPITAL COST HISTORY

This section analyzes data provided in quarterly progress reports. Trends, variances, and major
changes were analyzed considering the data on a detailed level. Unlike the other case studies,
‘quarterly progress reports did not use a standard reporting format. Some interpretation of data
" was required in order to generate the time series exhibits. Data was tabulated and grouped
according to the scheme indicated in the appendix to the case study.

Exhibit 28 compares approved project' budgets and grant budgets by major cost category. Similar
to the other case studies, there is little relationship between the project and grant budgets. Note
the steep drop-off in approved budgets for contingencies and design/engineering between 1985
and 1986. .

Approved budgets are compared with obligations in Exhibit 29. Note the significant lag between
construction obligations and approved construction budgets up to 1986. Other cost categories
appear to follow each other more closely.

Comparing expenditures against approved budgets in Exhibit 30 shows an even greater difference
for construction costs. Expenditures don't start approaching approved budgets for construction
until 1987. Most expenditures seem to be in line with approved budgets, with the exception of a
slight over expenditure in car purchases in 1987. Once again, design/engineering stands out for
its somewhat unusual behavior. '
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Carrying the comparison through to look at expenditures against obligations, Exhibit 31 shows
construction expenditures exceeding obligations in 1987. Note the deobligation of funds for
design/engineering and the change in expenditures. This may indicate a change in accounting
definition took place as part of the major reorganization in 1985,

Throughout the life of the project, there was significant reallocating of funds between accounts as
evidenced by Exhibit 32. The magnitude and time period of these reallocations was considerably
greater than the other projects studied.

8.8 DETAILED ANALYSIS OF SELECT COST CATEGORIES

Real estate acquisition turned out to be a troublesome area for Sacramento as demonstrated by
Exhibit 33. Notice that the budget started out at about $12M in 1984, rose steeply to about
$23M in 1985, increased to $25M in 1986, and then finally closed out at about $21M in 1987

Contingencies exhibited some equally dynamic behavior. Exhibit 34 compares contingencies for
grant budgets vs. estimates vs. approved budgets. Particular notice should be paid to an increase
in the grant budget contingency from 1984 to 1985, while the approved budget showed a
substantial drop in contingency from $5M to $331K.

Turning to soft costs, Exhibit 35 provides budget details for administration, construction
management, design/engineering, insurance, and testing. The budget for 1985 was an anomoly
because of the lack of line items for administration and construction management. Overall, the
soft cost budget exhibit profiles a project that was in some trouble up to 1985, made some
significant changes between 1985 and 1986 to bring the project under control, and completed the
project under better control. Exhibit 36 compares soft cost budgets against expenditures over the
project life cycle and shows some small overruns in 1987.

8.9 FINDINGS/HYPOTHESES

At the conclusion of its final report, the Sacramento Light Rail Transit Line PMO stated that the
Transit Systems Development Division was capable of carrying out large-scale and compiex mass
transit improvement projects on time and within budget. Organizational learning had taken place
during the period in which project management was revamped and additional controls were put in
place. More specifically, project control and scheduling functions were strengthened, exposure to
contractor claims was reduced, contract awarding and issuing Notice-to-Proceed were
accelerated, and quality assurance was enhanced. Inadequacies in each of these areas had resulted
in a project which was spiraling out of control with resulting escalation of capital costs.

98




Bunsa)

SuRISAg

Aepa 10 Wby

PN

sien aseyoind

JUBLUBIND0IG

aouRINSU|

JUNO22Y 92104

Buwsauibugyubisaq

sapusbuyuon

LOYONIISU0Y)

by ‘1suon

uonedisiupy

- suonebiqo

sainjipuadxy

suonebliqO sA sainypuadx3 *L¢ HqIyx3

17

08

99



%0Sv5Z HGE-GLE JhYSLbS xttmm___mw

%000  %00°00) - wooo = B .
7Yt A A T T weie T B mEo_Mw
o %OEGL ST T abge T Cwpeze ..;....ii%@w%ﬁm:_im

) %660 ST T TRl e 4 oo’ T T siegesey
e %:.q O Ry s . e —— Emsashoﬂw%
o m\”mw.mn ‘ . A I %000 = czow“,uwhsn"
- . c\ohqu ., N - 1Q¢OQ@ <Mﬁm~©@k©m@.i§..!il T Ildczmum:_m:w\:mﬂmmﬁ_
B : a\ammh R m\wv_‘m@i \ R ,W\mm@_hv — mw._u:mm:z.cco
e - HEIEPPTNY IRRERS. 4L S o R oe - o)
%ES 0 R . K L D  ~4 - .Ems 15000
B 1 Ae— 340001 H--i..dw_.,mmm_mmamm

B o%skez | T T 000 %00 00} neiis)u

18 98 S8

0

0¢
_ OV
-1 09

4 001

jJobpng paaouddy

0cl
%

jo abueyp % |ejo :suonedo|eay z¢ HAIYXJ

100



/8 o8 g8 v8

e e O_‘

| Gl
0¢

aJnypuadx3 Gz
}Jobpng |
0¢

salnjipuadx3 sA sjebpng - MOY "€¢ Hqiyxg NS

101



887
or9
1EE

vl
R
1000'S

ost'ol

L85

— puadx3gjuaing

.I | IH

— _.um>oaa<

Sa)jewnsy

— JueID

salousabunuo "y Hqyx3y

102



32bpng 3509 Jos "g¢ Nalyx3

NS

Goe'61 066'L1 leL'92 Lv8'0C 3OS (€101
o A €Ti'e T Bunsel
LLL - 00s’c 0g¢’t ¢ 08§} - eouensul
6 | 0080 | @s0zz | LeYD |- Gweeubuzuisog
wzs | ey |0 TTowz | wewoswe
119'G LISV 0 ocl'l — UOHENSIUILPY
L8 98 G8 ¥8

0

]

ol

Gl

0c

Ge |

103



(L0%) eve's | ¥8G'. 8es'e [B10]

0 o0 | €00e | 0 = Bunse

(oY o 09 | €08 A soueinsul

_oolesy o ave ) suie ) (Ip07) | Buseaubuzubiseq
9) 868 0 099'C B 150D

(L21) | gel’l 0 0z.1 — UORENSILILIPY
.8 . og g8 8

(€)
4]
(1)

G
| NS
“sainyipuadx3 - }obpng :s)s09 Jos "9¢ HqIyx3y

104



Appendix 8. Grouping Key

Group DESCRIPTION MACS CODE Cu#
A Legal & Real Estate 20.08.00 48
A Regional Transit Support - asD
A Marketing 20.15.00 45D
A Operations Support 20.13.00 45F
A Operations Support 20.11.00 45F
A General Administration Expense 20.15.06 - 45C
A TSD-Mgmt. Admin & Eng. 20.15.00 45A
A Operations Support 20.15.00 45F
A Appraisers 20.08.00 49
A TSD-Mgmt. Admin & Eng. 20.16.00 45A
A Regional Transit - 45A
A Administration 20.15.00 45
A Financing Charges 32.00.00 o6
A O Street Office & Misc Expenses 20.15.00 458
C TEh/R - Stockton 20.13.00 3H
[} 121V - 18th/R 20.13.00 4G
C ArgeryDel Paso - 12h/K 20.13.00 4E
c Maill Demoktion 20.10.00 2

C Maint, Building - 20.11.00 3

[} Line & Stas - Mayhew OH to Bt 20.13.00 5B
[#] Trackwork Maintenance 20.13.00 28
[of Line & Stas - Stockton to Mayhew 20.13.00 5C
C Watt/80 Term. 20.11.00 6

c Stations - NE Corr 20.11.00 7

C Stations - Fol Carr 20.11.00 TA
c No. Sac. Grade 2013.00 1&1A
C Shefters 20.11.00 7E
c Parking Lots 20.11.00 7F
[+] Misc, Civil Work 20.02.00 13A
& Yard Grading 20.13.00 g

[ 34th - Buiterfield 20.13.00 SA
C No. Sac. SPRR Relocation 20.13.00 TA
C Grade Line-NE Carr 20.13.00 2

[+ Wat/80 Median 20.13.0C 2A
CM Construction Management 20.08.00 44
CONT Construction Contingency - T3
CONT General Contingency 32.00.00 93
DIE TSD - Management 20.15.00 40
DIE Program Controi Cansultant 20.08.00 42
DIE System Integration 20.08.00 43
IOE Managerent & Engineering 20.08.00 a0
O/E Surveying - NE Comider 20.13.00 71A
O/E Consuftants 20,08.00 41
DIE Design Consultants 20.08.00 45
FA Caltrans Project Support 20.15.00 47
FA Catirans Project Support 20.16.00 47
FA Metro Division (Operation & St.) 20.13.00 45E
FA Metro Division 20.15.00 45E
FA Metro Division 20.16.00 45E
i Risk Management 20.11.00 50

| Risk Management 20.08.00 50
P Additional Graphics 20.11.00 71

P Temp. Fencing 20.11.00 BA
P Rubberized Safety Tile 20.11.00 7K
P Yard Securty 20.13.00 88
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P Trejillc Way Fences 20.13.00 8c

P Fare Vending Braile 20.02.00 74

P Additional System Signage 20.11.00 7H

P Tree Grates ) 20.11.00 7G

P Graphics 20.11.00 70

P Art Program 20.11.00 - HC

P Trees - 20.11.00 78

P Trees 20.13.00 4B&4C

P Add' Fencing along NE Gorr 20,1300 T3]

P Whee! Truing Machine - 188-1

P Art Program . 20.13.00 7C

P Line Maint. Equipment 20.03.00 18C

P Copper Wire Procurement 20.14.00 21A0

F Cabte/Wire Proc. 20.14.00 21

P Catenary/Poles 201400 20

P Substation Proc. 20.14.00 18

[ Procurement of Collection Van ' - 18C-8

P Boaster pump for car wash - 18C.7

3 Hyrait Utility Body - 18C-6

P Car Cleaning Carts - 18C-&

P Utility Track - 18C-4

P Car Mover - 18C-3

[3 Sedans and Pickups - 18C-1

P Portable Re-railing Equipment - 1864

[ One 2.5 Ton Forkift - 188-3

P Rail Proc. 20.14.00 TaA

P VWheel Truing Machine 20.03,00 168

P Special Track Waork 20.14.00 16

P Tie Proc. 20.14.00 18

P Direct Fix, Fstnrs ] 20.14.00 140

[ o™ . 20.14.00 148
P Portable Jacks and Body Stands - 188-2

P Six Pickups - 18C-2

PC LRV's 20.01.00 17

ROW Utility Relocation 20.13.00 70

ROW ROW 20.06.00 60

) LRT Signaling 20.02.00 10

s Grade Crossings 20.02.00 10A

S Traflic Signals 20.13.00 (E

S Security Equipment ) 20.02.00 13

5 Fare vending Equipment Froc. - 18A-1

5 Electrification 20.13.00 9

s Fare vend. Equipment , 20.02.00 18A

s Radio Proc. 20.02.00 12

T Start-Up - 45
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SECTION 9.
CASE STUDY OF LOS AN GELES METRO
RAIL PROJECT (MOS-1)

This case study deals with the initial project of the Los Angeles Metro Rail System. Termed
"Minimum Operable Segment 1" or MOS-1, the project consisted of the design, construction,
testing and start-up of operations for a 4.4 mile subsurface two-track rapid transit line including
five stations.

In terms of technical requirements/risks, organizational complexity, and size of project budgets,
MOS-1 is clearly the most complex undertaking analyzed among the five case studies. From a
design point of view, the project team faced a number of challenges, including:

*  Tunneling in a densely populated central business district beneath skyscrapers

*  Establishing all-new design criteria for the mitigation of earthquakes

»  Uncharted oil and natural gas wells that were abandoned in the early 1900s

*  Unrecorded underground utilities from the development of downtown Los Angeles in the
1920s.

The project experienced a number of swings in terms of setbacks and successes, as will be
reflected in the capital cost history.

9.1 PROJECT BACKGROUND/HISTORY

The Southern California Rapid Transit District (SCRTD} initiated a transit alternatives analysis
for the regional core of Los Angeles in 1977. In September of 1979, the SCRTD Board of
Directors selected its preferred alternative, an 18 mile rapid transit line extending from the central
business district through the Wilshire Boulevard area to Fairfax Avenue, and then north through
Hollywood to the San Fernando Valley. Preliminary Engineering was started in June 1980 with
investigation of alternative configurations and estimation of costs.

In December of 1983, a Final Environmental Impact Statement evaluated the entire Metro Rail
Project, an aerial option, and a minimum operable segment. The entire Metro Rail Project was
found to be cost-effective, but the availability of Federal and matching local funds forced the
project to be divided into three phases. Segment one, or the initial pro;ect phase, became known
as "Minimum Operable Segment 1" or MOS-1.

SCRTD began the Metro Rail Project and oversaw initial feasibility studies, environmental impact

work, and preliminary engineenng. Federal participation in project funding began in
1986 along with final design and some preiiminary construction work. Criticism of SCRTD's
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project management started early in 1987. An unsuccessful attempt to consolidate SCRTD with
the Los Angeles County Transportation Commission (LACTC) was tried in late 1987, but did not
have sufficient political support.

By 1989, the continued poor performance of the project generated enough political support for an
agreement to be reached between LACTC and SCRTD to transfer project management
responsibility. A new organization, the Rail Construction Corporation (RCC), was activated in
August of 1989 as an LACTC subsidiary. The RCC was given responsibility for the design,
construction, and start-up of all rail transit systems within Los Angeles County. Despite this
reorganization, FTA insisted that the SCRTD retain its fiductary responsibility as Grantee for the

project.

Both the SCRTD and LACTC were disbanded in 1992 through legislation and replaced by one
agency, the Metropolitan Transit Administration (MTA), which assumed overall control of
planning, design, construction and operation of rail and bus facilities in February 1993.

9.2 PHYSICAL DESCRIPTION OF PROJECT/ALIGNMENT

The MOS-1 project consisted of the design, construction, testing and start-up of operations for a
4.4 mile two-track heavy rail rapid transit line, all in subway. Five stations, a maintenance facility,
a rail vehicle storage facility and thirty passenger vehicles were also included within the project's
scope. Figure 15 shows the final alignment.

Soft ground tunneling techniques were used to construct the underground line segments, while
cut-and-cover construction techniques were used to build stations and crossovers. Facility
construction was divided into 15 major contracts.

Passenger vehicles are stainless steel, standard gauge, 75-foot-long rail cars, configured in
dependent pairs. Each can accommodate up to 180 passengers, 59 seated, and are capable of
operating at speeds up to 70 miles per hour.

9.3 PROJECT ORGANIZATION

Prior to July 1990, the Transit Systems Development (TSD) Department within SCRTD had
responsibility for the design, construction and operation of the Metro Rail Project. Other
organizations within SCRTD provided matrixed support (accounting, contracts administration
and legal). Four consultant organizations were retained by TSD to round out the core team,
including: a General Consultant, a Systems Engineering and Analysis Consultant, a Construction
Management Consultant, and an Insurance Consultant. '

A transition team was formed in February 1990 to facilitate transfer to the RCC. Construction
and procurement contracts were transferred to RCC effective July 1, 1990. Responsibility for
fiscal functions, oversight of quality and cost, and EEQ activities remained with SCRTD.

The RCC was originally structured as a complete matrix organization. In early 1992, it was
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METRO RAIL PROJECT - SEGMENT | MAP

21INIY

Figure 15. MOS-1 Map

restructured to a project/matrix organization to provide management and technical support to
each Project Manager.

To augment its core staff, the RCC utilized an Engineering Management Consultant (EMC), a
Construction Manager (CM), specialty consultants, and DBE subconsuitants.

9.4 KEY EVENTS/CHRONOLOGY
This section presents a brief overview of some of the key project events and their chronology.
. December 1983 - Final Environmental Impact Statement issued.

. August 1986 - Full Funding Grant Agreement executed. Revenue Operation Date (ROD)
* scheduled for April 30, 1992. ROD is the date revenue operations are commenced.

. January 1988 - Scheduled ROD slipped to January 4, 1993 due to realignment at Union
Station and unanticipated delays in bid/award of construction contracts.
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. April 1988 - Design activities substantially completed. ROD changed to September 10,
1993 due to lack of progress on some major construction packages.

’ July 1989 - Supplemental Environmental Impact Statement issued after realignment
caused by a gas explosion

e July 1990 - Design and construction activities transferred to RCC
. April 1991 - RCC sets target for ROD at June 1993
. September 1991 - Tunnel work and track installation complete
. June 1992 - RCC revises ROD to March 1993
. January 1993 - Actual ROD

9.5 PROJECT FINANCING

Funding related to MOS-1 began in June of 1980 with the start of preliminary engineering.
Incremental funding was provided in 82, 83, and 84. In August of 1986, the FTA entered into a
Full Funding Grant Agreement (FFGA) with the SCRTD under which the FTA would provide
$695.9M toward the estimated cost of $1.25B. The City of Los Angéles, LACTC and the State
were obligated to provide $218M to match the federal funding as well as give assurances to
independently fund the remaining portion of the undertaking.

Los Angeles County voters authorized an increase in the sales tax of one half percent in 1980 to
help fund the transit system development. In addition, a special Benefit Assessment Tax District
was established and administered by SCRTD.

Exhibit 37 depicts by major cost category, the buildup of the grant budget for the FTA funded
portion of the project over time. Note that the amendments dated 9/28/84 and 3/9/92 did not
increase the funding level, but redistributed funds previously allotted.

Exhibit 38 shows the status of funds by major funding source starting in 1987. This exhibit
confirms the time gap between obligation of funds and the expenditure of those funds. Also note
the formation of a cost overrun account in 1991. MTA assumed LACTC’s share of responsibility
for funding the overrun account in February of 1993; the City had the remaining responsibility.

9.6 CAPITAL COST ESTIMATES
Estimates for project cost were collected for four points in time: at the FEIS in 1983, a working

estimate developed in May 1984, the estimate associated with the Supplemental Environmental
Impact Statement of July 1989, and a forecast made in December of 1990. Estimates for 1983
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and 1984 did not include escalated values as line items, permitting escalation using latest available
Means data. The other estimates escalated individual values and were thus used as presented in
the original documentation. Note that the level of detail presented in the estimates differed
significantly, resulting in the cost grouping scheme appearing in Exhibit 39 and Table 22. Table
22 displays estimate accuracy—the numbers represent how much of a difference there was
between each estimate and the 1993 costs to date.

. FEIS  Workingest |  SEIS * Forecast
| 12/05/83 :  5/29/84 7/89 L 12/31/90
Construction Procurement | 82.57% | -15.62% | -1858% | 1.58%
Contingencies DesignEng. 1+ 2.78% | -3741% -17.17% ;. 63.06%
Construct Memt i ‘:
flnsur. Agency Other L 20.74% 0 49.74% | 11.44% ;
Right-Of- Way -1.22% , | -4038% 0.97%
Total | 4042% 1 2263% | 01808 1 320%

Table 22, Estimates vs 93 Costs to Date

The original FEIS included consideration of all three segments of the Metro system. Isolating
costs for just MOS-1 was complex because of difficulty in allocating preliminary engineering costs
between segments. The estimate includes a design contingency of 15% for facilities and 10% for
systems. Design and construction management were estimated at 13% for facilities and 10% for

systems.

In the SEIS, contingency was estimated at 10% of the total escalated project cost. Design and
construction management were estimated at 15% of facility cost. For systems, design and
construction management were estimated at 10% of cost. :

9.7 PROJECT CAPITAL COST HISTORY

This section analyzes data provided in quarterly progress reports. Figure 16 is a typical summary
page extracted from one of the reports to indicate the basic format used. The trends, variances,
and major changes discussed in this case study were derived from combining detailed level data
into major cost groups. Appendix 9 details the grouping scheme utilized for Los Angeles. .

Exhibit 40 presents a condensed picture of a project with significantly increasing budgets through
1991. Construction, design/engineering, administration, construction management, and right-of-
way stand out for the magnitude of their increases. The mtersection between administration and
force accounts leads one to speculate that there was a change in account definition that took place
with the transition to the RCC. Exhibit 41 provides a more focused look at these cost categories,
with the exception of construction. 1990 is clearly the start of a new management philosophy and
new budget. Exhibit 42 confirms this transition point through the large percentage of account
reallocations performed in 1990 and in 1991. ,
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With respect to the pace of expenditures, approved budgets were adequate through 1991(see
Exhibit 43), with the exception of design/engineering in 1990 (in deficit by over S$13M).
Beginning in 1992, expenditures began exceeding approved budgets in certain categories:
construction management, construction, and systems. 1993 saw budget shortfalls also in
design/engineering, insurance, and right-of-way. Note that the overall budget remained adequate
through 1993, despite these group shortfalls.

Clearly, the need for budget increases did not come as a surprise starting in 1989. Exhibit 44
traces the difference between approved budgets and forecasted budgets by major cost group.
Groups experiencing budget problems stand out clearly in this exhibit: construction, construction
management, design/engineering, right-6f-way, and systems.

9.8 DETAILED ANALYSIS OF SELECT COST CATEGORIES

This section will consider the cost categories of real estate, soft costs, and contingency in more
detail Exhibit 45 shows the $43M increase in the real estate budget in 1990 and the
accompanying increase in expenditures. Real estate expenditures exceeded the real estate budget

in 1993 by almost $3M.

Exhibit 46 presents budgeted soft costs over time and budgeted soft costs as a percentage of the
total project budget. Note the relatively high percentage starting in 1990 and continuing through
1993 Soft costs on-an expenditure basis and as a percentage of total expenditures appear in
Exhibit 47. Note that the percentages are even higher in this exhibit. ~Subtracting expenditures
from budgets in Exhibit 48 indicates major categories experiencing budget shortfalls: design/
engineering in 1990 and 1993, construction management in 1992 and 1993, and insurance in 1993

and 1994.

Exhibit 49 depicts project contingency from 1986 to 1994. This exhibit presents a profile of a
project that is in some confusion until 1990. Note the decrease in forecasted budget from 1987 to
1988, followed by an increase in 1989 and 1990. In 1990, the forecasted contingency actually
exceeded the approved amount. Starting in 1991, the contingency profile seems to show a project
that is much more in control, as the forecasted contingency steadily decreases.

9.9 FINDINGS/HYPOTHESES

The capital cost overruns of MOS-1 appear to have been driven by three major cost categories:
real estate (right-of-way), construction, and soft costs. As depicted in the prior exhibits, the
project history can almost be considered in two parts, before and after 1990. The project
environment before 1990 was characterized by'some lack of preliminary engineering/ geotechnical
surveys, scope and design changes resulting in schedule delays, heavy claims activity, and
ultimately higher costs. On the real estate side, more condemnations were required than originally
projected which resulted in more legal activity, higher awards, and increased costs.
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Figure 17 presents data on one of the presumed causal factors for increased costs, the change
activity as of May 1994. Change cost equates to almost 15% of total project cost, a figure
significantly higher than that of other projects studied. On the claims side, 39% of change cost
resuited from claims (Figure 18).

After 1990, MOS-1 appears to be a project in firmer control of its budgets and expenditures. The
exceptions to this statement involve soft cost expenditures—construction management and
design/engineering which continued to significantly increase.
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% Tots % Total
1CN'S  Volume Change Cost Change Cast
WORK, SCOPE
100 WORK SCOPE 5 0.10% $12,084.00 0.01%
110 EXTRA WORK 2043 40.01% 181,724,68).45 39.48%
115 ADDITIONALNEW WORK 7 0.14% $214,241,22 0.10%
120 DELETION OF WORK 103 2.02% 117,339,987.09) -3.55%
2158  42.26% 474,613,805.64 = 36.08%
SCHEDULE CHANGES
200 SCHEDULE CHANGES 4 C.67% (4589, 404.39] 0.29%
210  DELAY OF WORK {COMPENSABLE) 57 1.12% 121,331,014.22 10.30%
220  ACCELERATION OF WGRK: 58 1.14% 14,876,362.00 2.36%
230 MILESTONE REVISIONS INON-COMPENSABLE) 16 0.31% $0.00 0.00%
165 3.23% $25,607,961.83 12.37%
DIFFERING CONDITIONS
300 DIFFERING CONDITIONS 4 0.08% 197.245.0¢ 0.04%
310  DIFFERING SITE CONDITIONS 53¢ 10.38% 316,111,570.59 7.30%
320 HAZARDOUS MATERIALS 7 0.14% 1438,857.00 0.21%
841  10.60% $15,637,582.43 7.55%
TERMS AND CONDITIONS
400 TERMS AND CONDITIONS 33 0.65% 13,424.00 0.00%
410 TERMS AND CONDITIONS [OWNER ORIGINATED} 92 1.80% $522, 30174 0.25%
430  EDITORIAL CLARIFICATIONS/DOCUMENT MAINTENANGE s . 0.10% 416,700.00 0.01%
130 . 2.55% $542,525.74 0.26%
DESIGN CHANGES
500 DESIGN CHANGES 5  0.10% 116,265.00 0.01%
510 DESIGN CHANGES/ENHANCEMENTS {OWNER DRIGINATED 446 8.73% $22,757,457.12 10.99%
520  DESIGN CHANGES/ENHANCEMENTS (MTA OPERATIONS © 178 3.49% 12.508.381.21 1.24%
530 CORRECTIONS TO PLANS AND SPECIFICATIONS 1229  24.07% 113,813, 794.24 6.687%
540  VALUE ENGINEERING CHANGES (CONTRACTOR ORIGINA 14 0.27% (9732,235.74) 0.38%
1872 36.86% $38,410,641.83 18.56%
MANAGEMENT ISSUES
500 MANAGEMENT ISSUES 2 0.04% $33,987.00 0.02%
610 DISRUPTIONANEFRCIENCY [CLAIMS ONLY) 9 G.18% 12,928,484.27 1.42%
620 COMPREHENSIVE CLAIMS 11 0.22% H.838,320.24 2.34%
22 0.43% 47,801,150.51 3.77%
QUTSIDE AGENCY REQUESTS
730 TERAMS AND CONDITIONS [OUTSIDE AGENCY CRIGINAT 18 0.35% $231,205.90 0.11%
18 Q.35% $231,205.98 0.11%
EXERCISE OF CONTRACT OFTIONS
800 EXERCISE OF CONTHACT OPTIONS 8 0.16% 15.912.084.00 3.34%
8 0.16% $6,913,084,00 3.34%
OTHER o
800 OTHER 192 .78% $37,231.042.10 17.99%
192 3.76% . $37,231,042.23 17.99%
PROJECT TOTALS: 5106 100.00% +$206,997,000.25 100.00%

Figure 17. Executed Changes as of 5/24/94
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' % Taotal % Total
aﬂﬁ.{ MS- TCN'S  Volume Change Cost Change Cast
.-'._—-—
64 4.46% 33,394.529.72 4.37%
64 4.45% $3,394,529.72 417%
WORK SCOPE
100 WORK SCOPE i 0.07% $5,000.00 0.01%
110  EXTRA WORK 416 29.01% 18,123,153.23 9.98%
120  DELETION OF WORK 10 0.70% (31,763,375.23 2.17%
427 29.78% $6,364,778.00 7.82%
SCHEDULE CHANGES
200 SCHEDULE CHANGES 7 0.49% $16.221.81 0.02%
210  DELAY OF WORK {COMPENSABLE) 23 1.50% $11.439.268.13 14.05%
230  ACCELERATION OF WORK 15 1.05% $2,591,408.08 3.31%
. 45 3.14% $14,147,007.87 17.38%
DIFFERING CONDITIONS
310 DIFFERING SITE CONDITIONS 226 15.76% 9,202,872.64 11.43%
320 HAZARDOUS MATERIALS 4 0.28% 454.814.00 0.07%
. 230  16.04% $3,362,691.64 11.50%
TERMS AND CONDITIONS
400 TERMS AND CONDITIONS 1 0.07% 10.00 0.00%
410  TERMS AND CONOITIONS (OWNER ORIGINATED} 8 0.56% $268,095.14 0.03%
] 0.63% $26,085.14 0.03%
DESIGN CHANGES |
510 DESIGN cumsss:sumﬁcmsmswwuen ORIGINATED 129 9.00% $2.163,095.90 3.89%
520 DESIGN CHANGES/ENHANCEMENTS (MTA OPERATIONS & 35 2.44% $1,020,262.73 1.26%
530 CORRECTIONS TO PLANS AND SPECIFICATIONS 459 32.01% 14,123,430.05 5.07%
540 VALUE ENGINEERING CHANGES ICONTRACTOR CRIGINA 2 C.14% $26,728.28 0.03%
: 625 43.58% $8,340,416.84 10.25%
MANAGEMENT ISSUES
600 MANAGEMENT ISSUES 2 0.14% $33,341.00 0.04%
610 OISt {CLAIMS ONLYY 3 0.56% 13,248,462.27 3.99%
620 COMPREHENSIVE CLAIMS® 7 0.49% $4,702.202.44 5.88%
17 1.19% $8,069,093.11 8.31%
QUTSIDE AGENCY REQUESTS
730  TEAMS AND CONDATIONS {OUTSIDE AGENCY ORIGINAT © & 0.35% 112,368.18 0.02%
5 0.35% $12,966.18 0.02%
OTHER
900 OTHER ] 0.56% $31,082.337.75 38.92%
949 4 0.28% 17.044.00 0.01%
12 0.34% $31,689,381.78 38.93%
PROJECT TOTALS; 1434 100.00% $91.406,950.9% 100.00%

Figure 18. Executed Changes (Claims) as of 6/23/94
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Appendix 9. Grouping Key

Administration

: ‘agency cost
" Acministration . - gwners costs
Administration : ' Pre. Rev. Operation
" Administration 3 - Project Administration
Administration : :SCRTD ;
_Administration 113.79.00 gG&NOTHER SUPPORTING SERVICES/WATER REPLENISHMENT
Administration :15.16,00 . proj. admin-G&A
"Administration j15.16.80 i other support serv
Administration TMY0O1 ‘RCC
Const. Mgmt i f construct. mar.
-Caonst. Mgmt : | Canstruction Management
Const. Mgmt : . Other Construction Related
. Const. Mgmt :13.71.04 : PROF. SERVICES CONST. MGMT.
Const. Mgmt {20.08.02 i constr. mgt
. Const. Mgmt 1 3369 i Construction Manager
- Construction ; construct./procure
| Construction , canstruction
" Construction . | quideways
: Construction Guideways/Structures/Fac.
. Construction Hazardous Material Handiing
‘ Canstruction Maintenance Facilities
: Construction parking
‘Construction special projects
. Construction stations
Construction total facil. cost
_Constryction i Trackwork
Construction 1tk relocation
Construction 1utilities
- Construction i | Utility Relocations
- Construction 113.23.04 TSUBWAY TUNNEL CONSTRUCTION
- Construction 113.23.04 tunnel(guideway
- Constryction 113.24.92 RAILROAD RELOCATION
: Construction 113.33.02 const. stations !
‘Construction 13.33.02 CONSTRUCTION OF STATIONS AND PARKING FACILITY :
: Construction 13.42.02 censt. mntrepair ;
. Construction 13.42.02 CONST. OF MAINT. & REP. FAC. i
! Construction 134206 serv/maint.egip
: ' Constructien 13.75.95 utility relocation :
i Construction 13.75.85 UTILITY RELOCATIONS k
: Construction 13.76.53 demoiition : H
- Caonstruction 16532 Stauffer Chemical :
: Construction . 16533 Cailgon Carbon Corp.
i Construction 3321 John 8. Gordon (At Program) .
: Construction 35616 Calgen Comp. '
1 Construction 37444 Westemn States .
: Construction 42264 Van Waters and Rogers !
' Construction 4588 Chemtech !
| Construetion Al Santa Fe Avenue Restore ;
: Canstruction A112 Main Shop Building :
i Construction A113 Main Shap Building Repair Work :
i Construction A115 Yard Storage Area !
1 Construction A8 Yard Site Landscaping '
: Construction A1 M.O.W. Building
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oy e B C =
| Construction A123 Demolition, Westrance Building :
| Construction A124 Ducomm St & Jackson St. Rest. '
| Construction | A130 Yard Leads/Transfer Zone
IConstruction 1A132 Demo Struct on A1-024.
I Construction A133 Union Station Baggage Facility
i Construction A134 Demolition, A1-032 .
: Construction A135 Union Station - STAGE | E
i Construction {A136 i Union Station - STAGE |l
"Construction TA138 Union Station Site Work
. Constryction :A139 Union Station Site Landscaping
i Constryction (A4 :Civic Center Stafion - STAGE |
. Construction 1A141 Union Station to Sth/Hill Tunnel
Construction ‘Aldad Water Treatment Plant Ops
{Construction 1 A145 Sth/Hill Station - STAGE |
Construction |A146 SttvHill to 7th Fiwr Tunnel
Construction A1471157 SthvHili - CC Station STAGE it
i Construction A148 Utility Relocation/ Vault Modi.
! Construction A165 7th/Flowr Station - STAGE | MRT
Caonstruction A167 7th/Flowr Station - STAGE Il MRT .
Construction AlT1 Tth/Flowr to WIL/ALY Tunnet .
"Construction AlT2 Demolition, A1-208 -
"Construction AT73 - Demoiition, A1-221-2, 2245 i
[ Construction A175 WIL/ALV Station - STAGE | !
| Construction A185 Restore WIL/ALV Station i
' Construction A186 WIL/ALV Site Landscaping ;
"Canstruction TA187 Wilshire/Alvarado Station
. Construction |AG10M115 j Track Work / Yard Storage ;
; Construction FA7S0 Hazardous Material Removal ;
Construction T SPECIAL PROJECTS
Contingencies conting/designveon mgt ‘
! Contingencies contingency :
[Contingencies Project Contingency Fund :
! Contingencies . project reserve i
Contingencies 110.73.00 CONTINGENCIES .
Contingencies 32.00.00 contingencies ;
{Contingencies T ' PROJECT RESERVE :
i Design/Engineering design/const. mgt
"Design/Engineering Gen, consult. & design :
! Design/Engineering General Engineering :
! Design/Engineering pro-services |
Design/Engineering Schimpier - Coranada !
Design/Engineering Specialty Consultants i
Design/Engineenng 13.71.02 PROF. SERVICES ENG. & DES. ;
Design/Engineering 15.08.01 eng./design ;
Design/Engineering 2597 General Consultant
Design/Engineering 3136 Vehicte Consultant
Desigr/Engineerng 4344 Archeological Services ;
Desigrn/Engineering ED017 High - Point Schaer i
Force Account Utility/Agency Force Accls. i
Force Account utifity/agencyiforce
Force Account 13.72.00 FORCE ACCOUNT
Force Account 137 So. Pacific - Communicatien '
: Force Account 145 $th and Hill Utility o
Force Account 15.15.02 force account i
Farce Account 161 7th and Flower Utility i
. Farce Account 2963 Santa Fe Rail Spur
Force Account 3090 Consolidated Fire Dist.
Force Account 3138 City of Los Angeles
Force Account 3172 Pacific Bell
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: Force Aécount

13173

i DWP, Power
[ Force Account 13237 “Western Union
Force Account - 3301 ; Caltrans
- Force Account 13371 :Cable TV
Farce Accaunt 3464 DWP, Water
Force Account ;3520 i Southern Califomia Gas
"Forece Account 13535 ' County of Las Angeles
-Force Account 13787 i Chevrorn
' Insurance i {insurance
‘Insurance i Iinsurance/agency/oth
‘Insurance i i Owner's Insurance
‘Insurance 113.71.05 OWNER CONTROLLED INSURANCE
- Insurance 120.11.01 owner insurance
insurance - 3504 tRCC Insurance
-Insurance . 3504 {SCRTD Insurance
- Procurement : i Art-in-Transit Program
. Procurement ; : vehicle-awpdliary
'Procurement :13.42.06  SERVICE AND MAINT. EQUIP.
"Procurement 113.42.07 iMIS EQUIPMENT
. Procurement i13.42.11 iSUPPDRT VEHICLES
:Procurement 113.42.20 :SUPPORT EQUIPMENT
; Procurement i15.02.01 purch supp vehic
: Procurement 15.02.02 purinst sup. equp
Procurement 20.02.07 purfinst. MIS equp
Procurement A116 Yard Site Security Fencing
' Procurement {A117 Yard Site Lighting
"Procurement 1A143 Water Treatment Chemicals
. Procurement 'AB12 Contact Rail
; Procurement ‘AB1S . 1Contact Rail Caverboard
- Procuremerit {AB16 Rail Fasteners - MRT
: Procurement 1AGT1 Locomotive Procurement
: Procurement 1ABT2 Flat Car Procurement
' Procurement LABTH Crane Procurement (Flat car)
' Procurement 1A730 Fixed Shop Equipment
. Procurement AT32 Whee! Truing Machine
t Procurement A735 Free Standing Shop Equipment
| Procurement ATT70 Trucks and Trailers
. Procurement |ATTS Mobile Emergency & Maint. Equip.
1 Procurement AT780 Furniture Procurement
i Precurement ATES Fire Equipment
' Procurernent A7S0 First Stores and Consumables
i Purchase Cars Rail Passenger Vehicles
‘Purchase Cars vehicle-passenger
' Purchase Cars 13.13.00 PASSENGER VEHICLES
"Purchase Cars ABS0 Passenger Vehicles
' Right-Of-Way Real Estate Acquisition
Right-Of-way real-estate
Right-Of-Way ROW
. Right-Of-Way 13.76.91 RIGHT-OF-WAY ACQUISITION
i Right-Of-Way 20.06.10 ROW
| Right-Of-Way T REAL ESTATE
| Systems central control fac
| Systems communications
! Systems i Electrification
I Systems | fare collection
I Systems main yard
Systems Systemwide Equipment
Systems [ total systems cast
“Systems i traction power
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odiad i ;train control
Systems 13.32.065 'FARE COLLECTION EQUIPMENT
Systems 13.43.04 "CONST. OF STOR. YD & LEADS
 Systems '13.43.04 ;const strg yard
. Systems [13.62.01 “ayto train cntrl
Systems 113.62.01 "AUTOMATIC TRAIN CONTROL
_Systems 136208 ' COMMUNICATION EGUIPMENT
Systems 120.02.08 - purfinst.com equp
Systems 4238 - Telephone Equipment
Systems 5383 Qperational Graphics Procure
Systems AGZ0 - Automatic Train Control
Systems 2630 Traction Power Equipment - MRT
Systems TAE3N Traction Power inst. - MRT
Systems : AB4D : Communications - MRT
 Systems "ABS0 Fare Callection
. Systems : AT10 ‘Eievators & Escalators - MRT
Systems TATo0 : Elevator Procurement/Installation
Systems 2740  Ventilation Equipment - MRT
_Systems ATAE | TPSS/AIr Handling Equip. - MRT
Systems "ATE0A [ Signing
Systems TAT608  Edge Lighting
i Systems A7G5 iUPS 50 KVA - MRT
: Systems 795 {UPS 100 KVA
! Systems 2837 iF.0. Trans. Cable
:Systems 840 'Fare Collection Equipment
; Systems : Testing and Operations
| Testing ' ABS5 ' Transportation Test Center
‘Testing
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