
RECEIVED 

\ 
\,. ,,,. 

------------- ,/ LACTC 

,. . 

THE UMT A RAIL 
MODERNIZATION· PROGRAM 

• I 
• l 

,.,J~ 
' ... , 

EVALUATION OF THE IMPACTS OF SECTION 3 CAPITAL GRANTS .1 

FOR RAIL REHABILITATION AND MODERNIZATION, 1965-1977 · 1 
- '! 

prepared for the 

U. S. Department of Transportation 
Urban Mass Transportation Administration 
Poilicy, Budget and Program Development 
Office of Program Evaluation 
Washington, D.C. 20590 

;~00 03 03 01 01 0338 
BflOlfTT /PEAT. ~ARlilICK. MITCHEL L & CO. 
us or /UIITA 
UMTA A~ l l M DE,,l!ATION PRBMIEVALUAllON Of !H f 
IKPACT~ Cf ECTIOM 3/CAPl1Al GRANT S FOR RAIL 
RE~AE I ~co R~!ZATIOM /196S-!977 
0$/01 /)\ 

,. 

• I 

j, 

.. .,,. ,. ~ .. 
• ':i,)• ,, 

"'~1~ :' i .. ~ ,~µ!> 
• • i=, ' ,,~ . . .~ ·1· • 
. ' ~ 1 
' ' if, 
. ·'1 .. , ._ 

.,,.,, 
.. , ~ .. 
• ! 

:"• .. 



• I 
I 
t, 

I 
.. 
~ 

i ,, 

I ~-. 
;, .. ~, - l" ,, 

'.J.< it . 

}· 

I 
i 

' : 
;. " 

. 1 

~ -

j-· ~ I" 

' ' -' . . . ·,.:;.,, . ~-
' :' • ' ,:1.. i·t• 

~-t" ~· .: :~ f• .J ' 

, .. 
f : ', f 

• 1 

.. 
' 

. . -

·;·'oh.:. 

t ":.l l';r 

·/ l 
NOTICE ' .. 

This ~document is disseminated under the sponsorship of the,_ 

Department of Transportation in the interest of information 

exchange. The United States Government assumes no 

liability for its contents or use thereof. 

'1. ' I 

NOTICE 

The United States Government does not endorse products or 

manufacturers. Trade or manufacturers' names appear herein 

solely because they are considered essential to the object of 

this report. I'• 
I 

L. 

'. 

' 

~: 
,•!. • •l,l· r . . 

0900 03 03 01 01 03 38 DATE DUE 
c'• r ,. 
l ~ 

l . 
. 

! • 

•, -

BENNETT/PEAT, HARWICK, MITCHELL & CO . 
US OOT /UMTA 
UHTA RAIL MOOERHIZATIOH PRGH/EVALUATIOH 
IMPAC TS OF SECTIOH J/CAPITAL GRAHTS FOR 
REH AB & HOOERHIZAT!OH / 1965-1977 
05/01/79 

.....-.. ...._ ___ __ 

OF THE 
RAIL 

GAVLORD 

> ,-

.. 

,l 

PRINTED IN U.S.A. 

J 

k,¾t-, 
•• ,F( :/i 

·•· .... ,, 



Technical ~eport Documentation Page 

1. Report No. 2. Government Accession No. 3. Recipient's Cota log No. 

UMTA-UPP-79-8 
4. Title and Sub ti tie 5. Report Dote 

The UMTA Rail Modernization Program May, 1979 
Evaluation of the Impacts of Section 3 6. Performing Orgoni zolion Cod• 

Capital Grants for Rail Rehabilitation and 
Modernization 8. Performing Orgoni zotion Report No. 

7. Autho,1 s) 

John Bennett UMTA-UPP-79-8 
9. Performing Organization Name ond Address 10. Work Unit No. (TRAIS) 

Peat, Marwick, Mitchell & Company 
1990 K Street, N.W. ll. Contract or Gran! No. 

Washington, D.C. 20006 UMTA-IT-06-0118 
13. Type of Report ond Period Covered 

12. Sponsoring Agency Name and Address 

U.S. Department of Transportation Final Report 
Urban Mass Transportation Administration 
400 Seventh Street, s. w. 14. Sponsoring Agency Code 

Washington, D. c. 20590 
15. Supplementary Notes 

Project.Monitor: Jack Bennett 
Contributing Team Members: Bryan Green, Diane Schwager, Steve Etkin 

16. Abstract 

This report is an evaluation of the Urban Mass Transportation Administration grants 
for the modernization of existing rail systems. From the beginning of the Section 3 
Capital Grant Program through May 31, 1977, Section 3 grant approvals amounted to 
approximately $6.2 billion. Of this total, $1. 7 billion, or 28 percent was 
approved for the rehabilitation, replacement and upgrading of existing rail systems. 

The report contains an inventory of rail modernization projects by type, mode 
(rapid rail, light rail, and commuter rail), and city. Impacts of these funds are 
analyzed by examining several specific projects in detail. 

In addition to the examination of project impacts, the process uded by two transit 
operators (NYCTA and PATH) to secure rail modernization funds and to select and 
implement projects is discussed. 

LACTC/RCC 
LIBRARY 

17. Key Words 18. Distribution Statement 

Urban Transportation Rail Available to the Public through the 
Transit Rail Modernization Evaluation National Technical Information Service, 

Springfield, Virginia 22161. 

19. Security Clouif. Col this report) 20. Security Clonif. (of this poge) 21• No. of Pages 22. Price 

Unclassified Unclassified 

Form DOT F 1700.7 CB-72) Reproduction of completed po9e o,,.,i,,,,;:.,:,d 



TF 
857 
.B47 



Section 

I 

II 

III 

IV 

V 

Appendix 

A 

B 

TABLE OF CONTENTS 

EXECUTIVE SUMMARY 

A. Purpose of This Study 
B. Study Approach 
C. Findings and Conclusions 
D. Recommendations 

INTRODUCTION 

A. Purpose of the Study 
B. Study Approach 
C. Organization of the Report 

UMTA PROGRAM GOALS AND OBJECTIVES 

1.1 

I.l 
I.1 
I.3 
I. 5 

II.1 

II.1 
II. 1 
II.2 

III .1 

A. Federal Role in Transit III .1 
B. Rail Modernization Program Goals and Objectives III .4 

Il\tIPACTS OF THE RAIL MODERNIZATION PROGRAM 

A. Local Impacts 
B. National Impacts 

EVALUATION OF THE RAIL MODERNIZATION PROGRAM 

A. Rail Modernization Program Impacts 
B. Rail Modernization Program Management 

Impacts Resulting from the Modernization of Existing 
Equipment and the Purchase of New Equipment for the 
Burlington Northern 

Impacts Resulting from the Modernization of Power Con­
version Equipment by the Port Authority Trans-Hudson 
Corporation (PATH) 

i 

IV .1 

IV. 1 
Iv.11 

V. 1 

V. 1 
V. 10 

A. 1 

B. 1 



Appendix 

C 

D 

E 

F 

TABLE OF CONTENTS (Continued) 

Impacts of UMTA-Funded Improvements on the River­
side Branch of the Green Line 

Impacts Resulting from the Purchase of New Commuter 
Rail Cars by the Southeastern Pennsylvania Transpor­
tation Authority (SEPTA) 

Station Modernization Projects Funded by the UMT A 
Section 3 Rail Modernization Program 

Urban Rail Rehabilitation and Modernization Funding 
Process Case Studies 

ii 

c. 1 

D. 1 

E. 1 

F. 1 



LIST OF EXHIBITS 

Exhibit Page 

III-1 U .s. Transit Sector Aggregate Post-War Statistics III. 2 

IV-1 Initial Survey of Rail Modernization Grant Impacts IV .2 

IV-2 Grant Impact Case Studies IV .4 

JV-3 UMTA Section 3 Rail Modernization Grant Approvals 
by Mode and by Year, 1965-1977 IV. 14 

IV-4 Trends in Rapid and Light Rail Modernization Patron-
age and Vehicle-Miles Operated, 1953-1977 IV .16 

IV-5 Changes in Annual Patronage in Selected Rapid Rail 
Systems IV .18 

IV-6 Commuter Rail Operating Trends IV .20 

V-1 Rail Modernization Project Impacts on Program Goals V .6 

iii 





I. EXECUTIVE SUMMARY 

The Urban Mass Transportation Act of 1964 was enacted by Congress to 
provide federal financial assistance for the development of comprehensive and 
coordinated urban mass transit systems. As one of various UMTA programs 
providing financial assistance to urban areas, the Capital Grants and Loan 
Program was established under Section 3 of the UMT Act. From the beginning 
of this program through May 31, 1977, Section 3 grant approvals amounted to 
approximately $6. 2 billion. Of this total, nearly $1. 7 billion, or 28 percent, 
was approved for the modernization of existing rail systems, including the 
replacement and upgrading of facilities and equipment • 1 

A. PURPOSE OF THIS STUDY 

Projects funded through the rail modernization program are often justified 
on the basis of their anticipated impacts on the safety, reliability. cost, and/ 
or patronage of existing rail systems. These projects, however. are rarely 
examined to determine their effect on rail systems following their implementa­
tion. In this study. an initial examination of these impacts was conducted. As 
part of this examination, this study also involved the preparation of an inven­
tory of rail modernization projects by type, by mode, and by city, as well as 
an evaluation of the process undertaken by local transit operators to secure rail 
modernization funds and to select and implement rail modernization projects. 

The inventory of rail modernization projects was prepared during Phase I 
of this study and is described in an earlier complementary report. 2 The re­
maining analyses were conducted during Phase II and serve as the primary 
focus of this report. 

B. STUDY APPROACH 

The evaluation of Rail Modernization Program impacts was conducted by 
examining a variety o·f specific projects funded through this program. This 

1Major extensions to existing facilities and new ra:i:l transit systems are also 
funded by Section 3 grants. They are not considered part of the rail modern­
ization program, however. 

211The UMTA Rail Modernization Program, The Distribution of Capital Grant 
Funds for Rail Rehabilitation and Modernization," prepared for the U.S. 
Department of Transportation by Peat, Marwick, Mitchell & Co •• July 1978. 
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evaluation approach permitted a more detailed review of the range and extent 
of impacts resulting from rail modernization efforts. The projects selected 
for examination represent a mix of modernization activities which reflect the 
pattern of investment undertaken for the program as a whole. This pattern 
suggested that projects examined in detail should reflect the fact that ( 1) nearly 
70 percent of all funds have been approved for use in New York and Chicago, 
(2) funds approved for rolling stock rehabilitation and replacement have ac­
counted for over 50 percent of the total, and (3) a significant level of funds 
has been approved for each of the three rail modes--light, rapid, and com­
muter. These factors served as the primary basis for selection of projects 
for in-depth examination. Other factors which influenced the final selection, 
however, included the extent of project completion and the availability of data 
to measure resulting project impacts. 1 The following projects were selected 
for detailed examination: 

• IL-15 (Chicago, Illinois) - Replace/ modernize Burlington 
Northern commuter rail rolling stock; 

• IT-01 (New York, New York) - Power system improvements for 
the Port Authority Trans-Hudson Corporation; 

• MA-10, MA-13, MA-15, MA-22 (Boston, Massachusetts) - Roll­
ing stock, way and structure, and station improvements on the 
Riverside Branch of the Green Line light rail system; 

• PA-10 (Philadelphia, Pennsylvania) - Replacement of SEPTA ex­
Penn-Central Division commuter rail rolling stock; and 

• NY-07, PA-23, PA-33 (New York, New York; Philadelphia, Penn­
sylvania) - Station modernization improvements. 

Reports on the evaluation of each of these projects are presented as separate 
appendices to this report. 

In addition to the examination of project impacts, an evaluation was con­
ducted of the process undertaken by local transit operators to secure rail 
modernization funds and to select and implement projects. This evaluation 
reviewed the process for a recipient of UMTA Section 3 grant funds (New 
York City Transit Authority) compared with the process for a transit au­
thority whose rail modernization program is currently financed independent 

1Since no routine mechanism is in place to consider the impacts of rail mod­
ernization investments on a continuing basis, data for this purpose are sparse 
or nonexistent. 
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of UMTA capital grants (Port Authority Trans-Hudson Corporation). The 
results of this evaluation are also provided in an appendix to this report. 

Findings, conclusions, and recommendations resulting from the evalua­
tion of project impacts, the investigation of the process for identifying, fund­
ing, and implementing these projects, and the Phase I study of the overall 
investment program are summarized below. They are discussed in more de­
tail in subsequent sections. 

C. FINDINGS AND CONCLUSIONS 

Federal objectives with regard to mass transit are apparent in UMTA 's 
authorizing legislation in which the Congress concluded that: 

the welfare and vitality of urban areas, the satisfactory move­
ment of people and goods within such areas, and the effective­
ness of housing, urban renewal, highway and other federally 
aided programs are being jeopardized by the deterioration or 
inadequate provision of urban transportation facilities and ser-

. 1 vices .•• 

This statement reflects a general concern for urban areas, the role of transit 
in affecting these areas. and the condition of transit systems. 

The Capital Grants and Loan Program was established under Section 3 of 
the UMT Act of 1964 as one of various UMT A programs initiated to avoid 
deterioration and inadequate provision of urban transportation facilities and 
services. The Rail Modernization Program specifically addresses the capi­
tal replacement needs within the urban rail transit sector. The goals and 
objectives of the rail modernization program, as described by former UMTA 
Administrator Robert E. Patricelli, are to maintain the already substantial 
rail transit patronage on existing systems, to ensure safe operation, and to 
protect the physical integrity of the urban rail network. 2 It is within the con­
text of this perspective that the evaluation of this program was conducted. 
The principal findings and conclusions from this evaluation are as follows: 

l. Widespread system deterioration was common in the rail transit 
sector prior to 1965. 

1Department of Transportation, Urban Mass Transportation Act of 1964 and 
Related Laws, February 5, 1976, Washington, D.C., p. 1. 

211Hearings Before a Subcommittee of the Committee on Appropriations. House 
of Representatives," Ninety-Fifth Congress, Second Session, Department of 
Transportation and Related Agencies for 1977. p. 6 56. 
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2. Since 1965, UMTA has provided $1.7 billion in Section 3 funding 
to replace or modernize the physical plant and equipment of 
urban rail systems. Only a limited number (a bout 45 percent) 
of the projects funded by this program have been completed. 

3. Because capital replacement needs exceed available grant funds, 
these funds are used for the most critical needs. 

4. UMTA investment in rail modernization has encouraged the 
continued provision of safe and reliable service by addressing 
the more critical operational needs. 

5. Transit operators typically justify rail modernization investments 
on the basis of safety. reliability, cost savings, and patronage 
impacts. 

6. UMT A may expect the future demand- -relative to other moderni­
zation projects--for the replacement and rehabilitation of rolling 
stock to decrease in the absence of increased capacity pressures. 

7. Maintenance of way improvements represent continuing capital 
replacement needs and generally impact the safety and reliability 
of rail transit operations. 

8. As safety and reliability needs are satisfied (through rolling stock 
and maintenance of way investments), station modernization may 
be expected to assume a larger proportion of the total rail moderni­
zation program; this is consistent with UMT A's goals of making 
rail stations accessible to the handicapped, enhancing the role of 
transit in urban revitalization, and increasing transit patronage. 

9. The principal impacts of the rail modernization funding have been 
to: 

• increase the rate of replacement of antiquated rail 
transit assets; 

• advance the technology of rail systems; 

• contribute to an increase in patronage or reduce 
the rate of decline in patronage; 

• contribute to both increases and decreases in operat­
ing and maintenance costs on a project-specific basis; 
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• contribute to decreases in energy consumption on a 
project-specific basis; and 

• contribute to increases in both the level and quality 
of service provided by transit operators. 

10. Rail modernization investments characteristically yield lower 
incremental patronage impacts than investments in new starts, 
although the patronage that would be lost if the existing systems 
were permitted to deteriorate has not been estimated. 

11. The Rail Modernization Program is e~timated to have generated 
between 328,000 and 610,000 person-years of employment over 
the period 1965-1977. 

In addition to the findings noted above, the following findings and conclusions 
relate more specificapy to the management of this program: 

1. A complete program, including measurable goals and objectives 
and a long-term financing plan, is not currently in existence. 

2. A consistent evaluation process for rail modernization grant 
applications does not currently exist. 

3. Local transit authorities appear to have a rational process for 
determining their rail modernization priorities based on a 
specific- -if non-quantifiable- -set of goals and objectives. 

4. A process for routinely monitoring rail modernization grant 
impacts does not currently exist. 

Each of these findings and conclusions is discussed more fully in this report. 

D. RECOMMENDATIONS 

Based on the findings and conclusions resulting from the Rail Moderniza­
tion Program evaluation. the following recommendations are described in this 
~eport: 

1. The funding of the Rail Modernization Program should continue, 
although a long-term program including the development of mea­
surable goals and objectives and a long-range financing plan 
should be established. 
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2. The progress of the rail modernization investment program should 
not be evaluated exclusively on the basis of a single factor such 
as patronage increases per investment dollar. 

Recommendations for short-term actions necessary for the improved man­
agement of the program are as follows: 

1. Establish a concrete and measurable set of goals and objectives 
and develop performance measures for determining the extent 
to which goals and objectives have been achieved. 

2. Determine the current status of e.ach rail system in terms of 
performance measures and the condition of physical plant and 
equipment. 

Long-term recommendations for the continuing improved management of 
the program include the following: 

1. Perform an analysis to determine the appropriate actions and 
financial support required to achieve different levels of rail 
system performance. 

2. Develop alternative financial and performance plans for use 
in definition of an overall program for rail modernization. 
including long-term financing and performance levels. 

3. Present alternative program budgets to Congress. 

4. Establish a capital grant review process which is related to per­
formance criteria and associated goals and objectives. 

5. Establish an ongoing procedure for measuring rail system per­
formance as it is impacted by the Rail Modernization Program. 

6. Report overall program performance and the results of individ­
ual projects to Congress and to the transit community. 
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II. INTRODUCTION 

The evaluation of the Rail Modernization Program presented in this re­
port is based on a review of 88 grants to eight metropolitan areas approved 
during the period 1965-1977. 1 These grants were approved for the improve­
ment of light, rapid, and commuter rail transit systems. 

A. PURPOSE OF THE STUDY 

The Rail Modernization Program has resulted in federal investment in a 
diverse set of projects including transit rolling stock purchases, way and 
structure improvements, and station modernization. These projects are 
typically justified on the basis of safety, reliability. cost, and/ or patronage 
impacts. This study is intended to provide an initial examination of these 
impacts and aims specifically to account for the distribution of rail modern­
ization expenditures and to examine the impacts resulting from these. expen­
ditures. Based on these efforts, the study evaluates the progress of the rail 
modernization program in achieving its objectives. 

B. STUDY APPROACH 

This study was conducted in two phases. Phase I included preparation 
of a catalogue of projects by type, mode. and city. A range of impacts was 
postulated for each project type. Following the determination of data avail­
able to measure impacts of completed projects. a series of grants was se­
lected for more detailed case study evaluation in Phase II. 

The major findings of Phase I are published under separate cover. These 
findings include an inventory of all rail modernization grants by tyfe, mode. 
and city, and a discussion of the national impacts of the program. 

1Grants totalling nearly $1. 7 billion were approved for the modernization of 
existing rail systems in New York, Chicago. Boston. Philadelphia. San Fran­
cisco, Pittsburgh. Cleveland. and Detroit. This total represents 28 percent. 
of all UMTA Section 3 grant approvals from the beginning of the program 
through May 31. 1977. 

211The UMTA Rail Modernization Program, the Distribution of Capital Grant 
Funds for Rail Rehabilitation and Modernization. 11 prepared for the U .s. 
Department of Transportation by Pea.t. Marwick, Mitchell & Co •• July 1978. 
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Phase II included two types of case studies: grant impact and grant pro­
cess. Six grant impact case studies were conducted to illustrate the impacts 
of specific rail modernization projects. Two grant process case studies ex­
amined how localities plan for rail modernization projects, from project iden­
tification and grant application through project implementation. Together, ... 
the results of these case study analyses were used to examine the overall Rail 
l\.tJodernization Program and assess its progress toward achieving program 
goals and ob.iectives ~ 

C. ORGANIZATION OF REPORT 

This report contains five sections. Following this section, the goals and 
objectives of the program are described. the transportation and non-transpor­
tation impacts on both a local and national level are illustrated, and the pro­
gram's progress in achieving its objectives is evaluated. Sections are devoted 
to these topics as follows: 

Section III - UMTA Program Goals and Objectives: 

Section IV - Impacts of the Rail Modernization Program; and 

Section V - Evaluation of the Rail 1'1odernization Program. 

The case study analyses which form the basis for many of the conclusions 
and recommendations contained in this report are provided as separate appen­
dices. Each of the following case studies is presented: 

Appendix A - Impacts Resulting from the Modernization of Existing 
Equipment and the Purchase of New Equipment for the 
Burlington Northern; 

Appendix B - Impacts Resulting from the Modernization of Power 
Conversion Equipment by the Port Authority Trans­
Hudson Corporation (PATH); 

Appendix C - Impacts of UMTA Funded Improvements on the River­
side Branch of the Green Line: 

Appendix D - Impacts Resulting from the Purchase of New Commuter 
Rail Cars by the Southeastern Pennsylvania Transpor­
tation Authority (SEPTA); 

Appendix E - Station Modernization Projects Funded by the UMT A 
Section 3 Rail Modernization Program: and 

Appendix F - Urban Rail Rehabilitation and Modernization Funding 
Process Case Studies. 
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III. UMTA PROGRAM GOALS AND OBJECTIVES 

The Urban Mass Transportation Act of 1964 was enacted to provide federal 
financial assistance for the development of comprehensive and coordinated 
mass transit systems in metropolitan and other urban areas. The goals and 
objectives stated in this authorizing legislation for federal financial assistance 
serve as the primary criteria for evaluating the progress of the Rail Mod­
ernization Program. Additional sources of data include internal reports and 
memoranda of UMTA as well as specific policy statements by the different 
Secretaries of Transportation and by Congress during appropriation hearings. 
Each of these sources provides a more concrete statement of UMTA goals 
and oqjectives than the authorizing legislation. However. no single source 
defines UMTA goals and objectives in such a way that criteria and standards 
can be established for measuring their attainment. 

A. FEDERAL ROLE IN TRANSIT 

Aggregate statistics for the United States transit sector, shown in Exhibit 
HI-1, illustrate the decline that has characterized this sector since 1945. Over 
this period, the decrease in transit patronage is generally associated with the 
dispersion of population, leading to less concentrated travel patterns and lower 
load factors. Besides the growth in automobile travel associated with this popu­
lation dispersion, the shift from transit to automobile use is partly due to an 
increased affection for the automobile itself. The decline in transit patronage 
is often attributed to the following chain of events: lower patronage led to lower 
levels of service and then to loss of economies of scale and operating leverage, 
decreasing profits, deferral of maintenance, and deterioration and cutbacks of 
service resulting in further patronage drops. In an effort to reverse this cycle, 
UMTA was created initially to provide federal financial assistance in the re­
placement and renewal of physical plant and equipment and subsequently to pro­
vide financing of operating costs as well. 

Federal objectives with regard to mass transit are apparent in UMTA's 
authorizing legislation where the Congress determined that "the welfare and 
vitality of urban areas, the satisfactory movement of people and goods within 
such areas. and the effectiveness of housing, urban renewal, highway and 
other federally aided programs are being jeopardized by the deterioration or 
inadequate provision of urban transportation facilities and services ••• " 1 

This statement reflects a general concern for urban areas, the perceived 
role of transit in these areas, and the condition of the transit sector. 

1 Department of Transportation, Urban Mass Transportation Act of 1964 and 
Related Laws. February 5, 1976, Washington, D.C., p. 1. 
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Pamngers (X 106> 

Vehicle Miles (X 1081 

R1venu1 (X to9s) 

Expenses (X 109$) 

Average Fare ($) 

Average Fart (consranr 1972 dollars) 

Load Factor (Pwengen/VMTI 

EXHIBIT ID-1 

U.S. TRANSIT SECTOR 
AGGREGATE POSTWAR STATISTICS 

1945 1950 1955 1960 

19,000 13,845 9,184 7,521 

NIA 3,007 2,448 2,143 

1.4 1.5 1.4 1.3 

1.2 1.4 1.4 1.3 

N/A .10 .IS .18 

N/A .18 .24 .26 

N/A 4.& 3.75 3.51 

1!165 

6,798 

2,008 

1.4 

1.5 

.20 

J.7 

3..39 

SOURCE: Derived from Annual Repcrts of the American Public Transit Association, Washington, D.C. 
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1970 1975 

6,032 5,643 

1,883 1,989 

1.707 2.002 

1.892 3.535 

.28 .33 

.31 .28 

3.15 2.84 



Although the emphasis on UMTA program goals and objectives has varied 
over the years, their scope has not. Recurrent themes set forth by Congress 
during appropriation hearings and by different Secretaries of Transportation 
in policy statements include: 

• promoting the mobility of the public, including transit-dependent 
groups such as the elderly and handicapped, the economically 
disadvantaged, and commuters; 1 

• reducing urban transportation energy consumption; 2 

• promoting the economic development of urban areas; 3 and 

• reducing air and noise pollution. 4 

The first goal noted above reflects "a deliberate policy decision by local, 
state. and federal governments that this (mass transit) is an essential public 
service. 115 The latter three goals are external benefits that the UMT A pro­
gram was intended to produce through a revival of the mass transit sector. 

Various objectives are associated with the overall goal of promoting the 
mobility of the public; these include: 

• increasing transit trip speed by giving preferential treatment to 
transit; 6 

• increasing transit convenience b; decreasing wait time and trans­
fers and by increasing coverage; 

1uMT Act, Sections 5(m) and 16. 

21968 UMTA Goals and Objectives and 1973 Presidential Goals and Objectives. 

3uMT Act, Sections 2(b)(2), 4(a), and 5(b). 

4UMT A External Operating Manual, Chapter II. 

5Richard S. Page, Administrator, Urban Mass Transportation Administration, 
"Hearings Before a Subcommittee of the Committee on Appropriations, House 
of Representatives." Ninety-Fifth Congress. Second Session. Department of 
Transportation and Related Agencies, April 5, 1978. 

6uMTA External Operating Manual. 

7 Ibid. 

III. 3 



• improving transit reliability; 1 

• improving transit safety and security by reducing transit accidents 
and transit-related crimes:2 

• increasing transit comfort by improving its attractiveness and clean­
liness and by providing passenger amenities; 3 and 

• meeting urban transportation needs at minimum cost by reducing 
transit operating costs. 4 

Although these objectives are generally discussed in the context of the UMT A 
program as a whole, they are also relevant to the Rail Modernization Program. 

B. RAIL MODERNIZATION PROGRAM GOALS AND OBJECTIVES 

The Capital Grants and Loan Program was established under Section 3 of 
the UMT Act of 1964 as one of several UMT A programs initiated to reverse 
the cycle of declining transit patronage. continuing deferral of maintenance 
and capital replacement, and accelerating deterioration. cutbacks, and abandon­
ments of service leading to further patronage declines. As part of this pro­
gram, the Rail Modernization Program was intended to specifically address 
the long-term system deterioration that had occurred within the transit sector. 

The proposed use of capital facilities grants for system improvements in 
areas with existing rapid transit systems. as described in appro~riation hear­
ings. places the problem of system deterioration in perspective: 

••• replacement value of the rapid transit and commuter 
rail systems in New York, Chicago, Philadelphia, Boston, 

1UMTA External Operating Manual and 1968 Goals and Objectives. 

2uMT Act, Sections 5(h) and 107. 

3UMTA External Operating Manual and 1968 Goals and Objectives. 

4uMT Act, Section 6. 

511Hearings Before a Subcommittee of the Committee on Appropriations. House 
of Representatives." Ninety-Fourth Congress, Second Session, Department 
of Transportation and Related Agencies, 1977. p. 775. 
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San Francisco, and Cleveland runs into the tens of billions 
of dollars ••• the majority of these systems are old, some 
dating from the early 20th Century. The financial condi­
tion of the systems has made necessary the use of the lim­
ited local funds to keep the services operating. with little 
or no attention having been paid to physical improvements ••• 
many of the structures being used in rail service are in a 
state of advanced deterioration because of age and poor 
maintenance. 

Appropriations for the modernization of existing rail systems are intended to 
"protect and enhance this valuable national resource, and to assure the effi­
cient functioning and orderly growth of these areas, consistent with air qual­
ity, energ1 conservation, urban development and revitalization, and land use 
policies." More specifically, the goals and objectives of the program, as 
described by former UMTA Administrator Robert E. Patricelli, are to main­
tain the already substantial rail transit patronage on existing systems and to 
insure safe operation and protect the physical integrity of the urban rail net­
work. 2 

li'Hearings Before a Subcommittee of the Committee on Appropriations, House 
of Representatives," Ninety-Fifth Congress, Second Session, Department of 
Transportation and Related Agencies, 1979, p. 365. 

2"Hearings Before a Subcommittee of the Committee on Appropriations, House 
of Representatives." Ninety-Fifth Congress, Second Session, Department of 
Transportation and Related Agencies, 1977, p. 656. 
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IV. IMPACTS OF THE RAIL MODERNIZATION PROGRAM 

This section describes the transportation and non-transportation impacts 
of the program on both a local (system or subsystem} and national level. 

A. LOCAL IMPACTS 

During this study, selected case studies were conducted to investigate the 
impacts of specific rail modernization projects. The approach taken in se­
lecting these case studies and their specific findings are summarized below. 
Each case study is described in detail in the appendices to this report. 

A .1 Case Study Approach 

The evaluation of Rail Modernization Program impacts was conducted by 
examining a variety of specific projects funded through this program. This 
approach permitted a more detailed review of the range and extent of impacts 
resulting from rail modernization efforts. One of the principal difficulties 
confronted in the evaluation of this program is the variety of objectives ad­
dressed by the individual projects. The impacts of specific projects can be 
quite different. depending on the objectives for which the projects were in­
itiated. Transit operators generally justify modernization projects for one 
or more of the following reasons: safety, reliability, economics {cost), and 
marketability (patronage}. Based on these project justifications. a range of 
potential impacts (primary and secondary) 1 can be postulated for each of the 
various types of projects funded through the Rail Modernization Program 
(Exhibit IV -1). A primary consideration in selecting case studies was the 
examination of the full range of potential project impacts. 

The projects selected for examination therefore represent a mix of mod­
ernization activities that reflect the pattern of investment undertaken for the 
program as a whole. This pattern suggested that projects examined in detail 
should reflect the fact that: (1) nearly 70 percent of all rail modernization 
funds have been approved for use in New York and Chicago; (2) funds approved 
for rolling stock rehabilitation and replacement have accounted for over 50 
percent of the total; and (3) a significant level of funds has been approved 
for each of the three rail modes- -light, rapid, and commuter. 

1 A primary impact is a direct outcome of the project; it is brought about by 
implementation of the project. A secondary impact is an indirect outcome 
of a project; it is generated by a combination of events that include implemen­
tation of the project. 
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EXHIBIT IV-1 

INITIAL SURVEY OJ<' RAIL MODERNIZATION GRANT IMPACTS 

TRANSPORTATION 

~ COSTS LEVEL OF SERVICE QUALITY OF SERVICE PATRONAGE REVENUE 

OPERATIONS MAINTENANCE SPEED FREQUENCY RELIABILITY SAFETY VISUAL AUDIO COMFORT s 
Rolling Stock: 

Modernization p p s s p p p p p p p 
Reruibilitation p p s s p p p p p p p 
Replacement p p s s p p p p p p p 

I 
Rights-of-Way: 

Track p p p p p p p p s 
Electrification p p p p p s 
Signals p p p p p p s 
Structures p s p p p p s 

~ . Stations, Termlnals: 
Moderniiation s p p p s s 

a:,,., Replacement SH p p p s s 
Ex1iansion SH p p p p 

Y11rds and Buildings: 
Modernization p s s s 
Replacement p s s s 

Operational Improvements: 
Maintenance Equipment s s s s 
Fare Collection s s 
Communications s s s 
Surveillance s 
Information SH s s 
Safety s s s p 

P - primary impact 
S secondary impact 
SI-I secondary unfavorable impact 

Nole: 
P direct outcome ol a project; the lmpacl Is brought about by lhe lmplementatioo of Iha project. 
S = indirect outcoma of a project; II Is generated by a chain of events that includes lhe implemenlatioo ol lhe project 



These factors served as the primary basis for selection of projects for 
in-depth examination. Other factors that influenced the final selection in­
cluded the extent of project completion and the availability of data to mea­
sure resultini project impacts. 

Because the UMTA program is relatively new, 1 only a limited number 
(about 45 percent) of rail modernization projects are actually "in place." 
Many of these projects have not been completed for a sufficient length of time 
to determine the resultant impacts. Moreover, rail systems have not estab­
lished an internal information system for documentina impacts. There is no 
routine mechanism to consider the impacts of rail modernization investments 
on a continuing basis, and data for this purpose are therefore sparse or non­
existent. The selection of case studies was thus limited to completed proj­
ects with data available for measurina specific impacts. 

Based on these considerations, grant impact case studies were selected 
to provide for an examination of representative project impacts. Exhibit IV- 2 
lists the erants selected as case studies and the principal impacts investigated. 
Each case study is referenced for identification throughout the discussion of 
local impacts. The review of observed project impacts indicates generally 
favorable impacts on operating costs. patronage, level of service, and quality 
of service, and varying impacts on transit maintenance costs. Each of these 
impact areas is discussed below. 

A. 2 Transit Operations: Summary of Case Study Impacts 

Grant impact studies provided an opportunity to observe both the financial 
and operating impacts of rail modernization projects on transit systems. 2 

1The majority of UMTA rail modernization fundina was not provided until 
after 1970. with the enactment of the Urban Mass Transportation Assistance 
Act of 1970. Average yearly grant approvals during the periods 1965-1969 
and 1970-1976 were $49 million and $201 million, respectively. 

2The measurement of project impacts was complicated somewhat by external 
events and the subsequent difficulty in establishing a causal· relation between 
projects and impacts. For example, patronage impacts may be attributable 
to increases (decreases) in population, central business district employment, 
or fuel prices, as well as the rail modernization project under investigation. 
In only a few cases was it possible to assien a direct causal relation between 
the modernization project and the impacts postulated. In all cases. care 
was taken to identify major external factors that could have influenced th,... 
project impacts beini measured. 
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EXHIBIT IV-2 

GRANT IMPACT CASE STUDIES 

Case 
Study Grant Grant Projects Reviewed Primary Impacts Examined 

A IL· 15 Chicago, IL Purchase/modernization of 94 existing Level of Service/Patronage 
Burlington Northern commuter cars and 
purchase of 25 new commuter cars. 

B IT·01 New York, NY Power system improvements on PATH Costs/Energy Conservation 

C MA·10 Boston, MA Rolling stock, way and structure Costs/Level and Quality of 
MA-13 and station improvements on the Service/Patronage 
MA-15 Riverside Branch of the Green Line. 
MA-22 

D PA-10 Philadelphia, PA Purchase of 1 30 commuter cars for Costs/Quality of Service/Patronage 
SEPTA-Penn Central Division service. 

E NY-07 New York, NY Station Modernization Quality of Service 
PA-23 Philadelphia, PA 
PA-33 
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Fiscal impacts focused on changes in costs (operating and maintenance), 
while the observed operating impacts encompassed patronage, level of ser -
vice (frequency. capacity, reliability), and quality of service (passenger 
comfort and convenience, safety, etc.). 

Operating Costs 

Three case studies investigated the impact of rail modernization projects 
on operating costs. These case studies included the purchase of 130 new com­
muter rail cars for service on the ex-Penn Central Division in Philadelphia 
(D), the purchase of light rail vehicles (LRVs) for operation on the Riverside 
Branch of the Green Line in Boston (C), and the modernization of the Port 
Authority Trans-Hudson (PATH) power system (B). 

The overall impact of these projects on operating costs appears to be fa­
vorable and is primarily attributable to an increased capacity of facilities 
and equipment. For example, commuter cars purchased for ex-Penn Central 
service (D) resulted in an 11 percent reduction in car-miles (197 4 vs. 1977) 
with no change in the service area or frequency of service. Similarly, the 
purchase of light rail vehicles (LRVs) for Green Line service (C) has also 
increased seating capacity per vehicle. This case study documents the re­
duction in operating personnel (through operation of fewer trains) required 
to provide the same level of hourly seating capacity. In this case, an 18 
percent reduction in equipment requirements would have resulted in 1976 labor 
savings of $263,000 if service levels were unchanged. 1 In either case. tran­
sit management was able to maintain service capacity while reducing costs 
or to expand service frequency while maintaining existing costs levels. 

Reduced personnel requirements and subsequent reductions in operating 
costs have resulted from improvements to the PATH power system (B). This 
case study has shown that with the installation of modern silicon rectifiers, 
automated substations were introduced and substation operators were no longer 
needed to open and close switches. This project resulted in a net reduction 
of four operating employee positions. 

A significant portion of operating costs consists of traction energy (power) 
costs. The modernization of PATH substations for traction power (B), has 

11n actuality, no vehicle transportation cost savings occurred, because ad­
ditional service was added concurrent with the introduction of the LRVs. 
Any possible savings were expended to provide additional service beyond 
what was provided in 1976. 
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resuJted in substantial savings in power costs ($6. 2 million over the period 
1966-1976}. These cost savings resulted from the higher efficiency of silicon 
rectifiers as compared with the older rating efficiency of rotary converters 
and from the ability to operate on SO-cycle power purchased from a low-cost 
supplier. Another rail modernization project, involving the purchase of roll­
ing stock for the Boston Green Line (C), resulted in decreased energy con­
sumption on a per capacity-mile basis (seating plus standing) • 1 

The impacts on operating costs discussed above are the results of a limited 
sample of projects, both within a single functional improvement category and 
across the various categories. Because the impact findings are not neces­
sarily representative, they should not be aggregated across the entire Rail 
Modernization Program. The impacts of these individual projects, however, 
serve to indicate the types and magnitude of impacts that may be expected 
from the program. 

Maintenance Costs 

Investigation of the impacts of rail modernization projects on maintenance 
costs has centered on three projects: the purchase of 130 new commuter rail 
cars in Philadelphia (D), the purchase of LRVs in Boston (C), and the mod­
ernization of the PATH power system. 

The impacts on maintenance costs have varied. For example, maintenance 
costs per vehicle-mile for new rolling stock ranged from 50 percent lower 
than the vehicles replaced (D) to 26 percent higher than the vehicles replaced 
(C). The data for comparing vehicle maintenance costs per car-mile for old 
and new vehicles were limited by the following factors: 

• New vehicles must typically go through a "debugging period" 
when maintenance problems frequently arise (increases cur­
rent costs) • 

• Certain parts of the new equipment may fall under an extended 
warranty (decreases current costs). 

. The current stage of the "maintenance cycle" of old and new 
vehicles may be such that older vehicles are undergoing a com -
plete overhaul or, conversely. receiving a minimal level of 
maintenance because of plans to scrap the equipment. 

1Based on data provided by the MBTA Power Department staff. The staff in­
dicated that although these consumption ratings are approximate, they are 
within 5 percent of actual. 
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These factors suggest that the comparison of vehicle maintenance costs on 
a per mile basis must be interpreted very carefully. 

The installation of modern silicon rectifiers to replace rotary converters 
in power substations has had a favorable impact on PATH maintenance costs. 
The preventive maintenance required for silicon rectifiers is substantially less 
than that required for rotary converters. Consequently, the position of sub­
station attendant was eliminated, and a net reduction of approximately 11 
maintenance employee positions was possible. 

The variance in maintenance cost impacts of rolling stock purchases at­
tests to the limitations of aggregating specific project impacts and assigning 
them to the entire Rail Modernization Program. The fact that the projects 
were of a similar nature does not prevent them from having different impacts. 

Patronage 

Investigation of rail modernization project impacts on patronage has focused 
on purchases of new rolling stock (A, C, D). In each case, there was a corre­
lation between rolling stock purchases and increases in patronage, in part be­
cause the addition of new rolling stock has enabled management to provide an 
improved level and quality of service (these impacts are discussed in greater 
detail below). Specific case study findings regarding rail modernization 
project impacts on patronage are as follows: 

• The purchase of 25 new bi-level cars for Burlington Northern 
commuter service (A) was followed by a 30 percent increase in 
aggregate annual patronage from 1972 to 1975, and by a 25 .4 per­
cent increase in peak period patronage • 

• Annual patronage and peak period patronage on ex-Penn Central 
Division lines (D) increased 19. 7 percent and 45. 0 percent. re­
spectively, with the introduction of 130 new cars. 

• The 1977 Riverside Line patronage (C} increased between 11 per­
cent and 16 percent, reflecting the start of LRV service in 1977 
and increasing trends in total system patronage. 

In the first two cases noted above, patronage increases were also influenced 
by favorable increases in the population of the commuter area served and in 
the CBD (Central Business District) employment. 

Despite the apparent correlation between rolling stock purchases and in­
creases in patronage, one cannot infer that the introduction of new rolling 
stock will by itself result in patronage increases. The case studies discussed 
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above represent situations in which system patronage was growing as a whole 1 

or other events. such as· increases in the market area population or in CBD 
employment (A. D) occurred, thereby contributing to the demand for the ser­
vice. Additionally, the need for rolling stock may be dictated by the obso­
lescence of existing equipment (even in the absence of demand pressures). 
In these cases, patronage increases may not be evident because the equipment 
purchases were necessary to better serve the existing patronage and prevent 
or reduce the decline in patronage. 

Patronage impacts of rail modernization projects have a direct impact 
on passenger revenues. For example, the purchase of new LRVs and the 
modernization of stations along the Riverside branch of the Green Line (C} 
were followed by increased passenger revenues. The increase, which ap­
proximated 11 percent during 1977 and 16 percent during the first half of 
1978, was due to the enhanced station facilities as well as the improved head­
ways and added capacity. 

Level of Service 

The impact of rail modernization projects on the level of service was in­
vestigated in three case studies. These case studies included the purchase 
of 25 new commuter rail cars and the modernization of 94 existing cars and 
locomotives for Burlington Northern service (A), the purchase of new LRVs 
(C), and the purchase of 130 new commuter rail cars for service on the ex­
Penn Central Division in Philadelphia (D). 

Investigation of level of service impacts of rail modernization projects 
reveals favorable impacts in the areas of frequency. capacity, and reliability. 
The purchase of 25 commuter cars for BN service (A) increased seating ca­
pacity by 19. 9 percent and allowed for the addition of 2 rush-hour trains, 
thereby increasing the daily rush-hour trains from 38 to 40. Additionally. 
the reliability of rush-hour trains exhibited a modest improvement since the 
25 new cars were placed into service and the existing fleet of 94 cars and 21 
locomotives were modernized (yearly average on-time performance of rush­
hour trains increased from 90.8 percent in 1971-1973. to 93.2 percent in 
1974-1976). 

1rt is noted that patronage on the Riverside branch of the Green Line actually 
increased more than systemwide patronage. 
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The acquisition of light rail vehicles permitted MBTA to substantially in­
crease the level of service (C). Headways were reduced from 10 minutes 
to about 8 minutes during the morning, afternoon, and evening peak periods. 
Headways were also reduced by 2 minutes during the evening and 5 minutes 
during the late night service. Seating capacity increased by 21.1 percent dur­
ing the evening peak periods (standing capacity per hour more than doubled 
during each of the time intervals). Lastly, the UMTA-funded improvements 
had little effect on the reliability of the Green Line operation (reliability 
declined marginally). 

The purchase of 130 new commuter cars in Philadelphia (D) has contributed 
to an increase in total seating capacity of 21 percent, 1973-1977, and to the 
reliability of service (on-time performance increased from 81.2 percent in 
1973, to 95.5 percent in 1977). 

In summation, rail modernization projects involving the purchase of new 
rolling stock have been followed by a general improvement in the frequency 
of service (A, C), the capacity of service (A, C, D), and the reliability of ser­
vice (A, D). However, the varying degree of these project impacts limits the 
evaluation of the overall program impact. Moreover, the impacts resulting 
from new rolling stock purchases did not occur independently of other modern­
ization projects (i.e. , track improvement projects also contribute to the re­
liability of service, signal modernization projects affect the frequency of ser­
vice, etc.). 

Quality of Service 

Evaluation of quality of service impacts includes passenger comfort and 
convenience. improved passenger flows, passenger safety, and aesthetic im­
provements. Some of these indicators are difficult to quantify because of their 
subjective nature; the presentation of rail modernization impacts on the quality 
of service is therefore based more on identification of features of new equip­
ment or modernized stations which would tend to enhance their attractiveness 
to transit patrons. 

The purchase of new commuter cars in Philadelphia (D) is cited by SEPTA 
personnel as contributing to the overall attractiveness of the commuter sys­
tem, thereby enhancing the ability of SEPTA to attract new riders. Some of 
the modern features of the new cars include air conditioning, improved heat­
ing and lighting, automatic doors, public address system. improved seats and 
non-slip floors. 

Various modernization projects on the Riverside branch of the Green Line 
(C) have had an adverse impact on passenger safety (as measured by the num­
ber of derailments). The introduction of LRVs is correlated with an increase 
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in the number of derailments. In 1977. 36 percent ( 16) of LRV derailments 
were caused by equipment while only 13 percent ( 2) of PCC derailments were 
caused by equipment. The track renewal program has had no observable ef­
fect in reducing the number of derailments in the 2 years following completion 
of the program. However, MBT A officials noted that no derailments have 
occurred on those sections of track which have been refurbished. 

The modernization of the rapid rail passenger station in Philadelphia (E) 
has significantly impacted the quality of service received by passengers. 
Passenger safety has improved due to the installation of smoke detectors and 
emergency lighting for use during blackouts • 1 Passenger comfort and con­
venience have been enhanced with improved ventilation circulating fresh air 
throughout the station. acoustical ceilings and panels along platform edges, 
and improved graphics and signs. Finally. the station modernization project 
has improved passenger flows with the two- car length extension of the plat­
form, the addition of ramps for elderly and handicapped passengers, and 
improved platform accessibility. 

The modernization of the 49th Street station in New York City (E) resulted 
in impacts similar to those described above for the modernization of the rapid 
rail passenger station in Philadelphia. The quality of service provided has 
increased, as reflected by increased crime control efforts through improved 
lighting. installation of a communication system between control areas 
and between change booths, and a new station desig

1

n eliminating columns and 
placing the station booth so the attendant has a full view of the platform area. 
Passenger comfort and convenience have been enhanced with the installation of 
acoustical ceilings. panels along the platform edge, and track barriers, all 
of which have contributed to a 20 decibel reduction in noise levels. Further­
more, improved graphics and signs, new toilet facilities and concessions, 
and a new architectural design (including a glazed brick finish for walls and 
concrete finish for the floors) have also improved passenger comfort and 
convenience. Finally. maintenance costs are minimized due to the use of the 
glazed brick finish which requires little or no maintenance. This finish has 
deterred vandalism in the form of unsightly graffiti. 

1other modernization projects affecting passenger safety in this station in­
clude the installation of a TV monitoring system with a direct line to transit 
police and the installation of a public address system enabling authorities 
to 11 call out II to vandals • 
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A.3 Non-Transportation Impacts: Summary of Case Study Findings 

The case study analyses investigated non-transportation related impacts 
in the areas of energy conservation. employment. and environmental control. 
The installation of silicon rectifiers to replace rotary converters in the PATH 
power system (B) resulted in substantial energy savings. Because silicon 
rectifiers are more efficient than rotary converters in converting alternating 
current to direct current (98 percent versus 85 percent all-day efficiency) for 
traction power. silicon rectifiers require approximately 13 percent fewer 
kilowatts of input to generate the same level of output as rotary converters. 
Another rail modernization project. involving the purchase of new rolling stock 
for the Riverside branch of the Green Line (C). resulted in decreased energy 
consumption per capacity-mile (20 percent decrease). 

As noted below in the discussion of national aggregate impacts. the person­
years of employment generated over the life of the Rail Modernization Program 
(direct. indirect. and multiplier effects) ranges from 328,000 to 610,000. 

Impacts of rail modernization projects on environmental control were dis­
cussed in the previous section. Modernization of passenger stations in Phil­
adelphia and New York provided for a reduction in noise levels resulting from 
operation of passenger trains. 

B. NATIONAL IMPACTS 

Local impacts observed through case study investigation show that the pro­
gram has resulted in generally favorable impacts on transit operations. These 
observations. however. do not permit an aggregate assessment of the effect 
of the program on all rail modernization cities. To overcome this shortcoming 
of the case study analysis. data on various operating trends including revenue 
passenger trips and passenger vehicle-miles operated for these cities are 
used below to examine the aggregate effect of the Rail Modernization Program. 

B .1 Considerations in the Evaluation of National Aggregate Data 

The analysis of aggregate impacts of the program must take into account 
the widespread system deterioration in the transit sector before the beginning 
of the program. Examples of the long-term deterioration that characterized 
rail systems include the poor condition of the Frankford Elevated in Philadel­
phia. which has necessitated slow orders (trains operating at a reduced speed), 
increasing running time. and, hence. greater operating expense. Similarly. 
the deterioration of the Rock Island commuter lines in Chicago. was reflected 
by track conditions which required that a 10-mile-an-hour slow order be 
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imposed on much of the system. At one time, Rock Island service was or­
dered stopped (by the ICC) to prevent derailments which were becoming more 
probable as track conditions deteriorated. 

This historical deterioration of plant and equipment suggests that the money 
expended under the rail modernization program to a large extent represents 
"catching up" on essential investment deferred due to a prior lack of funds. 
Consequently. the Rail Modernization Program has focused on the rehabilita­
tion of existing systems in order to prevent continuing deterioration; and at a 
national aggregate level, the impacts of this program would be expected to 
show. first, a deceleration of the decline in the industry and, second, a con­
tribution to the reversal of declining trends. 

The extent that these impacts would be observed, however, depends on. 
among other things. the level of rail modernization funding in relation to total 
rail modernization needs. The degree to which these impacts can be attribu­
ted to the program is also related to the nature and extent of other factors af­
fecting measures of the national aggregate performance for the transit sector 
(e.g., energy shortages. center city revitalization, expansion of the work 
force. population growth, changes in population, and activity density patterns). 

No agreed upon estimate of rail modernization needs has been prepared. 
It is therefore a matter of speculation whether the funding for the program 
falls short of actual needs. In the case of New York, however, a rough esti­
mate of modernization needs suggests that this may, in fact, be the case. 
The New York MTA provides an estimate of $25 billion.for the replacement 
value of its capital assets. 1 One way to estimate annual modernization needs 
would be to determine the composition of MTA 1 s system assets by age and 
useful life category and use this information to estimate an average annual 
replacement life cycle for the system I s assets. 

To provide a rough estimate. if it is assumed that the weighted average 
useful life for a rail system is approximately 60 years (including subway 
tunnels). this estimate implies a 11need 11 for capital replacement at an average 
annual rate of 1. 6 percent. 

This average annual rate of need is. of course. an abstraction; in some 
years actual need would exceed this value and in others fall short of it. It 
provides only a rough approximation for New York MTA since it does not 
reflect any historical deferrals of capital replacement which would tend to 

1John Kaiser. Executive Officer for Construction Administration, the Metro­
politan Transportation Authority, New York City, New York. 
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increase present needs. It does, however, provide a basis for estimating mod­
ernization needs for comparison with modernization program funding levels • 1 

This comparison is provided below: 

Average Annual 
Rate of Capital 
Replacement 

1.6% 

NY MT A Capital 
Asset Replace­

ment Value 
($ Billions) 
25 15 10 

Estimated 
Annual MTA 

Rail Modernization 
Program Needs 

($ Millions) 
400 240 160 

Average Annual 
Rail Modernization 

Grants to MT A 
1965 to 1977 
($ Millions) 

25 

As shown in this chart. even assuming a replacement value far smaller than 
that suggested by MT A. estimated annual program needs are far greater than 
historical funding under the Rail Modernization Program. This suggests that 
in the absence of extensive local funding, many of the system needs in New 
York have not been satisfied by the UMTA program and the aggregate impact 
of the program on system wide patronage and level of service may be incidental. 

Because the New York system dominates U .s. transit statistics, it can 
further be suggested that the aggregate impacts of the program on a national 
scale would likewise be incidental. 

B. 2 Observed Impacts on Transit Operations 

Rail modernization grant approvals totalling $1. 7 billion for the years 
1965-1976 (the last full year in which grant approvals were analyzed) are 
summarized in Exhibit IV-3. These expenditures are shown for each of the 
three rail modes: light. rapid. and commuter. A total of 88 Section 3 grants 
to 8 cities were devoted to rail modernization activities. The eight cities 
and the total amount :received by each are also shown in Exhibit IV-3. Rail 
modernization grant approvals increased 484 percent in current dollars from 
1965 to 1976. However, the increase in grant approvals was not a gradual 
one. Average yearly grant approvals from 1965 to 1969 and from 1970 to 

1This simple example illustrates the need to estimate the long-range capital 
improvement programs for each of the major transit agencies and to deter­
mine the extent to which current rail modernization funding levels will fin­
ance these costs. Attention can then be focused on the objectives of the Rail 
Modernization Program and its role in the financing of modernization im­
provements. with more considered thought being given to the possible alter­
natives in terms of objectives and funding levels and the potential impacts on 
the nation's cities. 
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EXHIBIT IV-3 

UMTA SECTION 3 RAIL MODERNIZATION GRANT APPROVALS 
BY MODE AND BY YEAR 1965-1977 

(OOOs) 

TOTAL I.All 
YEAR LIGHT RAIL RAPID RAIL COMMUTER RAIL {CURRENT YEAR a) (1ffl CONSTANT S)1 

1965 $ 0 $ 42,375 $ 4,826 $ 47,201 
1966 0 0 6,661 6,661 
1967 0 289 98,615 98,904 
1968 0 62,163 26,957 89,120 
1969 0 2,764 1,780 4,5 ... , 

1970 16,608 1,867 113,752 132,227 
1971 53,867 94,104 14,040 162,011 
1972 76,000 200,369 125,645 402,014 
1973 18,108 77,778 27,607 123,493 

1974 6,960 124,701 128,297 259,951 
1975 3,671 28,145 69,879 101,695 
1976 8,290 171,398 48,727 228,415 
19772 30,366 11,583 42,747 84,690 

TOTAL $213,870 $817,536 $709,533 $1,740,939 

' GNP Implicit Price Oeflotor Used. 

2 Jonvory 1 , 1977 throvgh May 31 , 1977. 

UMTA SECTION 3 RAIL MODERNIZATION GRANT 
APPROVALS BY CITY, 1965-May 31, 1977 

City 

New York (Tri-State Region) 
Chicago 
Boston 
Philadelphia 
San Francisco 
Cleveland 
Pittsburgh 
Detroit 

Total 

{OOOs) 

Amount 

$ 832,261 
376,462 
220,262 
167,235 

75,462 
48,460 
19,191 

1,606 

$1,740,939 

IV.14 

Perc11nt flf 
Total 

47.8 
21.8 
12.7 

9.1 
4.3 
2.1 
1.1 
0.1 

100.0 

89,n6 

12,262 
176,741 

152,'84 
7,402 

20,,ss5 

231,318 

561,045 

164,740 

316,368 

113,695 

.2,1,435 

M,696 

$2,370,517 



1976 were $49 million and $201 million, respectively. From 1965 to 1976, 
they averaged $138 million. 1 

Exhibit IV-4 shows trends in combined light and rapid rail patronage and 
vehicle-miles operated over the period 1953-1977. 2 During this time, pa­
tronage has declined 50. 9 percent, while the level of service provided. as 
measured by vehicle-miles operated, has declined only 14. 2 percent. Exhibit 
IV-4 also shows UMTA light and rapid rail modernization grants for 1965-197 6. 
These grants total approximately $990 million, averaging $82 million per year. 

The Rail Modernization Program has contributed to a decrease in the rate 
of decline of rapid and light rail patronage in rail modernization cities since 
196 5. This decrease is reflected by aggregate data for Chicago (rapid rail), 
Philadelphia (rapid rail), and Cleveland (light rail). During the period 1953-
1965, rapid and light rail patronage in these cities decreased 29 .8 percent 
or an average of 2. 2 percent per year. In contrast, patronage in these cities 
since 1965 has declined only 25.4 percent, or an average of 1.9 percent per 
year. However, despite these positive impacts associated with the program, 
it appears that total rail patronage, when data for New York are included, 
decreased at an accelerated annual average rate during the period 1965-1977. 

Patronage in New York accounted for nearly 90 percent of total rapid 
and light rail patronage in 1953, 1965, and 1977. During the period 1953-
1965, patronage in New York declined 10 .5 percent or an average of O .8 per­
cent per year. Patronage since 1965 has declined 35. 0 percent or an average 
of 2. 5 percent per year. Because of the relative significance and level of 
patronage declines in New York, total rapid and light rail patronage, as 
reflected in Exhibit IV-4, has declined at an average annual rate of 2. 5 per­
cent since 1965, as compared with an average annual rate of 1. 0 percent for 
the period 1953-1965. The rate of decline in rail patronage since the program 
began in 1965, particularly in relation to the increased level of funding shown 
in Exhibit IV-4, can be misinterpreted if the factors previously discussed are 
not fully considered. The widespread system deterioration which preceded 
the program, the level of rail modernization funding in relation to total rail 

1It should be noted that. the level of grant approvals in a given year (obliga­
tions) does not normally coincide with the actual disbursement of funds 
(outlays) during the same year. 

2Data on revenue passengers and on vehicle-miles operated includes the fol­
lowing systems: New York rapid rail (NYCTA), Chicago rapid rail, Phila­
delphia rapid rail, and Cleveland light rail. In 1977, these four systems ac­
counted for over 85 percent of total rapid and light rail modernization pa­
tronage. 

IV. 15 



-(I.I 
C 

~ 
:a -

2.0 

1.9 

1.8 

1.7 

1.6 

1.5 

1.4 

1.3 

1.2 

1.1 

EXHIBIT IV-4 
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modernization needs , and the occurrence of external events 1 that also affect 
rail patronage tend to reduce the impact of the program (as reflected by ag­
gregate data), in reducing the rate of patronage decline in rail modernization 
cities, including New York. In addition, the following two factors should be 
considered in the interpretation of these data: 

• The patronage impacts of completed modernization projects are 
not instantaneous. Consequently, the full patronage impacts of 
the presently completed rail modernization projects may not 
have occurred. 

• The amount of light and rapid rail modernization grants shown 
in Exhibit IV-4 is somewhat misleading in that these monies re­
flect grant approvals and not the expenditure of grant funds (i.e .• 
obligations do not equal outlays). Therefore, the actual amount 
of monies expended for improvements to date is less than that 
shown in Exhibit IV -4 • 

It is important to note that the decrease in the rate of decline in patronage 
in rail modernization cities other than New York has not only continued, but 
has resulted in positive patronage increases in these cities and in New York 
itself. Recent patronage increases for these cities are as follows: 

• Patronage on the NYCT A and on the CT A has increased by 4. 7 
and 6. 7 percent, respectively. during the first 9 months of 
1978, as compared with the same period during 1977 • 

• Despite a 14.7 percent decrease in patronage from 1976 to 1977, 
SEPTA rapid rail patronage during the first 9 months of 1978 
has increased 27 .9 percent over the same period during 1977 • 

• PATH and GCRTA (rapid rail) patronage has increased 1.9 per­
cent and 2. 6 percent, respectively, during the first 9 months of 
1978. as compared with the same period during 1977. 

These systems accounted for over 90 percent of rapid and light rail system 
patronage in 1977. Exhibit IV-5 summarizes changes in annual patronage 
for each of these systems from 1976 to 1978. 

The level of service provided by rapid and light rail modernization sys­
tems. as measured by vehicle-miles operated, has decreased by approximately 
15 percent or at an average annual rate of 1. 2 percent from 1965 to 1977. 

1For example, general population and employment growth and distribution. 
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EXHIBIT IV-5 

CHANGES IN ANNUAL PATRONAGE IN SELECTED 
RAPID RAIL SYSTEMS1 

Percent Increase (decrease) 

City 1976 1977 19782 

New York: 
NYCTA -4.1 - 1.2 + 4.7 
PATH +6.1 - 0.8 + 1.9 

Chicago: 
CTA -2.2 - 1.0 + 6.7 

Philadelphia: 
SEPTA (rapid rail) +4.5 -14.7 +27.9 

Cleveland: 
GCRTA (rapid rail} -+ 7 .1 - 9.5 + 2.6 

1 Source: APTA Monthly Transit Traffic Reports. 
2 Compares first 9 months of 1978 with first 9 months of 1977. 
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This average annual decrease in the level of service provided since the pro­
gram began in 1965 roughly compares with an average annual increase of less 
than O .1 percent from 1953 to 1965. Data on vehicle-miles operated include 
four systems: NYCTA (rapid rail), CTA (rapid rail). SEPTA (rapid rail), 
and GCRTA (light rail). In 1977, vehicle-miles operated by these four sys­
tems accounted for 83. 7 percent of total rapid and light rail vehicle-miles 
operated. 

Commuter rail operating trends, revenue passengers, and revenue pas­
senger-miles are illustrated for the years 1965-1976 in Exhibit IV-6. Oper­
ating data for commuter railroad operations are compiled by the Association 
of American Railroads (AAR) based on quarterly reports on "commutation" 
operations received from Class I railroads in the United States. These data 
include statistics on "commutation" operations that have not received rail 
modernization funds as well. This exhibit also indicates the trend in UMTA 
commuter rail modernization irants during the same period. Patronage of 
commuter rail operations increased 1 percent from 1965 to 1976, although the 
trend in commuter rail patronage indicates a varied performance during this 
period. For example, after increasing 8 percent from 1965 to 1969, revenue 
patronage decreased 10. 7 percent between 1969 and 1973, and subsequently 
increased 4 percent from 1973 to 1976. The trend in revenue passenger-miles 
parallels the trend in revenue passengers carried, although the actual increase 
in revenue passenger miles from 1965 to 1976 approximated 8 percent. Yearly 
commuter rail grant approvals between 1965 and 1969 average $27 .8 million. 
This figure contrasts with the yearly average of $75 .4 million between 1970 
and 1976. 

Commuter rail grant approvals per revenue passenger have fluctuated 
widely since 1965. Although approvals per revenue passenger increased 733 
percent ($.03 to $.25) during this period, the yearly average was approxi­
mately $. 28, with 1972 representing the peak year for grants per revenue 
passenger ($.66) and 1969 representing the low year ($.01) for grants per 
revenue passenger. This wide fluctuation in commuter rail grant approvals 
per revenue passenger indicates that a meaningful correlation between com­
muter rail grants and patronage cannot be reasonably determined on an ag­
gregate basis. 

B. 2 Non-Transportation Impacts 

One frequently cited juatification for federal participation in rail moderni­
zation projects is job creation. The expenditure of federal funds for rail mod­
ernization projects creates a demand for goods and services, and ultimately 
provides employment opportunities. Although the lack of primary research 
investigating the employment impacts of federally funded projects precludes 
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EXHIBIT IV-6 

COMMUTER RAIL OPERATING TRENDS 
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any definitive assessment of the number of jobs created by the program, a 
review of the limited research on related employment impacts was conducted 
to provide rough estimates of these impacts for the UMTA Rail Modernization 
Program. 

Based on this limited research, the person-years of employment generated 
over the life of the Rail Modernization Program {February 1965 to May 1977) 
are estimated to range between 164,000 and 244. 000 direct and indirect jobs. 
These employment estimates do not account for jobs created as a result of 
re-spending wages and profits throughout the economy (multiplier effect). 
These secondary employment impacts can be substantial. For example, a typ­
ical region's multiplier ranges from 2. 0 to 2. 5 (i.e .• $100 million in local 
wages will generate a total of $200 to $250 million in local income). The 
actual number of person-years of employment generated by the program could 
therefore range from 328,000 to 610, 000. 
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V. EVALUATION OF THE RAIL MODERNIZATION PROGRAM 

This section summarizes the conclusions resulting from this study and 
sets forth recommendations for improvements to the UMTA Rail Moderniza­
tion Program. The program evaluation is based on a review of 88 grants to 
8 cities. approved during the period 1965-1977. The program is evaluated 
through the identification of program impacts and their magnitude on existing 
rail operations, and the program's progress in producing impacts consistent 
with its goals and objectives. The conclusions reached in each of these ,areas 
form the basis for the identification and recommendation of opportunities for 
improved investment and management of limited UMTA resources. 

A. RAIL MODERNIZATION PROGRAM IMPACTS 

A .1 Findings and Conclusions 

As discussed in the previous section, the investigation and identification 
of specific project impacts has resulted in a number of conclusions relevant to 
the entire program. While these conclusions are based primarily on the inde­
pendent measurement of project impacts, discussions with UMTA representa­
tives and transit officials have added perspective to the interpretation of mea­
sured impacts and the significance of these impacts in relation to the program. 
The principal findings and conclusions resulting from the evaluation of the 
program are as follows: 

1. Widespread system deterioration was common in the rail transit 
sector prior to 1965. The deterioration of rail systems prior to 1965 
is partly attributable to the neglect of replacement of capital assets 
on a timely basis. (Deferral of maintenance represents another sig­
nificant cause of system deterioration.) Previously cited examples 
of neglected capital replacement include the Frankford Elevated in 
Philadelphia and the Chicago Rock Island system. Case study find­
ings further document this conclusion: examples include operation 
by the Burlington Northern, as recently as 1973, of single-level 
passenger cars built between 1916 and 1929, and SEPTA's similar 
operation, in 1973, of commuter cars, comprising nearly 80 per­
cent of the ex-Penn Central Division fleet manufactured before 1920. 

2. Since 1965, UMTA has provided $1. 7 billion in Section 3 funding to 
replace or modernize physical plant and equipment. During Phase 
I of this evaluation, all Section 3 grants approved for the moderni­
zation and rehabilitation of existing rail systems were identified 
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and subsequently catalogued by mode, city, and type of improvement. 
These 88 grants totalled $1. 7 billion. The purchase of new rolling 
stock accounted for $1. 2 billion ( 49. 6 percent) of all rail moderniza­
tion costs. Ways & Structures improvements totalled $660 million 
(26. 9 percent) and were in the following major areas: power ($270 
million), track ($172 million), and signals ($135 million). Station 
modernization costs over the period 1965-1977 were approximately 
$151 million (6 .1 percent). Only a limited number (about 45 percent) 
of the projects funded by this program have been completed. 

3. Because capital replacement needs exceed available grant funds, these 
funds are used for the most critical needs. As previously discussed 
in the context of national aggregate impacts, estimated annual program 
needs for the New York MTA are far greater than historical funding 
under the Rail Modernization Program. Consequently, 96 percent of 
UMTA funds available to the MTA have been invested in rolling stock 
and maintenance of way improvements, while less than 2 percent of 
these funds have provided for strictly aesthetic/ quality of service im­
provements represented by station modernization projects. 

4. UMTA investment in rail modernization has encouraged the continued 
provision of safe and reliable service by addressing the more critical 
operational needs. The case studies documented the contribution of 
UMTA funds to an enhanced level and quality of service. 

5. Transit operators typically justify rail modernization investments on 
the basis of safety, reliability, cost savings, and patronage impacts. 
Because of the widespread system deterioration. critical moderniza­
tion needs typically exhaust program funds. These needs include 
primarily the provision of safe and reliable service with a secondary 
emphasis on cost savings and patronage. 

6. UMTA may expect the future demand--relative to other moderniza­
tion projects- -for the replacement and rehabilitation of rolling stock 
to decrease in the absence of increased capacity pressures. Because 
a majority of rail modernization funds has been expended for rolling 
stock improvements ($1.3 billion or 53.8 percent), vehicle reliability 
has improved through a decrease in the average age and an increase 
in the number of rehabilitated vehicles (as exhibited by the Burlington 
Northern and Philadelphia commuter cars case studies). As the 
performance of rolling stock fleets is brought increasingly in line 
with operator requirements, UMTA may expect a decrease in the 
demand for new rolling stock except to satisfy additional capacity 
needs. 

7. Maintenance of way improvements represent continuing capital re­
placement needs and generally impact the safety and reliability of 
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rail transit operations. The deterioration of track and structures 
on the Frankford elevated in Philadelphia and the Rock Island com­
muter lines in Chicago resulted in trains operating at a reduced speed. 
As maintenance of way improvements are implemented, trains operate 
with increased safety at higher speeds, thereby contributing to the 
reliability of operations. 

8. As safety and reliability needs are satisfied (through rolling stock and 
maintenance of way investments), station modernization may be ex­
pected to assume a larger proportion of the total rail modernization 
program; this is consistent with UMTA' s goals of making rail stations 
accessible to the handicapped, enhancing the role of transit in urban 
revitalization, and increasing transit patronage. From the beginning 
of the program, approximately $275 million or 11. 2 percent of all 
rail modernization funds have been provided for station modernization 
projects. As critical operational and safety needs are satisfied. 
UMT A may expect to expend an increasing level of funds to modernize 
stations and terminals. 

9. The principal impacts of the rail modernization funding have been as 
follows: 

• To increase the rate of replacement of antiquated rail transit as­
sets. This impact is inferred from the first two conclusions above. 
Because transit operations have not generated sufficient revenues 
to replace capital assets on a timely basis, the mere existence of 
federal assistance for rail modernization and rehabilitation has pro­
vided for the replacement of these assets which might otherwise 
have been neglected. The Burlington Northern case study demon­
strated a specific instance in which a need for new equipment for 
replacement and expansion purposes could not have been met with­
out UMTA funding • 

• To advance the technology of rail systems. Rail modernization 
funding has resulted in the replacement of antiquated capital assets 
with assets that feature more technologically advanced designs. Ex­
amples include: the new commuter cars in Philadelphia with air 
conditioning. improved heating and lighting systems. automatic 
doors, and public address systems; the efficient power conversion 
equipment installed by PATH; and the cameras installed in the 
Philadelphia 8th Street Station to deter crime and vandalism • 

• To contribute to an increase in patronage or reduce the rate 
of decline in patronage. The presentation of patronage impacts 
of rail modernization projects in Section IV revealed that the 
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purchase of new rolling stock was associated with increases 
in total patronage. The investigation of aggregate impacts 
provided further evidence that the Rail Modernization Pro­
gram, in association with other factors. has resulted in a 
decreased rate of decline of rapid and light rail patronage 
for 1965-1977. wit.h increases in patronage for the first 3 
quarters of 1978. ' 

• To contribute to both increases and decreases in operating 
and maintenance costs and to decreases in operating energy 
consumption. Cost reductions are derived primarily from 
an increased capacity or efficiency of facilities and equip­
ment. Examples include higher capacity cars for Chicago 
(BN), Philadelphia. and Boston and the installation of effi­
cient power conversion equipment by PA TH. Increases in 
operating and maintenance costs are attributable to more 
sophisticated technology, as with the new LRVs in Boston, 
and to an increased level and quality of service. The net 
effect of these impacts is not known. 

• To contribute to increases in both the level and quality of ser­
vice provided by transit -0perators. Positive impacts were 
demonstrated by investigation of rolling stock purchases and 
by station modernization projects. Although the exact contri­
bution of the program to increases in the level and quality of 
service available cannot be ascertained, future positive in­
creases in both areas can be reasonably expected to result 
from the program. 

10. Rail modernization program investments characteristically yield 
lower incremental patronage impacts than investments in new starts. 
This evaluation did not focus on the examination of new rail transit 
systems, but new starts are expected to result in greater patronage 
impacts because previously untapped travel markets are served. In 
contrast, rail modernization investments normally improve the ser­
vice to existing travel markets. Because rail modernization invest­
ments are intended to maintain existing patronage, comparison of 
these investments with investments in new transit systems on a 
per-passenger basis should include the number of passengers that 
would have been lost if the investment had not occurred. 

11. The Rail Modernization Program is estimated to have generated be­
tween 328,000 and 610. 000 person-years of employment over the 
period 1965-1977. Under Phase I of the evaluation, a review of the 
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limited research on employment impacts was conducted to provide 
rou1h eatimates of these impacts for the program. Based on this 
review, it appears that a reasonable estimate of the total person­
yeara of employment (direct, indirect, and multiplier effects) gen­
erated by the program would range from 328,000 to 610, 000. 

The findin1• and conclusions noted above summarize the positive impacts 
towards the realization of national goals and objectives associated with the pro­
gram. Th••..-i• and objectives, as identified in Section III, include: 

• 

• 

maintaining the level and quality of transit service: 

maintaining the already substantial patronage in existing rail mod­
ernbation cities; 

promoting the mobility of the public, including transit-dependent 
groups, with the provision of more efficient transportation ser­
vices; 

reducin& urban transportation energy consumption; 

promoting the economic development of urban areas; and 

reducin1 air and noise pollution • 

Exhibit V-1 summarizes the findings of each of the case studies as they 
relate to individual goal areas. Although the observed project impacts do not 
completely reflect the total results of the program, they are illustrative of the 
types of impact• that have occurred with the program. It is expected that the fu­
ture purcha••• of rolling stock will result in similar positive patronage impacts 
and in an improved level of service. Additionally. station modernization proj­
ects positively impact the quality of service received by transit patrons. Be­
cause the proCT•m '• primary goals and objectives are. first. to restore the 
physical plant and thereby maintain service levels and. second, to maintain 
rail patronar•. the demonstrated impacts of the program in these areas are 
discussed in ,reater detail below. 

The impact of the program in enabling localities to invest in capital fa­
cilities and equipment and thereby provide an increased level and quality of 
service is exemplified by the use of UMTA funds for the purchase of 25 new 
commuter car• for Burlington Northern (BN) service. Case study documenta­
tion of this project indicated that the 25 new commuter cars purchased under 
grant IL-15 hav. enabled the BN commuter services to grow with the demand 
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EXHIBIT V-1 

RAIL MODERNIZATION PROJECT IMPACTS ON PROGRAM GOALS 

BN 
GOALS COMMUTER 

CARS 

(1) Level of Service: 
• Increase Transit Trip Speed 

• Increase Transit Convenience 
- Increase Frequency p 

- Increase Coverage (Capacity) p 

• Improve Transit Reliability p 

I 
I I (2) Quality of Service: 

• Improve Safety I 
- Reduce Transit Accidents 
- Reduce Transit Crimes 

• Improve Transit Comfort and Convenience 

(3) Maintain Patronage in Rail Modernization Cities 

(4) Promote the Mobility of the Public Including 
Transit Dependent Groups 

(5) Reduce Transit Operating and Maintenance Costs 

(6) Reduce Urban Transportation Energy Consumption 

(7) Promote Economic Development of Urban Areas 

(8) Reduce Air and Noise Pollution 

KEY: 
P Positive Impact on Goal Attainment 
N Negative Impact on Goal Attainment 

1The operation of LRV's in Boston has resulted in the positive 
impact of reduced oper~ting (energy) c.psts and in the negative 
impact of increased maintenance costs. 

p 
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for these services, as exhibited by patronage trends (both annual and peak pe­
riod). and that this growth in the level of service provided would not have oc­
curred in the absence of UMTA funding. Similarly, the purchase of new light 
rail vehicles for operation on the Green Line in Boston and the acquisition of 
130 new commuter cars for ex-Penn Central Division service in Philadelphia 
have been shown to contribute to improvements in the level of service provided. 

Case study investigation of individual rail modernization projects has 
shown favorable impacts on the maintenance of patronage in existing rail cit­
ies • 1 The purchase of 25 new bi-level cars for the Burlington Northern com­
muter service in Chicago was followed by a 30-percent increase in aggregate 
annual patronage from 19 7 2 to 19 7 5. Annual and peak period patronage on ex -
Penn Central Division lines in Philadelphia increased 19. 7 percent and 45. 0 
percent, respectively, with the introduction of 130 new cars. Lastly, the 1977 
patronage on the Riverside Branch of the Green Line in Boston increased be­
tween 11 and 16 percent following the initiation of LRV service and implemen­
tation of other rail modernization improvements in 1977. 

The analysis of aggregate rail modernization rapid and light rail patron­
age, presented in Section IV, indicates a decreased average annual rate of 
decline in patronage in selected rail modernization cities, from 2.2 (1953-
1965) to 1.9 (1965-1977) percent per year. 2 Although the average annual rate 
of decline in patronage in New York during this same period approximates 2. 5 
percent, recent patronage data indicates that New York patronage declined only 
1. 2 percent in 1977 and actually increased 4. 7 percent during the first 9 months 
of 1978. This increase in patronage is characteristic of rail systems in other 
cities as well, including Chicago (+6. 7 percent}. Philadelphia rapid rail (+27. 9 
percent). and Cleveland light rail (+2. 6 percent). As previously noted, these 
systems accounted for nearly 90 percent of total (rapid, light, commuter) rail 
patronage in 1977. 

The progress of the Rail Modernization Program in fostering positive 
impacts on the attainment of level and quality of service goals and of mainte­
nance of existing rail patronage can be illustrated further by examining what 

1In each case study investigated that involved the purchase of rolling stock, 
there was a correlation between rolling stock purchases and increases in pa­
tronage, primarily because the addition of new rolling stock has enabled man­
agement to provide an improved level and quality of service. However. exter­
nal factors such as CBD employment and population increases were also rec­
ognized as contributing to patronage increases. 

2Based on data for Chicago, Philadelphia (rapid rail), and Cleveland (light 
rail). 
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might have occurred in the absence of UMTA funding. The principal source 
of data for assessing these effects is found in the few alternatives analyses 
which have been conducted for rail modernization projects. 1 These alterna­
tives analyses forecast the anticipated impacts of a proposed transportation 
change rather than measure the observed impacts of an actual change. How­
ever, because little research has been conducted to document deteriorating 
levels of service and patronage in a system that has foregone modernization, 
alternatives analyses must be consulted to examine the implications of not 
modernizing. 

One alternative analysis which examined hypothetical level of service 
changes in the absence of Ul'.1:TA funding was conducted by Edward Totten in 
1973. 2 The purpose of this study was to provide information necessary for 
a decision concerning investment in SEPTA's light rail rolling stock. Of the 
five alternatives examined, two included the purchase of new rolling stock, 
another two considered various rehabilitation/modernization scenarios. and 
the fifth examined the "null" approach {i.e., present equipment and trends in 
operation continue). 

The chief findings in the Totten study point to anticipated improvements 
in the level and quality of service provided if either new rolling .stock is pur­
chased or existing rolling stock is rehabilitated. In the absence of UMTA 
funding and subsequent rolling stock improvements, headways {frequency) 
were expected to range from 8 to 20 seconds higher, capacity was expected to 
be considerably lower, and reliability of equipment was also expected to be 
lower (1,130 miles per breakdown for existing equipment and 6,400 miles per 
breakdown for new equipment). In addition, the deterioration in the level of 
service provided was expected to continue without rolling stock improvements. 

Two alternatives analyses suggest the need for the program in contrib­
uting towards maintenance of patronage goals and objectives. They investi­
gate and compare projected patronage impacts of various rail modernization 
investment opportunities, including the 0 null" case. 3 The first investment 

1 Alternatives analyses are not required by UMTA for rail modernization proj­
ects but are normally conducted by localities to justify the investment of 
scarce local resources as part of the local share of project costs. 

2 "Investment Analysis of Equipment Alternatives for SEPTA' s Subway-Surface 
Lines • 1

' 

3Totten. Edward. "Investment Analysis of Equipment Alternatives for 
SEPTA's Subway-Surface Line. 11 September 1973. 

V.8 



analysis of rolling stock purchases in Philadelphia investigated the potential 
patronage impacts of five basic alternatives. three of which included: con­
tinued operation of the existing fleet. rehabilitation/ modernization of the 
existing fleet. or acquisition of a new fleet. Patronage impacts were pro­
jected over the 7-year period 1975-1982. and were anticipated as follows: 

PROJECTED PATRONAGE IMPACTS 1975-1982 

11 Do Nothing" Patronage declines by 22.5 percent by 1982. 

Modernize Fleet Zero patronage growth by 1982. 

Acquire New Fleet Patronage increases by 15-61 percent by 1982. 

These projections were based on past experience with new equipment pur­
chases and on patronage trends. The decline in patronage projected under 
the "null" approach was attributed to reduced geographical coverage re­
sulting from vehicle attrition and to the increasing unattractiveness of the 
system. 

The second patronage and revenue study, conducted for PA Train, 1 as­
sessed the implications of continuing existing services as opposed to modern­
izing these services. The planned improvements under the modernization al­
ternative included station parking improvements, station modernization, and 
the operation of upgraded equipment. Two methods of estimating patronage 
were used. including an extrapolation of historical data (patronage records) 
and an estimation by use of a planning model developed by the Allegheny County 
Department of Planning and Development. Use of these models provided the 
following ranges of anticipated patronage impacts over the period 1978-1982: 
the continuation of existing services ("no action") was expected to result in 
patronage changes ranging from a 1. 5 percent decrease to a O .4 percent in­
crease, while projected patronage changes from modernization of the exist-
ing services ranged between increases of 1.0 and 13 .1 percent. The PATrain 
and SEPTA Equipment Analysis studies indicate the types of negative impacts 
in level of service and in patronage that might occur without UMTA funding. 

A. 2 Recommendations 

The following recommendations are based on the findings and conclusions 
presented in this section: 

1. The funding of the Rail Modernization Program should continue al­
though a more complete long-term program including the develop­
ment of measurable goals and objectives and a long-range financing 

1 Baker. Michael J •• Inc. "Port Authority of Allegheny County. Patr01:1age 
and Revenue Study." 1977. 
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plan should be established. Because of the widespread system de­
terioration in the transit sector, a genuine need exists for investing 
in capital assets in order to protect the physical plant and equip­
ment, maintain service levels, and keep up the substantial patronage 
in these cities. The inability of the transit sector to internally gen­
erate sufficient revenues for capital replacement has been accepted 
for many years. Also, the provision of rail modernization funding 
for capital replacement has resulted in positive impacts on the main­
tenance of service levels and patronage. These benefits are consid­
ered to be in the public interest; funding for the program should 
therefore continue although a more complete long-term program 
should be developed. 

2. The progress of the rail modernization investments program should 
not be evaluated on the basis of a single factor such as patronage 
increases per investment dollar. Throughout the discussion of ag­
gregate impacts of the program, a number of factors were presented 
in the interpretation of patronage data; these included the time lag 
associated with impacts from modernization investments and the in­
tent of these investments to better serve existing markets and not 
necessarily to expand or tap new travel markets. Thus, patronage 
data alone may not accurately reflect the positive impacts of the pro­
gram at a given time. A number of other significant and desirable 
impacts. some quantifiable, are associated with the program. These 
include level and quality of service; mobility of the public, including 
transit dependent groups (elderly and handicapped. economically dis­
advantaged. etc.); reductions in air and noise pollution; and urban 
transportation energy consumption. For a proper assessment of the 
program as an effective investment, each of these factors must be 
considered. 

B. RAIL MODERNIZATION PROGRAM MANAGEMENT 

B .1 Findings and Conclusions 

Phase II of the program evaluation included an examination of the process 
undertaken by urban transit systems to finance rail rehabilitation and moderni­
zation. Specifically, the process undergone by a recipient of Section 3 grants 
from UMTA was compared with that for a transit authority whose rail moderni­
zation program is currently financed independent of UMTA capital grants. The 
findings from this case study and efforts to document the transportation and 
non-transportation impacts of the program have resulted in the following con­
clusions on the management of the Rail Modernization Program: 

1. A complete program including goals, objectives. and financing plans 
does not currently exist. Section III of this evaluation identifies a 
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number of UMTA and program goals. Nonetheless, goals and objec­
tives are not explicitly defined to establish criteria and standards for 
measuring their attainment, and there is no formal definition of the 
federal role in the modernization of rail systems. Since 1965. UMTA 
has provided $1. 7 billion in Section 3 funding to replace or modernize 
rail physical plant and equipment. There is no agreed upon estimate 
of the extent of the national need for rail capital replacement and 
modernization, so it is not clear to what extent the program has man­
aged or has failed to satisfy these needs. 

2. A consistent evaluation process for rail modernization grant applica­
tions does not currently exist. In the absence of specific program 
goals, objectives, and financing plans, no established criteria for 
examining requests for UMTA funding of rail modernization projects 
are utilized. Rather, the federal role in rail modernization has been 
primarily to distribute funds essential for capital replacement. 

3. Local transit authorities appear to have a rational process for 
determining their rail modernization priorities based on a 
specific--if non-guantifiable--set of goals and objectives. The use 
of criteria by properties to identify modernization projects was evi­
dent in the grant process case studies. These criteria, however, 
were not routinely used to quantify the associated costs and benefits 
of a project. 

4. A erocess for routinely monitoring rail modernization grant impacts 
does not currently exist. The purpose of this evaluation is to provide 
an initial examination of these impacts because rail modernization 
projects are rarely subjected to any post-grant analysis that formally 
evaluates their effect. This lack of evaluation is characteristic at 
both the federal and local levels. 

These findings and conclusions are discussed in greater detail below. 

One of the more frequently discussed issues during annual UMTA appro­
priation hearings concerns the provision of federal assistance for mass transit 
and is equally applicable to the Rail Modernization Program. This concern, 
as voiced by Congressman John J. McFall, Chairman of the Subcommittee on 
the Department of Transportation and Related Agencies Appropriations, during 
recent hearings for 1979, involves the absence of any "specific, attainable and 
generally accepted goals for the large amount of Federal assistance provided 
for mass transportation." This statement may apply to the program goals 
identified in Exhibit V-1. Neither the UMTA authorizing .legislation nor policy 
statements issued by the different Secretaries of Transportation delineate spe­
cifically measurable transportation or non-transportation goals against which 
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to assess performance. The reasons behind the lack of specific programs 
goals are twofold: they relate to the issue of the federal role in rail modern­
ization and to the limitations associated with establishing concrete goals for 
program evaluation. 

•' 

It is a matter of continuing debate whether UMTA should establish formal 
goals at. the federal level and then direct available funds to attain these goals 
or whether it should provide localities with the necessary funds to attain local 
goals and objectives. The latter approach more closely represents a revenue 
sharing concept where it is presumed that the local authorities are in the best 
position to determine the appropriate use of program funds. The current Rail 
Modernization Program reflects a combination of these approaches. as exem­
plified by grant applications from New York; these are of two types: the first 
provides for a range of projects essential to an "ongoing" orderly replacement 
of capital assets. and the second normally involves a specific unique project 
such as making a station accessible or providing for significant environmental 
improvements. In its application process. New York distinguishes between 
rail modernization projects because the latter type of application normally re­
quires a. longer period of review before approval, and it is undesirable to delay 
the necessary 11ongoing" projects because of any individual project. Al though 
all projects are approved by UMTA. the fact that some projects receive more 
scrutiny than others reflects a presumption by UMTA that local authorities are 
in a position to determine appropriate needs for certain types of projects. 

Another difficulty associated with establishing concrete goals for pro­
gram evaluation concerns the measurability of goal achievement. While a 
reduction in air pollution associated with transit may be a real benefit of and 
an appropriate goal for the program. it is difficult to determine the program's 
effect in this area. Secondly, it is problematical whether "those goals {pro­
gram), if they are measurable. can in fact be achieved by a Federal agency 
•.• patronage may well depend on local circumstances and local conditions 
and may not be susceptible to measures or actions (by UMT A) staff in 
Washington. 111 Lastly. the level of rail modernization funding in relation to 
existing needs is such that current funds are expended to meet critical needs. 
However, as a surplus of funds are available for di.:c.retionary use. it may 
become increasingly appropriate and essential to establish formal goals and 
objectives to be met with these funds. 

1Richard s. Page, Administrator, UMTA, "Hearings Before a Subcommittee 
on the Committee on Appropriations. House of Representatives, Department 
of Transportation and Related Agencies for 1979." p. 209. 
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Because the federal role in rail modernization has been primarily to 
distribute funds essential for capital replacement, UMTA has no consistent 
process for technical evaluation of grant applications. However, the grant 
process case study findings indicate that transit authorities have a well­
structured process for the internal identification, approval, and implemen­
tation of rail modernization projects. Both NYCTA and PATH, for example, 
use criteria to identify. justify. and rank projects for implementation. In 
order of decreasing importance, NYCTA criteria are safety, reliability, and 
energy savings. and PATH criteria are structural integrity and personal 
safety, financial benefits, and aesthetics. To the extent that local goals are 
consistent with UMT A goals, it may not be necessary for UMTA to review 
the appropriateness of grant applications except as a control on the local 
evaluative process. 

No process for monitoring rail modernization grant impacts currently 
exists. This holds true at the local level, where it was determined that the 
criteria to identify, justify. and rank projects are not utilized to: 

measure and report on the base operating or performance con­
ditions before implementation of a rail modernization improve­
ment; 

measure and identify the amount of improvement in operating 
or performance conditions expected to result from project im­
plementation; or 

evaluate rail modernization projects after they are implemented 
to determine whether projects are achieving the desired results. 

Rather, NYC TA and PATH use criteria descriptively or qualitatively with re­
spect to rail modernization projects. 

B. 2 Recommendations 

Based on the findings and conclusions presented above, it is recommended 
that UMTA take the following short-term actions for the improved management 
of the rail modernization program: 

1. Establish a concrete and measurable set of goals and objectives and 
develop performance measures for determining the extent to which 
goals and objectives have been achieved. Because the program cur­
rently lacks well-defined goals, a measurable set of goals and objec­
tives should be established with corresponding measures to determine 
their attainment. If the goal becomes one of simply providing funds 
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to meet local objectives, a process for determining success in meet­
ing these objectives should also be established. Despite the previously 
recognized difficulties associated with establishing concrete federal 
goals, they provide a basis for monitoring and measuring the pro­
gram's effectiveness. 

2. Deter.mine the current status of each rail system in terms of per­
formance measures and condition of physical plant and equipment. 
In order to determine the needs of rail systems in relation to 
desired levels of service and to evaluate the impact of the program 
in meeting these needs. an inventory of present service levels and 
system condition is required as a basis for comparison. This in­
ventory may be conducted by UMT A with input from transit opera­
tors and metropolitan planning organizations or by transit oper­
ators under UMT A guidance. 

In addition to those noted above, the following recommendations represent 
less immediate actions required of UMTA for the continuing improved man­
agement of the program: 

1. Perform an analysis to determine the appropriate actions and finan­
cial support required to achieve different levels of rail system per­
formance. This process will result in a number of potential level­
of • service "targets II and the necessary local and UMT A actions 
required to achieve them. Again. local involvement by transit 
operators and metropolitan planning organizations should be en­
couraged. 

2. Develop alternative financial and performance plans for use in defini­
tion of an overall program for rail modernization. including long­
term financing and target levels of performance. Implementation of 
this recommendation will be based on output developed from the pre­
vious recommendation and represents a synthesizing of estimates 
developed for each city into appropriate estimates and·"targets" for 
the program • 

3. Present alternative program budgets to Congress. Based on the iden­
tification of alternative performance levels and associated budgets, 
alternative program budgets should be presented before Congress so 
that an appropriate level of funding may be established. 

4. Es tab Lish a capital grant review process which is related to perfor­
mance criteria and associated goals and objectives. The develop­
ment of a consistent evaluation process for reviewing grant applica­
tions will enable UMTA to determine the extent of anticipated impacts 
of specific projects on program goals and objectives. 
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5. Establish an ongoing procedure for measuring rail system perfor­
mance as it is impacted by the Rail Modernization Program. The 
monitoring of a project impacts to assess whether expected levels 
of performance were attained will serve as a control in future plan­
ning efforts and identify those projects that result in desirable bene -
fits. 

6. Report overall program performance and the results of individual 
projects to Congress and to the community-at-large. Dissemination 
of program results to Congress is desirable to highlight the signifi­
cance of the program. Dissemination of project impacts to the com­
munity-at-large will help in identifying reasonable alternatives to 
address transportation and non-transportation problems. 
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I. SUMMARY AND INTRODUCTION 

On May 16, 1972, UMTA awarded a capital improvement grant to the West 
Suburban Mass Transit Di strict (WSMTD), Chicago, Illinois. This grant. 
IL-15, provided for the purchase and modernization of 65 existing Burlington 
Northern (BN) commuter cars and 21 locomotives, the purchase of new bi­
level commuter cars and spare parts, the modernization of 2 9 donated BN 
commuter cars, and the installation of electrical standby facilities • 1 Total 
project costs under IL-15 were $41. 7 million, with the federal and local 
shares shares comprising $27.8 million (66-2/3 percent) and $13.9 million 
(33-1/3 percent), respectively. This appendix focuses on the use of UMTA 
funds in the purchase of the new commuter cars for the BN service, as well 
as the purchase and modernization of the existing commuter car fleet. 

The primary objective in evaluating these rolling stock purchases is to 
document the impact of UMTA funds on Burlington Northern commuter rail 
service. In this regard, discussions with Mr. Theodore G. Schuster (Assis­
tant Vice President, BN Urban Services), Mr. Forrester DuSell (Manager, 
BN Urban Services), and Mr. Lewis E. Bulkeley (Counsel and Project Di rec­
tor, WSMTD), as well as a review of operating and financial data routinely 
compiled by the Burlington Northern, resulted in two principal findings: 

• IL-15 was instrumental in improving the quality and quantity of 
service provided by Burlington Northern • 

• IL-15 enabled the Burlington Northern commuter services to grow 
with the demand for these services. 

This appendix is organized into five sections and is designed to provide a 
historical perspective on the pre-grant BN commuter service. describe the 
operating and financial characteristics of the BN commuter service which 
illustrate the need for additional commuter cars and for external sources of 
funding for these cars at the time IL-15 was approved, indicate the actions 
taken to fulfill these needs. and demonstrate the impact of IL-15 on the BN 
commuter service. 

1The modernization of commuter cars included the electrical air-conditioning, 
heating and lighting systems, and the modernization of diesel locomotives 
included a complete rebuilding of the locomotives. 
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II. BURLINGTON NORTHERN COMMUTER RAIL SERVICE 

The Aurora Branch Railroad was incorporated in 1849 and initiated pas­
senger service from Aurora to Chicago with partial use of the Galena and 
Chicago Union {now C&NW Railway) tracks. The Aurora Branch Railroad 
soon became the Aurora and Chicago Railroad and, by 1855, the Chicago, 
Burlington & Quincy. When the Galena and Chicago Union terminated Burling­
ton trackage rights, the Burlington constructed a 38-mile direct line from 
Aurora to Chicago over which the first passenger train was operated on May 
29, 1864. There are currently 26 stations alorl:g the route, three of which 
are located within the Chicago City limits (see Exhibit A-1). The remaining 
23 stations are situated in suburban Cook, DuPage, and Kane Counties. At 
present, all units of the BN commuter car fleet of 141 cars are utilized, ei­
ther in revenue service or as spares, while providing 68 weekday trains {21 
inbound during the morning peak period and 19 outbound during the evening 
peak period). More than 12 million passengers are trans ported annually {ap­
proximately 46,000 riders each weekday). 
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III. OPERATING AND FINANCIAL ENVIRONMENT PRIOR TO IL-15 

PATRONAGE TRENDS AND RELATED FACTORS 

Annual Patronage 1965-1972 

From 1965-1972, annual patronage on the BN increased nearly 18 percent. 
from 8. 8 million to 10. 3 million. The average annual increase in patronage 
during this 7-year period was 2. 5 percent or roughly 200,000 per year. 
Although this increase in patronage may not appear significant when viewed 
alone, its importance grows when examined in the context of BN fare policies. 
During the period 1965-1972, the BN increased commuter fares on three oc­
casions: a 10-percent increase on March 29, 1968, a 5-percent increase on 
May 10, 1970, and a 6-percent increase on August 9. 1971. The continued 
increases in BN patronage despite increased fares, indicate the growing de­
mand for commuter rail service provided by the Burlington Northern. 

The increases in patronage noted above are partially attributable to in­
creases in the population of the various townships and communities served by 
the BN. Although the population in those communities and townships served 
by the BN in Cook County (Cicero, Berwyn, Riverside, Brookfield, LaGrange, 
and Western Springs) experienced a population decline of nearly 1 percent from 
1960 to 1970, the communities and townships in DuPage County (Hinsdale. 
Clarendon Hills. Westmont, Downers Grove, Lisle, and Naperville) experi­
enced population increases of approximately 54 percent. In addition, the pop­
ulation of Aurora township in Kane County grew by 16 .9 percent between 1960 
and 1970. As a whole, population in the service area has increase nearly 21 
percent from 1960 to 1970. 

Another factor impacting BN patronage was the rise in the level of employ­
ment within the Chicago Central Business District (CBD). CBD employment 
for Chicago from 1965-1972, as shown below, 1 increased nearly 9 percent 
between 1965 and 1972. 

1source: Chicago Area Labor Market. 
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CBD Employment1 

Jobs Covered by Unemployment Compensation Act 

Year 1965 1966 1967 1968 1969 1970 1971 1972 

Employment (thousands) 197 202 210 216 223 224 214 2152 

Although CBD employment declined 4 .5 percent in 1971, BN patronage increased 
2.7 percent. In 1972, when there was practically no change in CBD employ­
ment, BN patronage increased 3 • 8 percent. 

Peak Period Demand 

Another measure of demand for BN commuter service is the number of in­
bound peak period riders. This is particularly relevant as it determines the 
number of cars required to provide service. The table below indicates morning 
inbound peak period patronage from 1970 through 1972: 

Year 

1970 

1971 

1972 

BN Average Patronage During Inbound Peak Periods 3 

1st QTR. 

14,098 

15,286 

15,765 

2nd QTR. 

14,230 

14,756 

15,564 

3rd QTR. 

13,730 

14,471 

14,964 

4th QTR. 

14,661 

15,028 

16,131 

AVERAGE 

14,179 

14,959 

15,606 

These data indicate an increase in morning inbound peak period patronage of 
approximately 10 percent from 1970 to 1972 (based upon yearly averages). 
However, depending upon which quarterly periods are chosen for comparison, 
increases in peak period patronage ranged from 10-17 percent. These figures 
point to a significant increase in morning inbound peak period patronage from 
1970 to 1972. 

1CBD Boundaries: North - River and Wacker Drive, West - Wells Street; 
South - Van Buren Street. 

2coverage of Unemployment Act changed in 1972; figure might be slightly high. 

3source: Carl R. Englund and Son. 
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Trip Length 

The growth in a. m. peak patronage prior to 1972 was not uniform through­
out the BN service area. Because of the high population increases in DuPage 
(54 percent) and Kane ( 17 percent) Counties since 1960. the greatest increases 
have occurred at those stations located more than 15 miles from the city. 
thereby increasing the average trip length. For example, peak period patron­
age in DuPage County grew 16.0 percent during the period 1970-1972. 1 The 
peak period patronage at those stations farthest from Chicago. such as Naper­
ville, Lisle, Belmont, and Downer's Grove. increased 6. 9, 6 6. 1, 18. 1, and 
14. 5 percent, respectively. 

SERVICE CAPABILITIES 

The service measures discussed in this case study are capacity, frequency, 
and reliability. Prior to the receipt of the 25 new bi-levels purchased under 
IL-15. the BN commuter car fleet consisted of 94 stainless steel bi-level cars 
built between 1950 and 1965 and 17 single-level combination passenger and 
power generating cars built between 1916 and 1929. The 17 "combination" 
cars were extensively rebuilt in 1950 to provide a power source for the train 
lighting systems of the newer bi-level cars. In addition, seven single level 
"main line" or intercity type cars were used in suburban service. The aver­
age fleet age of the 94 bi-level cars was 18. 1 years in 1972. 

Seating Capacity 

The seating capacity of the old BN commuter car fleet ( 1972), not allowing 
for spares, was approximately 14,830 seats (94 bi-levels at 145 seats each; 
17 "combination" cars at 50 seats each; and seven "mainline" cars at 50 seats 
each}. In addition. recycled equipment2 during the morning inbound peak 
period accounted for 2,355 seats, thereby increasing the seating capacity of 
a .m. peak period inbound trains to 17,185 seats. Because the BN commuter 
fleet was operating at 100 percent of capacity prior to the receipt of the 25 new 
bi-levels, the seating capacity of 17,185 seats represented the maximum num­
ber of seats that could be provided. These figures do not allow for deducting 
seats in a minimum of cars (two) held for programmed maintenance which 
would reduce the effective seating capacity to 16,895. 

1Based on sale of weekly/ monthly tickets allocated to stations percentagewise 
from results of actual conductor counts. Source: Burlingt?n Northern Railroad. 

2This term refers to BN' s practice of scheduling early trains for second runs 
during the morning and evening rush hours. 
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Frequency and Reliability 

Until November 1972, the BN commuter car fleet was utilized to operate 
62 scheduled weekday trains, 38 of which were rush-hour trains (20 inbound 
during the morning peak period and 18 outbound during the evening peak pe­
riod). The on-time performance of BN rush-hour trains (i.e •• percentage of 
trains arriving at the terminal within 3 minutes of schedule) during the period 
1970-1973 ranged from 71. 7 to 98. 0 percent. All delays, regardless of cir­
cumtances, are included in these computations. The average on-time perfor­
mance for the years 1970, 1971, 1972, and 1973 was 92, 91, 93, and 88 per­
cent, respectively. 

Equipment Utilization 

In an effort to meet the 10-percent increase in morning peak period demand 
since 1970, the BN scheduled an additional train in November 1972 for both 
morning and evening peak period service, raising the commuter car utilization 
rate to 100 percent. Operating at maximum capacity, the BN was able to serve 
the increased patronage. However, the anticipated growth in patronage beyond 
1973 could not be accommodated given the current equipment limitations. 

The 100-percent equipment utilization presented additional problems as 
well. During peak periods, cars could not be taken out of service for major 
maintenance work. Consequently, the BN was precluded from instituting a 
normal preventive maintenance program and was required to repair car com­
ponents during daytime yarding when and if failures occurred. With the aver­
age fleet age exceeding 18 years, the probability of commuter car breakdowns 
while in operation was increasing. In summary, the high equipment utilization 
created problems, such as: 

• handling future demand; and 

• reducing reliability because of the inability to institute effective 
preventive maintenance programs. 

Exhibit A-2 illustrates the problem of handling future demand by charting 
the maximum net seating capacity under 1972 equipment constraints against 
anticipated growth rates (in morning peak period patronage) of 1 7 percent, 
10 percent, and 5. 5 percent. This exhibit suggests that the number of antic­
ipated passengers would outnumber available seats between the 2nd quarter 
1972 and the 2nd quarter 1973. However, this does not imply that the BN was 
not experiencing equipment shortages during 1972. 

When the total number of available seats on a.m peak period trains ap­
proximates the number of passengers. some trains have vacant seats while 
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EXHIBIT A-3 
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other trains have an excessive number of standees. Exhibit A-3 indicates 
the relationship between total standees and total vacant seats on BN morning 
inbound peak period trains during the period 1970-1973 ( 1st quarter). BN 
representatives account for this by noting that the earliest inbound train (ar­
riving Union Station at 6:20 a.m.) and the latest inbound peak period train 
(arriving at 9:15 a.m.) normally have a high number of vacant seats. How­
ever, those trains arriving during the interim period, particularly around 
7:30 a .m. and around 8:00 a .m., have crush loads with many standees. BN' s 
objective for rush hour trains is to minimize standees on any particular train. 
As such, the size of the trains (arriving near 7:30 a.m. and near 8:00 a.m.) 
during the morning peak period dictates the size of trains arriving before and 
after these "peak" trains. This results from the fact that in order for recy­
cled trains to arrive at the points in which they are needed, there is no avail­
able time for changing the consist of these trains. As the distance which a 
train must travel to reach a recycle point increases, the ability of manage­
ment to match passengers with available seats diminishes and. consequently, 
both the number of vacant seats and the number of standees increase. 

The steady growth in BN patronage during the period 1965-1972 taxed the 
existing fleet of commuter cars to the limit. Anticipated increases in patron­
age presented BN management with the task of meeting these patronage in­
creases without a concommitant decline in the level of service provided. As 
such, the need for additional commuter cars became increasingly apparent. 

SERVICE PROFITABILlTY AND FUNDING OF EQUIPMENT PURCHASES 

Operating Losses 

Strong patronage increases from 1968 to 1971, coupled with three fare in­
creases, during the same period contributed to an overall increase in pas -
senger revenues of 1 7. 2 percent. However, despite these increased passenger 
revenues, operating costs were increasing at the rate of 7 to 8 percent a year; 
BN commuter operations during the years 1968-1971 sustained net operating 
losses, excluding interest on equipment obligations, of $760,090, $1,713,320 
$567,870, and $1,920,936. 1 As such, revenues from commuter operations 
were not available to finance the purchase of new commuter cars. 

Ineligibility of BN for Federal Funds 

Although capital assistance grants were available from UMTA. the BN was 
not eligible by law to receive UMT A funds directly, since grants were limited 

1source: Burlington Northern Suburban Operations Financial Statements. 
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to public agencies. In the absence of an interested public agency to serve as 
a channel for UMTA funds. the expansion of the BN commuter fleet with the 
aid of these funds was not possible. 

Alternatives Available to BN 

As previously noted. operating losses were continuous and. from the 
company's standpoint. of a magnitude to justify an attempt for abandonment. 
However, because abandonment of service would meet public and regulatory 
opposition, BN management was confronted with one or more of the following 
alternatives: (1) the continued diversion of other assets to commuter opera­
tions, (2) the selective discontinuance of off-peak and weekend service as a 
partial abandonment, ( 3) a selective reduction of commuter-related expendi­
tures in areas not affecting public safety. or (4) deterioration of service due 
to overcrowding. 

BN officials have indicated that, as a matter of company policy, the con­
tinued diversion of further company assets into commuter operations would no 
longer be tolerated. As such, one can assume that every effort would have 
been made to reduce costs (operating. maintenance. and capital) associated 
with the commuter operations, particularly since the three fare increases 
during the period 1965-1973 did not result in a net profit. These efforts may 
have included opting for Alternative 2, which would reduce operating costs by 
curtailing service. Alternative 3 would result in both reduced maintenance 
costs (by deferring maintenance) and reduced capital costs (by eliminating 
further in vestment in rolling stock._ etc • ) • 

Implications of Non-Funding 

Disregarding any efforts by the BN to reduce operating and maintenance 
costs, it appears that private investment in the commuter service was not 
going to occur. Because of the unprofitability of commuter operations and 
the apparent inability to win rate increases that would match operating costs, 
BN management would not have invested in the expansion of these operations. 
The purchase of 25 new commuter cars would not have occurred, and. con­
sequently. the expansion of service as measured by seating capacity (through 
higher capacity cars and improved equipment recycling capabilities) and by 
frequency (one additional recycled train) would not have occurred either. 

The question of patronage increases in the absence of funds for expansion 
is somewhat more difficult to address. However, given the seating capacity 
limitations of the pre-IL-15 commuter fleet (Exhibit A-2), it does not appear 
that future patronage gains would have been so significant. As demand levels 
increased the number of standees would have increased. reducing overall 
service levels and diverting travelers to alternative modes. 
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IV. ESTABLISHMENT OF WSMTD AND AP PROV AL OF IL-15 

To address the capacity and financial dilemma and to continue high quality 
service to BN commuters, the West Suburban Mass Transit District (WSMTD) 
was formed as a channel for UMTA funds. Under Illinois state law, the local 
mass transit district act provides for the creation of local Mass Transit Dis­
tricts by one or more municipalities for public ownership and/or operation of 
mass transit facilities. 

The West Suburban Mass Transit District (WSMTD) is an Illinois municipal 
corporation organized in August 1970. Membership of the District consists of 
10 Illinois cities and villages located on the BN commuter line ranging from 
Berwyn on the east to Naperville on the w.est. As a public agency, the 
WSMTD was able to qualify itself for a grant under Section 3(a) of the UMTA 
Act. However, since the Illinois local mass transit district act does not grant 
districts the authority to levy taxes without prior approval of a majority of the 
voters of the district, the WSMTD was incapable of providing the local share 
(33-1 /3 percent) of the costs of this project as required by the UMTA Act. 

As previously noted, the total project costs of IL-15 were approximately 
$42 million. Of this amount, UMTA contributed $27. 8 million (two-thirds 
share), and the WSMTD generated the remaining one-third local share on the 
basis of a $6. 9 million grant from the State of Illinois and $ 7. 3 million from 
the WSMTD. In order to generate its part of the local share. the WSMTD 
entered into two agreements with the BN. 

The first was a basic agreement (1) to accept ownership by donation or 29 
double-deck BN cars appraised at $6 million, (2) to purchase the remaining 
65 cars and 21 locomotives at an appraised price of $12.2 million, (3) to pur­
chase 25 new cars, (4) to replace the heating, cooling, and lighting systems in 
the acquired cars, and {5) to rebuild the 21 locomotives. 

The second agreement was a 15-year lease-back of the BN fleet which 
WSMTD had just acquired, plus a lease of the 25 new cars it intended to buy. 
The $12.2 million in proceeds from the sale of the 65 cars and 21 locomotives 
were returned by the BN to the WSMTD as advance rental for the 15-year lease 
back period. The WSMTD then agreed to use those sale proceeds (advance 
rental) to pay its portion of the local share for this project and to use the re­
maining proceeds for such future capital improvements as the District and BN 
may agree to fund. 

The purpose of the 29-car donation was to 11 trigger" a section of the Illinois 
State Transportation Bond Act which would allow the state to match donated 
equipment with an equivalent amount of cash for local share purposes. This 
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permitted WSMTD to match the two-thirds UMTA fleet acquisition grant with 
a one-third state grant (no WSMTD participation for that part of the project). 
Additionally. the sale proceeds for the fleet acquisition (returned to WSMTD 
as advance rental) were used to fund the one-third local share for the balance 
of the project, which included fleet rehabilitation, new car acquisitions. and 
locomotive rebuilding. 

The net results of the transactions described above are as follows: the 
WSMTD became the owner of 119 commuter cars (94 old and 25 new) and 21 
diesel locomotives and the owner of $4. 5 million in cash for future mass tran­
sit capital improvements; the BN lost ownership of its fleet of 94 cars and 21 
locomotives. donated all sale proceeds to the WSMTD, and currently pays a 
nominal monthly rent for the operation of the modernized/expanded fleet; IDOT 
provided a grant of approximately $7 million in 1972; and, UMTA provided a 
grant of approximately $28 million. also in 197 2. 

The primary advantage to the BN of the sale /leaseback agreement noted 
above is the relief from capital costs through public ownership of the com­
muter equipment. Typically, BN would expect to pay a rate of 8-9 percent 
on equipment trusts issued to finance new equipment. Since the WSMTD pur­
chased the 25 new commuter cars, the BN did not have to negotiate for any 
equipment trusts and pay the resulting capital costs and financing charges. 
Other advantages to the BN of the .sale/leaseback agreement include a reduc­
tion in costs by eliminating fleet depreciation and the establishment of a fund 
for future improvements along the commuter line. The creation of this capital 
reserve account has allowed the BN and the WSMTD to undertake various im­
provements without competing for scarce Section 3 funds under the UMT Act 
of 1964, as amended. This, in turn, has enabled the railroad and the District 
to complete visible improvements (such as station work and grade crossing 
improvements) that have enhanced the image of the BN commuter service. 
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V. IMPACTSOFIL-15 

LEVEL OF SERVICE 

The primary impact of IL-15 derives from the purchase of 25 new bi-level 
commuter cars. With the purchase of these cars the older "combination" cars 
and single-level "main line" cars have been retired and approximately 2,400 
seats added to the commuter fleet. Exhibits A-4, A-5, and A-6 provide an 
external view of a "combination" car, a "main line" car. and a bi-level car 
which was purchased under IL-15, respectively. Additionally, 20 of these 
25 new cars have "cab-control" which allowed for "push-pull" operation re­
sulting in lower operating costs (through reduced switching charges) and 
shorter recycling times. As such. the BN was able to recycle an additional 
early morning train train, thereby raising morning inbound peak period capa -
city to approximately 20,600 seats. 

The frequency of service during the morning inbound peak period was in­
creased with the addition of the recycled train set. Overall increases in fre­
quency of service resulting from the addition of the 25 new cars includes the 
addition of 2 rush-hour trains from 38 to 40. The communities on the western­
most end of the line, Aurora. Naperville, and Lisle, have directly benefitted 
from this recycled train set with the addition of scheduled non-stop train to 
Chicago. 

The reliability of rush-hour trains (arriving Chicago 6:20-9:15 a.m.) has 
exhibited a modest improvement since the 25 new cars were placed into ser­
vice and the existing fleet of 94 cars and 21 locomotives were modernized. 
On-time performance is measured by the percentage of trains arriving at the 
destination terminal within 3 minutes of schedule during rush hours and 5 
minutes in non-rush hours. The table below illustrates the trend in the aver­
age on-time performance of rush-hour trains during the years 1971-1973 and 
during the years 1974-1976 after the modernization program was completed: 

Average On-Time Performance of BN Rush-Hour Trains1 

Year 1971 1972 1973 

On-Time Performance (Percent) 91.2 93.0 88. 2 

1source: Burlington Northern Railroad 
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1974 

90.8 

1975 

94. 9 

1976 

93.9 



EXmBIT A-4 

SINGLE-LEVEL "COMBINATION" POWER COMMUTER CAR 
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EXHIBIT A-5 

SINGLE-LEVEL FORMER INTERCITY MAIN UNE 
PASSENGER CAR USED IN COMMUTER SERVICE 
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EXlilBIT A-6 

DOUBLE-DECK COMMUTER CAR PURCHASED UNDER IL-15 

• 
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In summary. the addition of 25 new and 94 modernized cars has increased 
capacity. frequency. and reliability of the BN commuter service. 

GROWTH IN LEVEL OF SERVICE VS. GROWTH IN DEMAND 

Annual patronage from 1972 Jo 1975 increased over 30 percent. These in­
creases occurred despite an 8-10 percent fare increase in 1973. A good por­
tion of post-1974 patronage increases are due to the opening of the Sears 
Tower, located only two blocks from Union Station. in the fall of 1973 and to 
the fuel crisis of 1974. The new Sears ToweI\accommodates approximately 
16. 000 employees, and a group of these employees were transferred to the 
downtown location from a previous location in Chicago not served by BN. BN 
officials have estimated that the sudden increase in ticket sales at Berwyn 
(from 760 in September 1973 to 890 in October 1973) was attributable to the 
transfer of certain of these employees who lived in Berwyn and formerly drove 
to the old Chicago location. The energy crisis of 1974 helped increase BN 
patronage even further. Patronage studies for the BN have indicated that 
nearly 2. 000 additional trips per year resulted from the energy crisis • 1 The 
strength of patronage increases on the BN in 1973 and 1974 are highlighted 
by the fact that patronage gains from 1974-1975 approximated 1. 7 percent. 

The increases in annual patronage discussed above are reflected by in­
crease.s in a. m. peak patronage. From the 1st quarter of 1972 through the 
4th quarter of 1975 the increase in average a.m. peak patronage was 25.4 
percent. Exhibit A-7 shows this increase in patronage in relation to the seat­
ing capacity of the BN fleet. This exhibit graphically illustrates the signifi­
cance of the 25 new cars purchased under IL-15, enabling the BN to maintain 
a comfortable level of service. 

The growth in morning peak period patronage was not uniform throughout 
the BN service area. The majority of this growth has occurred at those sta­
tions located more than 15 miles from the city. For example, first quarter 
patronage gains from 1973 to 1976 have been as follows: Westmont. 33 per­
cent; Downers Grove. 31 percent; Lisle. 38 percent; and Naperville, 117 per­
cent. 2 BN officials have indicated that without the addition of 25 new cars 
under IL-15, it would not have been possible to add an additional non-stop 
train serving Aurora. Naperville, and Lisle, thereby meeting the increased 
demand for service from these communities. It is noted that meeting this 

1carl R. Englund. Jr., "Burlington Northern Ridership Forecast Study, 11 

Supplement 3, June 7. 1976. 

2Ibid. 
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EXHIBIT A-7 
PATRONAGE TRENDS AND MAXIMUM NET SEATING CAPACITY 1970-1975 

_________ Maximum Net Seating1 

Capacity 

Average Morning 
Inbound Peak 

Period Ridership• 

Maximum Net Seating 
17,ooo..,_ _________________ _..,__, __________ --,... CapacltyUnder1972 

Equipment Constraints 

18,000 

15,000 

14,000 

13,000-----...... ---------------------------------
1 st 2nd 3rd 4th 1st 2nd 13rd 4th 1st 2ndi3rd 4th 1st 2nd'3rd 4th 1st 2ndi3rd 4th 1st 2nd 3rd 4th 

QTR 

1971 1972 1973 1974 1975 

' Source: BN Commuter Fleet Data 
• Source: Carl R. Englund & Son, "Burlington Northern Ridership Forecast Study," Supplement 3, June 7, 1976. 
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demand during the peak hours taxed the post-IL-15 fleet to the limit because 
all spare cars were pressed into service thus distorting the normal oppor­
tunities for preventive maintenance. 

In summary, it is clear that the 25 new commuter cars under IL-15 have 
enabled the Burlington Northern commuter services to grow with the demand 
for these services as exhibited by patronage trends (both annual and peak 
period) and that this growth would not have occurred in the absence of the 
WSMTD and of UMT A funding. 

\ \ 
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I. INTRODUCTION 

The Port Authority Trans-Hudson Corporation (PATH), a subsidiary of 
The Port Authority of New York and New Jersey, provides rapid rail service 
between Newark, New Jersey, and two terminals in downtown and midtown 
Manhattan. Since 1962 when PATH was created to acquire, operate, and mod­
ernize the bankrupt Hudson & Manhattan Railroad interstate rapid transit sys­
tem, PATH has invested $23. 4 million in the modernization of the electric trac­
tion power system. Significant aspects of this modernization program include 
the replacement of antiquated rotary converter and mercury are substations 
with modern silicon rectifier substations, 1 the installation of two additional 
silicon rectifier substations, the replacement of power transmission lines, and 
the construction of an advanced computerized supervisory control center for 
traction power distribution. This appendix focuses on the modernization of 
rotary substations in the former Hudson & Manhattan Railroad (H&M) power 
system. UMTA participated in this modernization program under Grant IT-1. 
This grant, approved July 2, 1965, provided $616,000 in federal funds for the 
construction of a silicon rectifier substation at Exchange Place (total project 
costs equalled $1,232.000). 2 

The primary objective in evaluating the modernization of PATH substations 
is to identify and measure the impacts arising from modernization projects 
of this type including reductions in power costs and in operating and main­
tenance costs. Evaluation of the modernization of former H&M substations by 
PATH indicates substantial savings in power costs totalling $6. 2 million 
through improved efficiency and through a switch to a low-cost supplier,and 
in maintenance and operating costs through reduced manpower requirements 
(a net reduction of 15 employee positions resulted). 

1The principal function of substations is to convert commercially produced 
electric power from high-voltage alternating current (AC) to low-voltage 
direct current (DC) for transmission along the third rail. for passenger 
car traction power. 

2Between February 1965 and May 1977, $270 million or 11. 0 percent of the 
total project costs (federal and local shares) of UMTA Section 3 rail mod­
ernization projects provided for the improvement of power systems nation­
ally. 
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II. PATH RAPID RAIL SERVICE 

In an effort to preserve the rapid rail service between New Jersey and New 
York. the Port Authority of New York and New Jersey acquired the rail pro­
perties of the bankrupt H&M on September 1, 1962. These properties com­
prised the areas located east of the Journal Square Station in Jersey City. 
New Jersey (see Exhibit B-1). Operations between the Journal Square Station 
and Newark, New Jersey. were conducted jointly with the Pennsylvania Rail­
road (PRR). using PRR tracks and other facilities. In 1962, the rail ser-
vice comprised 14. 2 route miles with seven stations in New Jersey and six 
in New York. In addition. the system included two pairs of tunnels beneath 
the Hudson River. The two north tunnels formed the midtown line. handling 
service between Hoboken, New Jersey. and 33rd Street in New York and be­
tween Jersey City. New Jersey, and midtown Manhattan. The two south tun­
nels formed the downtown line, connecting Hoboken. Jersey City, and Newark 
with the Hudson Terminal (now the World Trade Center} in lower Manhattan. 
The line was completely electrified. 

Source: 

EXHIBIT B-1 

THE PATH SYSTEM 

Journal Square 
Jersey City 

I .I 
I a: I 
I c: I 

Hoboken I ~ I 
:f I 

33rd St 

23rd St 
14th St 

9th St 
Christopher St 

NEW YORK 

NEW JERSEY Grove St --...-. World 
Exchange Pl.I Trade 

Center 

PATH Brochure on Journal Square Transportation Center 

Although the route structure and number of stations served remain es­
sentially unchanged from the old H&M-PRR system. 1 the PATH system of to­
day represents a significantly more advanced system over its predecessor. 
The new World Trade Center has replaced the original Hudson Terminal in 
lower Manhattan. the Journal Square Station has undergone a comprehensive 
modernization. and former joint PATH-PRR operations between Jersey City 
and Newark, New Jersey. have been terminated. with PATH assuming com­
plete operation of these facilities through a long-term lease arrangement. 
A total of 297 active vehicles transported over 40 million pasengers in 1977. 
Morning peak period patronage approximates 49. 000. while total weekday 
patronage exceeds 147,000. PATH schedules 1,100 daily trains to meet this 
passenger volume (276 rush-hour trains and 824 non-rush-hour trains). 

11978 route-miles total 13.9. 
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III. PATH POWER SYSTEM PRIOR TO MODERNIZATION 

OVERVIEW 

At the time of the PATH's purchase of the H&M rail facilities, PATH 
was responsible for providing power in the areas east of the Journal Square 
Station (see map). Although operations between Newark and Jersey City 
were initially conducted jointly by PATH and PRR. the PRR had assumed 
responsibility for providing power to the third rail in areas west of the Journal 
Square Station. In order to supply the required power to the third rail east 
of Journal Square, PATH utilized ... 4 rotary converters of varying kilowatt 
output which were located in three substations: Christopher Street and Hudson 
Terminal (World Trade Center) in New York an'd. Washington Street in Jersey 
City. New Jersey (see Exhibit B-2). Twentyfive cycle power was received 
directly from a New York utility company at the two New York substations 
and converted to 650-volt direct current by the rotary converters for trans­
mission along the third rail. The Washington Street substation in New Jersey 
received 25-cycle power through transmission cables from the Christopher 
Street substation in New York. This power system presented PATH manage­
ment with particular problems, including the associated cost of energy and 
the operating and maintenance manpower requirements. 

EXHIBIT B-2 

FORMER H&M SUBSTATIONS 

PRR Power System I H&M Power System 

NEW JERSEY 

A Former H&M Substations 

ENERGY COSTS 

I ~ 
I a: 
I 

Hoboken I 

33rd St 

During its first full year of operation in 1963, PATH incurred energy costs 
for traction power of approximately $845,000. Although the majority of these 
costs were a function of the level of service provided by PATH, a significant 
portion of these costs were attributable to the type and source of power re­
ceived at rotary converter substations and to the efficiency with which this power 
was converted from AC to DC by the rotaries. Two separate utility companies 
were located in territories served by PATH substations: one in New York and 
one in New Jersey. However, because PATH's rotaries were designed to re-
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ceive 25-cycle power, they were limited to receiving this power from the 
utility company in New York. This was a result of a nationwide trend in which 
25-cycle power was being "phased out" while industries operated increasingly 
on (and utilities generated only) 60-cycle power. As such, the supply of 25-
cycle power was growing both scarce and costly relative to 60-cycle power. 
In addition to the type of power consumed by the rotary converters, evaluation 
of electric power charges for 60-cycle power between the New York utility 
company. and the New Jersey company indicated a substantial saving if power 
were to be purchased in New Jersey. 

As previously noted, the primary function of a substation is to convert 
commercially produced electric power from high-voltage AC to low-voltage 
DC for traction power. Rotary converters and silicon rectifiers convert power 
from AC to DC, while transformers reduce the voltage. Throughout this pro­
cess, normal losses of energy occur in proportion to the efficiency of the 
conductor of electricity. The efficiency of rotary converters in converting 
electric power from AC to DC approaches 95 percent, while silicon rectifiers 
typically perform at an efficiency rate of 98 percent. Although the efficiency 
of rotary converters approximates the efficiency of silicon rectifiers. the 
rotary converter efficiency rating of 95 percent applies only when they are 
operating at peak capacity. However. since the peak operating period lasts 
only 2-4 hours per day. the actual efficiency of rotaries (all-day efficiency) 
is closer to 85 percent. Silicon rectifiers operate at 98 percent efficiency re­
gardless of whether or not they operate at peak capacity. 1 These efficiency 
ratings apply to the converters themselves and not to auxiliary equipment 
throughout the remainder of the substation. Consequently, rotary converters 
require that more electricity be purchased in order to achieve the same total 
output as a silicon rectifier. The cost of the energy lost in the conversion 
process can be significant. 

OPERATING AND MAINTENANCE MANPOWER REQUIREMENTS 

The former H&M rotary converters were installed in the early 1900s and 
reflected 50 years of use. PATH officials noted that the rotaries had never 
under;one a complete overhaul and had proven to be ·,ery rugged and reli-
able. However, they required constant. ongoing preventive maintenance. 
This necessitated shutting down the rotaries in each substation at regular in­
tervals in order to check wires and bearings. perform brush-gear mainten­
ance, renew oil circuit breakers, grind down commutators. and generally clean 
and polish the rotaries. 

1Efficiency ratings for silicon rectifiers represent minimum standards estab­
lished by electrical manufacturers. Rotary converter efficiency ratings are 
based on discussions with national manufacturers of power conversion 
equipment and on actual experience of various transit properties. 

2Despite an acceptable level of reliability. PATH's ability to obtain replace­
ment parts and components as necessary was becoming more difficult; origi­
nal equipment manufacturers no longer provided replacement parts which 
often had to be custom made at excessive cost. 
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To perform these duties. each substation was manned by an operator and 
an attendant. The operator's primary responsibility was to maintain the power 
flow to the third rail (by the opening and closing of switches) and to ensure that 
the rotaries and auxiliary equipment remained in working order. The substation 
attendant was responsible for lubricating and cleaning whichever rotary was 
"off-line." Since these duties were performed on an "around-the-clock" basis, 
three shifts of substation operators and attendants were required. Neither 
the operator nor the attendant performed heavy maintenance work on the rotar­
ies. A substation electrician handled the actual (heavy) maintenance problems 
in conjunction with other normal duties. The total number of substation opera­
tors. attendants, and electricians employed by PA TH to operate and maintain 
the rotary converters was approximately 28. 
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IV. MODERNIZATION OF THE FORMER H&M SUBSTATIONS 

POWER STUDIES 

The preceding section has served to demonstrate some of the difficulties 
and costs associated with the continued operation of the three former H&M 
substations. Because this power system was deemed inadequate to meet the 
power requirements of the PATH system. various power studies were con­
ducted to identify and assess alternative replacement power systems • 1 In 1962. 
the Rail Planning Division of PATH initiated a study which examined two such 
alternative systems: the rehabilitation of existing rotary converter substations 
and the replacement of existing rotary converter substations with modern silicon 
rectifier substations. The conclusions and recommendations arising from this 
study indicated that the installation of modern silicon rectifier substations would 
most adequately meet the long-term power needs of PATH. With the decision 
to install silicon rectifiers, additional power studies were conducted to de­
termine the optimal design and location of the silicon rectifier substations. 2 

INSTALLATION OF SILICON RECTIFIERS 

Each of the three former H&M rotary converter substations, Christopher 
Street and Hudson Terminal (World Trade Center) in New York and Washing­
ton Street in Jersey City. New Jersey, was replaced by a modern silicon rec­
tifier substation which -.,as constructed adjacent to the existing facility. In 
addition, a new substation was built in a part of the Exchange Place (New 
Jersey) passenger station which had previously contained elevator equipment. 
The construction of this substation benefited from $616,000 in UMTA funds 
under IT-1. and it assumed some of the power load for the third rail in areas 
that were formerly handled by the Washington Street substation. This redis­
tribution of the power supply aided in accommodating the increased train ac­
tivity between Newark and Hudson Terminal (World Trade Center) as part of 

1one power study undertaken by outside consultants in 1950 recommended the 
complete replacement of the H&M power conversion equipment. However, 
these recommendations were not implemented at that time. 

2various factors impact the decision concerning the optimal supply and dis­
tribution of power generated by substations, including the size and frequency 
of trains operating throughout the system, the number of stops, track grade 
characteristics, and car characteristics (size, weight, acceleration, light­
ing, air conditioning) • 
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the Aldene Plan. 1 The Washington Street substation was the first of the four 
substations to come "on-line" in the third quarter of 1966. The Exchange 
Place substation was completed in the third quarter of 1969, while Christopher 
Street and World Trade Center were completed during the fourth quarter of 
1969 and the third quarter of 1971, respectively. As each silicon rectifier 
substation was placed into service, power was supplied by a utility company 
in New Jersey. All power is received at the Washington Street substation and 
subsequently transmitted through 27KV distribution cables to the Exchange 
Place substation and to the New York substations. 

1Under this plan, passenger trains of the Central R'ailroad of New Jersey 
(CNJ) were rerouted to operate over Lehigh Valley trackage into Penn Station. 
Newark, where passengers would transfer to PATH for the ride into lower 
Manhattan or to the PRR for trips to midtown Manhattan. Under development 
for many years, the Aldene Plan was implemented in April 1967. Since 1967, 
the morning peak period traffic (eastbound) from Newark has more than doubled 
from 3. 000 to 6,500, and peak period train capacities to handle this traffic 
have increased commensurately. 
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V. IMP ACTS OF PATH SUBSTATION MODERNIZATION 

REDUCED POWER COSTS 

The primary impact of the modernization of former H&M substations is 
the reduction of power costs incurred to provide service east of Journal Square. 
Since the installation of the first silicon rectifier substation on PATH in 1966, 
savings in power costs incurred by PATH have totalled $6. 2 million. an aver­
age of $559. 000 per year • 1 These cost savings result from the higher efficiency 
of silicon rectifiers in converting alternating current to direct current (demand 
charge) and from the ability of silicon rectifiers to operate on 60-cycle power 
which may be purchased from a low-cost producer (energy charge). 

As previously noted, silicon rectifiers are highly efficient in converting 
alternating current to direct current and typically operate at an efficiency rate 
of 98 percent. In contrast, the all-day efficiency of rotary converters ap­
proximates 85 percent. This implies that in order for rotary converters to 
achieve the same total output as silicon rectifiers. rotaries require 15 per­
cent more kilowatts of input. Exhibit B-3 indicates the monthly average max­
imum kilowatt demand (input) during the years 1966-1976. These figures are 
shown for the actual consumption of the silicon rectifiers and for the hypothet­
ical consumption of the rotary converters (assuming that they are required to 
produce the same level of output as the silicon rectifiers). The reduction in 
KW demand arising from the more efficient silicon rectifiers is apparent. 
Exhibit B-4 indicates the total savings in power costs from this reduced KW 
demand since 1966. These savings approximate $2. 2 million and average 
$203,000 per year. They are assignable to both a reduced demand for KW 
and to the fact that the cost per KW of 60-cycle power consumed is signifi­
cantly lower than the cost per KW of 25-cycle power previously consumed 
from a high-cost supplier. 

The total energy bill (KW demand and KWH energy charge). 1966-1976, 
paid by PATH for power received at the silicon rectifier substations is shown 
in Exhibit B-5. This exhibit contrasts the actual power costs incurred with 

1Utility company power bills are comprised of two components: a demand 
charge and an energy charge. The demand charge is a cost based on a cus­
tomer's peak short-time usage of power in kilowatts (KW) within a given period, 
normally on a monthly basis. and is calculated by taking the average of the four 
greatest 15-minute periods of kilowatt demand during the billing month and 
assigning the applicable rates to this average. The energy charge is a cost 
based on the customer's total consumption of energy in kilowatt hours (KWH). 
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the power costs that would have been incurred if PATH had continued the opera­
tion of the rotary converters to generate the same level of output. As pre­
viously noted. savings in power costs, 1966-1976, totalled $6 .2 million while 
averaging $559. 000 per year. 

REDUCED OPERATING AND MAINTENANCE COSTS 

Principal savings in operating and maintenance costs arising from the in­
stallation of silicon rectifier substations are attributable to the reduced man­
power requirements for these facilities. The total number of substation op­
erators. attendants, and electricians employed by PATH to operate and main­
tain the rotary converters was 28. With the construction of silicon rectifiers, 
the potential for automated substations was introduced. and the need for sub­
station operators to open and close switches was subsequently eliminated. Ad­
ditionally. the preventive maintenance required for the silicon rectifiers is 
substantially less than that required for the old rotary converters. As such, 
the position of substation attendant was eliminated as each silicon rectifier 
substation was placed into service. vVith the opening of the central power sup­
ervisory control center in the Journal Square Transportation Center during 
the fourth quarter of 1974. substantial reductions in manpower occurred, made 
possible by the silicon rectifier substations. Exhibit B-6 illustrates the net 
reduction in staffing (annual person-year savings) resulting from the change 
from the old rotary converter power system to the new silicon rectifier power 
system with supervisory control •1 The net reduction of 15 person-years of 
employment resulted in a substantial savings in operating and maintenance 
labor costs. Although company policy precludes the disclosure of wage earn­
ings of any particular labor class. PATH officials estimate that labor cost 
savings realized in 1977. including wages and benefits. approximated $500,000. 

SUMMARY 

The evaluation of the modernization of PATH substations cost of Journal 
Square indicates substantial savings in power costs totalling $6. 2 million 
through improved efficiency and through a switch to a low-cost supplier and 
in maintenance and operating costs through reduced manpower requirements 
(a net reduction of 15 employee positions resulted). PATH has continued to 
invest in the modernization of substations, independent of UMTA capital grants. 

1 As a matter of policy. PATH does not lay off employees from work because 
of technological innovation. The net reduction in person-years of employment 
was accomplished through promotion and natural attrition. 
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EXHIBIT B-6 
ECONOMIC REDUCTION IN STAFFING ANNUAL PERSON-YEAR SAVINGS 1 

Prior to Silicon Rectifiers With SIiicon Rectifiers 
Staffing Requirements and Supervisory Control and Supervisory Control 

Power Directors 0 5 

Power Directors (In Training) 0 2 

Chief Substation Operators 3 0 

Substation Operator I (Attendants) 13 2 

Substation Operator II 10 2 

Electrical Technician 0 2 

Electricians 2 0 

Total 28 13 

1 Source: PATH 
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with the implementation of the Aldene Plan in 1967 • 1 The two substations 
west of Journal Square, formerly mercury arc substations, were replaced 
with silicon rectifier substations, and, in addition, a new substation, using 
silicon rectifier conversion equipment, was constructed west of Journal Square. 

1under the Aldene Plan, former joint PATH-PRR operations between Jersey 
City and Newark, New Jersey, were terminated, with PATH assuming com­
plete operation of these facilities through a long-term lease arrangement. 
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I. INTRODUCTION 

As the principal financial contributor to urban rail rehabilitation and mod­
ernization, the Federal Government is concerned that the funds spent produce 
the maximum benefits possible. The purpose of this appendix is to examine 
the impacts, both positive and negative, of federal ~unds awarded to improve 
the Green Line Light Rail Service provided by the Massachusetts Bay Trans­
portation Authority (MBTA). The discussion of these impacts is organized into 
three sections in addition to this Introduction: 

• Section II provides background information. including a description 
of the MBTA system, area population. and employment statistics. 
as well as the reasons for selecting the Green Line as a case 
study; 

• Section III describes the Green Line Rail Modernization projects; 
and 

• Section IV describes the impacts of the Green Line Rail Moderniza­
tion projects. 

This case study focused on the improvements made to the Riverside Branch 
and the subway segment of the Green Line. , The improvements funded by 
UMTA Section 3 grants include: the purchase of 175 new light rail vehicles 
(LRVs), way and structure improvements, station improvements. and the 
construction of a new facility designed for LRV maintenance. The impacts 
described below reflect the collective effect of these rail modernization proj­
ects. 

PATRONAGE 

According to Riverside passenger counts, patronage increased by 16 per­
cent during 1977. An analysis of Riverside Line revenues shows an 11 per­
cent increase during 1977. Based on review of supporting data and informa­
tion, it is concluded that the actual 1977 Riverside patronage increase lies in 
the range of 11 to 16 percent. Total system patronage increased 5 percent 
from 1976 to 1978. The Riverside Line increase in patronage reflects both 
the start of LRV service in December 1976 and an increasing trend in total 
system patronage. 
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LEVEL OF SERVICE 

The acquisition of the new light rail vehicles permitted MBTA to substan­
tially increase the level of service. Headways were reduced from 10 minutes 
to about 8 minutes during the morning peak periods, the afternoon, and the 
evening peak periods. Headways were also reduced by 2 minutes during the 
evening and 5 minutes during late night service. Seating capacity per hour 
increased by: 

• 13 percent during the morning peak; 

• 13 percent during the late morning; 

• 80 percent during the afternoon; 

• 20 percent during the evening peak; 

• 28 percent during the evening; and 

• 106 percent during the late night service. 

Standing capacity per hour more than doubled during each of the time intervals. 

SYSTEM RELIABILITY 

An analysis of the number of trains breaking down and equipment avail­
ability indicates that the UMTA-funded improvements had little effect on im­
proving the reliability of Green Line operations. 

According to MBTA, the reliability and maintainability of the LRVs have 
had a worsening effect on system reliability. This can be attributed to the 
poor overall design of the vehicles, which is the result of the three following 
factors: 

• No prototype vehicle was developed and thoroughly tested before 
a production line was set up • 

• The vehicle has relied too heavily on "high technology" and not 
enough upon conventional, proven technology (e.g. , door mech­
anisms, vehicle trucks, and suspension) • 

• The vehicle was designed by a Committee (the Boston-San Francisco 
Committee or the BSF Committee) with resulting compromises in 
design. 
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SAFETY 

The change in the number of annual derailments is used to illustrate the 
safety impacts of rail modernization projects. The track renewal program 
completed in 1974 had a minimal effect on the number of derailments because 
derailments primarily occur on track not refurbished under 'this program. 
The number of annual derailments, however, increased from 23 during 1976 
to 61 during 1977. Only PCC vehicles were in service during 1976; both PCC 
vehicles and LRVs were used during 1977. 

ENERGY CONSUMPTION 

MBTA Power Department staff estimate that PCCs consume 5 .o kwh per 
vehicle-mile. while LRVs consume 7 .5 kwh per vehicle-mile. As a result, 
LRVs require: 

• 50 percent more energy per vehicle-mile; 

• 21 percent more energy per seat-mile; and 

• 20 percent less energy on a total capacity (seating plus standing) 
per mile basis. 

VEHICLE MAINTENANCE COSTS 

Under anticipated steady-state normal operations. LRVs are expected to 
cost $0 .055 to maintain per seat-mile. while PCCs and rebuilt PCCs cost 
$0. 055 and $0. 042, respectively, to maintain. Under current operations. 
however, LRV maintenance costs per seat-mile are higher than both PCCs 
and rebuilt PCCs. The higher LRV maintenance costs are the result of many 
factors including the following: 

• poor reliability performance; 

• more vehicle parts (than PCCs) to be maintained; 

• more stringent inspection and warranty requirements; 

• higher mechanic salaries; 

• more complex equipment; and 

• the effect of inefficient equipment designs on maintenance procedures. 
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VEHICLE TRANSPORTATION COSTS 

LRVs reduced labor costs due to increased vehicle capacity per motorman. 
The analysis shows that. if LRVs were used to provided the same level of ser­
vice in 1978 as the PCCs did in 1976. the labor savings would be $263,000 
annually. Though labor productivity increased. no vehicle transportation cost 
saving occurred because additional service was added concurrent with the 
introduction of the LRVs. Any possible savings were thus spent in providing 
additional service. 

PASSENGER REVENUE 

The analysis of Riverside passenger revenues indicates that revenues in­
creased by 11 percent during 1977 and 16 percent during the first half of 197 8. 
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II. BACKGROUND 

The MBTA serves a highly transit-dependent urban region of eastern Mas­
sachusetts. Exhibit C-1 provides estimates of population and employment for 
the Greater Boston Region. the Central Boston area. and the Riverside Cor­
ridor. According to the exhibit, the region's population will increase by about 
4 percent from 1975 to 1980; the Central Boston area will remain about the 
same; and the Riverside Corridor population will increase slightly over 1 per­
cent. Employment changes for these three areas show increases from 9 per­
cent to 11 percent. As a result of the increase in employment. there will be 
an increase in the number of work-trips and in the demand for public trans­
portation. 

EXHIBIT C-1 

POPULATION AND EMPLOYMENT TRENDS 

Pooulatlon Emolc irment 
Area 1970 1975 •1980 1975 1980 

Regional Total8 3,769,410 3,813,825 3,955,597 1,595,303 1,735,870 
Percent Change - 1.2% 3.7% - 8.8% 

Central Bostonb 190,630 188,447 188,567 368,640 410,800 
Percent Change - -1.1% 0.1% - 11.4% 

Riverside Corridor 409,251 406,047 410,767 447,945 492,900 
Percent Change - -0.8% 1.2% - 10.0% 

a Includes the 1 5 7 cities and towns in the Greater Boston Area. 
b Includes the following subsections of Boston: Back Bay; Beacon Hill; Financial and Retail District; Govemment Center: 

North End; Park Square; Prudential; South End; Waterfront; Allston-Brighton; Charlestown; and Fenway-Parker Hill. 
c Includes Downtown Boston; Brook.line: Needham; Newton; Wellesley; and Weston. 

Source: Central Transportation Planning Staff; Population and Employment Forecasts 

The official MBT A Di strict comprises 79 cities and towns including approx­
imately 2 .8 million persons. The reliance on the MBTA system extends be­
yond the official District boundaries. Average weekday patronage on the entire 
system exceeds 500. 000 trips. Patronage on the MBTA system has been in­
creasing since 1975. MBTA staff believe that the arrest and turnaround of 
historically declining patronage is principally due to the implementation of 
capital improvements assisted by UMT A. 

The MBTA provides bus service; light. rapid, and commuter rail service; 
and trackless trolley service. The inner-area system consists of three rapid 
transit lines: a light rail system in which four branches serve a core area 
central subway; and approximately 1,100 MBTA buses that provide service 
along 190 bus routes. The commuter rail service is extensive and provides 
service throughout eastern Massachusetts. The three forms of rail service 
(light, rapid. and commuter rail) are further described below. 
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LIGHT RAIL 

Light rail operations of the MBT A are conducted on the Green Line. 
The northernmost station of the Green Line is Lechmere. Proceeding south 
from Lechmere to North Station, the Green Line route is a viaduct and ele­
vated structure. From North Station, the Green Line operates underground 
to Copley Station. At Copley. the subway operation divides into two routes. 
One route continues underground to Kenmore Square, where it begins at-grade 
operations. It eventually branches into three lines ending at Boston College, 
Cleveland Circle, and Riverside. The second route continues underground 
from Copley to Symphony Hall Station. where it begins at-grade operations 
to Arborway. Light rail operations also include the southern tip of the Red 
Line beteween Ashmont and Mattapan. The light rail system encompasses: 

• approximately 100 surface stops; 

• 10 subway stations; 

• 3 elevated stations: 

• 14 at-grade stations; 

• 132 active PCCs; and 

• 91 active LRVs. 

RAPID RAIL 

The rapid rail system in Boston consists of three lines: the Blue Line 
(Wonderland-Bowdoin); the Orange Line (Oak Grove-Forest Hills); and the Red 
Line (Harvard-Quincy Center and Harvard-Ashmont). The Red Line branches 
out to Ashmont and Quincy Center south of Andrew Station. This rapid rail 
system embraces a total of 29.8 route-miles, 48 stations, and 289 active 
cars. Total annual passengers exceed 95 million. 

COMMUTER RAIL 

With UMTA loans and grants, the META has acquired the following rights 
of way and equipment from the former bankrupt owners and operators of the 
Boston region's commuter rail system: 

• 440 route-miles of railroad rights of way; 

• 25 locomotives. 103 coaches, and 92 rail diesel cars; 

• about 90 station properties; and 

• various maintenance facilities. 
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In addition, UMTA funds have provided for investment in track. signals, and 
structures to allow service to be continued on all lines. New or rebuilt equip­
ment on order with current funds includes: 

• 13 new locomotives; 

• 60 new coaches; and 

• 17 rebuilt locomotives. 

Six routes radiate out of North Station (totaling 118 miles) and five routes 
radiate out of South Station (totaling 139 miles}. 

GREEN LINE IMPROVEMENTS 

The Green Line is a light rail system composed of four surface branches 
leading into a central core area subway system. The three branches which 
provide street level service. designated by their terminal stations. are: the 
Boston College Branch, the Cleveland Circle Branch, and the Arborway Branch. 
The fourth, known as the Riverside Branch, is entirely grade- separated and 
is a high-speed line. Exhibit C-2 shows a map of the Boston area and depicts 
the four Green Line branches and the Green Line subway segment. The River­
side Branch has 13 station stops. Trains originating at the Riverside Station 
terminate at the last Boston Green Line subway station, North Station (a 12. 4 
mile trip). Trains originating on the Beacon Street and Commonwealth Avenue 
lines terminate at Lechmere. Trains from the Arborway Line terminate at 
Park Street. 

The Riverside Branch of the Green Line is the focus of this case study. 
since a number of UMTA-funded improvements have been concentrated on this 
branch. This Section 3 program. therefore, reflects a different approach to 
rail modernization than that practiced in most other urban areas (i.e •• dis­
tributing funds to various projects throughout the system). 

Since the Riverside Branch feeds into the central subway line. improve­
ments to the central subway will influence the impact of Riverside moderniza­
tion projects. Therefore. improvements to the central subway are included 
in the focus of this case study to the extent that they affect the impacts of the 
Riverside rail modernization projects. Throughout the remaining portion of 
this appendix, Green Line improvements refer to those made on the Riverside 
and subway lines. 

Improvements to the Green Line since 1970 were made possible by four 
UMTA grants: 

• MA-22: 

• MA-15; 
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• MA-13: and 

• MA-10. 

Grant MA-22 provided for the purchase of 175 new light rail vehicles (LRVs) 
for use in Green Line operations. Grant MA-15 primarily funded improvements 
to the Riverside and subway lines necessary to enhance and 'support LRV opera­
tions such as electrification and track refurbishing.. It also provided funds for 
a new facility to maintain the LRVs and to improve the Riverside and subway 
stations. Grants MA-13 and MA-10 were directed to a variety of station im­
provements. 
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III. PROJECT DESCRIPTIONS 

The Riverside line was selected as the primary focus of this case study 
because of the combination of rail modernization projects directed towards 
improving local transit service. The four projects conducted along the River­
side Line that are the subject of this study include: 

• the acquisition of 1 75 new light rail vehicles; 

• station improvements; 

• way and structure renewals; and 

• the construction of a new maintenance facility. 

These four projects are integrated and are supportive of each other. The 
acquisition of the LRVs is supported by the track improvements and power 
distribution system in the way and structure renewals and by the construction 
of a new maintenance facility designed for LRV maintenance. The station 
improvements, along with the LRV acquisitions. combine to enhance the ser­
vice provided along this portion of the Green Line. 

NEW LIGHT RAIL VEHICLES 

The purpose of acquiring the new LRVs is to replace portions of the aging 
and deteriorating PCC fleet at the MBTA. Exhibit C-3 compares the basic 
characteristics of LRVs and PCC vehicles. As shown. the PCC vehicles are 
being replaced by equipment that exceeds the PCCs in every physical dimen­
sion or capacity. 

The MBTA started the acquisition process in 1972 with the development of 
LRV specifications. Development of the specifications occurred under a joint 
effort of the MBTA, the San Francisco Municipal Railway (MUNI), other in­
terested transit authorities. and UMTA. In October 1972, UMTA awarded 
MBTA a $32,800,000 grant for two-thirds of the total project value ($49,200,000) 
to purchase 150 LRVs. In June 1974, UMTA awarded MBTA an amendatory 
grant of $7,628,488 for four-fifths of the project value ($9,535,610) to purchase 
an additional 25 LRVs. 

The history of MBTA's LRV operations has been one of deteriorating ser­
vice and increasing demands on support resources. To a large extent, the 
start of LRV service problems began with late deliveries. Exhibit C-4 com­
pares the first re.vision to the original delivery schedule with the actual ac­
ceptance of LRVs. by MBTA. As shown, the acceptance schedule lags behind 
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EXHIBIT C-3 

COMPARISON OF LRV AND PCC CARS 

MBTA MBTA 
Characteristics LRVs PCCs 

Length 71 Feet 48 Feet 
Width 8 Feet 8 Inches 8 Feet 4 Inches 

Articulated Yes No 
Double End Operation Yes No 
Seating Capacity8 52 42 
Standing Capacitya 167 73 

Doors 3 Double Doors 2 Double Doors on 

Per Side Right Side 
1 Double Door on 

Left Side 
Maximum Train 4 Cars 3 Cars 
Operation 
Maximum Speed 55 MPH 38MPH 
Weight 67,000 Pounds Approx. 36,000 Pounds 
Air Conditioned Yes No 

a The rated capacity of an LAV is 219 people; 52 people sitting and 167 

people standing. The maximum practical capacity according to MBTA which 

constitutes a crush load is between 190 and 195. The MBTA uses 180 
passengers with 52 sitting and 128 standing as the LAV capacity for scheduling 

purposes. MBTA's standard capacity figures for PCCs are 42 sitting and 54 

standing. The capacity analyses in this report reflect MBTA's standards 

for scheduling. 

Sources: (1) UMTA Memorandum, October 1972 

(2) Lea Transit Compendium 
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EXHIBIT C-4 

COMPARISON OF DELIVERY AND ACCEPTANCE SCHEDULES 

Revised Delivery Schedule MBTA Actual Acceptance 
Month (Cumulatlver (Cumulative) 

1975 November 2 0 
,' December 2 0 

1 97 6 January 3 0 
.February 8 \ 0 
March 20 0 
April 33 0 
May 47 0 
June 67 0 
July 87 0 
August 107 0 
September 127 0 
October 147 0 
November 167 0 
December 175 4 

1977 January - 10 
February - 11 
March - 20 
April - 23 
May - 30 
June - 32 
July - 32 
August - 33 
September - 38 
October - 48 
November - 52 
December - 65 

1978 January - 73 
February - 87 
March - 101 
April - 109 
May - 121 
June - 134 

• As shown in Table 11-2, the first test car was actually delivered on March 3, 1976. 
The first production LRVs were delivered on September 9, 1976. The origin delivery 
schedule was revised on June 5, 1 9 7 5. 

Sources: (1) Status Report on Ught Rail Vehicles, BSF-515-0, February 5, 1976. 

(2) LRV Operations Report, July 19, 1978. 
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the proposed delivery schedule by more than a year. As a result, MBTA has 
had to rely on the PCC fleet much longer than planned. After a severe snow­
storm on December 30, 1976, MBTA pressed four cars into service because 
of a resulting equipment shortage. The late deliveries were only the start of 
MBTA's LRV problems. Problems surfaced in every subsystem of the LRV 
during initial revenue service. Examples of problems encountered include the 
following: 

• propulsion system failures; 

• failure of materials in the articulation section: 

• unreliable door operations; 

• air conditioning failures; 

• cracking of sealed and painted sheet metal joints; and 

• brake system failures. including non-release of friction brakes 
and/ or erroneous indications on control panels. 

By June 1977, 6 months of operating experience had been gained with the 
new LRV. It had become clear that, unless serious problems with the vehicle 
were corrected prior to acceptance, reliability would not be realized without 
significant increases in costs. By July 1977, a modification program (Mod III) 
was agreed upon by MBTA and the manufacturers of the LRV, Boeing-Vertol. 
It consisted of 74 items intended to improve the reliability of each subsystem 
in the vehicle. If the modification program proves successful, shipment of 
all 175 MBTA LRVs is scheduled for November 1978. However. the current 
delivery schedule beyond June 1978 may be changed as a result of current 
negotiations between the MBTA and Boeing-Vertol. 

STATION IMPROVEMENTS 

The MBTA has conducted a station improvement program that has improved 
every Riverside Branch Station. as well as most of the subway stations which 
merge the Riverside Branch with the remainder of the MBT A system. The 
station improvements fall into two categories, major renovation and minimal 
modernization. The two most recent major Green Line ;renovations have been 
to the Park Street and Auditorium Stations. These two renovation projects 
are funded under grant MA-13, which was approved in May 1972. These ren­
ovations are designed to improve the circulation and increase the capacity of 
these stations. The type of renovations provided at these stations include: 

• availability of a/ c power sources: 
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• al c and d/ c lighting: 

• floor and wall tiles; 

• fare collection equipment; 

• new escalators and elevators: 

• acoustical paneling; 

• stair treads and hand rails; 

• concession stands; 

• information booths:-

• fencing; 

• signs; and 

• 'an underground passenger connection (Park Street Station). 

The Auditorium Station renovation is 99 percent completed, while the Park 
Street Station is about 85 percent completed. ,Minimal modernization consists 
of improvements to stations designed to enhance their attractiveness. These 
station improvements were performed under grants MA-10 and MA-15. Ex­
hibit C-5 summarizes these improvements by station. As shown in this ex­
hibit. every Riverside Branch Station has undergone some improvement. 
Exhibit C-6 shows the approximate start and comple'tion. dates for the station 
modernization work under these grants. Exhibits C-7, C-8, C-9, and C-10 
show examples of some Riverside Line improvements. Exhibit C-7 shows 
the Longwood Station undergoing improvements·; Exhibit C-8 shows the com­
pleted improvements. Exhibit C-9 shows the Ur"ban Station undergoing im­
provement; Exhibit C-10 shows the completed improvements. 

WAY AND STRUCTURE RENEWALS 

A number of improvements were made to the ways and structures along 
the Riverside Branch in order to accommodate the LRVs. These modifica­
tions include structural changes within the central subway at North Station 
and along the Lechmere viaduct to ensure adequa·te clearance of LRVs in the 
subways and on structures. Other modifications iftclude changes in the power 
distribution system for proper pantograph operation ll.rid the installation of 
two new substations to service the higher power requireme.nts of the LRV. 
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EXHIBIT C-5 

SUMMARY OF GREEN LINE SUBWAY AND HIGHLAND BRANCH 
STATION MODERNIZATION IMPROVEMENTS 
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EXHmIT C-6 

GRANT SUMMARY DATES AND EXPENDITURES 

Start Contract Date Final 
Grants Date Award Price Completed Cost 

MA-03-0015 
Contract GL·1 oo• Sept. 1973 N.A. Jul. 19751) N.A. 
Contract GL-103 Oct. 1974 $111,550 Dec. 1975 $ 120,000 
Contract GL-1 07 Jun. 1976 $1,306,163 Feb. 1977 $1,989,841 

MA-03-0010 May 1971 N.A. June 1977c N.A. 

Note: 
N.A. means that the station improvement portion of contract or grant price was not available. 

a Contract GL-1 00 includes Riverside Line modernization work other than station improvements. The station improvement 
portion of the contract price was not available. 

b Date completed is an estimate for the station improvements. 
0 Date completed is an estimate for the station improvements. Approximately 90% of the entire grant was completed at 

this time. 

Sources: (1) Status Report on Green Line Improvements (Phase I) and Light Rail Vehicles, July 1, 1975. 

(2) MBTA Quarterly Progress Reports for grant MA-03·0015, 
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EXHIBIT C-7 

LONGWOOD STATION UNDERGOING IMPROVEMENTS 
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EXHIBIT C-8 

LONGWOOD STATION AFTER IMPROVEMENTS 
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EXHIBITC9 

URBAN STATION UNDERGOING IMPROVEMENTS 
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EXHIBIT C-10 

URBAN STATION AFTER IMPROVEMENTS 
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New supplementary power feeders to the overhead catenary and overhead 
wire support poles are being installed. 

The track work caused substantial interruption to service during the con­
struction period. In order to reduce the amount of inconvenience due to ser­
vice interruption, META provided substitute service when possible. Rather 
than shutting down the entire line during the track renewal program, the work 
was done in three sections. Exhibit C-11 describes the three sections, sub­
stitute service, and project dates during the track renewal program. 

The way and structure projects discussed above are summarized in Exhibit 
C-12. As of July 1, 1978, less than 1 percent of the total project contract 
work remained to be completed. 

NEW MAINTENANCE FACILITY 

The remaining major Riverside Branch modernization project is the con­
struction of the new maintenance facility at the Riverside Terminal. The new 
maintenance facility was designed and built for maintenance of the 175 vehicle 
LRV fleet. The construction of the maintenance facility was 99 percent com­
plete in January 1977. The facility cost $105,000 to design and $9,811,510 
to construct. 
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EXHIBIT C-11 

RIVERSIDE BRANCH TRACK RENEWAL PROGRAM 

Section Type of Construction 
Number Portion of Riverside Branch Substitute Service Dates 

1 Riverside Terminals to the Parallel Bus Service Sept. 1973 
Newton Highlands Station to Jan. 1974 

2 Newton Highlands Station to Single Track Jan. 1974 to 
the Reservoir• Station Service Sept. 1974 

3 Reservoir Station to the Parallel Streetcar Sept. 197 4 to 
Fenway Station Service Dec. 1974 

(Beacon St.) 

Source: DiscuSSions with MBTA Construction Department Staff 

EXWBIT C-12 
WAY AND STRUCTURE PROJECT EXPENDITURES 

Project 

Electrification 

Engineering and Designa 

Construction of Facilitiesa 

Track Work 

Force Account Work 

Overhead 

Total 

• Excludes Riverside Maintenance Facility 

Estimated or Actual 
Final Cost 

$ 7,770,000 

2,809,000 

1,389,000 

12,575,000 

9,817,000 

2,126,000 

$36,486,000 

Source: MBTA Quarterly Progress Report for the period ending June 30, 1978. Grant MA-03-0015. 
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IV. ANALYSIS OF RAIL MODERNIZATION IMPACTS 

The four projects described in the previous section have impacted the 
MBT A in numerous ways. The purpose of this section is to identify and ana -
lyze these impacts. Exhibit C-13 illustrates the correspondence between the 
four project areas and their associated impacts. 

The exhibit distinguishes between primary and secondary impacts. A pri­
mary impact is the direct outcome of a project: the impact is brought about 
by the implementation of the project. A secondary impact is the indirect out­
come of a project; it is generated by a chain of events that includes the imple­
mentation of the project. The "P'' and 11N11 symbols designate primary im­
pacts and illustrate whether the impacts are positive or negative, respectively. 
The 11 S11 symbols designate secondary impacts. 

The purpose of choosing the Green Line improvements is to investigate 
the impacts of a collective and reinforcing program of modernization projects. 
The exhibit illustrates the collective effects of four categories of rail mod­
ernization projects. The impact areas listed across the top of the exhibit are 
often affected by more than one of the projects. Rather than attempt to ana­
lyze the individual impacts of specific projects, the collective effects of the 
rail modernization program are analyzed below. 

OPERATIONAL IMPACTS 

There are four operational impacts considered in the analysis: 

• service level, defined by headways, seating capacity per hour, 
and standing capacity per hour: 

• patronage. defined in terms of daily and annual totals: 

• system reliability, defined by vehicles in revenue service. avail­
able vehicles. trains unloaded at terminal stations, and trains 
unloaded while in service; and 

• safety, defined by the number of vehicle accidents and derailments. 

One particular difficulty in analyzing the rail modernization impacts is 
lack of data. Projects funded with UMTA Section 3 grants do not require the 
measurement of impacts during and following implementation. The effect of 
this is two-fold. In some instances. the lack of the data limits the strength 
of the conclusions which can be reached concerning impacts. In other cases, 
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EXHIBIT C-13 

ACCOUNTING OF IMPACTS BY RAIL MODERNIZATION PROJECT 

Operational Impacts 
Service Level 
Patronage 
System Reliabitity 
Safety 
Traction Energy 

Financial Impacts 
Vehicle Maintenance Costs 
Vehicle Transportation Cost 
Passenger Revenue 

Note: 
P signifies a direct positive impact 
N signifies a direct negative impact 
S signifies a secondary impact 
- signifies neglig.ible or no impact 

LRV 
Acquisitions 

p 
p 
N 
N 
N 

-
p 
p 

Rall Modernization Project 

Station Way and 
Improvements Structure Renewal 

- s 
p s 
- -
- -
- s 

- s 
- s 
- s 
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the types of impact analyses which can be performed are constrained by the 
lack of data or by restrictions on data availability. For example. although it 
is possible to collect and review the daily dispatcher records for service de­
lays during the last 3 years. these records have not been maintained for such 
a purpose and the level of detail is inconsistent with the attempt to measure 
the aggregate impacts of rail modernization projects. 

Service Level Impacts 

As summarized in Exhibit C-13, only one project (LRV acquisitions) re­
sulted in a direct effect on service level. Exhibit C-14 compares the service 
levels f6r six periods during the day. The two fall seasons are selected for 
specific reasons. Fall 1976 is the last seasonal period of all-PCC operation; 
Fall 1978 is the first comparable season of all-LRV operation. The selection 
of these periods permits a comparative analysis of PCC operating service 
levels with LRV service levels under similar seasonal demands. It is import­
ant to note that Fall 1976 service represented the maximum amount of service 
available from the existing PCC fleet for the Riverside Line without a reduc­
tion of service along the other streetcar routes. Although data for Fall 1977 
would be helpful to show interim service level improvements. the vehicles 
in service at this point were a mixture of PCCs and LRVs (41 percent and 
59 percent. respectively). It is therefore not possible to determine the 
changes in service levels attributable to the new LRVs because of the mixed 
composition of vehicles. 

Exhibit C-14 shows two types of service improvements: improved head-
ways and increased vehicle seating and standing capacity. The "headways 11 

portion of the exhibit shows that MBTA improved headways for all periods ex­
cept for mid-day (9:01 a.m. to 2:00 p.m.). Though the mid-day headways re­
mained the same, MBTA increased the seating and standing capacities during 
this interval, as well as for all five of the other periods. The exhibit also 

• 

shows that the afternoon period (2:01 p.m. to 4:00 p.m.) and afternoon peak 
period (4:01 p.m. to 6:00 p.m.) have the same Fall 1978 headways and capacities. 
The reason for providing a peak level of service in the afternoon is to better 
accommodate the public school students and college students traveling during 
the fall season. · 

The next section of this chapter illustrates the effect these improvements 
in service had on patronage. 

Patronage Impacts 

As shown in Exhibit C-13, two !'ail modernization projects have contributed 
directly to increasing patronage on the Riverside Line- -LRV acquisitions and 
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EXHIBIT C-14 

SERVICE LEVEL CHANGES IN RIVERSIDE LINE OPERATIONS 

Headway Times (minutes) 

AM-Peak 
Mid-Day 
Afternoon 
PM-Peak 
Evening 
Late 

Trains and Cars 
AM-Peak 
Mid-Day 
Afternoon 
PM-Peak 
Evening 
Late 

Capacity Per Hour (seats)" 
AM-Peak (2 hours) 
Mid-Day (5 hours) 
Afternoon (2 hours) 
PM-Peak (2 hours) 
Evening (2 hours) 
Late (3 hours) 

Capacity Per Hour (standlng)b 
AM-Peak (2 hours) 
Mid•Day (5 hours) 
Afternoon (2 hours) 
PM-Peak (2 hours) 
Evening (2 hours) 
Late (3 hours) 

Note: 
AM-Peak is from 7:00 a.m. to 9:00 a.m. 
Mid-Day is from 9:01 a.m. to 2:00 p.m. 
Afternoon is from 2:01 p.m. to 4:00 p.m. 
PM-Peak is from 4:01 p.m. to 6:00 p.m. 
Transition Period is from 6:01 p.m. to 8:00 p.m. 
Evening is from 8:01 p.m. to 10:00 p.m. 
Owl is from 10:01 p.m. to approximately 1 :00 a.m. 

PCC Operations LRV Operations 
Fall 1976 Fall 1978 

10 8 
10 10 
10 7/8 
10 7/8 
12 10 
15 10 

11 3-car trains 1 5 2-car trains 
11 2-car trains 10 2-car trains 
11 2-car trains 1 6 2 •car trains 
11 3-car trains 1 6 2-car trains 

9 1 -car trains 10 1-car trains 
6 1 -car trains 10 t-car trains 

1,386 1,560 
924 1,040 
924 1,664 

1,386 1,664 
378 520 
252 520 

1,782 3,840 
1,188 2,560 
1,188 4,096 
1,782 4,096 

486 1,280 
324 1,280 

The transition period is not included in the table because there are no specific equipment schedules or headways for this 
period. The transition period allows for the phase-out of unnecessary PM-Peak equipment. 

a PCC cars have 42 seats and LRV cars have 52 seats 
b PCC cars have practical standing room for 54 passengers and LAV cars have practical standing room for 1 2 8 passengers 

according to MBT A. 

Source: MBTA Scheduling Department 
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station improvements. As described in the rail modernization project descrip­
tions, the station improvements have generally been performed on a small 
scale • 1 The station improvements (improved parking conditions, landscaping. 
additional shelters and benches. and improved lighting) have made the River­
side Line a more pleasant transit service, offering passengers greater secu­
rity. It is reasonable to assume that these improvements have had a favorable 
impact on transit riders, and thus on patronage. However, the level of data 
collection cannot support a definitive statement regarding actual increases in 
patronage due to station improvements. 

Patronage increases attributable to the rail modernization projects are 
primarily the~:outcome of the LRV acquisitions and the associated improve­
ments to the level of service. 

The amount of data necessary to satisfactorily analyze patronage changes 
is quite large. Unless this type of analysis is specifically planned for. the 
data collected for normal schedule planning may not be entirely adequate to 
draw conclusive results. However, the Riverside Line patronage data col­
lected by META are analyzed in Exhibit C-15. which shows estimates of daily 
patronage on the Riverside Line from Spring 1965 to Summer 1978. This ex­
hibit also shows estimates of annual MBTA system patronage (unlinked trips) 
between 1962 and 1978. 2 The purpose of showing both the annual system pa­
tronage and the daily Riverside Line patronage in the same exhibit is to com­
pare these trends before and after LRV introduction. 

As shown in the exhibit, both sets of patronage data were fitted with piece­
wise linear trend lines developed from time trend regression analyses. An 
implicit assumption is employed in fitting these lines. The assumption is 
that the mid-19 70s marked the end of the decreasing patronage trend for both 
the annual total system and the daily Riverside Branch. According to esti­
mates of total annual passengers. there were approximately 289 million trips 

1 Two Green Line subway stations, Park Street and Auditorium, are under­
going substantial improvements. Once completed, the circulation and capa­
city of these two stations will be increased. 

2META estimates total system patronage on an annual basis by dividing an­
nual passenger revenues by a calculated average fare. :META estimates 
daily weekday line patronage by estimating train occupancy at the line's 
peak-load station. The trends of annual system patronage and daily weekday 
line patronage can be directly compared even though they have different time 
frames. It is possible to convert daily weekday line patronage to annual line 
patronage by multiplying by 300. MBTA staff indicate that annual patronage 
is approximately equal to the total patronage of 300 weekdays. 
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made in 1951. After that, annual patronage decreased until 1964. During the 
period 1964 to 1967. annual patronage levels temporarily increased but the 
downward trend continued until 1975. From 1975 until the present. annual 
patronage has been increasing. The decline in patronage after 1967 was the 
consequence of reduced service levels because of deteriorating equipment 
and the deferral of the purchase of replacement equipment. The increase in 
patronage starting in 1975 can be correlated with the capital intensive renewal 
and modernization of the Green Line. It is not possible, however. to suggest 
that the modernization program "caused" these patronage impacts. 

System Patronage 

The low point of system patronage, 143. 4 million trips per year. occurred 
in 1975. The high point of the upward trend, 150.3 million trips per year, 
occurred in 1978. This shows approximately a 5 percent increase in patron­
age over 3 years. Part of this increase may be attributable to population and 
business growth trends in the MBTA service area; part may be attributable to 
improved service levels in early 1977. 

Riverside Line Patronage 

The Riverside Line patronage appears to follow the same trend as annual 
system patronage: decreasing through the 1960s to the mid-1970s and in­
creasing from then on. However, the Riverside Line patronage data do not 
show a clear point for a reversal of the decreasing patronage trend such as 
the annual system patronage data. In order to estimate the percentage in­
crease in patronage. a linear trend line was estimated by regressing the six 
data points after January 1977. The resulting trend is shown as the lower 
dashed line in Exhibit C-15. The trend shows a 16 percent increase in River­
side Line patronage per year. Because there are no data available from 1975 
to 1977. however. it is not possible to estimate the actual patronage trend 
prior to the introduction of LRVs. Although it is not unreasonable to show a 
patronage increase in the second half of 1976. given a known increase in total 
system patronage, a 16 percent increase during this period may be considered 
too high. 

Finally, it is not reasonable to attribute the 16 percent annual patronage 
increase in 1977 and 1978 solely to the introduction of LRV service. As evi­
denced by the total system 1s patronage growth trend, there were factors in­
creasing patronage prior to LRV introduction. These same factors most likely 
caused increases in Riverside Line patronage. However, it is difficult to 
separate the impact of these factors on patronage from the increased service 
and attractiveness of the LRVs and other modernization improvements. 
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The results of the passenger count analysis (Exhibit C-15) indicate a pa­
tronage increase of approximately 16 percent per year. However based upon 
an analysis of increased passenger revenues. patronage increased only about 
11 percent • 1 It is reasonable to conclude that the actual patronage increase 
lies in the 11 to 16 percent per annum range. This increase reflects both the 
impact of LRV introduction and other factors contributing to patronage growth 
in the MBT A service area. 

1 According to an MBTA official statement. the LRVs caused a 19 percent in­
crease in patronage during 1977. This estimate is based upon changes in 
Riverside Line passenger revenue figures. The tabulation below illustrates 
the revenue figures used to support MBTA' s statement. 

Periods 

January 1, 1977. to January 3. 1976. to Increase 
Rating Station December 31, 1977 December 31, 1976 (Decrease) 

Reservoir 
Riverside 

$2,673,114 
$1,627,007 

$2,789,062 
$1,359,094 

($115,948) 
$267,913 

Percent 
Change 

4.2% 
19.7% 

The 19 percent estimate in the annual report is based on the 19. 7 percent 
shown in the tabulation. However, the 19. 7 percent reported in this exhibit 
is misleading for the following reason. The LRV uses a Keene vacuum fare 
box system which differs from the FCC Keene vault fare box system. In 
order to retrieve passenger revenues from the LRV fare boxes. special 
vacuuming equipment was installed at the Reservoir and Riverside rating 
stations. Until recently. there were intermittent operating problems with 
the Reservoir vacuuming equipment. As a result, LRVs operating on the 
Commonwealth Line had their fare boxes vacuumed at the Riverside Station. 
A discussion with MBTA 's revenue auditing staff indicated that it is not pos­
sible to determine how much revenue counted at the Riverside Station was 
generated on the Commonwealth Line. The staff indicated that a reasonable 
correction would be to subtract the decrease in Reservoir revenues from 
the increase in Riverside revenues shown in the above tabulation. The next 
tabulation shows the effect of this adjustment indicating a 11. 2 percent in­
crease in Riverside passenger revenues. 

January 1 • 1977. to January 3, 1976. to Increase Percent 
Rating Station December 31, 1977 December 31, 1976 (Decrease) Change 

Reservoir $2.789,062 $2,789,062 -0- 0% 
Riverside $1,511,059 $1,359,094 $151,965 11. 2% 
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System Reliability Impacts 

As shown in Exhibit C-13. two rail modernization projects have impacted 
on system reliability. The LRV acquisitions have had a negative impact in 
their short history of operations. 

One measure of system reliability compares actual train service to sched­
uled train service. This measure illustrates the impacts upon the public and 
ultimately forms the public's opinion about the service. One particular draw­
back to this approach, however, is that it does not analyze the efficiency of 
equipment usage. The public may perceive a highly reliable service only be­
cause the operation is keeping an inordinate amount of extra equipment on hand 
to cover all service breakdowns. A second approach to measuring system 
reliability is to analyze the number of equipment breakdowns in relation to the 
number of vehicles in the revenue fleet. The MBTA does not routinely sum­
marize data comparing actual and scheduled train service. However. the 
MBTA does record and summarize equipment failures and fleet size on a daily 
basis. Therefore. an analysis using this second approach was performed. 

Exhibit C-16 shows the history of Riverside Line equipment utilization and 
service breakdowns. The exhibit is intended to show three specific sets of 
trends with regard to system reliability. The first set of trends (appearing in 
the upper region of the graph) shows the number of vehicles required for peak 
period service as compared to the number of vehicles available for such ser­
vice. A second set of trends (appearing in the lower region of the graph) 
shows the number of trains taken out of revenue service over the entire day. 
When trains are taken out of revenue service, they are returned to the termi­
nal station if they can proceed safely. Otherwise, they are unloaded at a 
mid-portion of the line. The third trend shows the phasing of LRVs into rev­
enue service. This trend shows that the Riverside service was provided by 
PCC vehicles until 1977. Service during 197 7 was provided by PC Cs and 
LRVs. Starting early in 1978, only LRVs were in service. The LRV intro­
duction trend is included to show how the LRVs affected the revenue service 
equipment availability and service breakdown trends. 

Vehicle Availability 

Exhibit C-16 shows that the fewest number of vehicles available for rev­
enue service occurred in January 1977. This was primarily due to a severe 
snowstorm that put many of the PCC vehicles out of commission. There was 
a steady improvement in vehicle availability until August 1977. This improve­
ment corresponds with the introduction of LRVs into revenue service. During 
October and November 1977, vehicle availability was below requirements. 
During this same period, the rate at which LRVs were being introduced into 
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EXHIBIT C-16 

HISTORY OF RIVERSIDE LINE 

EQUIPMENT UTILIZATION AND SERVICE BREAKDOWNS 
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revenue service was reduced. Since November 1977, vehicle availability has 
fluctuated between meeting requirements and exceeding requirements. 

According to these trends, it appears that the LRVs' effect on improving 
the availability of vehicles for revenue service was principally to overcome 
the severe equipment shortage in early 1977 and to provide replacement equip­
ment for the aging PCC fleet. In addition, a higher level of service was pro­
vided starting in mid-1977 with the LRV-dominated fleet. MBTA was able to 
maintain approximately the same availability rate during this period, but at 
higher service levels because of the LRV-dominated fleet. 

Before discussing the service breakdown trends, it is important to add 
another dimension to LRV introduction- -LRV availability and utilization. Ex­
hibits C-17 and C-18 illustrate the availability and usage of the LRVequipment 
from the time when cars were first accepted on December 31, 1976. Exhibit 
C-17 shows the monthly acceptances of LRVs and the number that were avail­
able for daily service. In January 1978, MBTA added two new data reporting 
categories- -revenue service vehicles and vehicles available for peak period 
service. Revenue service vehicles are distinguished from vehicles available 
for service because they include vehicles awaiting maintenance. parts, or in­
spection. Exhibit C-17 illustrates some important aspects of the LRV acqui­
sition. The gap between the available vehicles (entire day and peak) and the 
vehicles owned appears to be widening as more and vehicles are accepted. In 
comparison, the gap between the revenue service vehicles and the vehicles 
owned appears to be more constant. The revenue service vehicles line follows 
a trend somewhat closer to the vehicles accepted line. Exhibit C-18 presents 
this comparison on a percentage basis. Ac cording this exhibit, the number of 
vehicles available for daily service is down to about 50 percent of the vehicles 
owned by MBTA. The number of vehicles in revenue service has fluctuated 
between 5 2 percent and 6 2 percent of the vehicles owned by MBT A. Both 
Exhibits C-17 and C-18 indicate that there is a widening gap betwen revenue 
service vehicles and available vehicles. The reason for this widening gap is 
that an increasing number of vehicles are awaiting maintenance, parts, and 
inspection. The "parts" situation is so critical that equipment in temporary 
storage1 is being cannibalized to keep other equipment running. 

1on November 6, 1978, there were 42 LRVs in temporary storage. Of the 
42. 15 vehicles have been cannibalized due to a lack of parts and other spare 
parts ordered by MBT A. 
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EXHIBIT C-17 

LRV EQUIPMENT IN REVENUE SERVICE AND AVAILABLE FOR SERVICE 
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OWNED LRVS IN REVENUE SERVICE AND AVAILABLE 
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•The percent of owned LRV's in revenue service is calculated with the following formula: 

Percent Owned LRV'a- (Number of Revenue) ( 18 Hours of Revenue) { Total Revenue ) 
in Revenue Service = Service Vehicles . x Service Per Vehicle - Service Hours Lost 

= 

(
Number of Vehicles x 18 Hours of Revenue ) 

Owned Service Per Vehicle 

bThe percent of own LRV's that are available is calculated with the following formula: 

Percent of Owned LRV's 
That Are Available ( 

Number of Available ) ( 18 Hours of Revenue) ( Total Revenue ) 
= Vehicles x Service Per Vehicle - Service Hours Lost 

(
Number of Vehicles) x ( 18 Hours of Revenue) 

Owned Service Per Vehicle 

Source: Department of Operations Planning; LRV Dally Status Reports 
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It is the consensus of the MBT A staff that the poor reliability and main­
tainability of the LRVs can be attributed to the poor overall design of the vehi­
cles which is the product of three factors: 

• No prototype vehicle was developed and thoroughly tested before a 
production line was set up. 

• The design has relied heavily on "high technology" and not enough 
upon conventional, proven technology such as door mechanisms, 
vehicle trucks. and suspension. 

• The vehicle was designed by a committee (the Boston-:San Francisco 
Committee or the BSF Committee) with resulting compromises in 
design. 

The poor availability of LRVs (50 percent as shown in Exhibit C-18) has 
not had an adverse impact on Riverside service levels. Even though only 50 
percent of the LRVs are in service. the actual number available exceeded the 
requirements for Riverside service in December 1977 before the Riverside 
Line initiated full LRV service. 

Service Breakdowns 

Exhibit C-16 shows the average daily number of trains unloaded at the 
terminal stations and those unloaded at points along the Riverside Line. 
According to the exhibit, the number of trains unloaded at the terminals has 
fluctuated more than the number of trains unloaded while in service. From 
the passengers' perspective. breakdowns that require a vehicle transfer (such 
as in-service breakdown) are much more visible. For MBTA. these oc­
currences are much less frequent than breakdowns which result in vehicles 
being unloaded at the terminal stations. The all-LRV service in 1978 appears 
to have slightly reduced the number of trains being unloaded while in service. 
It is difficult to discern any impact of the LRVs on terminal unloadings in 
1977. given the large fluctuations in these occurrences. 

Safety Impacts 

According to Exhibit C-13, LRV acquisitions had an impact on the safety 
of Riverside Branch operations. As shown in this exhibit. the impact was 
negative. 

The track refurbishing program, part of the Way and Structure Renewal 
project, started in Fall 1973 and was completed by the end of 1974. The safe­
ty impacts related to the LRV acquisitions started with the beginning of LRV 
service introduction in 1977. 
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The number of annual derailments is used to measure the impacts of the 
two projects on safety. Exhibit C-19 shows the number of derailments for the 
years 1970 through 1977. For the years 1970 through 1975, only the total num­
ber of derailments was available. For 197 6 and 1977, the distribution of de­
railment causes are shown. The 1977 figures show the distribution of causes 
for PCC derailments and for LRV derailments. According to the exhibit, 
there was a substantial increase in the number of derailments between 1973 
and 1974. From 1974 to 1976. the number of derailments remained fairly 
constant. In 1977, the number.of derailments more than doubled. A large 
majority of the derailments shown between 1970 and 1976 occurred on areas 
of track that were not refurbished as part of the Way and Structure Renewal 
project. These areas included turnouts, crossovers. and sections of storage 
yards. The Riverside mainline track was rebuilt under the Way and Structure 
program, and no LRV or PCC has derailed on this track according to MBTA. 
The introduction of the LRVs in 1977 correlates with an increase in the number 
of derailments. The increase in derailments can be traced primarily to the 
LRV trucks, interacting both with new turnouts (i.e .• at Riverside Yard) and 
old track and turnouts (i.e., in the Central Subway). The combination of a 
truck which is "stiffer" than a PCC truck and the side-bearing suspension sys­
tem have apparently been causal in this regard. An LRV truck generates more 
lateral force than a PCC truck when going through the tight radius turns en­
countered at turnouts and crossovers. This has not only caused derailments 
and spreading of older track but is also grinding rails and wheels faster than 
with PCC trucks. 

TRACTION ENERGY IMPACTS 

As shown in Exhibit C-13. the LRV acquisitions have impacted on traction 
energy requirements. The impact is positive since the LRVs have decreased 
energy consumption per capacity-mile. The measurement of energy require­
ments on a capacity-per-mile basis reflects the energy efficiency of LRVs 
per unit of service supplied and is considered superior to measures of energy 
efficiency per unit of service consumed (i.e., energy consumption per vehicle­
mile and per passenger-mile). According to MBTA Power Department staff, 
LRVs require 20 percent less energy per total capacity-mile (seating plus 
standing) than PC Cs. The staff indicated that, although these consumption 
ratings are approximate, they are within 5 percent of the actual ratings. 

FINANCIAL IMPACTS 

There are three financial impacts considered in the analysis: vehicle 
maintenance costs, vehicle transportation costs. and passenger revenues. It 
is particularly difficult to measure the vehicle maintenance cost impact of the 
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LRVs and the new maintenance facility. Most of the LRV maintenance and 
repair is presently being conducted under a warranty program. Therefore. 
MBT A is not experiencing full maintenance costs. Furthermore. a certain 
amount of the LRV acquisition deployment cost appears in the maintenance 
operating cost. These deployment costs primarily consist of training main­
tenance personnel to service the LRVs and in purchasing special maintenance 
equipment. The deployment costs are not part of normal routine maintenance 
costs and must therefore be factored out in any direct comparisons. 

Vehicle Maintanance Costs 

Exhibit C-13 shows that the LRV acquisitions have a negligible impact and 
the new maintenance facility has a positive impact on vehicle maintenance 
costs. 

Exhibit C-20 illustrates the impact of LRV maintenance on vehicle main­
tenance costs. It compares the total cost of maintaining LRVs as compared 
to rebuilt PC Cs and regular PC Cs under anticipated. steady-state conditions • 1 

The exhibit also compared unit maintenance costs for the three types of vehi­
cles. In terms of costs per vehicle, LR Vs cost about 2 -1 /3 times as much as 
rebuilt PCCs and almost twice as much as regular PCCs to maintain. Main­
tenance costs per vehicle-mile show a similar trend. although LRV costs are 
1-1 / 2 times as high as those for rebuilt PC Cs and 3 / 4 as high as those of 
regular PCCs. In comparing maintenance costs per seat-mile, LRV costs 
are about 1 / 3 higher than rebuilt PC Cs but the same as regular PC Cs. The 
lesser differences on the seat-mile basis are primarily due to the increased 
seating capacity of the LRVs. LRV acquisitions are considered to have a 
negligible impact because vehicle maintenance costs on a seat-mile basis are 
unchanged. It is important to note, however. that, under current operations, 
initial LRV maintenance costs per seat-mile are higher than PCC maintenance 
costs per seat-mile. 

Vehicle Transportation Costs 

According to Exhibit C-13, only LRV acquisitions had a direct impact on 
vehicle transportation costs. The impact is positive because it decreased ve­
hicle transportation costs. largely due to the reduction of operating personnel. 
Exhibit C-21 shows the decrease in vehicle requirements. The analysis is 
based on providing the same level of service with the LRVs that was scheduled 
for the PCCs in Fall 1976. The results show an 18 percent decrease in Fall 

1rn order to make the comparison valid. start-up, warranty-reimbursed, and 
deployment expenses are excluded from the LRV maintenance cost. but anti­
cipated normal heavy maintenance expenses are included. 

c. 41 



EXHIBIT C-20 

RELATIVE VEHICLE MAINTENANCE COSTS (1978 Dollars) 

Type of Equipment 
Items LRV• Rebuilt PCCb pccc 

Labor $ 5,243,000 $ 5,054,000 $ 6,519,700 

Materials 2,282,000 2,491,000 3,212,000 

Fringe benefited 2,622,000 2,527,000 3,260,000 

Total $10,147,000 $10,072,000 $12,991,000 

Estimated scheduled vehicles 71 168 168 

Maintenance cost per scheduled vehicle $ 142,915 $ 59,952 77,327 
Estimated vehicle-miles 3,533,000 5,671,000 5,671.00u 

Maintenance cost per vehicle-mile $2.87 $1.78 $2.29 

Estimated Seat Miles 183,716,000 238,182,000 238,182,000 

Maintenance cost per seat-mile $0.055 $0.042 $0.055 

• LAV estimates are based on 1979 budget figures and on Amendatory Application to Green Line Vehicles Project No. MA• 
03-022. The dollar figures in these documents are expressed in terms of. 1978 dollars. The estimated LRv service levels 
(scheduled vehicles, vehicle-miles and seat-mHes) are based upon planned 1979 levels. In order to make the comparisons 
valid, start-up, warranty reimbursed and deployment expenses are excluded from the LAV maintenance costs but anticipated 
normal heavy maintenance expenses are included. 

b Rebuilt PCC vehicle maintenance costs are based upon a study conducted bv MBTA on the value of rebuilding PCC's. The 
figures are based on the 1976 fleet operational levels and 1976 dollars. The 1976 labor and fringe benems and material 
costs were inflated using different factors. Labor and fringe benefit expenses were inflated at 6% per annum and an addition 
3% to reflect non-accrued labor adjustment wages expenses in the 1976 costs. Material costs were inflated at the rate of 
13.3% per annum which is MBTA's experience. 

0 PCC vehicle maintenance costs are based on 1976 PCC fleet operational levels and 1976 dollars. The inflation factors 
described in Footnote b. were applied. 

" Fringe benerit expenses were calculated based on 50.07 % of labor expenses. 

Sources: (1 I 1979 Proposed Budget (Unapproved) 

(2) Scheduling Department 

(3) Amendatory Application to Green Line Vehicles 

DOT Project No. MA•03·0022, November 17, 1977 

(4) Correspondence with MBTA; November 6, 1978 
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EXHIBIT C-21 

VEHICLE TRANSPORTATION COSTS 

1976 Fall Comparable Service 
Time Period Scheduled PCCs with Scheduled LRVs* 

AM-Peak 33 

Mid-Day 22 

Afternoon 22 

PM-Peak 33 

Evening 9 

Late 6 

Reduction in Peak Periods Requirements: 18.2% 
Reduction in All Day Requirements: 18.4% 

27 

18 

18 

27 

7 

5 

*Comparable service is based on hourly seating capacity. 
SOURCE: MBTA Scheduling Department 
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1976 vehicle requirements for both the peak period requirements and the all­
day requirements. Results of a separate analysis show that the total annual 
labor expense per scheduled peak vehicle in 1976 was $44,202. Using the Fall 
1976 vehicle requirements as a basis for estimating annual requirements, the 
annual Riverside PCC operations labor expenses were $1,459,000. An 18-
percent reduction in equipment requirements resulted in an approximate 1976 
annual labor savings of $263,000. 

In actuality. no vehicle transportation cost savings occurred, however. 
because additional service was added concurrently with the introduction of the 
LRVs. Any possible savings were expended to provide additional service be­
yond that which was provided in Fall 1976. 

Passenger Revenue 

The last impact shown in Exhibit C-13 is passenger revenue. Both the LRV 
acquisition and the station improvement projects had the positive impact of 
increasing passenger revenues. The increase is due to the enhanced a ttrac-
ti veness of the station facilities and ride. as well as the improved headways 
and added capacity. Exhibit C-2 2 shows the increases in patronage for the 
Riverside and Reservoir Lines. as well as for the entire MBTA system. It 
was necessary to combine the Riverside and Reservoir revenues because of 
the fare collection equipment problems at the Reservoir rating station. As 
a result of these problems, Reservoir Line revenues had to be counted at the 
Riverside rating station. MBTA does not keep financial revenue records by 
line. The figures provided earlier were from a separate MBTA analysis 
that shows the relative magnitudes of the revenues counted at each rating 
station. Riverside rating station revenues are in a ratio of 1 to 1.85 to 
Reservoir rating station revenues. The revenue analysis in the patronage 
impacts section concluded that Riverside Line revenues increased by 11 
percent in 1977, even though the combined Riverside and Reservoir revenues 
increased by about 4 percent. With the type of data shown for 1978, it is dif­
ficult to conclude what effects the LRVs had on passenger revenue in 1978. 
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Financial 
Period 

1977 1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 

Subtotal 

1978 1 
2 
3 
4 

5 
6 

Subtotal 

EXHIBIT C-22 

PASSENGER REVENUE 
(thousands of dollars) 

Riverside and Reservoir Lines 

Percent Increase 
Passenger (Decrease) Over 
Revenue 1 Prior Year's Period 

$ 272.8 (13.6%) 
341.2 5.6 
417.3 0.0 
364.4 6.7 
316.1 3.8 
375.0 3.3 
331.4 7.0 
307.7 8.6 
442.5 5.1 
370.8 5.5 
357.0 4.4 
421.9 6.8 

$4,300.1 3.7% 

$ 283.4 4.6% 
344.3 0.9 
496.3 18.9 
395.5 14.2 
364.5 15.3 
441.4 17.7 -

$2,325.4 12.5% 

Total MBT A System 

Percent Increase 
Passenger (Decrease) Over 
Revenue Prior Year's Period 

$ 4,142.5 0.9% 
4,232.3 1.0 
5,263.5 (1 .5) 
4,214.3 0.9 
4,176.7 0.8 
4,870.2 (0.3) 
3,780.7 (5.5) 

3,855.4 2.1 
5,123.8 1.3 
4,327.4 3.1 
4,185.2 3.7 

5,300.7 4.8 -
$53,472.7 0.9% 

$ 3,741.3 9.2% 

4,064.8 4.0 

5,658.0 7.5 
4,481.9 6.4 
4,315.6 3.3 
5,177.0 6.3 -

$27,438.6 2.1 

1In 1978, a substantial amount of LRV service was provided on the lines using 
the Reservoir rating station. If it is assumed that the first year's revenue 
increases on these lines are similar to the first year revenue increases on 
the Riverside Line. the 1978 LRV impacts on Riverside revenues can be es­
timated. Exhibit C-2 2 shows a combined revenue increase of 12. 5 percent 
(or $290,700). Using a 1 to 1 .84 ratio of Riverside to Reservoir revenues 
and assuming an 11 percent increase in Reservoir revenues in the first half 
of 1978, the increase in Riverside revenues is calculated to be about 16 per­
cent in the first half of 1978. 

Source: Department of Revenue Accounting 
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I. INTRODUCTION 

On March 3, 1970, UMTA awarded a capital grant to the Southeastern 
Pennsylvania Transportation Authority (SEPTA). This grant, PA-10. pro­
vided for the purchase of 144 multiple unit commuter cars, 14 for service on 
the Reading Railroad and 130 for service on the Penn Central Railroad. The 
first cars arrived and were placed into service in May 1974. and all cars had 
arrived by the end-of 1976. The actual cost under PA-10 was $58.9 million, 
with a federal share of $39. 3 million and a local share of $19. 6 million. 

This appendix focuses on the purchase of the 130 cars for operation on 
Penn Central Railroad lines. The cost for these cars was $5 2. 9 million, with 
the federal and local shares representing $35. 3 million and $17. 6 million. 
respectively. 

The objective in evaluating these rolling stock purchases is to document 
the impact of UMTA funds on SEPTA commuter rail services. Based on dis­
cussions with SEPT A representatives. as well as a review of operating and 
financial data compiled by SEPTA. the five principal impacts resulting from 
the new commuter cars are: 

• a contribution to patronage growth resulting from increased ve­
hicle comfort and convenience. Patronage growth during this 
period, however. was also significantly affected by the positive 
impacts of residential and employment locational changes and 
the negative impacts of fare increases • 

• increased car availability and reliability of service. 

• reduced vehicle maintenance costs. 

• reduced fleet size and associated operating costs. 

• reduced operating costs due to smaller train consists. 

The remainder of this appendix is devoted to a presentation of background 
information and an analysis of specific data in support of these findings. 
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II. DESCRIPTION OF COMMUTER RAIL SERVICE 
IN THE SEPTA AREA 

SEPTA is an agency of the Commonwealth of Pennsylvania created under 
the Metropolitan Transportation Authorities Act of 1963 in recognition of a 
need to preserve, unify, and expand the region's public transportation system. 
The City of Philadelphia and the Counties of Bucks, Chester, Delaware, and 
Montgomery comprise the SEPTA service region (see Exhibit D-1). 

The Authority cannot levy taxes. but it does have broad powers to borrow 
funds through the issuance of revenue bonds and other forms of indebtedness. 
It also is empowered to receive grants from federal, state, and local govern­
ments. 

SEPTA'S PURCHASE OF SERVICE AGREEMENT 

Since 1958. SEPTA has maintained purchase of service agreements with 
the Pennsylvania (later Penn-Central) and the Reading Railroads to provide 
commuter rail service. Since 1976, however, the Penn-Central's (P-C) and 
the Reading's rail properties and operations have been part of the system of 
the Consolidated Rail Corporation (ConRail). The purchase of service ar­
rangement has continued with the operation of the lines by ConRail. 

The general terms of the agreement between SEPT A and ConRail provide 
for the latter to operate "contract trains" according to a specific timetable. 
Fare schedules are prescribed for stations within the contract area. In ad­
dition, obligations are required of the railroad with respect to the following: 1 

• train consist; 

• on-time performance; 

• equipment availability and utilization; 

• car cleanliness; 

• station maintenance and cleanliness; 

1SEPACT II Final Report; A Study of the 1975 Commuter Railroad System in 
the Southeastern Pennsylvania Metropolitan Region, prepared by SEPTA, 
1971, p. 19. 
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• parking facility maintenance; 

• agreements with transit operators relating to feeder services 
and coordinated fares; 

• management of commuter operations; and 

• advertising and public relations. 

Today, SEPTA reimburses ConRail for a major portion of the cost incurred, 
(per the RSPO standards), as a result of operation of contract service with­
in the SEPTA area. 

In fiscal year 1975, the total avoidable cost of operating SEPTA commuter 
lines was $50.3 million. Commuter rail revenues in 1975 were $22.4 million, 
leaving a net avoidable loss of $27 .9 million. Public financial support to off­
set the loss consisted of $22. 6 million by the state and jurisdictions within the 
SEPTA area. The other $5. 3 million was absorbed by the railroads. For 
the year ending March 31 , 197 8, SEPT A estimates operating cost at $77 mil­
lion- -an increase of over 50 percent in 3 years. The net loss projected for 
this period is $44. 8 million, to be funded by $21 • 3 million in UMT A Section 
17 funds, 1 and $23 .5 million from the state and the jurisdictions within the 
SEPTA area. Of the local share, the state contributes up to two-thirds, and 
the city and counties provide the remaining one-third. 2 

OPERATIONS ON THE PENN-CENTRAL DIVISION 

ConRail operates six lines under a purchase-of-service contract on former 
P-C lines (see Exhibit D-2). These lines serve all of the counties of the 
SEPTA area over a network of 142. 8 route miles (excluding overlapping ser­
vices) serving 97 stations. In 1977, 420 trains were operated on weekdays, 
carrying approximately 75,800 passengers daily. A listing of these lines, 
their route miles. and the average number of weekday trains is provided be­
low. The terminus for all P-C Division trains is the Suburban Station 
(Penn Center). 

1 UMTA Section 1 7 funds provide financial assistance for the purpose of reim­
bursing ConRail for costs of rail passenger service operations. 

2SEPTA Accounting Department, Commuter Rail Division. 
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SURBURBAN ROUTE AVERAGE WEEKDAY 1 

STATION TO MILES TRAINS 

Chestnut Hill 6.6 75 

Manayunk 5.2 36 

Media - West Chester 25.3 83 

Paoli - Parksburg 43.1 131 

Trenton 23.7 41 

Wilmington - Newark 38.9 54 

TOTAL 142.8 420 

OPERATIONS ON THE READING DIVISION 

ConRail also op~rates seven lines on the former Reading Railroad. While 
operations over these lines are not discussed in detail in this report, they 
are an important component of commuter rail service in the SEPTA region. 
These lines serve all counties in the SEPTA region except Delaware over a 
network of approximately 140 route miles and 101 stations (see Exhibit D-2). 
In 1977. 367 trains were operated over these lines, on an average weekday, 
carrying aproximately 54,825 riders daily. 

1November 1977. 
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III. COMMUTER RAIL PATRONAGE TRENDS 

SEPTA AREA COMMUTER RAIL PATRONAGE 

As shown in Exhibit D-3, SEPTA area commuter rail patronage has been 
gradually increasing since 1960, with a record number of passengers riding 
SEPTA commuter trains in 1977. In this record year, total patronage on 
the Reading and P-C Division lines was 33,592,152--a 41.9 percent increase 
over the 1960 figure and a 10. 2 percent increase over the Bicentennial year 
patronage. From 1970 to 1973 when the Penn Central bankruptcy occurred, 
patronage showed moderate declines. 

SEPTA representatives attribute the 1977 ~atronage increase in part to 
a 44-day SEPTA City Transit Division strike. After this strike ended, 
however, SEPTA reported that many former transit riders who had been in­
troduced to the commuter rail service continued to remain on it. 2 

Patronage on P-C Division Lines 

Patronage on Penn-Central Division lines has shown relatively the same 
growth pattern as that of the local SEPTA commuter rail system. As illus­
trated in Exhibit D-4, patronage on P-C Division lines from 1960 to 1977 
increased 48. 7 percent. 

From 1960 to 1970, annual patronage increased by 35.8 percent. Although 
patronage declined by 8. 5 percent between 1971 and 1973, this trend was re­
versed after 1973, with patronage showing moderate increases in 1974, 1975, 
and 1976. Patronage in 1977 was 19,832,337, representing a 10-percent in­
crease over the 1976 figure and 59 percent of SEPT A's total commuter rail 
patronage. 

Peak Period Patronage 

Peak period patronage as a proportion of average weekday patronage is an 
important measure of demand for SEPTA commuter rail service and the re­
sulting commuter rail vehicle requirements. For SEPTA's commuter rail 
service, the peak period consists of weekday trains arriving between 6:00 to 
9:30 a.m. and 4:00 to 6:00 p.m. The a.m. peak period is the highest patron­
age period. 

1 "Critique of Rail Commuter Ridership," Southeastern Pennsylvania Area. 
1977, p. 1. 

2Ibid. 
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EXHIBIT D-3 

COMMUTER RAIL PATRONAGE TRENDS 

33,592,152 

29,881,200 

23,658,127 

* 

SEPTA CTD STRIKE 

144 NEW 
CARS DELIVERED 

• I 

1960 1965 1970 1975 1976 1977 
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LINE 

1960 1965 197oY 

Chesnut Hill 1,879 2,556 2,918 

Maynayunk - 409 440 

EXHIBIT D-4 

ANNUAL PATRONAGE 
PENN CENTRAL DIVISION LINES 

(fhousaods) 

YEAR 

1971:!:./ 1972 1973 1974 

3,036 2,929 2,765 2,868 

455 424 377 360 

1975 

2,931 

363 

Media-West Chester 3,364 3,512 3,848 3,794 3,631 3,537 3,625 3,744 

Paoli 

Trenton 

Wilmington 

TOTAL 

PERCENT CHANGE 

5,189 5,341 5,993 5,898 5,720 5,320 

491 1.571 2.121 2,142 2,036 1,955 

2,414 2,313 2,797 2.744 2.122 2,621 

13,337 15,702 18,117 18,069 17,462 16,575 

1960-65 1970-71 1971-72 1972-73 

+17. 7% -0.3% -3.4% -5.1% 

SOURCE: CRITIQUE OF RAIL COMMUTER RIDERSHIP• 
Southeastern Pennsylvania Area, 1977 

!/ Penn Central Railroad Strike - December 10, 1970 

5,526 5,520 

2,065 2,304 

2,731 2,708 

17,175 17,570 

1973-74 1974-75 

+3.6% +2.31 

J:_/ Philadelphia City Transit Strike - April 12 to April 27, 1971 
Signalmen's Strike - Penn Central May 17-18, 1971 

Y SEPTA Transit Strike - March 25, 1977 to May 7, 1977 

1977J' 
1977 % 

1976 of Total 

2,961 3,322 16.8% 

365 463 2.3 

3,788 4,356 22.0 

5,745 6.061 30.5 

2,392 2,789 14.1 

2,780 2,841 14.3 

18,031 19,832 100.0% 

1975-76 1976-77 1960-77 

+2.6% +10.0% +48.7% 



Exhibit D-5 indicates that peak period patronage increased from 21,000 in 
1973 to 30,500 in 1977, representing a 45 percent increase. The a.m. peak 
period patronage represented 31 percent of average daily patronage in 1973 
and by 1977 it had increased to 40 percent. 

OTHER FACTORS INFLUENCING SEPTA AREA 
COMMUTER RAIL PATRONAGE 

Trends in Regional Population 

One factor which has influenced commuter rail patronage has been the 
dramatic change in population distribution in the SEPTA area in the past 15 
years. The population of the five-county SEPTA area for 1960, 1965, 1970. 
and 1975, along with the patterns of population distribution in the area, are 
shown in Exhibit D-6. During the 15-year period from 1960 to 1975. the 
study area grew in population by only 5 .8 percent. 

The City of Philadelphia, representing at least 50 percent of the popula­
tion of the entire SEPTA area in every year except 1975, experienced a 9 .1 
percent decrease in population between 1960 and 1975. From 1970 to 1975 
alone, Philadelphia lost approximately 134,000 inhabitants or nearly 7 per­
cent of its population. 

By contrast. the three suburban counties of Bucks, Chester, and Mont­
gomery achieved a rapid growth rate. with an increase in population of 49. 2, 
38.9, and 22.9 percent, respectively, during the same period. Delaware 
County, the most densely populated of the suburban counties. did not grow as 
rapidly, achieving a 7 .1 percent increase in population during the same period. 

Trends In CBD Employment 

Another factor influencing patronage is the change in Central Business 
District (CBD) employment. Decentralization of Philadelphia's CBD employ­
ment has not matched the decentralization of its residential population. By 
contrast, as shown in Exhibit D-7, employment in Philadelphia's CBD has 
been increasing over the past two decades. achieving a 37 percent increase 
from 1960 to 1978. 

For the City of Philadelphia as a whole, there has been a steady decline 
in total employment due to the exodus of many businesses from Philadelphia 
to the surrounding suburban counties. With respect to employment distribu­
tion, however, CBD employment is the important component in an evaluation 
of commuter rail ridership, since the majority of commuter rail trips are 
work trips to or from the CBD. 
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EXHIBIT D-5 

A.M. PEAK HOUR PATRONAGE VERSUS AVERAGE DAILY PATRONAGE 

PATRONAGE 

1973 1974 1975 1976 1977 

AVERAGE DAILY 
PATRONAGE 67,000 71,600 68,000 74,250 75,800 

A.M. PEAK PERIOD 
PATRONAGE 21,000 24,500 22,700 29,700 30,500 

A.M. PEAK AS 
PERCENT OF 
AVERAGE DAil.Y 
PATRONAGE 31% 34% 33% 40% 40% 

SOUR.CE: SEPTA Ridership Statistics Reports 
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YEAR 

Bucks 

Chester 

Delaware 

Montgomery 

City of Philadelphia 
(Philadelphia County) TOTAL 

PERCENT CHANGE 

Bucks 

Chester 

Delaware 

Montgomery 

City of Philadelphia 

TOTAL 

EXHIBIT D-6 

SEPTA AREA POPULATION 
(Thousands) 

POPULATION 
1'60 1965 

309 343 

211 244 

553 587 

516 581 

1.998 2.052 
3,587 3,807 

IN YEAR 

1970 

417 

278 

603 

624 

1.950 
3,872 

PERCENT POPULATION CHANGE IN PERIOD 
1Q;1;.n-J\'i , O'-'i-7n 1970-75 

11.oX 21.5% 10. 6% 

15.6 13.9 5.4 

6.1 2.7 -1.8 

12.5 7.4 1.6 

2.7 -5.0 -6.9 

6.1% 1.7% -2.0% 

1975 

461 

293 

592 

634 

1.816 
3,796 

1960-75 

49. 2% 

38.9 

7.1 

22.9 

-9.1 

5.8% 

SOURCE: Population Estimates for the Delaware Valley Region, Delaware Valley 
Regional Planning Commission, No. 16, July 1977. 

SEPACT II FINAL REPORT: A Study of the 1975 Connnuter Railroad System 
in the Southeastern Pennsylvania Metropolitan Region, 1971. 
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YEAR 

EMPLOYMEN't. 

EXHIBIT D-7 

PHILADELPHIA 
CBD EMPLOYMENT 

(Thousands) 

1960 

288 

1970 

325 

1975 

378 

1978 

395 

SOUR.CE: Philadelphia Commerce Department 

DATE 

September 1. 1970 

March 1. 1971 

January 5, 1972 

April l, 1977 

May l, 1978 

EXHIBIT D-8 

SEPTA FARE INCREASES 

AVERAGE 
INCREASE 

20% 

10% 

12.5% 

20% 

11.5% t._ ___________________________ ___. 

Source: SEPTA, Rail Operations Division 

The average passenger revenue-for a trip on the P-C Divisicn was 

73¢ in 1973, compared to 84¢ in 1977. 
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The major types of employment increases in Philadelphia have been in the 
office, retail and trade, and services (finance, insurance, and real estate) 
categories • 1 

Fares 

Another important factor in analyzing commuter rail patronage trends is 
fare increases. From 1970 to 1978, SEPTA enacted five fare increases, with 
the two most recent fare increases occurring within a 13-month period (Exhibit 
D-8). 

SUMMARY OF FINDINGS 

The information pres·ented in this section has shown that in recent years, 
the SEPTA service area has experienced a shift in residential population to 
the suburbs, along with an increase in CBD employment. Since commuter 
rail serves trips from suburban locations to the center city, the potential num­
ber of commuter rail patrons increased with these changes, and these changes 
were probably influential in the patronage growth trends which have been ex­
perienced by SEPT A, despite fare increases. 

1Philadelphia Commerce Department 
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IV. COMMUTER RAIL OPERATIONAL AND 
LEVEL-OF-SERVICE TRENDS 

CAR FLEET COMPOSITION 

SEPTA representatives attribute some of the success in patronage in­
creases experienced in recent years to the acquisition of new equipment. The 
commuter car fleet composition trends on the P-C Division, focusing on the 
130 commuter cars acquired through P A-10. are discussed below. The impact 
of this acquisition program on fleet composition (age) is one of the important 
factors suggested as having contributed to patronage increases. 

Car Fleet Prior to PA-10 

Exhibit D-9 shows the car fleet trends on the P-C Division from 1973 to 
1977. In 1973, 73 percent of the commuter cars were old P-C Red Cars man­
ufactured prior to 1920. These cars were inferior in comfort and convenience 
standards to those purchased under P A-10 

The total number of cars in the fleet in 1973 was 262, which is higher than 
at present. The old cars seated only 72 passengers. and this required the 
operation of longer trains than those now operating over the same lines. With 
such a large percentage of antiquated equipment in operation in 1973. the 
average of all cars in service on the P-C Division was 46. 4 years. 

Car Fleet After PA-10 

In 1974, the first 30 of the new 127 passenger multiple unit electric Silver­
liner IV commuter cars arrived and were placed into service. As SEPTA 
personnel report (and as described below), the many improved features of 
these cars made the ride much more comfortable and convenient for SEPT A 
patrons. Additionally, the new equipment provided greater mechanical reli­
ability, reduced failures, and ensured greater reliability of service. 

With the acquisition of 30 new Silverliner IVs in 1974, the average age 
of the commuter fleet was reduced to 42. 5 years. The total number of cars 
in the fleet increased to 284. 

In 1975 and 1976, 76 and 24 new cars arrived, respectively, reducing the 
average car age to 17 years and 8.5 years, respectively. By 1976, all 130 
of the new cars had arrived, and 240 old cars had been scrapped. 

In 1977. one additional old Red Car was scrapped, and the total fleet size 
on the P-C Division dropped to 225 vehicles. Approximately 85 percent of 
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EXHIBIT D-9 

PENN CENTRAL DIVISION CAR FLEET TRENDS 

CAR TYPE NUMBER OF CARS IN FLEET SPECIAL FEATURES 
1973 1974 1975 1976 1977 

IR.ed Car 200 200 90 34 33 none 

' 
Pioneer 5 5 5 5 5 air conditioned 

Silver liner 57 57 57 57 57 air conditioned/radio/ 

Silver liner IV (New cars) 0 30 106 130 130 air, conditioned/radio/I!A. Sys 

TOTAL CARS 262 292 258 226 225 

Average Car Age (Years) 46.4 42.5 17.0 8.5 9.5 
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the veh~cles were modern equipment. and nearly 60 percent were less than 
3 years old. The average car age was 9. 5 years. 

Thus. as a result of PA-10, average car age on the P-C Division has been 
reduced by nearly 37 years and the fleet size has been reduced 14 percent. 

FLEET SEATING CAPACITY 

Fleet seating capacity provides a measure of a system's ability to handle 
patronage during peak time periods. For SEPTA commuter trains, the highest 
single patronage period is between 6:00 and 9:30 a.m. (40 percent of average 
daily patronage). As illustrated in Exhibit D-10, on an aggregate basis. max­
imum fleet seating capacity has increased by 4. 485 seats or nearly 21 percent 
from 1973 to 1977 •1 while a.m. peak hour patronage has increased by 9,500 
patrons or 44 percent. Although P A-10 has resulted in a 21 percent increase 
in fleet seating capacity, the decrease in level of service during the a. m. peak 
period due to vehicle'._capacity constraints largely reflects the impact of signi­
ficant patronage increases since 1973. 

CAR AVAILABILITY AND RELIABILITY 

Another impact of PA-10 has been to improve car availability on the P-C 
Division lines. Availability of equipment is one of the major determinants 
of seating capacity and the ability to transport riders at peak periods. The 
Red Cars which are still operating on the P-C Division only operate during 
the morning and evening peak periods. so a comparison between the avail­
ability of the Red Cars versus the new Silverliner IVs would be invalid. 

However, since April 1976. SEPTA compiled statistics on the availability 
of new Silverliner IVs versus the 57 older Silverliners in the fleet. These 
vehicles operate throughout the day and. on an average, are about 13 years of 
age. In Exhibit D-11, the availability of this equipment is computed based 
on the number of cars that were in the shop and thus were not available to pro­
vide commuter rail service (including those in the shop for normal repair). 

As shown in this exhibit. the differences in the percentage of equipment 
available for the Silverliner IVs versus the older Silverliners increased in 

1 Fleet seating capacity increased by 4. 485 due to the retiring of 167 old cars 
seating 72 passengers and the acquisition of 130 new cars seating 127 pas­
sengers. 
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YEAR 

.dax.imo.m Fleet 
Seating Capacity 

A.M. Peak Period~/ 
Patronage 

EXHIBIT D-10 

FLEET SEATING CAPACITY 
AND A.M. PEAK HOUR PATRONAGE 

1973 1974 1975 1975 

21,895 25,705 27,600 26,450 

21,000 24,500 22,700 29,700 

1977 

26,380 

30,500 

1/ Fleet seating capacity increased by 4,485 due to retiring 

167 old car seating 72 passengers and the acquisition of 130 

cars seating 127 passengers. 

2/ SOURCES: SEPTA Patronage Reports 

CAR TYPE 

Old Silverlineiis 

Silverliner IV's 

EXHIBIT D-11 

AVAILABLE EQUIPMENT 

1976 1977 

PERCENT OF EQUIPMENT AVAILABLE 

81.0% 

86.6% 

80.9% 

88.0% 

.YJanuary through May only. 

1978 '};_/ 

71. 7% 

87.3% 

Source: SEPTA Equipment Availability/Shopped Summaries, 1976-1977, 

and 1978 
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each of the 3 years, representing a 5. 6, 7. 9. and 15. 6 percent difference, 
respectively, for 1976, 1977, and 1978. During the first 5 months of 1978, 
severe traction motor failures on the older Silverliners resulted in a high 
percentage of out-of-service vehicles. 

Car reliability refers to adherence to schedules (on-time performance) 
and the resulting confidence on the part of commuters that trains will arrive 
and depart from stations at or near the times published in timetables. 
SEPTA's agreement with ConRail stipulates that trains should arrive within 
5 minutes of the times listed in timetables to be considered on-time. At 
one time. SEPTA imposed monetary penalties for failure to meet scheduled 
times and provided bonuses when a high percentage of trains were operated on­
time. At present, such monetary penalties and bonuses are not part of the 
contract. 

As shown in Exhibit D-12, on-time performance has improved substan­
tially since the receipt of the first Silverliner IVs in 1974. The average on­
time performance for all lines in 1973 was 81.2 percent, as compared to 
95.5 percent in 1977. 

SEPTA personnel attribute increases in the on-time performance to the 
operation of the new cars, which provided greater mechanical reliability and 
tend~d to reduce failures. There were few improvements to the track and 
roadbed which would have contributed to improvements in on-time perfor­
mance during this period. 

CAR OPERATING AND MAINTENANCE COSTS 

Based on a comparison of the maintenance costs of old Red Cars versus 
the new Silverliner IVs over a 3-year period, the new cars have had a much 
lower total maintenance cost per mile than the old cars which they replaced. 1 

Exhibit D-13 shows the maintenance of equipment expenses on the Penn­
Central Division for the first quarters of 1973. 1974, 1975. and 1976. The 
maintenance costs for the new cars were approximately 50 to 60 percent of 
those of the Red Cars. 

The maintenance cost data presented in Exhibit D-13 have been compiled 
by SEPTA on a quaterly basis to April 1976. Beginning on April 1, 1976, 

1SEPTA representatives reported that this was partly attributed to the fact 
that the new cars are still under warranty for most major repairs. 
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ConRail instituted a new accounting system whereby joint and common costs 
of system operations are allocated to commuter rail operations. thus making 
new cost data (after April 1, 1976) incomparable with past cost data. 

While ConRail does not provide SEPTA with information on operating costs 
per mile for specific car types, there are two factors which support the argu­
ment that commuter rail operating costs have also been reduced with the new 
car purchase under PA-1 O. The first factor is the reduction in car miles 
which has resulted due to the shorter train consists. The new cars, which 
seat 127 passengers as compared with the old cars which seat 72 passengers, 
require fewer cars per train. Car miles therefore have been reduced from 
7 .2 million miles in fiscal year 1974 to 6.4 million miles in fiscal year 1977 (a 
reduction of 11 percent) with no change in the service area or level of service. 

The other factor which would tend to reduce operating costs is the reduced 
car weight of the new cars~ The new cars weigh 22,500 pounds less than the 
old cars (Exhibit D-14). Car weight influences both operating cost and power 
consumption. Benefits due to decreased power consumption have been par­
tially offset, however. due to the increase in electric power consumed by the 
new cars which are air conditioned. 

MARKETING IMPROVEMENTS 

One of the most significant impacts resulting from the purchase of the new 
cars has been improved comfort and convenience for riders. Although SEPT A 
has not conducted a survey to assess this impact. the new cars are equipped 
with many modern features such as: 

• air conditioning; 

• improved heating system; 

• improved lighting; 

• smoother rides (new cars have an improved truck design); 

• improved doors (automatic doors on new cars versus manual doors 
on the old cars); 

• public announcement system; 

• improved seats (reflecting high quality comfort and appearance 
standards); and 

• non-slip floors (compared to worn tile floors in old cars). 
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EXHIBIT D-12 

ON-TIME PERFORMANCE FOR THE PENN CENTRAL DIVISION' 

Yea:: 1973 Y 1974 1975 1976 l9i7 

Ave:::-age 
On-!!:!le 
?erfo=nce 81.2% 88.3% 39.2% 95.0% 95.5Z 

l/ On-time ?•rfot"::1.a.nce before exc<:?C::ions (allo.,ances are m.acia 
for aces of God, and ot~er :.ina.voicaole si:uacions). 

2/ July to December 1973 only. 

SOURCZ: Per:or.nance 3y !.ine, ?e::cenca.;<= on ::ime Before Exc'!ption aapoi:ts, 
Penn Central Division, 1973-1976. 

i 

EXHIBIT 0·13 

MAINTENANCE OF EQUIP~IENT 
COST PER ~ULE 

j j lsc Quarter lst: Q1.1ari:a"! 

1974 
:s:: Qua.rte-: 

1975 
ls:: Quar:a:­

:9i6 i I 1973 

Old Red Car 

Sil•,narli:lar t7 I 
I 

5-aacs/Car 

$ • 96 Sl.12 31.i..5 $2.15 

$ • 74 Sl.39 

SOL'R.CE: Penn Canc:-al, SEPTA-Related ~aintenance of Equipment 
Expenses, 3.eporcs 

EXHIBIT D-14 

CAR WEIGHT AND FEATURES OF C . .\RS 

3.ed Cars 

l.50,000 los. 

72 

~one 

:iew Silvtt~liner !/l's 

lZi ,500 lbs. 

Air Condic:ionin~ 
?ubli:: Arul.ol.lllcemenc System 
la.dio 

Source: Si::PT.\ :tail Operations, :1ec:w.nica::. i:lepar:::ienc 
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Exhibit D-15 is included to provide a better understanding of the aesthetic 
differences between the old cars and those purchased under PA-10. Theim­
proved comfort and convenience of the new cars contributes to the attractive­
ness of the system, thus enhancing SEPTA's ability to attract new riders. 
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EXHIBIT D-15 
PHOTOGRAPHS OF OLD AND NEW CARS 

EXTERIOR OF OLD RED CAR 

INTERIOR OF OLD RED CAR 
(note the overhead fan and the lighting) 

MANUAL DOOR OF AN OLD RED CAR 
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EXTERIOR OF NEW SILVER LINER IV 

INTERIOR OF NEW SILVERLINER IV 
(equiped with air conditioning and 

floreacent lighting) 

AUTOMATIC DOORS OF THE NEW 
stLVERLINER IV 



V. SUMMARY OF FINDINGS AND CONCLUSIONS 

Based on the analysis of the data and information available to document 
the impacts of rail modernization projects in Philadelphia. the commuter rail 
car purchase under P A-1 O has contributed to: 

• patronage growth resulting from increased passenger comfort and 
convenience. At the same time. the positive impacts of residential 
and employment locational changes, and the negative impacts of 
fare increases have also significantly impacted commuter rail 
patronage (patronage increased 18 .5 percent since 1974). 

• increased car availability and reliability of service. The percent 
of equipment available for new Silver liners is 87. 3 percent, as 
compared to 71. 7 percent for older Sil verliners. On-time perfor­
mance has increased from 81. 2 percent in 1973 to 95. 5 percent in 
1977. 

• reduced maintenance cost. The maintenance costs for the new cars 
are approximately 5 0 to 60 percent of those for the old cars. 

• reduced fleet size and associated operating costs. Fleet size has 
been reduced 33 percent. However. fleet seating capacity has in­
creased nearly 21 percent from 1973 to 1977 • 

• reduced operating costs due to smaller train consists and lighter 
weight vehicles. 
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STATION MODERNIZATION PROJECTS 
FUNDED BY THE 

UMTA SECTION 3 RAIL MODERNIZATION PROGRAM 

I. INTRODUCTION 

II. STATION DESCRIPTIONS 

• Philadelphia's 8th and Market Street Station 

• New York's 49th Street Station 

III. PROJECT DESCRIPTIONS 

• Philadelphia's Station Modernization Projects (PA-23 and PA-33) 

• New York's Station Modernization Project (NY-07) 

IV. STATION MODERNIZATION PROJECT Il'1PACTS 

• 8th and Market Street Station Modernization Impacts 

• 49th Street Station Modernization Impacts 
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I. INTRODUCTION 

UMTA has funded the modernization of many rapid rail stations through 
its Section 3 capital grant program. The purpose of this appendix is to ex­
amine the impacts which have resulted from these projects by providing ex­
amples of two stations that have been modernized under the program. The 
two stations are the Southeastern Pennsylvania Transportation Authority's 
(SEPTA) 8th and Market Street Station and the New York City Transit Author­
ity's (NYCTA) 49th Street Station. These projects are presented as examples 
of stations which have been modernized under the Section 3 Rail Moderniza­
tion Program. They are. however. not necessarily representative of all sta­
tion modernization projects which have resulted from the program. 

The remainder of this appendix is devoted to a description of these proj­
ects and the identification of the impacts which have resulted from the expen­
diture of federal funds for them. 
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II. STATION DESCRIPTIONS 

Two stations were selected for this case study in order to illustrate the 
diverse impacts which may occur following a station modernization effort, 
as well as identify the common impacts which are typical of these projects. 
Both stations are representative of downtown, heavily used stations in areas 
of urban revitalization. Other revitalization efforts in the area of these sta­
tions were naturally complementary to the overall impact of the moderniza­
tion effort. 

PHILADELPHIA'S 8TH AND MARKET STREET STATION 

As shown in Exhibit E-1, the rapid rail system in Philadelphia consists of 
the two lines which intersect in the CBD. The Broad Street line runs across 
from the sports stadium in South Philadelphia through the CBD at City Hall 
to the Fern Rock Station in North Philadelphia. The Market-Frankford line 
(containing the 8th and Market Street Station) is essentially an east-west line 
that operates on an elevated railway at each end and on a subsurface line 
through the CBD. 

The 8th Street Station is a double-track station below street level, which 
has been in service since 1907. Prior to PA-23, most improvements made 
to this station were limited to painting. Ac cording to SEPT A personnel, the 
age, design, and deteriorated condition of this station led to a number of 
problems including: 

• severe water leakages, which damaged wall and ceiling surfaces 
and permitted water puddles to develop on the station floor; 

. a poor line-of-sight in the station, including many dark corners 
that fostered crime and vandalism; 

• dirty and unattractive surroundings; 

. inaccessible areas for handicapped patrons; and 

• uncomfortable heat and humidity, since there was no provision 
for ventilation at the station except for air entering from the pas -
senger stairway. 

SEPT Ar s interest in the 8th Street Station increased with the proposed 
development of the Gallery at Market East, a contemporary shopping center 
which opened in August 1977. The Gallery development included 125 shops 
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EXHIBIT E-1 

SEPTA RAPID RAIL SYSTEM 

Fem Rock¥ 

North Philadelphia 

@ 
Pattison• a 

$ports Complex (QJ 

SOURCE: Bicentennial Transportation Guide to Greater Philadelphia, SEPT A. 
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and restaurants. many public areas, and additional leasable space. The no­
tion that the mall should be directly served by rapid rail transit was suggested 
by the developers when the mall was in the design stage. Since the 8th Street 
Station was adjacent to the site of the new mall, the developers encouraged 
the station expansion project in order to enhance the mall's functional appeal. 

To include the station in the design of the new mall, the westbound plat­
form of the station had to be lengthened by two car lengths to better serve 
anticipated patrons. The westbound platform opens directly into the lower 
level of the Gallery. 

The 8th Street Station is in use 24 hours a day. On a typical weekday in 
the spring of 1978, 14,240 passengers used this station. This is roughly 
equal to the patronage at the station prior to the station modernization proj­
ect and the opening of the Gallery at Market East. During the fall of 1977 
when the Gallery first opened, the patronage at the station on an average 
weekday was approximately 14,900. 1 

NEW YORK'S 49TH STREET STATION 

The NYCTA rapid transit system represents one of the largest systems 
in the world. This system is comprised of three divisions--Interborough 
Rapid Transit (IRT). Brooklyn-Manhattan Transit Corporation (BMT), and 
Independent System (IND). The 49th Street Station lies directly below the 
street level on the BMT line at 49th Street and 7th Avenue in downtown 
Manhattan. 

As shown in Exhibit E-2. the 49th Street Station is located in the heart 
of the New York City Transit System near the center of the Manhattan 
Theater District. This station serves as a gateway to Times Square; the 
area served by the station contains many major office buildings. hotels. 
theaters, restaurants. and stores. 

1The most substantial change that has occurred with respect to patronage 
at the 8th Street Station has been the distribution of passengers entering 
the station from the eastbound and westbound platform areas. The west­
bound platform now opens directly into the Gallery. Patronage from the 
westbound platform accounted for 41 percent of the total patronage in the 
spring of 1976 (prior to.the opening of the Gallery). In the fall of 1977 and 
the spring of 1978, patronage from the westbound platform accounted for 
62 and 61 percent of the total patronage. respectively. 
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EXHIBIT E-2 

49TH STREET STATION - AREA OF INFLUENCE 
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The 49th Street Station is a four-track subway station constructed in 1919. 
Since this time, there have been no major station improvements. Prior to 
modernization. the station finish consisted of deteriorated glazed ceramic 
tile walls with concrete platforms and ceilings. Poor lighting and excessive 
noise levels resulting from trains passing through the station were among the 
most serious problems at the station. The noise levels prior to the station 
modernization project. as reported by NYCTA's Engineering Department. 
were typically 105 decibels (dBA) for express trains passing through the sta­
tion and 100 dBA for local trains entering and leaving the station. 

The 49th Street Station is in active use 24 hours a day. 7 days a week: it is 
a heavily traveled local station in the city. On a typical weekday over 14,000 
patrons use this station. 
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III. PROJECT DESCRIPTIONS 

Both of the stations described in this case study were modernized after 
many years of neglect and deterioration. The focus of the modernization ef­
fort was slightly different for each station, however. In Philadelphia. the 
focus was on modernization to increase the aesthetic appeal and passenger 
safety and comfort and to improve the station design to accommodate antici­
pated increases in passenger volume following the development of the Gallery 
Mall. In New York, a principal focus was on the reduction of noise in the 
station and on design improvements to minimize crime and vandalism. In 
addition to these primary objectives, these station modernization projects 
addressed other secondary concerns described below. 

PHILADELPHIA'S STATION MODERNIZATION PROJECTS 
(PA-23 AND PA-33) 

In August 1971, UMTA awarded a capital grant to SEPTA {PA-23) to ren­
ovate the 8th Street Station. The cost of this project was approximately $3 .5 
million, with the federal and local shares representing $ 2. 8 million and $. 7 
million, respectively. Modernization of this station included: 

• waterproofing, ceiling, wall, and floor finishes, stairway and 
structural improvements, graphics, furnishings. and the installa­
tion of modern fare collection control devices and barriers; 

• electrical power and lighting improvements; 

. installation of new ventilation facilities; 

• plumbing improvements, including a high pressure wash down 
system; and 

• installation of a closed circuit television system. 

This work, except for the installation of the closed circuit television system, 
was completed in July 1976. The closed circuit television system was com­
pleted in August 1977. 

In August 1972, another grant (PA-33) was awarded to SEPTA for addi­
tional improvements to this station. primarily for the extension of the west­
bound platform and selected acoustical improvements. The cost of this proj­
ect was $2. 6 million, with the federal and local shares representing $2 .1 mil­
lion and $. 5 million. respectively. This work was completed in August 1977. 
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NEW YORK'S STATION MODERNIZATION PROJECT (NY-07) 

In September 1968, UMTA awarded a capital grant to NYCTA for the 
modernization of the 49th Street Station (NY-07). The cost of the project 
was approximately $2 million, with the Federal and local shares each rep­
resenting $1 million. Modernization of this station included: 

• a new architectural design. including a glazed brick finish for 
walls and a new terrazzo finish for floors of the platform and 
control areas; 

• improved graphics, making transit information and station signs 
more legible; 

• increased crime control through the installation of an intercom­
munication system between control areas and between change 
booths; 

• modified toilet facilities; 

• new concessions; 

. improved lighting. highlighted by various light intensities for 
stairs, the station platform, and the track area; and 

acoustical treatment to lower the noise level in the station, in­
cluding a sound absorptive ceiling. track barriers, and material 
beneath the platform edge. 

Project work began in September 1973 and was completed in December 1976. 
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IV. STATION MODERNIZATION PROJECT IMPACTS 

Station modernization improvements constitute one of the most visible prod­
ucts of the Rail Modernization Program. Together with new or rehabilitated 
rail cars, these improvements receive the greatest public exposure of the rail 
modernization investments. Their visual impact is illustrated in Exhibits 
E- 3 through E-6, which show the results of the station modernization efforts 
in Philadelphia and New York. 

Other impacts of station modernization efforts can be suggested; however, 
data documenting these impacts are sparce or nonexistent. For example, both 
the Philadelphia and New York station modernization projects would be expected 
to increase user comfort and convenience by the provision of more pleasant sur­
roundings at the stations and improved graphics and signing. The extent of 
this increase in user comfort and convenience. however, has not been mea­
sured using either formal or informal survey techniques. Other impacts sug­
gested by the nature of the improvements incorporated during the station mod­
ernization efforts are summarized below. Where data were available to docu­
ment the extent of these impacts, these are also provided. 

8TH AND MARKET STREET STATION MODERNIZATION IMPACTS 

As described in Section II, the focus of the station modernization project 
in Philadelphia was on increasing the aesthetic appeal of the station facilitv 
and on improving the station design to accommodate anticipated increaset . ::1 

passenger volume following the development of the Gallery Mall. Exhibits 
E-3 and E-4 illustrate the aesthetic impact of the investment on the 8th and 
Market Street Station. The impact of the station design modifications is illus­
trated by the distribution of passenger volumes by platform. Prior to the 
modernization project, the westbound platform accounted for 41 percent of 
the total patronage volume in this station. Following the modernization proj­
ect and the opening of the Gallery Mall, over 60 percent of the passenger vol­
ume was accounted for on the westbound platform. The station modernization 
project facilitated the flow of this increase in passenger volume on the west­
bound platform, which now opens directly into the Gallery Mall. The increase 
in passenger volume on the westbound platform. however, is not a direct im­
pact of the modernization effort. However, it is the result of the development 
of the Gallery Mall. 

In addition to these primary impacts, other impacts resulting from this 
station modernization project in.elude: 

. increased accessibility for elderly and handicapped patrons due to 
the installation of a ramp to provide access to the westbound plat­
form of the station; 
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EXHIBIT E-3 
8TH STREET STATON PRIOR TO RENOVATION 
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EXHIBIT E-4 
8TH STREET STATION AFfER RENOVATION 
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EXHIBIT E-5 
49TH STREET STATION PRIOR TO RENOVATION 
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EXHIBIT E-6 
49TH STREET STATION AFTER RENOVATION 
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• increased safety due to the provision of an emergency lighting 
backup system which operates in the event of a power blackout; 
and 

. improvements to the maintainability of stations resulting from 
the installation of vandal-resistant materials. 

49TH STREET STATION MODERNIZATION IMPACTS 

The principal focus of the rail modernization improvements to the 49th 
Street Station in New York was on reducing noise in the station and improv­
ing the station design to discourage crime and vandalism. Noise surveys 
conducted by NYCTA following the station modernization project indicated a 
20 decibel reduction in noise levels for both express and local train traffic 
through the station. The sound absorptive materials installed to effect these 
reductions improved the acoustic environment of the station and thereby in­
creased the comfort of users of the station. 

As part of the station modernization effort, design changes included the 
location of the station booth on the platform so that the attendant has a full 
view of the platform. These changes also contributed to improvements in 
crime and vandalism control. 

Finally. as with the Philadelphia modernization project, the installation 
of low maintenance materials in the 49th Street Station improved the maintain­
ability of the NYCT A facility. 
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I. INTRODUCTION 

The process undertaken by transit systems to finance rail rehabilitation 
and modernization varies by funding source(s). type of project, and the admin­
istrative structure of the individual transit agencies. These and other factors 
influence the activities of the rail modernization funding process. 

OBJECTIVES OF THIS REPORT 

This report describes the findings of a study of the processes undergone 
by the New York City Transit Authority (NYCTA) and Port Authority Trans­
Hudson Corporation (PATH) to finance rail transit rehabilitation and moderni­
zation. NYCTA illustrates the process undergone by a recipient of Section 3 
grants from the Urban Mass Transportation Administration (UMTA). 1 PATH 
illustrates the process undergone by a transit authority whose rail moderni­
zation program is currently financed independent of UMTA capital grants. 

The study included investigation of the activities, participants, and timing 
in NYCTA's and PATH's rail modernization programs from project identifi­
cation through implementation. The principal objectives of this study were to: 

• illustrate the similarities and differences between the rail modern­
ization funding process of NYCTA, an UMTA Section 3 recipient, 
and the Port Authority Trans-Hudson (PATH). a transit authority 
whose rail modernization program has been funded independent of 
UMTA Section 3 resources since 1968; 

• assess the overall structure and internal controls of the rail mod­
ernization funding processes of the two authorities: 

• examine the use of criteria by NYCTA and PATH for identifying 
rail modernization projects; and 

• investigate current project monitoring efforts carried out during 
and following the implementation of rail modernization projects 
by NYCTA and PATH. 

1The process for financing rail rehabilitation and modernization using Federal 
Aid to Urban Systems (FA US) funds or sources other than U:MT A Section 3 
funds was not investigated. nor was the process for financing new route con­
struction or surface transit improvements with UJ.V1TA Section 3 resources. 
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This study is not intended to comprehensively review the UMTA rail moderni­
zation grant process and recommend a proposed restructuring of UMTA ac­
tivities. Opportunities to improve the UMTA grant process reported in this 
study reflect suggestions for improvement identified by people interviewed 
throughout the conduct of the study. 

STUDY APPROACH 

The approach used in this assessment of the rail modernization funding 
process consisted of the detailed examination of two case studies. NYCTA 
was selected because it receives UMTA Section 3 funds and has developed a 
well-structured process for meeting federal requirements for grant prepara­
tion and project implementation, including a detailed process for project iden­
tification and ranking. PATH was selected because it is one of the only public 
transit authorities in the United States that currently finances its rail transit 
rehabilitation and modernization without federal assistance. The NYCTA and 
PATH case studies represent current rail modernization processes, illustrated 
by numerous grants and projects at various phases in the process. To facili­
tate comparison between the NYCTA and PATH rail modernization process. 
activities were addressed in both case studies, in terms of the same three 
phases, as described below: 

• The first phase. Pre-Application Phase, involves the identifica­
tion of projects by operating divisions. budget approval activities, 
project application preparation (including preliminary design spe­
cifications), and initial cost estimates: 

• The second phase. Application Review and Approval Phase, con­
sists of project evaluation by the authorities making the commit­
ment of funds for project implementation; and 

• The final phase, Post-Application Approval. Project Implementa­
tion Phase includes: 

• preparation of detailed project design specifications and 
contract documents; 

• contractor selection and contract award; and 

• project implementation. 
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ORGANIZATION OF REPORT 

This report is organized in the following three sections, plus the Introduc­
tion: 

• Section II - Overview of Case Study Findings and Conclusions; 

. Section III - UMTA-Funded Rail Modernization Grant Process: 
New York City Transit Authority (NYCTA) Case 
Study: and 

• Section IV - Non-UMTA-Funded Rail Modernization Grant Process: 
Port Authority Trans-Hudson Corporation (PA TH) Case 
Study. 
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II. OVERVIEW OF CASE STUDY FINDINGS AND CONCLUSIONS 

INT?QDUCTION 

This section provides: 

• an overview and comparison of the rail modernization processes 
for NY CT A and PA TH; and 

• a summary of findings and conclusions regarding the rail moderni­
zation process for each of these two transit authorities, with a 
focus on UMT A Section 3 program implications. 

An overview of the NYCTA and PATH grant processes is presented, to­
gether with a discussion of the similarities and differences between the two 
processes. The similarities between the processes of NYCT A and PATH are 
described in terms of the activities carried out by both transit authorities 
during the three phases of the process. The differences between the processes 
are identified in terms of the following factors which affect the rail moderni­
zation process: 

• institutional arrangements for system ownership and operation: 

• system size and the magnitude of the annual rail modernization 
program; 

• number of financing sources; 

• participants in rail modernization review and approval. based on 
system ownership, operation, and financing; and 

• UMT A requirements to qualify for financing of rail modernization 
projects with Section 3 funds. 

As a point of reference, Exhibit F-1 provides a summary comparison of the 
characteristics of NYCTA and PATH which are particularly relevant to the 
rail modernization process evaluation. 

The summary of findings and conclusions addresses the study objectives 
identified in the Introduction of this report and several opportunities to im­
prove the current UMTA rail modernization funding process. 
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EXHIBIT F-1 

COMPARISON OF NYCTA AND PATH CHARACTERISTICS 
RELEVANT TO THE RAIL MODERNIZATION PROGRAM EVALUATION 

NYCTA 

Owned by the city of 
New York & operated 
by NYCTA (part of MTA) 

NYCT A operates: 
• 6200 rapid rail 

passenger cars 
• Over 71 0 miles of 

mainline track 
• 461 stations 

Between 1965 and 1977 $439 
million were awarded 
to NYCT A through the Section 
3 Grant program for rail 
modernization. 
These Grants contributed 
to a total NYCT A program 
effort amounting to about $1 .4 
billion over the period 
1972 to 1978. 

Financed through: 
• Municipal bonds 
• State general revenues 

- (and State Department 
of Transportation) 

• State Transportation 
bond issue 

• Federal FAUS money 
Federal Section 3 

INSTITUTIONAL ARRANGEMENTS 

SYSTEM SIZE 

RAIL MODERNIZATION PROGRAM 

CAPITAL FINANCING SOURCES 

PATH 

Owned and operated by 
the Port Authority of 
New York and New Jersey 
under a bi•state agreement 

PATH Operates: 
• 297 rapid rail 

passenger cars 
• Over 13.9 miles of 

track 
• 1 3 stations 

Between 1962 and 1972 
$250 million was spent 
to rennovate the Path 
System. Between 1972 
and 1977 an additonal 
$12 million was spent or 
about $2.4 million annually 
on PATH rail modernization. 

Financed through: 
• Net Revenues of other 
or Port Authority revenue 
Departments 
• Bonds money 

RAIL MODERNIZATION PROCESS PARTICIPANTS 

Project, financing reQuries 
approval of: 

• Rail Transit Executive OHicer·NYCTA 
• Senior Executive Officer - NYCTA 
• MTA Board 
• Mayor 
• City Planning Commission 
• City Comtroller 
• City Board of Estimate 
• City Council 
• Local Boroughs 
• State Division of Budget 
• Governor 
• Emergency Finance 
• Control Board 
• City 0MB 
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OVERVIE\V AND COMPARISON OF THE RAIL 1\/IODERNIZATION 
PROCESS FOR NYCTA AND PATH 

The rail modernization process of NYCTA and PATH are in many ways 
very similar. In both cases, the process includes similar overall activities 
which address similar issues and accomplish similar ends for both authorities. 
In general, however, the process for NYCTA, as compared to PATH, is more 
structured, more complex, and more time consuming. Exhibit F-2 sum­
marizes the major similarities and differences between the NYCTA and PATH 
rail modernization processes during each phase of the process. 

For purposes of analysis, the activities in the NYCTA and PATH processes 
have been identified in terms of three general phases: 

• Pre-Application Phase; 

• Application Review and Approval Phase; and 

. Post-Approval Project Implementation Phase. 

The similarities and differences between the NYCTA and PATH processes in 
each of these phases are discussed below. 

Pre-Application Phase: Similarities Between NYCTA and PATH 

The Pre-Application Phase of the rail modernization process for NYCTA 
and PATH is similar for both authorities in that: 

• projects are identified by the rail transit operating divisions; 

• operating divisions use similar criteria to justify and rank projects; 

• authoritywide annual capital budgets, based on identified improve­
ments, are prepared and approved; and 

• applications for rail modernization projects are prepared. 

For both NYCTA and PATH, the identification. of rail modernization im­
provements is representative of a "bottom up" process (i.e., improvement 
needs are normally identified by the people who maintain and operate the tran­
sit system). These projects are subsequently reviewed by supervisory per­
sonnel, planning and engineering staff, and division chiefs. 

NYCTA and PATH both use criteria to justify projects and to rank them in 
priority order for implementation. Both authorities are concerned most about 
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EXHIBIT F-2 

SIMILARITIES AND DIFFERENCES BETWEEN 
THE NYCTA AND PATH RAIL MODERNIZATION 

FUNDING PROCESSES 

PHASE 1: PRE: APPLICATION PHASE 

Process Simllarltles 

• Operating divisions identify 
rail modernization improvement 
needs 

• Operating divisions use 
similar criteria to justify 
and rank rail modernization 
improvements 

• Authority-wide annual capital 
budgets are prepared and approved 

Process Differences 

• NYCT A identifies significantly 
more rail modernization 
projects each year 

• There are more participants 
involved in the NYCT A process 

• The NYCT A application for 
rail modernization project 
financing is considerably 
more complex 

PHASE 2: APPLICATION REVIEW AND APPROVAL PHASE 

• Application review and approval 
occurs throughout the year 

• Applications are submitted to 
approval authorities for 
evaluation of project merit 
and approval for the commitment 
of funds 

• Applications are rarely rejected 

• NYCT A includes numerous projects 
in an application while PATH 
generally includes one 

• There are more participants 
involved in the NYCT A process 

• The NYCT A applications generally 
require more time for review 
and approval 

PHASE 3: POST APPROVAL PROJECT IMPLEMENTATION PHASE 

• Final phase includes some 
three major activities 

• Detailed design specifications 
are prepared by inhouse 
engineering staff and signed 
by the chief engineer 

• Contractor selection requires 
open and free competition and 
contract award to the lowest 
responsive and responsible bidder 
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system safety- Other criteria considered by NYCTA or PATH include relia­
bility, opportunities to save energy. and/ or opportunities to reduce costs. 
Rail modernization projects are justified by both authorities in terms of their 
potential to improve system performance with respect to these criteria. The 
case studies of NYCTA and PATH did not reveal, however, that rail moderni­
zation projects are justified in terms of the extent that such projects might 
improve system performance with respect. to these or other criteria. 

NYCTA and PATH projects must be included in and approved as part of an 
authoritywide annual and multiyear capital budget. However. in both auth0r­
ities, approval of a rail modernization project as part of a capital budget does 
not imply a commitment of funds to implement a project. 

Each year, NYCTA's Rapid Transit Department prepares a list of projects 
for a 3-year period and submits this to NYCTA 's Chief Engineer. After review 
and modification, projects suggested for the first year become part of NYCTA's 
draft capital program. This program must be approved by the 1\/fT A Board and 
subsequently approved as part of New York City's annual capital budget. Cer­
tain rail modernization projects must also be approved as part of New York 
State's annual capital budget. 

Similarly, PATH prepares an annual capital program and a 10-year capital 
forecast. The annual program and 10-year forecast are reviewed by the Comp­
troller of the Port Authority and incorporated into the Port Authority's annual 
capital program. which must be approved by the Port Authority Executive 
Director, the Authority's Board of Commissioners, and, finally, by the Gov­
ernorli of New York and New Jersey. 

As stated above, no formal funding commitment is made to a rail moderni­
zation project when it is approved as part of an annual capital budget. For 
both NYCTA and PATH, approval as part of the capital budget only ensures 
that a project is eligible for a funding commitment. Both organizations require 
that preliminary design specifications. more detailed cost estimates, and a 
project justification be prepared as part of the application for a funding com­
mitment. 

Pre-Application Phase: Differences Between NYCTA and PATH 

The most significant differences between NYCT A and PATH during this 
first phase of the rail modernization process are: 

• the number of projects identified; 

• the number of participants involved in each of the activities in the 
process; and 
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• the complexity of the application that must be prepared to request 
a funding commitment to implement the project(s). 

NYCTA identifies considerably more projects each year than PATH because 
the NYCTA rail transit system is considerably larger and somewhat older than 
PATH. NYCTA has 710 miles of mainline track. 6,200 passenger cars, and 
461 stations as compared to PATH's 13.9 miles of track. 298 passenger cars, 
and 13 stations. Because its annual rail modernization program consists of 
many more projects. NYCTA has developed a more structured process than 
PATH to identify and evaluate each candidate project. In addition, because 
NYCTA identifies more projects each year, there are far more participants 
involved in the first phase ·of the rail modernization process for NYCTA than 
for PATH. To a large extent, however, the number of participants is also a 
result of (1) the institutional arrangements for system ownership and operation 
and ( 2) the obligation to be accountable to all external sources of financing. 

The NYCTA rail transit system is owned by New York City and operated 
by NYC TA. Because it receives capital funds from the City, the State. and 
the Federal Government, representatives from each of these organizations are 
involved in preparing and approving budget requests and project applications. 
In addition, New York City Borough Board members are involved in the first 
phase of the NYCTA rail modernization grant process, as are members of the 
Tri-State Regional Planning Commission for New York, New Jersey, and 
Connecticut. 

PATH, on the other hand. is owned and operated as a subsidiary corpora­
tion of the Port Authority of New York and New Jersey. Since 1968, PATH 
rail modernization has been financed through revenue bonds issued by the 
Port Authority. Consequently, only persons within PATH, the Port Authority, 
the Port Authority Board of Commissioners, and the Governors of New York 
and New Jersey are involved in the activities of the first phase of the rail 
modernization process. 

The requirements to prepare an application for funds is one of the most 
significant differences between the activities of NYCTA and PATH during the 
first phase of the rail modernization process. NYCTA must prepare a far 
more complex grant application than PATH to meet the application require­
ments for UMTA Section 3 funds. Both NYCTA and PATH must include a 
project description, justification, and initial cost estimate in an application 
for a rail modernization project. In addition to this information, NYC TA 
applications must include information on: 

. planning activities; 

. anticipated environmental impacts; 
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• 13(c) Labor and Title VI Certifications; 

• elderly and handicapped considerations; 

• long-term financing; 

• the public transportation system and the public transportation 
program; 

• labor and relocation; 

• civil rights assurances: 

• eligibility for application: 

• school bus assurances: 

• affirmative action program; 

• project implementation schedule; and 

. public hearings • 

Grant applications to UMTA for Section 3 funds must address these statutory 
and administrative requirements. 

Aoplication Review and Approval Phase: Similarities Between NYCTA and PATH 

The second phase in the rail modernization process for NY CT A and PATH 
is (Grant/Project} Application Review and Approval. The similarities between 
NYCTA and PATH during this phase of the process are that: 

• application review and approval occur throughout the year; 

• applications are submitted to approval authorities for evaluation of 
project merit and approval for the commitment of funds; and 

• applications are rarely rejected. 

Generally. approval authorities are familiar with proposed projects since 
the projects were included in preceding multiyear capital improvement pro­
grams and were approved in the annual capital program. In addition, there 
is considerable appreciation by the respective approval authorities for the 
ability of NYCTA and PATH operating divisions to identify modernization needs 
to be financed with limited available resources. Rail modernization application 
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authorities may, however, request additional information to describe or justify 
a project. 

Application Review and Approval: Differences 
Between NYCT A and PA TH 

The major differences between NYCTA and PATH with respect to rail 
modernization application review and approval are: 

• the number of projects in an application; 

• the number of participants involved in reviewing an application; and 

• the time required to. review and approve an application. 

As discussed above, NYCTA proposes far more rail modernization projects 
each year than PATH. As a consequence of the number of projects proposed, 
NYCTA generally consolidates numerous rail modernization projects and sub­
mits these projects in a single grant request to UMT A • 1 

Because NYC TA receives funds from City. State, and federal sources to 
finance projects. it must be accountable to more organizations than PATH. 
which currently finances rail modernization with revenue bonds issued by the 
Port Authority. Consequently, NYCTA rail modernization applications must 
be reviewed and approved by more people than PATH applications. 

Before the delegation of grant approval responsibility to regional offices, 
an individual within the UMTA central office, either a transit representative 
or a division chief within the Office of Grant Assistance, took responsibility 
to oversee and coordinate NYCTA Section 3 grant review and approval activi­
ties. Grant application review also required the participation of the: 

• UMTA Office of Civil Rights; 

• UMTA Office of the Chief Couns~l: 

• the Department of Labor; and 

• UMTA environmental analysts, if a project was anticipated to have 
environmental impacts. 

1After approval by NYCTA, City, Regional, and State authorities. 
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The delegation of Section 3 grant review and approval authority is not expected 
to significantly change Section 3 grant review activities or the number of par­
ticipants involved in UMTA grant approval at this time. A primary effect of 
the delegation of UMTA Section 3 grant review and approval authority to UMTA 
regional offices is that grant review will largely be conducted in the regional 
offices. rather than in Washington. D. C. 

PATH rail modernization applications, as compared to NYCTA applica­
tions, most frequently include only one project and, in most cases. must be 
approved by the: 

• Vice President and General Manager of PATH; 

. President of PATH: 

• PATH Board of Directors; and 

• the Governors of New York and New Jersey. 

The PATH project approval process for small rail modernization projects is 
less complex. requiring fewer approvals than those listed above. 

The impact of these differences in NYCTA's and PATH's rail moderniza­
tion activities during the application review and approval phase is reflected in 
the time required to approve grant or project applications. Although the ap­
proval time varies with project complexity for both NYCT A and PATH rail 
modernization applications, because of the number of projects reviewed and 
number of participants involved. NYC TA applications generally require more 
time for approval than PATH applications. 

Post-Approval, Project Implementation: 
Similarities Between NYC TA and PATH 

The final phase of the rail modernization funding process for NYCTA and 
PATH consists of the same major activities: 

• preparation and approval of detailed design specifications and 
contract documents; 

• selection of a contractor and contract award: and 

• project implementation. 

Each of these three activities is carried out in a similar manner and accom­
plishes similar results for both authorities. 
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Both NYCTA and PATH prepare detailed design specifications for modern­
ization projects after the project is approved and a commitment for funding is 
made. Both transit authorities have in-house engineering staff who normally 
prepare these specifications. Detailed designs receive in-house review and 
must be signed by the Chief Engineer of NYCTA or PATH. 

Contractor selection and award for rail modernization projects are very 
similar for NYCTA and PATH. Both have widespread advertising and open 
and free competition on contracts. Sealed bids are received and opened on a 
specified date. NYCTA and PATH award contracts for rail modernization 
projects to the lowest bidder unless it is proven that the contractor with the 
lowest bid is not fully responsive or is not qualified to complete the contract. 1 

Post-Approval, Project Implementation Differences Between NYCT A and PA TH 

The activities of NYCTA and PATH in this last phase of the process are 
largely the same. There are two major differences, however, between the 
NYCT A and PATH during this phase: 

• there are more participants and approval requirements in the 
NYCTA process; and 

• contract modifications are more complex for NYCT A than for PATH. 

There are more participants involved in the NYCTA process, partly be­
cause NYCTA projects are financed with New York City and New York State 
funds. Before a NYCTA contract can be awarded, approval and assurance of 
funding availability must be received from: 2 

• the mayor of New York City through the issuance of a Certificate 
of Budget Expenditure (CBX) for use of funds from the City budget; 

• the State Division of Budget, through the issuance of a Certificate 
of Availability of Funds (COAOF) for use of state transportation 
bond funds; and 

1 Both NYCT A and PATH indicated that it is unusual for a contract to be 
awarded to a contractor other than the lowest bidder. If a contractor is se -
lected other than the lowest bidder, or if a contract is sole-source, both 
NYCTA and PATH must receive special approval from Ul\1TA or the Port 
Authority Board of Commissioners. 

2These aspects of NYCTA project implementation are explained in more de­
tail in Section III of this report. 
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• the Emergency Finance Control Board (EFCB) for all contracts 
over $1 million. 

The PATH process, on the other hand. is far less complicated. since as­
surance of capital funding availability does not involve participants outside 
of the Port Authority. 

Contract modifications for NYCTA and PATH projects occur when a proj­
ect encounters changes in condition, schedule. scope, or cost • 1 Because 
NYCTA capital projects are financed with city, state, and federal funds, con­
tract modifications can involve numerous participants from each level of gov­
ernment who must approve or be informed about recommended changes. 
Competitively bid NYCTA contracts that require a budget increase of more 
than $1 million require UMT A approval. 2 Contract budget increases of more 
than 5 percent require city approval. 

For PATH, all contract modifications that involve a budget adjustment of 
up to 10 percent of the total contract amount can be approved by the Director 
of PATH. Budget increases of more than 10 percent require the approval of 
the Port Authority Board of Commissioners. 

SUMMARY OF NYCTA AND PATH CASE STUDY 
FINDINGS AND CONCLUSIONS 

As stated in an earlier section of this chapter, the objectives of this report 
are to: 

• illustrate the similarities and differences between the rail moderni­
zation funding process of NYCTA. an UMTA Section 3 recipient, 
and the Port Authority Trans-Hudson (PATH). a transit authority 
whose rail modernization program has been funded independent of 
UMTA Section 3 resources since 1968; 

1contract modifications can also occur when there is a change in contract 
purpose. This requires a technical amendment which involves complex 
activities including the possibility of an amendment to the TIP, l 3C and Title 
VI Certification. an impact assessment, and a public hearing. Because of 
their complexity, considerable effort is made to avoid such modifications. 

2Prior to the September 11. 1978, memorandum from UMT A which simplified 
the UMT A requirements for pre-bid and pre-award review for third-party 
contracts, budget increases of more than $100,000 on competitively bid con­
tracts required UMTA approval. 
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• assess the overall structure and internal controls of the rail mod­
ernization funding processes of the two authorities; 

• examine the use of criteria by NYCTA and PATH for identifying 
rail modernization projects and ranking them in priority order for 
implementation; and 

. investigate current project monitoring efforts carried out during 
the rail modernization funding process of NYCTA and PATH. 

The previous section of this chapter discussed the similarities and differ­
ences between the rail modernization funding process of NYCTA and PATH. 
The next part of this chapter will address case study findings and conclusions 
with respect to the other three study objectives. The last section of this chap­
ter presents several opportunities to improve the rail modernization process 
identified during the conduct of the case study. 

RAIL MODERNIZATION PROCESS STRUCTURE AND INTERNAL CONTROLS 

This study of the NYCTA and PATH rail modernization processes revealed 
that both transit authorities have a well- structured process for the identifica­
tion, approval, and implementation of rail modernization projects. Respon­
sibility for conducting activities throughout the rail modernization process is 
assigned to divisions within NYCTA and PATH. The assignment of responsi­
bilities appears to be well understood by individuals who participate in the 
various stages of the process. 

Both NYCTA and PATH have internal controls for their rail modernization 
processes through the reviews and evaluations conducted by different authority 
staff in each phase of the process. Activities do not go unchecked, since the 
approval of a different division, entity, or supervisory person is required for 
each element in the process. The internal controls within both authorities is 
clearly illustrated in Chapters III and IV of this report. , 

UMTA is only minimally involved in the identification of rail modernization 
projects, since it is the responsibility of Section 3 fund recipients to identify 
and justify project needs. Comparison of the project implementation activities 
of NYCT A with those of PATH reveals few differences. 

USE OF CRITERIA BY NYCT A AND PATH TO IDENTIFY AND 
EVALUATE RAIL MODERNIZATION PROJECTS 

This study included an investigation of the use of criteria by NYCT A and 
PATH to identify, justify, and rank projects for implementation. Currently, 
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NYCTA primarily uses the following three criteria, in order of dec:reasing 
importance: (1) safety, (2) reliability, and (3) energy savings. PATH uses 
four other criteria. In order of decreasing imporfancP, they a re: (l) struc­
ural integrity and personal safety, (2) operational improvements, (3) finan­
cial benefits, and (4) aesthetics. 

Both NYC TA and PATH use criteria descriptively or qualitatively with 
respect to rail modernization improvements. Criteria are not explicitly 
used to: 

• measure and report on the base operating or performance condi­
tions prior to implementation of a rail modernization improvement; 

• measure and identify the amount of improvement in operating or 
performance conditions anticipated to result from implementing 
specific improvements; or 

• evaluate projects after they are implemented to determine whether 
projects are achieving the desired results. 

For example, a transit authority could identify the need for a rail moderni­
zation improvement because of deficient service reliability. Reliability could 
be measured and reported in terms of criteria such as schedule adhPrence. 
Alternatives to remedy the deficiency in schedule adherence could be identified. 
These alternatives might include various levels of track repair, signal im­
provement, or the purchasing of new vehicles. The alternatives could then be 
evaluated in terms of their cost and the amount of improvement in vehicle 
speed between stations each is expected to produce. Use of criteria in this 
manner will assist in cost-effectiv~ness decision making. After the selected 
alternative is implemented, the project could be evaluated to assess whether 
the expected level of speed increases were attained and to see that project 
cost estimates were not exceeded. 

Use of criteria in the manner described above might be desirable, although 
there would be limitations to their use. Many situations would be too complex 
to use a simple application of criteria. 

Possible opportunities to quantitatively use criteria in the rail moderni­
zation process should be identified both by transit authorities and UMTA. Use 
of quantitative evaluation criteria offers an important opportunity to assess 
the appropriateness of projects before they are implemented, as well as the 
effectiveness of projects after implementation. 
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CURRENT RAIL MODERNIZATION PROJECT MONITORING 
EFFORTS OF NYCTA, PATH, AND UMTA 

Project monitoring is most extensively carried out by NYCTA and PATH 
as part of project implementation. Projects are monitored by operating divi­
sions, assisted by engineering departments to ensure that projects are com­
pleted on time. within budget. and according to project specifications. To 
date, UMT A's role in monitoring NYCT A projects has been limited. UMT A 
generally does not become involved unless problems arise which require a 
contract modification as a result of budget increases. 

NYCTA's project monitoring activities are more complex and structured 
than those of PATH because NYCTA has more and larger projects to monitor. 
In general, however, monitoring is performed by both authorities to track the 
planned versus actual progress toward project implementation and to antici­
pate potential problems in order to preclude serious delays or cost overruns. 

Most project monitoring efforts cease after project implemendation is com­
plete. Monitoring continues in a more limited manner during the first year 
or two after implementation, while the facilities and equipment are still under 
warranty. During this time, the contractor is responsible for maintenance 
and replacement, as required by the warranty. 

Neither NYCTA or PATH indicated that project monitoring is carried out 
after modernization projects are complete to assess whether the project is 
fulfilling its intended objectives. Efforts are not made to return to the project 
application in order to review the stated justification for the project and assess 
project performance. The NYC TA operating divisions implied that there are 
not sufficient staff to conduct project monitoring despite the desirability of 
such activities. 

Rather than monitoring project performance, both NYCTA and PATH focus 
their efforts on identifying performance deficiencies as they arise. Identifica­
tion of deficiencies in system performance becomes the basis for identifying 
improvement needs. This process is described in detail in the NYCTA case 
study. The merits of the ongoing monitoring of projects. particularly in light 
of their intended objectives. deserves further consideration by NYCTA. PATH 
and UMTA. 

OPPORTUNITIES FOR IMPROVEMENT IN THE UMTA 
RAIL MODERNIZATION GRANT PROCESS 

In this study, several important opportunities were identified to improve 
. the effectiveness of the UMTA rail modernization grant process and UMT A's 
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role in the administration of Section 3 funds. These findings. and the oppor­
tunities for improvement, address the need to: 

. reduce UMTA rail modernization application requirements; and 

• monitor and evaluate the current decentralization of UMTA and 
expansion of regional offices. 

Each of these opportunities is described in more detail below. 

Reduce UMTA Rail Modernization Application Requirements 

The investigation of grant application preparation and review revealed that 
there are certain Section 3 grant application requirements that could be sub­
mitted on a one-time, annual, or as needed basis. Currently, all grant ele­
ments specified by statutory and administrative requirements must be included 
in each grant application. Much of the documentation is unchanged for different 
grant requests and may remain unchanged permanently or for several years. 
Modifying current grant application requirements could r-educe the time re­
quired for grantees to prepare grant applications and for UMT A's review of 
applications. 

The grant application elements that are most crucial are those that pertain 
to a particular grant r-equest. These include: 

• project descr-iption; 

• project justification; 

• net project cost and grant funds; 

• labor findings; 

• environmental statement; and 

. public hearings. 

The application elements should continue to be submitted with each request 
for funds. 

Other application elements do not pertain to particular requests and might 
be submitted less frequently, possibly on an annual or as needed basis. These 
include elements such as: 

• applicant eligibility; 
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. civil rights assurance; 

• public transportation description; 

. planning information; 

• maps on nondiscrimination; 

• flood hazard statement; 

• consideration of aged and handicapped; and 

. the affirmative action program description. 

Currently, there is discussion within UMT A about the possibility of making 
revisions in Section 3 grant application requirements similar to those discussed 
above. 1 

Monitor and Evaluate the Current Decentralization of UMTA 
and Expansion of Regional Offices 

UMTA is currently decentralizing many administrative responsibilities, 
including most activities associated with grant processing. In addition to the 
decentralization of responsibilities and staff from the Central Office, UMTA 
is expanding the number of personnel involved in grant processing. 

The decentralization of responsibilities and the expansion of s.taff provide 
important opportunities to improve the efficiency of UMTA in both the pro­
cessing of grant applications and the development of policies andlguidelines. 
Specifically. the following benefits have been anticipated from this program: 

• decentralization of UMT A staff in the field is believed to present 
an opportunity to more effectively serve the needs of UMT A clien­
tele by allowing UMT A to become far familiar with the projects 
and programs of the transit authorities • 

• expansion of UMTA staff members who process grants should as­
sist in meeting the increasing workload that has developed over 
the past 1 O years. 

1Revisions of this type to reduce annual submission requirements have been 
instituted for Section 5 grant applications to UMTA. 
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• relieving the UMTA Central Office of many administrative respon­
sibilities should present the opportunity for greater concentration 
on policy development, guideline preparation, and the monitoring 
and evaluation of ongoing programs. 

Although these are anticipated benefits. UMTA has not established a mech­
anism to evaluate the effect of the decentralization program or staff increases. 
These programs should be monitored closely to assess whether they are achiev­
ing the expected results. Monitoring should be performed to assess whether: 

• grant applications are processed more quickly; 

. communication between applicants and UMTA representatives 
improves; 

• applicant needs are met more quickly; and 

• the UMTA Central Office becomes more effective in policy de -
velopment (i.e., whether more and better policy guidelines are 
developed and program evaluations are conducted and acted upon). 

The monitoring of the decentralization activities will also afford the op­
portunity to make needed modifications during the early post-implementation 
period. This will allow ongoing adjustments and improvements to be made 
during the UMTA decentralization efforts. 

At present, certain opportunities for improvement related to the decen­
tralization program have been suggested. The UMT A New York Regional 
Office identified a need for increased policy guidance from the UMTA Central 
Office to assist in implementing UMTA regulations and keep them apprised 
of new policy statements. This policy guidance might be extended to include 
staff training programs for new UMTA employees hired in regional offices 
as part of the UMTA decentralization activities. 

Secondly, it was suggested that improved communications within the re­
gional offices and between UMTA and each regional office will be critical to 
the success of the decentralization program. Actions should be taken to de­
velop standarized procedures for keeping divisions within regional offices 
informed about grant processing and for informing the UMTA Central Office 
about overall grant processing activities. Special attention should be given 
to address such basic concerns as the routing of mail pertaining to grant ap­
plications within each regional office as well as major concerns such as policy 
guidance on grant processing and the impact of new federal regulations on 
grant review and approval. Implementation of the above suggestions could 
significantly effect the efficiency of grant processing by regional offices and 
the effectiveness of communication between Ul\1TA offices. 
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III. UMTA-FUNDED RAIL MODERNIZATION GRANT PROCESS: 
NEW YORK CITY TRANSIT AUTHORITY (NYCT A) CASE STUDY 

This section describes the findings of a study of the process undergone by 
the New York City Transit Authority (NYCTA) to finance rail rehabilitation 
with Section 3 grants received from UMTA. This study included investigation 
of the activities and participants in NYCTA's rail modernization grant program 
from project identification through project implementation. 

NYCT A's rail modernization program can be viewed as occuring in three 
phases: 

• The first phase, Pre-Grant Application Phase, begins with the 
identification, by NYCTA, of necessary capital improvements 
and ends with the submittal of a ca pit al grant application to UMT A. 
signed by the Mayor of New York City and the Chairman of the 
Metropolitan Transportation Authority ( MTA) • 

• The second phase. Grant Application Review and Approval Phase. 
is carried out by the Federal Government to ensure that the grant 
conforms with all federal requirements for grant approval . 

• The third phase. Post-Grant Approval, Project Implementation 
Phase. presently involves three major activities: ( 1) preparation 
of detailed engineering design specifications and contract docu­
ments. (2) selection of a contractor through competitive bidding 
and contract award, and ( 3) project implementation. 

This section provides a detailed description of each of the three phases in 
the NYCTA rail modernization grant process. The description of these phases 
is preceded below by a brief history and background and review of the NYCTA 
organization. 

HISTORY AND BACKGROUND 

The rapid rail system in New York City is the largest and oldest rail 
transit system in the United States. The system includes over 710 miles of 
mainline track, 456 stations, and 6,674 rapid rail passenger cars. The rail 
transit system is owned by New York City and operated by NYCTA. which is 
part of the MTA. a state agency. 

Until 1975, rail modernization and rehabilitation was financed predomi­
nantly through municipal bonds. Federal funds available for transit 
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capital improvements between 1964 and 1975 were used in New York City 
largely for construction projects of new subway lines. Since 197 5, UMTA 
Section 3 funds and Federal Aid Urban Systems funds have been used to fi­
nance the cost of rail modernization projects for NYCTA. 

Through May 1977. UMTA Section 3 rail modernization projects for 
NYCTA' s rail transit system have totaled $439 million . 1 This investment 
has been devoted to the following modernization efforts: 

• rolling stock modernization - 64. 9 percent; 

• way and structure modernization - 28 .5 percent; 

• station and terminal modernization - 2. 3 percent; and 

• other modernization - 4. 3 percent. 

NYCTA ORGANIZATION 

In order to review the NYCTA rail modernization grant process, it is 
important to understand NYCTA' s organization. As shown in Exhibit F- 3, 
NYCTA is headed by the Chairman of the Board for both the Metropolitan 
Transportation Authority (MTA) and NYCTA. The Senior Executive Officer 
of NYC TA is responsible to the Board for all NYCTA activities. 

NYC TA consists of the eight areas shown in Exhibit F-3, each headed 
by an executive officer or director. Capital requests for rail modernization 
projects are largely made by the Executive Officer for Rapid Transit, who 
is responsible for the operation of the rail transit system. 

The Rapid Transit Department is made up of the following five operating 
departments: 

• Car Maintenance; 

• Maintenance of Way; 

• Power; 

1 UMTA Rail Modernization Program, The Distribution of Capital Grant Funds 
for Rail Rehabilitation and Modernization 1965-1977. July 1978, pp. II-18 -
II-29. 
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• Rapid Transit Transportation; and 

• Stations. 

The operating departments within Rapid Transit are each the responsibility 
of a department head. 

The operating departments consist of subdivisions, each headed by a sub­
division superintendent. Maintenance of Way, for example, includes the 
following subdivisions: 

• track maintenance and replacement; 

• structures; 

• line equipment; and 

. signals. 

These subdivisions are further divided into geographical zones headed by zone 
supervisors. 

Preparation of a grant application for rail modernization projects is largely 
the responsibility of the NYCT A Engineering Department. A more detailed 
organization chart of this department is provided in Exhibit F-4. The execu­
tive officer for this department is also the Chief Engineer of NYC TA. 

Since this report documents the Section 3 grant process for NYCT A rail 
modernization projects, the discussion below focuses on the activities in the 
NYC TA Rapid Transit and Engineering Departments, the major participants 
in the process. Other areas in NYCTA will be mentioned only as appropriate 
to fully describe the rail modernization grant process. 

OVERVIEW OF NYCTA'S RAIL l\,10DERNIZATION GRANT APPLICATION, 
REVIEW, APPROVAL, AND IMPLEMENTATION PROCESS 

Exhibit F-5 provides a summary of the NYCT A process for financing the 
rehabilitation and modernization of its rail rapid transit system with UlVIT A 
Section 3 grant funds. The major participants in the process are NYCTA, 
MTA, the City of New York, the State of New York, the Tri-State Regional 
Planning Commission, and UMTA. As shown in the exhibit, the complete 
NYC TA grant application, review, approval, and implementation process for 
rail modernization extends over a period of more than 3 years. The exhibit 
displays the general timing of activities, which can vary from year to year. 
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EXHIBIT F-4 

NYCTA ENGINEERING DEPARTMENT ORGANIZATION CHART 
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Many of the activities in the process occur simultaneously in preparation 
for future grant applications. By virtue of the size of the NYCT A rail moder­
nization program, NYCTA's grant process is relatively structured, orderly. 
and routine. At the same time. it is complex and time-consuming. 

The details of the grant process are described below for each of the three 
phases in the process: 

A - Pre-Grant Application Phase; 

B - Grant Application Review and Approval Phase; and 

• C - Post-Grant Approval. Project Implementation Phase. 

A - PRE-GRANT APPLICATION PHASE 

The pre-grant application phase of NYC TA 's rail modernization grant pro­
cess includes the following activities: 

• A. 1 - rapid transit project identification and first-draft capital 
program preparation; 

• A. 2 - rapid transit project evaluation and preparation of project 
reports; 

A. 3 - NYCTA capital program, review, and approval; 

• A. 4 - development of Force Accounts and Interfund Agreements 
(IF A) for reimbursement of engineering costs on approved 
projects; 

. A. 5 - preparation and submittal of the Transportation Improve­
ment Program (TIP): 

. A. 6 - approval of NYC TA' s capital budget through the City and 
state budget processes; and 

• A. 7 - preparation and submission of the Section 3 grant application. 

Some of these activities occur simultaneously although. as displayed in 
Exhibit F-5, they represent a general sequence of events. Each of the activi­
ties in the pre-grant application phase are discussed in more detailed below. 
Each activity is discussed in a subsection of this chapter identified with a let­
ter and number as enumerated above and on Exhibit F-5. 
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A .1 - Rapid Transit Project Identification and First Draft Capital 
Program Preparation 

This first activity in the NYCTA rail modernization grant process invol­
ves the identification of rail modernization projects by the Rapid Transit 
Department. The identification of these capital projects is the basis of the 
first-draft capital program for the NYC TA Rapid Transit Department. 

Each year, NYCTA executive officers must each prepare a draft capital 
program as part of the NYC TA budget process • 1 The amount of time re­
quired to prepare the first draft of the Rapid Transit capital program varies 
somewhat each year, although the activities generally require from 1 to 3 
months. 

Exhibit F-6 summarizes the process for project identification and the 
preparation of the first draft for the NYC TA Rapid Transit Department. This 
process begins when the Executive Officer of the Rapid Transit Department 
requests that each of the operating departments submit capital budget project 
requests and ends when the Executive Officer submits the first draft of the 
Rapid Transit Department capital budget to the NYCTA Engineering Depart­
ment for review. 

Each year, generally in mid-winter, each of the Rapid Transit operating 
departments are asked to develop and submit capital budget project requests 
for a 1-year and multiyear period beginning 2 years in the future. For exam­
ple, the 1-year or "annual" program would be prepared for 1980-81, while the 
multiyear program would be prepared for 1981-82, 1982-83, 1983-84. The 
1-year program provides a list of projects, ranked in priority order, 
accompanied by preliminary: 

. project descriptions; 

. order of magnitude costs for each project; and 

• project justifications. 

The multiyear capital program provides a separate list of projects for 3 
years, ranked in priority order. 

1Appendix A of this report includes a listing of NYCTA's ongoing capital pro­
gram by requesting department. Rail modernization projects are predomin­
antly requested from car maintenance, maintenance-of-way, power, stations, 
and transportation. Subsections A. 3 and A. 6 discuss the subsequent budget 
process activities of NYCTA, New York City, and New York State which 
affect the Section 3 rail modernization grant process. 
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PROJECT IDENTIFICATION 

FIRST DRAFT CAPITAL PROGRAM PREPARATION 
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Executive Officer 
Rapid Transit Executive 
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Rapid Transit department heads prepare capital prog 

Ne Director of Capital 
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Department heads 
request that 
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At the request of superintendent, zone supervisors prepare fact sheets 
for rail modernization projects. Budget constraints are not considered. 

Step 4 
Subdivision superintendents rank projects in priority order and submit completed fact sheets to their respective 
department heads. 

Step 5 
Each department head prepares a department-wide list of projects, ranks projects in priority order, reviews the projects 
with the Director of Capital Budget Development.and subsequently makes needed modifications. 

Step 6 
The Director of Capital Budget Development prepares a first draft Capital Budget program for Rapid Transit which includes 
a list of projects ranked in priority order. The capital program reflects anticipated financing based on expected federal fund: 
However, more projects are identified than can be funded to allow flexibility. 

Step 7 
The Executive Office of Rapid Transit reviews the list of projects, makes desired modifications and submits the First Draft 
of the Capital Budget for Rapid Transit to the Chief Engineer who is the Executive Officer for Construction and 
Administration. 
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Preparation of the first-draft capital program for the NYCTA Rapid Tran­
sit Department is developed by the director of Capital Development. who 
works directly under the Executive Officer of Rapid Transit. To initiate the 
process, the Director distributed two types of fact sheets to each depart­
ment head: one for equipment and one for facilities. Exhibit F-7 displays 
the questions on the reverse side of an equipment request fact sheet. The 
questions on a facilities request sheet are very similar. These questions are 
to be answered when preparing fact sheets to request rail modernization pro­
jects. Completed fact sheets serve as the basis for the description. justifi­
cation, and cost estimate of rail modernization project sheets. 

Department heads in Rapid Transit direct the superintendents of their sub­
divisions to identify capital improvements needs. Superintendents. in turn, 
generally request that zone supervisors prepare the initial fact sheets. Zone 
supervisors do not consider financial constraints when identifying rail moder­
nization improvement needs. 

Zone supervisors submit a completed fact sheet for each requested pro­
ject to their subdivision superintendents. The superintendents then rank the 
projects for their subdivision in priority order. Three primary criteria are 
used to rank projects in order of importance: ( 1) safety. (2) reliability, and 
( 3) energy savings. The nature and extent of a problem requiring a capital im­
provement and the extent of improvements anticipated by a recommended pro­
ject with respect to each of these criteria is; generally descriptively and not 
quantitatively stated. 

Critical factors considered when ranking projects include: 

• current and potential hazardous conditions; 

• recent amount of equipment down-time; 

. potential life-cycle cost savings; and 

• recent and anticipated maintenance cos;ts. 

Once the projects have been ranked in priority order. the fact sheets for 
each subdivision are submitted by subdivision superintendents to the appro­
priate department head. Each department head then: 

• prepares a capital program for his entire department. integrating 
each subdivision request into an overall departmental request and 
ranking projects in priority order; 

• reviews the fact sheets with the Director of Capital Budget 
Development; and 
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EXHllilT F-7 

EQUIPMENT I.EQUEST FACT SHEET 

MUST .ANSWER THE FOLLOWING QUESTIONS~ 

Description or line Item 

• Basic: function of equipment: Who-t is it? 
When cloes it G!o? 
Whot m11it it d<i>? 
Whet doff it Hlf'Wt? 
Whot must it set'Ye?, 

• Does it serve ony wcondcuy functions? 
- Note performance Features it must ~-. 
- Note ;:opacity or pumps, fons, craruu, etc. 
- Note height of rise oi escolators, elevotors. 
• Note automatic GI' mcinuol cpettatien, conti•vo11s or~- LIM. · 

- Vol11me of pcsMtngers served? 

Justification (Basis of Requirement) 

- Does equipment make signific:ont effectiveneu c:hcns;e to sysl>em Yes/Ne? How ___________ ? 
- Equipment needed to sotisfoy safttty/reliobility/En«gy Saving reciuiremenh? HQW 
- Is equipment obligated by union-management or po,li.tico,I cgmmitments? 
• Does this equipment improve on existing openation1 ond mointenonce? Re-duce mciintenonce time, equipment,personnel? 

Correct un50fe or unreliable conditions? 
- Does equipment need oil of its feotures? Why? 
- Does it do more thon i1 required? 
- Are there any unMc:essary features? 
• Can this equipment design be vsed on oll divisions? 
- Does this equipment interfcce with Qthl!" eqvipm•nt, stru.c:tur.e&, systems or divisions? Where? Haw? 
- Do similar Installations exlu elsewhere? Where? 
- ls ony other deportment, roilrood, ogency buying tfiis e-quipment ot a lower cost? 
- State the operating a,,d maintenance benefits thot will b.e received. 
- State when but mointenance was performed. M.an tim.e lie""-<Nn fcij.l.w- -----------• (MTBF) 
- ,leod time to procure? Compatible with existing inventory? 
- Equipment's impact on operations? 
- Adverse con,equence i,f not approved? 
- Maximum time project may be deferred before serious c:onseque,u:es con occur? 
- Are adequate services available lo SIJP?Ol't new e,q,uipmerw, tervices or system? 
- Con this equipme,nt be procured in phase,? ______ He.w 1Mny? _____ _ 

Cost/Economics: 

- Cost of equ1pment? 
- Does equipment effect substantial lif-c cy,;;I. G<Kt* ,a.vln!l'S? ~ much? 
- Whot ore the cperoting or maintenonce eeonomiN ochiev.ed? 
- How does this project reduce maintenance ce&ts? By how muc:l:t? 
• Show Initial Replacl!ment cost vs. recurrin91 _op•natien ond ffll!lint,enonce costs. (Consider Inflation) 
- Amount of AdditiClt!OI operating and maintenonce Ct:1$11 tci pre-Mnt recurring costs? 
- Are there leu expensive w;;;ys to dQ job? How? 

• liFe Cycle Cost = lnitic:il lnstalkition Cc:ist + Yearly o,~i1119 -..i ....,_in,,_noe Coslls 

SOURCE: NYCTA Rapid TraRsit Oepart._t. 
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. modifies department project priorities and provides supplemental 
information to the fact sheets as needed. 

To a limited extent, department heads consider budget constraints when 
preparing the initial capital budget request for their departments. Based 
on the anticipated level of federal funds and the historical use of funds within 
Rapid Transit, department budget ceilings are estimated. However, more 
projects are included in initial requests than can be financed by anticipated 
funds. Each department intentionally includes additional projects to allow 
flexibility. since some projects may eventually be deleted after subsequent 
evaluation and unanticipated funds may become available. 

Having completed their review, department heads submit completed fact 
sheets and lists of projects, ranked in priority order. to the Director of 
Capital Budget Development. The Director reviews and evaluates each re­
quest and combines departmental lists into one list of projects, ranked in 
priority order, which focus on the 1-year capital budget for the Rapid Transit 
Department. As before, more projects are included on the list than are ex­
pected to be financed. The Director then submits the completed list of pro­
jects for Rapid Transit to the Executive Officer of Rapid Transit for review 
and approval. Modifications can be made by the Executive Officer, includ­
ing: 

• changes in priority order; 

. addition of projects; and 

• deletion of projects. 

After review and approval by the Rapid Transit Executive Officer, the 
list of projects, ranked in priority order, constitutes the first draft of the 
Rapid Transit capital program. This draft program is then submitted to the 
NYCTA Chief Engineer. The submission of the first-draft capital program 
to the Chief Engineer completes the first step of NYCTA's rail moderniza­
tion capital grant process. 

The following exhibit and appendices illustrate the results of the first step 
in this process: 

. Exhibit F-8 is a fact sheet from the :.1aintenance of \Vay Depart­
ment for rehabilitation of pumping facilities. The sheet identi­
fies the project priority and includes descriptive information • 

• Appendix B includes a memo from the Maintenance of Way De­
partment transmitting the 3-year capital budget program for the 
period 1979-1980 through 1981-1982. 
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EXHIBIT F-8 

COMPLETED RAIL MODERNIZATION FACT SHEET 
WITH INITIAL PROJECT INFORMATION AND PRIORITIZATION 

---- ----------------------------r-::r:'.'.",.---:..r· 
Ntw V0111¢ Cl1Y ffANSH AUTHOIIN c:APlrAt. IUOQl' PIOCMM 

PIIOIITY 

tr.o. 
1979-80 

·NC.!f™TITU IUOGU CSTIMAtl 

Rehabilitation of Overage Pumping Facilities 1 l.5 M 11.lion PKASI o, 

UClll'TION o, UNI ll'IMI 
1·; 2) Manhattan l) nm 

oc:A'tION, '°"° 3)Bklyn-M.an.,,MSl0N 2.3) IRT 1110un IHS1CiNAT10N _________ _ 

mlNT .-o, l) 40 ; 2 , 3) 6 0 vu. ..., ac:u IN YIIS. ___ s_o ______ _ 

"It is proposed to rehabilitate the pumpin1 facilities; including pumps 
and .associated discharge lines. .at the following locations. All pumps. will b.e 
automatic and have 1110nitoring devices"indicating back co a 24 hour manned 

.location. Electric pumps should be supplied by multiple feeds. 

'?he locations and pumps required .are: . 

. (a) ll4th St-8th Ava: 3-500 GPM (AC); l-460 GPM (DC) 
(b) 116th St-Lenox Ave: 2-2000 GPM (AC); l-300 GPM (AIR)· 
(c) Clark St. Tupe-Furman: l-600 GPM (AIR); l-50 GPM (AIR) 

Center: Z-600 GPM (AIR~; l-50 GPM CAIR) 
Old Slip: 2-600 GPM (AIR); 2-50 GPM (AIR) 

s l.S M 

; ACOITION TO SYfflMa &,/NO 

um- Yes 111.IAIIU'l'Y __ Y..,e.,s ____ INUOY S4VINGS ______ OTHH _____ _ 

The above part of a cont:inuing p:r:og-ram to update TA pumping systems to 
provide a safe and reliable facility. 

The pumps are necessary to alleviate the subway of seepage water And 
handle major inflow problems which can occur during·seorms or water main 
breaks, eec. 

The existin~ pumps date b,ack as far as 1917. They are obsolete and 
only limited parts are available. Reliability of these units is rapidly 
decreasing with time. The probability of pump failure during a heavy 
~ater inflow condition is high. ·such an occurrence would result in stoppage 
of'passenger train movement and necessitate bringing in pump cars to remove 
water. Flooding would cause damage to roadbed and signal equipment. It is 
vital to the'operation of a safe, reliable system that reliable pumping 
equipment of adequate capacity be provided at th:ese locations. 

IUOGtr YU.U ,n:vrCUSLY ~0u,mo, -----

1110J(CT IS A CONTINUING PtOGIV-Ma 

CONtllAC:T NO, FlDUM, FUNDS, 

OAl'I l(CtlV,..::(0=-=•====-J..U:M:_:TA:_:ff.:_:A:,:U:,S .:=====-­
SQU RCE: NYCTA Rapid Transit Maintenance-of-way Department. 
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• Appendix C includes the Executive Officer's list of projects, 
ranked in priority order, for the 1979-1980 Rapid Transit capi­
tal budget program. The list includes (1) budget estimates for 
each project, (2) cumulative cost estimates, and (3) the original 
project ranking. 

The next activity in the pre-grant application phase of the NYCTA rail 
modernization grant process is carried out predominantly by the NYCTA 
Engineering Department. 

A. 2 - Rapid Transit Project Evaluation and Preparation of Project Reports 

This activity in the NYCTA rail modernization grant process involves 
the evaluation of each project for which a fact sheet was prepared by the 
Rapid Transit Department and the subsequent preparation of project reports. 
The Advanced Planning Group of the NYCT A Engineering Department has the 
lead role in evaluating projects and preparing project reports. 

Project evaluation and report preparation begins with a review of the fact 
sheets prepared by the NYCTA Rapid Transit Department. As described be­
fore, fact sheets provide preliminary project information which serves to: 

• identify current problems which give rise to the proposed project; 

• present the solutions recommended by operating departments; and 

• provide initial cost estimates for each proposed project. 

Each fact sheet is initially reviewed by Advanced Planning. Site visits 
are often conducted to gather additional information. If a project is speci­
lized, such as a signal or power project, an appropriate specialized technical 
group conducts further detailed evaluations. Projects are evaluated to: 

• consider alternative approaches to solve identified problems 
and search for approaches that are more cost-effective; 

• coordinate or group projects that are related and offer the 
opportunity to share expenses and reduce costs; 

• identify conflicting projects or instances where implementing 
one project reduces the urgency of another project; 

• review and validate project cost estimates made by the Rapid 
Transit operating department and prepare somewhat more de­
tailed cost estimates; and 

F. 36 



. prepare an initial scope of work. 

Because no formal funding commitments have been made to projects, de -
tailed engineering designs are not prepared. 

In most instances, few changes are made to the recommendations in the 
fact sheets as a result of the project evaluations. If modifications are sug­
gested, however, the Executive Officer of Rapid Transit must review and ap­
prove all revisions to the fact sheets. 

Once projects are evaluated, project reports are prepared. Project re­
ports provide a description of each project identified by the Rapid Transit 
Department. The report includes: 

. a summary sheet which includes project identification, cost 
estimates, a brief project justification, recommended action, 
and administrative information; and 

• a report which provides information to supplement the summary 
sheet. 

Exhibits F-9 and F-10 illustrate a project report for a project requested by 
the Car Maintenance Department to improve car door operation. 

The recommended action stated in the project report generally determines 
whether a project will be included in a capital grant application. In most in­
stances. recommended projects ulitmately become part of a grant application. 
Projects not recommended for implementation are generally not included in a 
capital grant application. 

Once completed. all project reports may be reviewed by: 

• the Rapid Transit operating department which requested the proj -
ect; 

. the Capital Budget Liaison for Rapid Transit; and 

• the Executive Officer of Rapid Transit. 

These reviews are conducted to keep Rapid Transit informed about each proj­
ect and to provide an opportunity for questions and comments. All project 
reports must be finally arproved by the Division Engineer of Advanced Plan­
ning. However, a project report is not considered complete until a letter of 
approval is written to the Chief Engineer by the Executive Officer of Rapid 
Transit. 
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EXHIBIT F-9 

SUMMARY OF CAPITAL PROJECT REPORT 

PROGAAM/PROJECT HO. 
CM-02-0004 

Tl11.E: 
car Door Modernization Program 
(Phase III - On-Going Program) 

ESTIMATED COST: S 6,840,000 

PROJECT JUSTIFICATION 

REQUESTING OEPARTr-EUT 
Car Maintenance 

COST BASE: 
January 1979 

A ma.1or cause of transit delays can be attributed to door operator 
malfunctions with existing eouipment requiring excessive maintenance. This 
modernization program will incorporate new modular components made possible 
because of the new concept of over center locking and door panel sensing. 
This door modernization program will result in the following benefits: 
1. Re11abil1ty wi11 be improved and it 1s estimated that the number of door 

failures \'li11 be reduced by approximately 60%. 
2. A decrease in delays and trains being renoved from service. 
3. Decreased maintenance cost with less maintenance cost required on new components. 

RE CO ?1-:Ert DATIO~l 

Install new door operator components and rehabilitate train line control 
·switches on approximately 1370 R-17 through R-42 series cars. 

Drawing Reference: File # O.,,a. 8 

Report Prepared by: H. Klaus Date: ~AV 1 B ;2(8 

Engineer In-Charq~: J. Litt 

APPROVED: 

DIVISION. ENGHIEER. - ~NNWG. --------------------
C. C. TURlf-J 

SOURCE: NYCTA Engineering Department. F. 38 



EXHIBIT F-10 

PROJECT REPORT: ONE PAGE SUPPLEMENTARY 
INFORMATION SHEET 

CAPITAL BUDGET PROJECT CM-02-0004 REPORT 
CAR DOOR MODERNIZATION PROGRAM 

(PHASE !II OF AN ON-◄iO!NG PROGRAM) 

Prepared by: Herbert Klaus 
Civil Engineer 

A major cause of transit .delays can be attributed to car door 
malfunctions. This malfunction not only causes delays 1n service with 
resulting passenger inconvenience but 1s directly related to higher car 
maintenance costs. The present door operator components on R-17 through 
R-42 cars are trouble prone and in addition to excessive maintenance 
the various lock components require frequent checking and adjustment to 
keep car doors functioning. Furthennore, door lock components \'1hich a re 
located under the seat on the car floor create additional problems of 
dirt and deb~1s getting into the lock mechanism, causing 1t to fail. 

In addition to the operator lock mechanism, train line control 
units also are a cause of door system failures. The control switch 
which provides for car door operation according to train makeup is an 
area of heavy maintenance, for moisture which enters through cab windows 
results in the oxidation of switch contracts causing failure. A part of 
this modernization program consists of silver plating the contacts and 
weather sealing tl,e switch housing. 

Since there are many different series of rapid transit cars 
now operating on the system any program of.modernization necessarily 
requires that the upgrading of eouipment be universal ie •• that they can 
be applied to any car series with a minimwn of alteration. 

Under this program door operator problems wii1 be corrected by 
relocating the ne\v equipment away from dirt and r1hich will reduce both 
maintenance and adjustment. This will be possible because of the new 
concept of overcenter locking and door panel sensing other that the 
present arrangement of the lock bar and solenoid. 

The new door operator kits wiil consist of modular c~~ponents 
and the specifications will require that the units can be applied to any 
car door operator in a car with a minilT"'~m ~f wire conneetions. 

Based on field testing this door modernization program will 
reduce the number of delays caused by door aoerator failures by 
approximately 60%. This wi11 directly result in increased service 
reliability, increase passenger safety, and a decrease in present 
maintenance costs. 

This is the third phase of a continuing program and under 
this phase appn:ix1mate1y 1370 cars will receive door modernization and 
train line control switch rehabilitation. The estimated cost of this 
Phase rII Program is S6,840t000. 

SOURCE: NYCTA Engineering Department F. 39 



The Advanced Planning Division is responsible for preparing approximately 
100 project reports annually. Since more than one grant application is sub­
mitted annually, preparation of project reports occurs throughout the year. 
Project reports are generally prepared about 1 to 1-1 / 2 years before a grant 
application is submitted to UMTA for review and approval. 

A. 3 - NYCT A Capital Program Review and Approval 

The review and approval of the complete NYCT A capital program is an 
important activity both in the NYCTA budget process and in the first phase of 
the NYCTA rail modernization grant process. All projects in the NYCT A 
capital program must be reviewed and approved by the NYCT A Executive and 
Senior Executive Officers and the MTA Board. In addition, the NYCTA 
capital program must later be approved as part of the New York City and 
state budget processes before projects can be implemented. Budget approval 
activities by the City and state are described in a later subsection in this 
first phase of NYCTA rail moderoization grant process. 

The capital program for the NYCTA Rapid Transit Department is a major 
element in the total NYCTA capital program. Rail modernization projects ap­
proved as part of the NYCTA capital program generally become the basis for 
Section 3 rail modernization grant requests. The capital programs prepared 
by the executive officers of Surface Transit, Security (Police), the Control­
ler, and the Chief Engineer are the remaining elements of the NYCT A capital 
program. 

The review and approval of the total NYCTA capital program includes: 

• preparation of a second-draft capital program for each depart­
ment by the NYCTA Engineering Department; 

• review and approval of the second-draft capital program for the 
Engineering Department; 

• integration of all NYCTA department capital programs into one 
authoritywide program by the NYCTA Senior Executive Officer; 

• review of the authoritywide capital program by the NYCT A Senior 
Executive Officer and the Chief Engineer; and 

• submission of the complete NYC TA capital program to the MT A 
Board for approval. 

The MTA Board may approve, reject, or modify the NYCTA capital program. 
Generally, however, the program is approved with few modifications. 
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The complete NYCT A capital program presented to the !v'ITA Board gener­
ally reflects consideration of anticipated funding. As compared to the draft 
capital programs prepared for each department, the complete capital program 
is less overprogrammed, but it still allows some flexibility for additional 
funds and the deletion of projects. 

NYCTA capital program review and approval by NYCTA and lVITA offi­
cials occur over an approximately 4-month period about 1 year prior to the 
submission of a Section 3 rail modernization grant application to UMTA for 
review and approval. 

After the total NYCTA capital program is approved by NYCTA and the 
lVITA Board, the next activities in the pre-grant application phase of the 
NYCT A rail modernization grant process begins. These activities include: 

• development of Force Accounts and Interfund Agreements 
(IF A) for reimbursement of engineering costs on approved proj­
ects; 

• preparation and submission of the Transportation Improvement 
Program (TIP): and 

• approval of NYCTA's capital budget through city and state budget 
processes. 

These activities proceed concurrently. 

A. 4 - Development of For<:::e Accounts and an Interfund Agreement {IF A) for 
Reimbursement of En.girie~rjng Costs on Approved Projects 

This step in the NYCTA grant process includes the estimation of the en­
gineering and administrative costs for each rail transit capital project for 
which city and federal a•ssistance will be requested. ur,•'ITA reimburses up 
to 80 percent of these expensesi for approved capital projects, provided that 
NYC TA identifies the reimbursable expenses. New York City finances the 
remaining 20 percent. 

NYCT A identifies the federal share of the reimbursable engineering and 
administrative costs in documents called Force Accounts, which are submit­
ted to Ul\tITA. The cost estimates in a Force Account identify the number 
of hours required by wage level and position for each individual project. 
Reimbursement and administrative costs for engineering on Section 3 capital 
projects are available to all Ul\.ITA funding recipients. 

F. 41 



NYCTA identifies the total reimbursable engineering and administrative 
costs in an Interfund Agreement (IFA}. The IFA presents an aggregate esti­
mate of the total engineering and administrative expenses for all capital proj -
ects included in an annual capital program. IF As which are unique to New 
York City are approved as part of the City's budget process. 

NYCTA identifies the reimbursable engineering and administrative costs 
on approved capital projects as follows: 

• the NYCTA Engineering Design Divisions identify the number of 
engineers and the administrative costs required, by wage level 
and position, for each capital project; 

• cost estimates prepared by the Engineering Design Division are 
submitted to the NYCTA Program Management Division for re­
view to ensure that the wage rates and positions are comparable 
to those within the competitive market; 

• after review by Program Management. the engineering and ad­
ministrative cost estimates are submitted to the NYCTA Fiscal 
Management Division, which completes the estimates by: 

• including overhead costs such as fringe benefits; and 

• preparing the formal reimbursable cost estimates for 
submission to UMTA as Force Accounts and submission 
to New York City for the IF A. 

Estimation of engineering and administrative costs and preparation of 
Force Accounts and the IF A occur over a 5- to 7 -month period about 6 months 
prior to grant application submission to UMT A. 

A. 5 - Preparation and Submission of the Transportation Improvement 
Program (TIP) for Approval 

This step in the NYCTA rail modernization grant process involves the 
preparation of a Transportation Improvement Program (TIP) and its submis -
sion to FHWA and UMTA by the Tri-State Regional Planning Commission. 
Preparation and submission of a TIP is required by the 197 5 joint UMT A/ 
FHWA Planning Regulations. Each year, a TIP must be prepared and sub­
mitted by a Metropolitan Planning Organization (MPO). The TIP ideltifies a 
multiyear program of all transportation projects for which federal funds will 
be requested in a metropolitan area. The Tri-State Regional Planning Com­
mission is the designated MPO for the New York, New Jersey, and Connecti­
cut metropolitan area. 
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EXHIBIT F- 11 

OVERVIEW OF NEW YORK CITY CAPITAL BUDGET 
APPROVAL PROCESS 

The NYCIA capital budget approved by NYCTA and the MTA Board 
is submitted to the mayor, 0MB and Community and Borough 
Boards for co?mDent and recommendations. 

MTA responds to co?mDents and recomm.endations. 

The City Council and Board of Estimate make reco?mDendations 
to the Mayor on the NYCTA capital budget. 

Mayor issues the Executive Capital Budget for New York City. 

City Planning Commission and Comptroller issue reports on the 
city capital budget proposed by the Mayo:r. 

Public hearings are held on the Mayor's capital budge: for 
the city. 

The city cpaital budget is adopted by :he Board of Estimate 
and City Council, 

Deadline for vetoes of items in the city capital budget. 

The city capital budget becomes effect. 

Approved city capital budget is distributed with 
Approved rail projects are eligible for assis~ance from 
New York City. 
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The NYCTA Program l\/Janagement Division prepares NYCTA's part of 
the Tri-State Regional TIP. The NYCTA program is reviewed and approved 
by the following organizations prior to being submitted to Ul\1TA as part of 
the Tri-State Regional TIP: 

. the subreiional Technical Staff Committee; 

• NYC Tir-amiportation Coordinating Committee: 

• Tri-State Standing Committee on Transportation: and 

• the Full Tri-State Commission. 

After adoption by the, Tri-State Regional Planning Commission, the region­
wide TIP is submitted to FHW A and UMTA for concurrence. Generally. the 
TIP is somewhat overbudgeted to ensure that sufficient projects are planned 
to make full uae of any unanticipated monies that may become available. 
Once the TIP is approved by UlVITA, the capital projects identified in the first 
year of the multiyear program become eligible for funding by ur\/ITA. 

TIP preparation by the NYCTA Program r,1Tanagement Division occurs over 
a 1- to 2-month period immediately following the approval of the NYCTA 
Capital Pro1ram by MTA. TIP approval by Ul\tJ:TA and FH\VA then occurs over 
the next 6-7 month period immediately preceding the preparation of the Ur1TA 
Section 3 grant application. 

A.6 - Approval of the NYCTA Capital Budget Through the City and State 
Budget Proces&. 

The NYCTA capital budget must be approved as part of the New York City 
and New York State budgets since these entities contribute the local match for 
federal funds received to finance rail projects. The activities in city and 
state budget processes which directly relate to the NYCTA rail modernization 
grant process are briefly discussed below. 

New York City Capital Budget Process 

The complete NYCTA capital budget must be approved as part of the New 
York City capital budget. 1 Exhibit F-11 provides an overview of the NYCTA 
capital budget. 

1Expenditures for rail modernization capital projects financed with Section 3 
U!-.'!T A funds is one element of the NYC TA capital budget. 
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In early fall, after NYCTA and the MTA Board have approved the NYCTA 
capital budiet, the NYCT A budget is submitted to the Mayor. the City Office 
of Management and Budget (0MB). and Community and Borough Boards for 
review and comment. In early spring. the Board of Estimate 2 and the City 
Council make their recommendations to the Mayor on the NYCTA capital bud­
get. 

By mid-April, the Mayor issues the Executive Capital budget for New 
York City. Throughout April and May, the City Planning Commission and 
the City Comptroller issues reports on the proposed City Capital budget and 
public hearings are held. 

After recommended modifications are made, the capital budget for New 
York City is adopted. The budget becomes effective by July 1 and is distrib­
uted within NYC TA during the first week in July. Rail modernization proj­
ects approved as part of the City capital budget are eligible to receive as sis -
tance from the City. 

New York State Capital Budget Process 

Exhibit F-12 highlights the state capital budget approval process for rail 
modernization expenditures financed with Section 3 funds. Each year, gener­
ally in early August. the State Division of the Bud&et {SDOB) requests that MTA 
identify capital needs to be financed with the 1967 $ 600 million bond issue. 
Funds from the bond issue are the local match for Section 3 funded rail trans -
portation capital improvements. 

By mid-September, MT A generally .submits t11e capital requests prepared 
by NYCT A to the SDOB. These capital requests are those included in the 
NYCTA capital program and approved by NYCTA and the MTA Board. In mid­
fall. a meeting is held in Albany between SDOB. MTA. and NYCTA to review 
the NYCT A rail modernization capital requests. 

Around mid-November or early December. NYCTA is notified by the 
SDOB that the requests are approved. Revisions are rarely made by the 
SDOB to NYCTA rail modernization capital requests. On occasion. SDOB 
requests that NYCTA provide additional information to justify specific proj­
ects. Once use of state funds for rail capital projects is approved. the 

2The Board of Estimate is made up of important elected officials in New 
York City, including the Mayor, the Comptroller. the President of the 
City Council, and the presidents of the five boroughs. 
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EXHIBIT F -12 

OVERVIEW OF STATE CAPITAL BUDGET PROCESS 

State Division of Budget (SDOB) requests that MTA identify 
capital needs to be financed with funds from the 1967 
$600 million transportation bond issue. 

MTA submits the capital requests prepared by NYCTA to SDOB. 

Joint meeting is held in Albany with SDOB, MTA and h'YCTA 
to review capital requests. 

NYCTA is notified that the capital requests are approved by 
the SDOB. 

Use of state funds for rail transit is identified in the 
Governor's capital budget for New York State. 

Approval of the New York State capital budget. 

Approved capital projects become eligible to receive 
assistance from New York State. 
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the projects are eligible to receive state support. Use of state funds for rail 
transit is identified in the Governor's capital budget for New York State, 
which becomes effective on April 1. 

A. 7 - Section 3 Grant Application Preparation and Submittal 

The preparation and submittal of a Section 3 grant application is the last 
step in the first phase of the NYCTA rail modernization grant process. The 
preparation of an NYCTA rail modernization grant application does not begin 
until after the Tri-State Regional TIP has been approved by UMTA, generally 
in mid-to-late spring. The application includes only those projects: 

. approved by the MTA Board; 

• identified in city and state annual budgets; and 

• included in the first year (annual element) of the TIP. 

The NYCTA Advanced Planning Division has the lead role in preparing the 
grant application. This is the same division that is responsible for prepar­
ing project reports. 

UMTA's External Operating Manual specifies the elements that must be in­
cluded in a grant application and the actions that must be taken prior to grant 
application submittal. Appendix 3 of the EOM includes a sample application 
for a capital improvement grant. The sample includes instructions for appli­
cants and identifies all required grant elements. 

Exhibit F-13 summarizes the 28 elements that must be included in each 
Section 3 grant application to satisfy federal statutory or administrative re­
quirements. Section 3 grant elements are considered safeguards to protect: 

• the environment; 

• labor; 

• civil rights; 

• the elderly and handicapped; 

• private transportation services; and 

. the public I s right to comment. 
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EXHIBIT F · 13 

WHAT UMTA LOOKS FOR ON AN APPLICATION 

1. Letter of acpliation 
2. Eligibility ot applicant-only one apclica.nl 
3. Resol•Jtion 
4. Civil Rights Assurance 
5. Legal Opinicn 
6. Proie:::t Descr:01ion 

• Projec! consists of 
• ?reject estimated c:::st-iine item--good cost esti­

mates 
• Assurance of com;::et:tive t;icding 
• Vendors warranty cf ::mpliance with air pollu­

tion control stanc::a.-cs 
• Land acquisition assurar::::e from sample format 
• Eligibility of projee: ;ui.:e 

7. Public irar:s;:ior:aLion Sys:em 
• Oes.::.ripticn of orinc::::al carrier 
• Fare s:n.:c:ure ol ;:::inci;::al earner 
• Rici!!rshrp figures !or five-year ;::eriod 
• S-:.":ocl c!":iid~en as :::a.-t ct r::::ers~i;:> 
• Charter service of orir.c::al :ar.ier 
• Fir:anc:al arrangement ::ietween :::ty anc transit 

agency 
• Oescnption of other carrier 
• Any com~etition ot routes between applicant 

and other carriers 
• Protection of p:i•.1ate trans;:iortation agency 
• Unified trar.spcr:at1cn program 
• Maps of system 
• Non-a;,ita: improvements 

8. Projee! Justifl::ation 
• Benefits to carrier 
• Benefi:.S to the ur::an area 
• Benefits to the ricscsl'lio 
• Sec-Jon 4(a) of ::,e Urt:an Mass Transpor-.ation 

Ad 
• Continuing need for the pro1e-.:! 
• Line item justific::iticn 

S. i=lcvonue Financing 
10. Net ?rojec: Cos: ;.-,,:; Grar:t Funds 

SOURCE: Mns Transit,May, 1978. p.16. 
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11. Planning 
• Ccmprenensive planning 
• Transportation planr.:ng 
• Tcehnical study pianning evaluation 
• HUD advisory ;:tanning finding 
• State c!earing:iouse review comments 
• Regional claanng~ouse review comments 

12. Public iranspcr:ation ?:-or::ro:-:i 
• Ocvelopment ;:,ro;:am_:live-year 
• Main~nan:a pro,;ram 
• Tec:,nieai' capac:1ry ol aooficant 
• Pro'lis;on of funds :o moet cefic:.s lor five years 

13. Use o: projec: fac:lities-satisfac!cry continuing 
central 

14 L.abor and Rclo::ation 
15 L.a:or r1n:::ing-Sec::cn i3(ci 
16. Maps-non •di sc:rim1na:ion 
17. Flood Hazarc: Statement 
18. Pubiic Hearir.\\js 

• ?roor or pubil::atton 30 :ays :nor :o r.earin,;s 
• Proof of sec:r:c =~:iis~elj n.onca ;:r:n:ad ·:.;i!!iin 

30 days pnor to r.ean~;s 
• Copy of transcr::::t oi ;:>ut:llic: hearings 
• Cer'Jfieaticn of ::ans.=:;:t 
• Certification t."!ar o;:;:crtunity r:as been aF.orcad 

public fer hearing-from .:;:piicant 
19. Oratt 5nvironmen:al Statement 
20. Se-:tion 4(f) OOi Ac! lm:iac:: t?":at rest:ie~ the ~se 

ot park land or histcrie sites 
21. Consideration of A;ed an~ Handi::aoced 
22. Cons:ceration ot UMTA tecnno10g1cal deve1cp,-

men1s when ap~licable 
23. Section 1 64 enarter scnool bus assurances 
25. Project implementation s.::.'1eGu:e 
26. Affirmative Action ?rcgram 
27. A87 Cost Allc:ation Plan which ou,lines aamir:is• 

trative ccs:.s in implementing ~he grams 
28. Part I and Ill of Sample Format ;:rovided a;::;::lieant 



The elements also ensure that consideration has been given to: 

• a de qua te planning; 

• regional and statewide interagency coordination and co­
operation: 

• project costs and financing needs; and 

. project justification in light of community and system benefits. 

Projects are identified in NYCTA grant applications in 11 categories. 
These categories were selected by NYCTA to make the application easily 
understood by those reviewing the application. Exhibit F-14 is a sample 
summary sheet of projects in a grant application for Fiscal Year 1978. The 
sheet identifies the total cost of the federal and local share for each of the 
11 categories of projects. 

The grant application is somewhat overbudgeted to allow NYCTA to take 
advantage of any unanticipated funds that may become available. If provis­
ions were not made to include a number of projects beyond the expected 
level of funding, NYCT A would not be eligible to utilize the unanticipated 
funds. 

After the Section 3 grant application is prepared by the NYCTA Engineer­
ing Department, NYC TA and MTA hold public hearings. I!earings are re­
quired by the Federal Government to allow public comment on grant applica­
tions. Response must be made to all public comments on the grant. Although 
possible, it is rare that a Section 3 grant application is modified as a result 
of public hearing comments. 

After the hearings are held, a hearing transcript is prepared and a re­
solution is made that the MTA Board approves the grant application. The 
Board generally passes the resolution to accept the gran't application at its 
first monthly meeting after the hearings. Once the resolution is passed, the 
grant application is finalized and can be officially processed by UivITA. 

Submission of a complete Section 3 grant application, including all re­
quired grant elements and proper documentation of public hearings. is im­
portant to NYCT A since incomplete grant applications cannot be approved by 
UivITA. , 

Submission of the Section 3 grant application to U!v'ITA completes the first 
phase in the NYCTA rail moderization grant process. The activities in the 
next phase are largely the responsibility of U.MTA. 
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EXHIBIT F-14 

SUMMARY: 

CAPITAL !Ml'ROV~ PROGi1.A..1-f 
FOR THE 

REW YORX C:!TY i:'.A:l$!T SYS";!!-! 
FOR F!SCAL Y:.!il. l 9i8_. 

TOTAL 
CAT£GOR"l' ~ 

Rahab11iUtian cf 

1. line S:r-Jc:-:ures s 13.z, 
b. Tnc:k s.oo 
c. Line !~u1;:men! 1.ao 
Signals and C.:rr::n.inieat1ons 63.10 

P°"1!r E:uii:;ment and Suos-:ation 
Moderntzation 23.50 

Sta t1 on Imo~ eent! 17.cZ 

ltap1d rrans1t Cars 25.!0 

9'.lses li.00 

~habi1f-:.Z:1en and ~~de!"'~i:a:ton 
of Shoos. Yar;s and ~aint~na..nc:e 
Fac:111t~es 14.~ 

iehabil~-:.Z.tion and ~oder-:,t-tion 
of Surlac:e ~a~nte~anc:e ana 
Storage Faci11t~es 4.30 

Service Venicles 0.54 

Agency Ad:cin1straticn and 
Requil"lfflents 9.63 

!mergenc:y 0 -:wel"' !cu1::=ent, 
Am.:1111a:-:y L1~nt1ng a.~d 
C(mnunfc:at1cns !Jm. 

TOTJ.LS $214.Z.Z 

F:DE'AAL 
SHAR! 

S 10.56 
4.00 
i. 44 

50.48 

lE.SO 

14. to 

zo.n 
24.80 

11.70 

3.44 

0.43 

7.70 

l:ll 
$171.37 

.. Rew Yori: City Ftscal Year 197S - July 1. 1977 - June 30. 1978 

SOURCE: NYCTA Grant Application for Fiscal Year 1978. 
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LOCAL 
SH~~; 

$ 2.64 
1. 00 
0.36 

lZ.52 

,.10 
!.52 

5.iS 

5.ZO 

Z.93 

0.86 

0.11 

1 .93 

.Q.:..sQ. 
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B - GRANT APPLICATION REVIEW AND APPROVAL PHASE 

The second phase is the process for securing Section 3 funds for NYCTA's 
rail modernization program, which consists of federal review and approval of 
a grant application. Exhibit F-15. which replicates Exhibit F-5 in the intro­
duction to this chapter. displays this second phase (B) in relation to the other 
activities in the NYCTA rail modernization grant process. The amount of 
time required for Section 3 grant application review and approval varies both 
with the complexity of each grant application and the backlog of applications 
that must be reviewed and approved. 

UMTA is the federal agency most extensively involved with Section 3 rail 
modernization grant review and approval. The TJ. S. Department of Labor is 
also involved with Section 3 grant approval. since the Secretary of Labor must 
ensure that fair and equitable arrangements are made to protect the interest of 
employees affected by the provision of federal financial assistance for mass 
transit. 

Until January 1978, UUTA conducted grant review and approval in 
\7ashington, D. C. In 1971, UI'.'1:T A initiated a program of regionalization of 
administrative functions. Initially, UMTA regional offices participated in 
activities involving transit planning, and review of project design specifica­
tions and contract modifications. UMT A initiated more extensive decentra­
lization of responsibilities in January 1978. with a greater delegation of 
authority to the regional office in Philadelphia. This office was to serve as 
a model to the other nine regional offices. Grant review and approval were 
among the important U:?\'1'TA responsibilities that are now being largely dele­
gated to the regional offices. 

It is important to note that the process for Section 3 rail modernization 
grant review and approval is largely unchanged by the move to regional 
offices. Grant applicants must continue to submit the same information in 
their applications and all 28 grant elements identified in Subsection A. 7 must 
be reviewed prior to grant application approval. The primary change in 
Section 3 application review with the regionalization Ul\ITA administrative 
functions is that the review will be performed by Ul'_i!TA personnel in the field 
offices, rather than in the central Washington, D. C., office. 

The remainder of this section provides: 

• an overview of the Section 3 rail modernization grant review 
and approval process as it was carried out prior to the major 
efforts to decentralize Ul\1TA administrative functions; and 

• an overview of the U~l.[TA decentralization activities and the 
anticipated benefits of this program. 
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Information reported in this chapter was gathered from primary and 
secondary sources. Interviews were conducted with persons involved in 
grant application review in Washington, D.C., and the New York Regional 
Office. In addition, the following literature was reviewed: (1) pertinent sec­
tions of the Uf''ITA External Operating Manual, (2) the UMTA order explain­
ing the delegation of authority for regional directors, and ( 3) journal articles 
on Section 3 grant approval activities and the expansion of ur.1T A regional 
office authority. 

Current Decentralization Activities and Anticipated Benefits of Decentralization 

Decentralization 

In January 1978, UlVITA expanded the authority of its regional office direc­
tors. Regional offices will be responsible for all aspects of planning and grant 
process activities, including: 

• planning certification: 

• plan approval: 

• grant application approval; 

• grant management; and 

• post-grant audits. 

The UrJTA order of August 1978, delegating authority to regional office 
directors, states that regional directors are fully responsible for all grants 
under $5 million. Grants of over $5 million must have final approval from 
UMTA' s Central Office. The reservation of authority for projects requiring 
more than $5 million allows the UMT A Administrator and Associate Adminis­
trator for Transit Assistance to be involved in nonroutine projects, particu­
larly new rail construction or major system modifications such as station re­
design. 

]\lost Section 3 rail modernization grant applications from NYCTA request 
more than $5 million. Consequently. full responsibility for these grants will 
not be held by the Ur·.:ITA regional office director. It is expected, however, 
that NYCTA rail modernization grant applications will be handled much like 
grant applications that request less than $5 million. Substantive review will 
occur in the New Yo .... k Regional Office and the grant approval letter will be 
prepared and sent to Washington for final action. 
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Anticipated Benefits of Decentralization 

The intenr·of the delegation of authority to Ul\-1TA regional offices is to: 

• expand staff in the field where it is believed Ul',1TA can more 
effectively serve the needs of its clients; and 

• relieve the UMTA Central Office of many administrative re­
sponsibilities so that it can focus on policy development and 
the monitoring and evaluation of ongoing programs. 

Expansion of UVITA staff in the regional offices is believed to be an effic­
ient and effective way to better serve UMTA's clientele since the expansion 
of field offices should: 

• allow grants to be processed more quickly: and 

• improve the familiarity of transit representatives with appli­
cants, their plans, programs, and the projects for which 
grants are requested. 

Expansion of regional offices will also relieve the UMTA Central Office 
of many administrative responsibilities. In the past the UUTA Central Office 
has been largely involved with grant processing activities and has been unable 
to address other pressing issues. Ul\lITA has consequently been criticized 
for its lack of guidelines and administrative controls needed to: 

• assist all applicants in carrying out UMTA policy and regula­
tions: and 

. perform monitoring and evaluation of ongoing programs and 
more effectively identify opportunities to improve the planning 
and grant processes. 

Once relieved of most grant processing responsibilities. it is anticipated 
that the Ul.VITA Central Office will be better able to perform these policy­
related activites. 

Grant Review and Approval Process: Prior to Decentralization 

Section 3 grant review authority was delegated to UMTA regional offices 
beginning in early 1978. However, in June 1978, when the information for this 
case study was collected, the UMTA Central Office was still performing 
grant processing activites for NYC TA grant requests. Consequently. this 
section describes the UMTA Section 3 grant review and approval process as 
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it was carried out by the Ul\1TA Central Office prior to the delegation of 
grant review authority. As noted above, it is intended that the process for 
grant review and approval will be largely unchanged when it is performed in 
the u:t'ITA regional offices. 

Exhibit F-16 identifies the 10 steps for Section 3 grant approval as per­
formed by the UiVIT A Central Office. Grant review and approval activities 
were submitted by an applicant to the Associate Administrator for Transit 
Assistance and subsequently logged in and assigned a project number by the 
UMTA Office of Administration. Copies of the application were then sent to the 
participants in the review and approval process so that they could proceed 
concurrently. 

The Office of Grant Assistance previously had the lead role in Section 3 
grant processing. This office includes division chiefs responsible for re­
gional areas of the United States. Division chiefs are familiar with all of the 
urv'.ITA activities in the regions for which they are responsible. Each division 
chief is assisted by transit representatives. 

Under the earlier system, either the division chief or a transit represen­
tative responsible for the application:" 

• performed the administrative and substantive review of 
most grant elements: 

• answered questions about grant status: and 

• sought to expedite grant processing by the other participants who 
had to review and approve grant elements. 

One of the first activities performed by a division chief or representative 
responsible for a grant was to review the grant application to determine if it 
was complete. Each of the 28 elements identified in Section A. 7 of this re­
port (Grant Preparation and Submission) had to be properly submitted in the 
application. A grant could not be awarded if the application was incomplete. 
If sections were missing or incomplete, applicants were notifi~d and asked to 
make necessary additions and modifications to complete their application. 

While all elements had to be thoroughly reviewed, certain grant elements 
generally received special attention including the: 

• 13c certification; 

• environmental statement; 
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• project description; 

• project justification; and 

• project cost and financial. 

Each of these elements is unique to a particular grant and projects within a 
grant. 

A 13c Labor Certification guarantees that a federal grant to a transit 
agency will not adversely affect local transit employees. A labor certifica­
tion must be included with each Section 3 grant application regardless of the 
effect of the grant on local labor conditions. The applicant must then work 
directly with the Department of Labor during review and approval of the 13c 
labor certification. 

An Environmental Statement identifies potential impacts of projects 
financed with federal funds. An environmental statement must be prepared 
for each Section 3 grant application either as a negative declaration, in in­
stances where there are not impacts, or as a draft environmental impact 
statement (EIS}. Usually. rail modernization projects require only a nega­
tive declaration. 

Project description, justification, cost, and financing information must be 
adequately documented in a Section 3 grant application to allow full assessment 
of the project's merit. The applicant must identify: 

. project characteristics in terms of location, size, and important 
attributes; 

• project benefits accrued to the transit system. the urban area, 
and transit passengers; and 

• project net cost, grant funds, and nonfederal financing require­
ments. 

Once a Section 3 grant application was complete and all application ele­
ments were reviewed and approved (including the Civil Rights Assurance and 
legal opinion which were approved by Ul'viTA 's Offices of Civil Rights and the 
Chief Counsel, respectively). the final steps in the grant application review 
and approval were taken prior to grant award. These steps included: 

• contacting the Ur:ITA Office of Administration to verify that 
adequate funding was available; 
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• preparing an approval letter to be signed by the Associate 
Administrator for Transit Assistance if the grant was less 
than $5 million or by the UT-.1TA Administrator if the grant 
was more than $5 million; and 

• preparing press releases and notification of the grant award. 

There was not set time period for performing the Section 3 grant review 
and approval activities by the Ul\'ITA Central Office. The amount of time re­
quired to review and approve a grant application ranged from 3 months to 1 
year on the average, depending on the complexity of a particular grant and 
the number of applications being processed at a particular time. 

C - POST-GRANT APPROVAL, PROJECT IMPLEr,,1ENTATION PHASE 

This section describes the final phase in the NYCTA rail modernization 
grant process. The post-grant approval, project implementation phase in­
cludes four major activities: 

• C .1 - preparation of detailed engineering design specifications 
and contract documents; 

• C. 2 - contractor selection and contract award; 

. C. 3 - project implementation; and 

• C. 4 - project monitoring. 

As displayed in Exhibit F-17. which replicates Exhibit F-5 in the over­
view of this chapter, the first three activities in this phase occur sequentially. 
Project monitoring occurs throughout the phase. Each of these four activi­
ties is discussed below in a subsection identified with a number and letter as 
enumerated above and in Exhibit F-1 7. 

C. 1 - Preparation of Design Specifications and Contract Documents 

The first major activity in the final phase of the NYCTA rail moderniza­
tion grant process involves preparing design specifications and contract docu­
ments for the rail modernization projects. For most projects, UT.'lTA prefers 
that engineering design specifications be prepared under one grant and pro­
ject construction under a second grant. Proceeding in this manner encourages 
more accurate construction cost estimates and tends to minimize cost over­
runs and construction grant modifications. 
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Preparation of design specification and contract documents for NYCTA 
rail modernization projects involves: 

• preparation of draft drawings and manuscripts; 

• review and comment by in-house interests, utilities, New York 
City, and New York State; 

. resolution of comments; 

• assemblage of final drawings for signature of NYCTA chief 
engineer; 

. legal review and approval; and 

. approval by the NYCTA Senior Executive Officer. 

NYCTA is the major participant in preparing design specifications and con­
tract documents. Utility companies must often also be involved in reviewing 
rail modernization design specifications to ensure that there will be no disrup­
tion in utility service due to rail transit project construction. 

Until September 11, 1978, UMTA concurrence on contract documents and 
design specifications for rail modernization projects was required. UMT A's 
requirements for administrative and technical pre-bid and pre-award review 
of third-party contracts have recently been modified • 1 UlVIT A 1s pre-bid con­
currence is now required only for: 

. all sole-source contracts over $10,000, including contracts which 
specify a brand name; 

• all negotiated contracts and all change orders on competitively bid 
contracts over $1,000,000; 

• contracts proposed to be awarded to other than the low bidder un­
der formally advertised procurements; 

. contracts which require budgeting or funding action by UMT A;2 

1 This change in policy affects major U.S. cities (i.e., cities with over 500,000 
population). 

2These include contracts for which the lowest bidder proposes an amount 
greater than that approved and budgeted by UMTA. 
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• force account work by authority force in excessof $25. 000; and 

• proposed contracts which are (1) of special interest to UMTA, (2) 
considered sensitive and may be subject to close public scrutiny, 
( 3) unique and require special evaluation. and ( 4) requested by the 
grantee to be reviewed. 

NYCTA 's experience since UMTA changed its pre-bid concurrence re­
quirements indicates that the new policy will result in important time savings. 

The total amount of time required for NYCTA to prepare design specifica­
tions and contract documents varies with the complexity of each project. 

C. 2 - Contractor Selection and Contract Award 

After the contract documents and design specifications for the rail modern­
ization project design have been approved, NYCTA can proceed with contrac­
tor selection and contract award, which is the second major activity in this 
phase of the NYCTA rail modernization grant process. This activity requires 
interface between NYCT A and the City and the State for contract approval and 
assurance that project financing is available. 1 NYCTA's Public Agency Liai­
son is responsible for NYCTA interaction with external organizations. 

Contractor selection by NYCT A involves: 

• Advertising Contract Specifications. All NYCT A contracts must 
be free and open to all bidders. Contracts cannot be restricted 
to a supplier or group of suppliers. 

• Receiving Bids. Sealed bids are received by NYC TA. A dead­
line is set. by which time all bids must be submitted • 

• Opening and Evaluating Bids. NYCT A must a ward the contract to 
the lowest responsible and responsive bidder. Qualification hear­
ings are held to assess whether the lowest bidder ( l) responded to 
contract specifications; (2) has the capabilities to complete the 
contract; and ( 3) has met the Minority Business Enterprise ( MBE) 
requirements. NYCTA must prepare a contract award letter and 
provide UMTA documentation of the selection process. including 
contractor selection criteria. 

1As a result of the September 11, 1978, change in UMTA's pre-bid and pre­
award requirements, UMTA review is required before contract award only 
in the special circumstances described below. 
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Under certain circumstances contractor selec-tion is more complex; in 
these instances, UMTA must be involved in contract award activities. This 
happens if: 

• a contract of more than $10,000 is let sole- source, only one bid 
is submitted to NYCTA, or NYCTA wants to award a contract to 
other than the lowest bidder. NYCTA must then conduct a pre­
audit or cost price analysis to justify the contract award to UMTA • 

• the lowest bidder's contract prices is higher than the budget esti­
mated by NYCTA for the project. NYCTA must then request a 
budget revision from UMT A. 

A contract cannot be awarded until New York City and the State are in­
formed about the project and each have approved the local funding. Contract 
approval is needed from the Mayor and City and State budget offices. The New 
York City Department of Transportation (NYCDOT) and the Office of Manage­
ment and Budget (0MB) must submit reports to the Mayor recommending: con­
tract award. 

Two budget approvals are needed for all NYCTA rail modernization oro­
jects. A third approval is needed for contracts over $1 million. First, a 
Certificate of Budget Expenditure (CBX) must be issued by the Mayor of New 
York City. This letter authorizes that funds are available for the contract 
from the City budget. Secondly, a Certificate of Availability of Funds 
(COAOF) 1 must be issued from the State Division of Burlget to MTA. This 
authorizes use of funds from the $600 million state bond issue for rail transit 
improvements. Finally, an Emergency Finance Control Board (EFCB). 
Approval is needed for all contracts over $1 million. The EFCB is a New 
York State "watch dog" agency charged with the monitoring of New York City 
finances. 

After the needed two or, most typically, three financial approvals are 
received, the following administrative activities occur: 

. the contract is registered by City and State comptroll~rs: 

• the contract is delivered to the contractor; and 

. UMTA is informed about contract delivery and pro,iect status. 

1 Appendix D is a copy of the COAOF beginning May 1969 as amended through 
May 1978. It presents project allocation information and the balance of the 
$600 million bond issue still available. 
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Exhibit F-18 provides a flow chart of contractor selection and contract 
award activities. Exhibit F-19 identifies the timing of each of these activi­
ties. Exhibit F-19 is used by NYCTA for project monitoring. The time re­
quired for contractor selection and contract award generally conforms to the 
average times displayed in the left-hand column. 

C. 3 - Project Implementation 

A final activity in the rail modernization grant process is project imple­
mentation. Project implementation commences after the contract has been 
delivered to the contractor and UMTA has been informed about contract deliv­
ery. The construction division of the NYCTA Engineering Department over­
sees project implementation to ensure that design specifications are followed. 

Often, contracts for rail modernization projects must be modified during 
project implementation. Contract modifications may be necessary when: 

. there is a change in condition, a change in regulations, or an 
omission in the original contract; 

• additional funds are needed to complete a project within the ini­
tially specified project scope; or 

. there is a change in project scope or purpose. 

Contract modifications in the first two situations are more easily accommo­
dated than in the third situation. In the first two situations: 

• Contract modifications of less than $1,000,000 (on competitively 
bid projects) can be made by NYCT A with City and State approval. 

• Contract modifications of more than $1,000,000 re qui re written 
approval by UlVITA, the State, and the City. 

. Contract modifications involving more than 5 percent of the total 
contract require City approval, including the Board of Estimates. 

Contract modifications for a change in project scope or purpose are con­
sidered technical amendments. These are far more complex. A technical 
amendment represents a different project and may require an amendment to 
the TIP, 13C, and Title VI certification; an impact assessment; and public 
hearings. A considerable effort is made by NYCT A and UMT A to avoid these 
complex contract modifications. 
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EXHIBIT F-19 

ESTIMATED TIME FOR PROCESSING CONTI.ACTS 
(Design Completion to Contract Delivery) 

1. Start Design 

(Design time dependent on 
type of ccmtract/pi.trchase) 

2. Contract Drawings & Sp1ics Completed 

Contra ct Pro-c:ess ing 
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Sent to U~ITA for approval. 1(Start Processing) 
Time 
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Hold Qualification Hearings: 
Prepare Awa~d Letter. 

(\ month) 
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(Complete Processing Time) 

" AVERAGE. (TOTAL TIME TO PROCESS CONTRACT == 7 mos. , 1 Wik.) 
SOURCE: NYCTA Engineuing Department 
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1 Subsequent to UMTA ~icatien on September 11. 1978 this step is generally lo119er r8'1111fred except for specified 
rail modernizatien projec:t,s. 
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A presentation and inspection are generally held when a contract is com­
pleted. NYCTA operating divisions examine and accept the completed or de­
livered rail modernization project. Once a project is complete and accepted 
by NYC TA, an UMT A audit is performed of the completed contract. 

The amount of time required for project implementation varies with the 
complexity of each project. 

C. 4 - Monitoring of Post-Grant Approval Activities 

Monitoring of post-grant approval activities is an ongoing effort through 
out the final phase of the NYCT A rail modernization grant process. The 
NYCTA Engineering Department monitors each of the three major elements 
of the post-grant approval. project implementation phase (described in Sub­
sections C. l through C. 3) for all rail modernization projects. lVIonitoring 
is performed to: 

• report on project status and identify whether project implementa­
tion is on schedule and within the budget; 

. provide early recognition of problems to preclude major contract 
modifications or slowdowns in project implementation; and 

. identify the need for contract modifications to allow project com­
pletion. 

There are two types of monitoring activities performed for rail moderni­
zation projects implemented by NYCTA. The first type of monitoring is per­
formed for all rail modernization projects and the second type is performed 
only for projects with a budget or schedule problem. Exhibits F-20 through 
F-2 2 provide examples of the three computerized monitoring reports prepared 
monthly for each NYCTA rail modernization project, as shown below: 

. Exhibit F-20 reports on the preparation of design specifications. 
It shows an example of a status report for a group of Section 3 
rail modernization projects from the NYCTA Car Maintenance 
Division . 

• Exhibit F-21 is used by NYCTA to monitor Section 3 rail modern­
ization project status through contractor selection and the con­
tract award, and includes the anticipated and actual dates on con­
tract delivery and project completion. 

• Exhibit F-2 2 provides an example of the monitoring report pre­
pared for reporting on Section 3 rail modernization project com­
pletion and NYCTA evaluation and project acceptance. 
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EXHIBIT F-22 

RAIL MODERNIZATION PROJECT MONITORING REPORT 
CONSTRUCTION AND COMPLETION 

•••••••••••••• •••••••••••••••••••••••••••••••••••••••••••••••••• 
PROJECT 1•005 ADD FAC FOR LIN[8 IN OPERATION 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
CONTRACT NUMBER • . 
CONTRACT DESCRIPTION 
CONTRACTOft 
GRANT NUMBER 

!XP!'N'DITUftE.S 
AUTHORIZED 

DATt or 
ADOPTION 

bAT! 
Ot aill 

DAT£ or 
AWARD 

CBX NO, 
MAYOU 
APPROVAL 

ACTUAL 
bu! or 
DELIVERY 

CONtRACT fU:LD 
UAt Pitoc 
DAT! k 

f'INAL 
COMPli 
DA'J'E 

......... 
PAGE J ........ "' 
CONTRACT 
UCTANCt 

on,; 
•••••••••••••••••••• •••••••••• ••••••••••••••••••••••••••••••• ...... ~ .. ~······· ······ ., ...... ····~~·· TOTAL 199;920,00 

-----·-------------·--·--·-····~·--·~~---~--·~··················~········-·--·--··---~--···············•·····•~--·----·------ClOJJq 0061 
TEMP OEWATERINa 8tATEM 
ll6TH & LENOX AV! 
,. ~ORIARTY L aoN, INC, 

136tl09i00 4tf9/TS 
65ZO, 

•111115 10111179 lt!b/16 !ttl/16 !/1!118 o.o 

---·---·---···············~-·~-~~······~~··········~···········~-····~······~·-······························~·-·-············ Cl0340 0059 , . , 656J 
REM~PY WATER CONDITIONS 1,0l~,665,00 5/l3(t9 7/l&/7~ ~/1./15 ,l0/09/75 il/09/15 ll/~!(77 tf•t 
VAH~LOCiNEWKlMK AVE 
NACLERIO CONTRAC~ING CO, 
•••-••••••••••••~•••••••••••••••••••••-•w•••••••"••~••••••••••••••••••~-~•••••••••••••••••••••••••••~•••••••••••••~•••••••~•• 
~30343 OQ60 
REHAB CONCa ~TRUCTU'E 
rLUSHING LINE JPf 
P~UDE·CONSTR. CdRP. 

,,na,tso .• oo &/18175 I Q/I0/79 U/iSnl 
. .,,,. 
"""' .i/191'6 .i/29/U o.o 

•-••--••~•--•---~••~••-••a•••••~•-••••••~••••••••~••••••••••••••••••••••••••~•~••••••••••••••••••••••••••~•••~••••••••••••••• 
C]0147 0062 666l 
IU:HAB :,u BUCH lilNI 5!1!11tu.~o HIU/'9 ,,01114 61.UtU ttliena- ltUtfP Jl'U-1711 
CONCRETE STRUCT,•rt~c, w ' 

9h ♦ 

DOrf.,~•BALOANTl! 'J~C, ............................... ..,.. ........................ ,. ........................... ., ....... -............................................. ~ .......... --.... ,. ....... .. 
C30J58 0252 
ftEHAB,CONCRET 8TRUCT 50,000,00 
au BfACH lilNe-

NY•2J•0010 

6/0,,/17 I 0/00/77 

cut IHAU 
StAH SIIAR! 
Ft:D~RAL SHA.RE 

50,090.00 
l!.50i. OOh GO 
100,000.00 

··········~~--TOTAl.i trooo,ooo~oo 
•••••-~••••-~-•-·•·•·•••••N•••·P•••·•·~••••·~•·••••~••·•••~--~~--•,•~~•-·~•••·•·~---•-~-~••••·•·~••·-·~---~•···•••·•••·•~•-~~ 
~10451 006] 6563 , 
IHSTALL·WATEh LINE& A\ 1e415oo,oo 5102/75 61l1IJ~ 2/02/Jb 5/D~l7• 6/0~/16 t/04/7J .,.o 
239TH ST YARD 
HlO CONTRACTING CORP 1 •-•-•••--••-•-••-~-•-~-•--~-··~•-~-~•••-~~--•·•·••·••••••~---~-•-~--~-wP•-••••••~---•-••--------M~~-·••~~•-~-~----•~--••-•-••• 
C30550 0066 
CONCRETE PLATfOR" 
SHEEPSHfAP BAY STATION 
WARSIIAW/kCB 

NY•2l•OOlO 

48,360.00 9/03/76 l/tl/77 

CITY SHARE 
SUTE SHARF. 
P'E:t>f.RAL /JHARt 

TOTAL 

6798 
l/30/77 6/24/77 8/01/77 8/~l/18 

qe,:u,o.oo 
1!111;800,00 
677,0110.00 

-----·---· 967t204;00 

.o 

•-•--•--~----•----~---•••••··•·····•-•-••------·---•-~•--•••--·•·•••••••-••-----••••••------•·---·-•---·-••A•-•-•·••-M••••---
6721 C305S3 0281 

REPL WOOD tLT-WlTH CONCR 
SLAR6 NEW OTS AVE FAUS 

ll6192ljb0 l/22116 12/01176 ll!/13/76 1111/11 2102/tJ 8102/78 

SOURCE: NYCTA Engineering Department. 
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In addition to the preparation of these three computerized project status 
reports for all rail modernization projects, NYCTA monitors projects on an 
as-needed basis through management by exception. This monitoring activity 
is coordinated through the Program Management Division of the NYCTA En­
gineering Department, as are the above-described monitoring activities. 

It is the responsibility of operating or engineering divisions within NYCT A 
to identify budget and schedule problems on rail modernization contracts. 
Each month. separate Management Action Report (MAR) meetings are held to 
discuss contract problems for design. construction, and support. MAR 
meetings are intended to result in requests for revisions to the contract 
schedule or budget. These monitoring activities continue until a project is 
complete. A final type of project monitoring occurs for most NYCT A rail 
modernization projects after the project is complete. Project performance 
is monitored by NYCTA operating divisions utilizing the facility or equip­
ment throughout the warranty period, which is generally 1 to 2 years. During 
this period, the contractor is responsible for making repairs or replacements 
required under warranty. Once the warranty period is over, the contractor 
is released from responsibility and generally systematic monitoring of per­
formance is discontinued until a problem arises. To date. UlVIT A has not 
been extensively involved in these project monitoring activities after the pro­
ject is complete. 
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IV. NON- UMTA FUNDED RAIL MODERNIZATION 
IMPROVEMENT PROCESS: PORT AUTHORITY 

TRANS-HUDSON (PATH) CASE STUDY 

This section describes the findings of a study of the process undergone by 
the Port Authority Trans-Hudson (PATH) to finance. the rehabilitation and mod­
ernization of the PATH rail system. This study included investigation of the 
activities and participants in PATH' s rail modernization program from proj­
ect identification through project implementation. 

The funding process for rail modernization improvements for PATH is 
similar to the NYCTA process but, in many ways, is less complex. Rather 
than addressing the process for obtaining rail modernization grants, as does 
the NYCTA case study, this case study discusses the process for financing 
individual rail modernization projects. While NYCTA prepares rail mod­
ernization grant applications for Section 3 funds (which often include numerous 
projects), PATH prepares and approves rail modernization financing on a 
project-by-project basis. For purposes of comparison, the PA TH funding 
process is described by referring to the same three fundamental phases iden­
tified in the NYCTA Section 3 rail modernization grant process, as follows: 

. The first phase, Pre-Project Application Phase begins with the an­
nual preparation by PATH of its 10-year capital improvement fore­
cast and annual budget, which are approved as part of the Port 
Authority program. Once the budget has been approved, projects 
can be recommended for implementation . 

. The second phase, Project Review and Approval Phase includes 
project approval activities that occur within PATH and Port Au­
thority to obtain a commitment to fund a project . 

• The third and the final phase, Post-Funding Approval, Project 
Implementation Phase involves (I) preparation and approval of 
engineering design specifications and contract documents, (2) 
selection of a contractor and contract award, and ( 3) project 
implementation. 

This section provides a detailed description of each of the three phases 
in the PATH rail modernization funding process. The description of these 
phases is preceded below by a brief history and background and review of the 
Port Authority organization. 
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HISTORY AND BACKGROUND 1 

Port Authority Trans-Hudson (PATH} is a 13.9-mile rapid transit system 
connecting Newark, Harrison. Jersey City. and Hoboken, New Jersey, with 
New York City via tunnels under the Hudson River. PATH has been a sub­
sidiary corporation of the Port Authority of New York and New Jersey since 
September 1, 1962, when it was acquired from the bankrupt Hudson and Man­
hattan Railroad (H&M). 

PATH invested $262 million in the revitalization and operation of its rail 
transit services between 1962 and 1977; $250 million had been invested by 1972. 
PATH rail modernization projects have been financed largely through consol­
idated revenue bonds issued by the Port Authority. UMT A Section 3 grants, 
received in 1965 and 1968. assisted in financing power ~onversion equipment. 
way and structure improvements. the purchase of rail cars, and the construe -
tion of Journal Square Transportation Center in Jersey City. 2 Since 1968 
PATH has not received a federal capital grant from UMTA. 

PORT AUTHORITY ORGANIZATION 

Exhibit F-23 presents the Port Authority organization chart. The Authority 
has seven line departments: 

• aviation; 

• industrial development; 

• marine terminals; 

• rail transportation (PA TH): 

• terminals; 

1 Information in this section is based on reports provided by PATH. 

2on June 29, 1965. UMTA approved a Section 3 grant for $5. 1 million for 
PATH rail cars and some minor signal, track, and station modernization. 
On March 2 6, 1968, a second Section 3 grant was approved for construction 
of the Journal Square Transportation Center in Jersey City. The center in­
cludes a modernized PATH station, a consolidated bus terminal. auto park­
ing levels, and a new operations control center serving the entire PATH 
system. A total of $ 39. 166,000 in Section 3 grants has been approved for 
the Journal Square facility since 1968. 
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• tunnels and bridges; and 

• world trade. 

Each of these departments is headed by a director who reports to the Ex­
ecutive Director of the Port Authority. Each of the mode or line departments 
has an operations division which is part of the Port Authority, with the excep­
tion of PATH; PATH operations are held as a subsidiary corporation. How­
ever, the President of PATH is the Executive Director of the Port Authority 
Rail Transportation Department, and the Vice President and General Manager 
of PATH is the Director of the Port Authority Rail Transportation Department. 

The Port Authority includes 12 staff departments or divisions which pro­
vide support services to all of the line departments. These are: 

• Finance; 

• Law: 

. Public Affairs; 

. Medical: 

. Personnel; 

. Management Services; 

• General Services; 

• Engineering; 

. Police; 

. Planning and Development; 

. Equal Opportunity Programs Unit; and 

. the Office of the Secretary. 

These departments are involved in various capacities in the PATH rail 
modernization funding process. 
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OVERVIEW OF PATH'S RAIL MODERNIZATION GRANT APPLICATION 
REVIEW, APPROVAL, AND IMPLEMENTATION CYCLE 

Exhibit F-24 provides a summary of the process for financing rehabili­
tation and modernization o,f PATH' s rail rapid transit system. The exhibit 
represents the process for the majority of projects, which are those over 
$200,000. 1 As shown in this exhibit, the" complete PATH application, review 
and approval, and implementation process for rail modernization projects 
can extend over a 2-year period. The exhibit displays the general timing of 
activities which varies, of course, with the size and complexity of a project. 
Many of the activities in the process occur simultaneously with the prepara-
tion, approval, and implementation of other projects. · 

The details of the process are described below for each of the three phases 
of the process: 

• A - Pre-Project Application Phase; 

• B - Project Application Review and Approval Phase; and 

• C - Post Project Approval, Project Implementation Phase. 

A - PRE-PROJECT APPLICATION PHASE 

The pre-project application phase of PATH' s rail modernization funding 
process includes the following activities: 

• A.l - annual capital program and 10-year forecast preparation; 

• A. 2 - annual capital program and l 0-year forecast review and 
approval; 

• A. 3 - program and forecast consolidation for all Port Authority 
line departments, including PATH; 

• A .4 - Port Authority Executive Director review and approval; 

• A .5 - Board of Commissioners Budget Committee review and 
recomm.endation of the capital program to the full Board; 

1 The process for projects less than $200,000 is described in later sections 
of this case study·. 
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• A. 6 - Board of Commissioners approval of the Port Authority 
capital pro1ram; 

• A. 7 Governors of New York and New Jersey review and approval 
of the capital proiram for the Port Authority; _and 

• A. 8 - Preliminary project deai1n specification. cost, and justifica-
tion preparation for PATH projects. 

As displayed in Exhibit F-24, the listing shown above represents a general 
sequence of events. Each of the activities in the pre-project application phase 
are discussed in more detail below. Activities A. 1 through A. 7 are discussed 
together under the heading "Annual Capital Program and 10-year Forecast 
Preparation and Approval." A. 8 is discussed under the heading "Preliminary 
Design Specification Preparation." 

A.1-A.7 - Annual Capital Program and 10-Year Forecast Preparation 
and Approval 

Each year. the seven line departments in the Port Authority (see Exhibit 
F-23) must prepare and justify an annual capital program and 10-year capital 
forecast. The annual capital proiram represents the first year of the 10-year 
forecast. The departments compete, in a. sense, for the same Port Authority 
funds and must therefore justify their requests. 

The annual capital program and 10-year capita1 forecast prepared by PATH 
and the other Port Authority line departments, identify all capital funding needs 
for projects in the three following categories: 

• authorized projects; 

• projects requiring authorization; and 

• project• in proposed work programs. 

The 10-year forecaat presents information concerning each project, including: 

• project status (defined by the above categories); 

• project description and justification; and 

• initial cost estimate. 

Exhibit F-25 is an example of a capital project included in the current 10-
year forecast for PATH. This is a project to revise the ventilation system. 
The project requires authorization to proceed. 
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EXHIBIT F-25 

STATION VENTILATION: 
PATH PROJECT REQUIRING AUTHORIZATION 

D Authorized Project 

[i=:J Project Requiring Auth. 

l=::J K•Jor Work Program 

Priority 

Construction Cost 

•) Director's Office 

b) Engineering Dept. 

c) Property Acquisition 

d) PATH Forces 

l) Material 

2) Labor (by Division) 

Total 

10 Year 
Total 

1312 

1312 

Title STATION \'ENTilATION • Pl!ASE II 
All dollars in thousand ■ 

HOBOKEN & 33rd STREET 

1979 1980 1981 1982 198) 

400 316 300 296 

400 316 300 296 

Project Deacrietton & Justification ~include York rematnin~) 
Project includes major revisions in present ventilation system with the extensive 
addition of duct distribution systems and new fans. Present interest in improving 
the PATH-Gimbels-Madhon Square Garden underground complex by various City Agencies 
~ay accelerate the need for this work at 3Jrd St. At llobokcn a m.ijor planning effort 
by the City and State may also make it desirable to perform this work in the near 
futun,. 

Project Le•d:r •• J. F. Delancy 

Source of Estio,ate Engr. Dept. • 1978 Prices 

SOURCE: provided by PATH. 

1984 198S 1986 1987 

Ca:,ltd _@ 

Operating D 
Il•l 
Item No. 

Program Date Total Const 
1988 Start Comp Cost 

1/80 12/83 1312 

I 
I 
l 

I 
I 
I 

i 
······-···-······-

_,_,. 

1312 
-

Detail of Exeenditures in 1979 and 1960 

1980 1981 1982 l963 
'33rd St. 400 316 
Hoboken 300 296 

Date Prepared _5_/ ... 9.._/ __ 78 _______ _ 



In general. projects in the 10-year forecast are not explicitly ranked in 
priority order. There is, however, an implicit ranking of projects identifi­
able by the recommended year for project implementation. Pro.iect priority 
is established based on the following. criteria (listed in order of importance): 

. structural integrity and personal s::i.tety improvements; 

• operational improvements; 

• financial benefits; and 

. aesthetics. 

The annual capital program and 10-yf>ar forecast are prepared and approvPd 
over an approximately 9-month period. Preparation generally begins in mid­
spring and the annual capital program is approved by the beginning of thA fol­
low ing calendar year. The annustl capital program for the Port Authority, 
which includes the requests of each line department, must be approved by the 
Port Authority Board of Commissioners and the Governors of New York and 
New Jersey. The 10-year forecast does not require Board or Governor action. 

The steps and approximate timing of capital program preparation and ap­
proval are briefly outlined below: 

, . A. 1 - April - PATH and other Port Authority line departments 
prepare their proposed capital program for the upcoming 
year and their 10-year forecast. 

• A. 2 - June - Line department directors review and approve the 
proposed annual budget and 10-year forecast for their de­
partments and submit the proposals to the Port Authority 
Comptroller. 

• A. 3 - August-September - The Comptroller consolidates the bud­
gets and 10-year forecasts from all Port Authority line de -
partments for review and approval by the Executive Di rector 
of the Port Authority. 

• A. 4 - October - The Executive Director of the Port Authority 
reviews the 10-year forecast and the proposed annual capital 
program. 

. A. 5 - December - The proposed annual capital program is sent to 
the Committees for approval. 
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• A. 6 - January - After Committee approval, the annual capital pro­
gram is sent to the full Board of Directors for approval • 

• A. 7 - January - The annual capital program is passed and the new 
fiscal year be gins. 

There are generally few obstacles encountered during the budget approval 
process, since participants at all levels are informed in advance of potential 
problems and these are generally resolved informally. 

No formal commitment has been made to projects that are included in the 
annual budget. However, while there are exceptions, most projects proposed 
for the upcoming fiscal year will be funded and implemented. Under certain 
circumstances, projects not included in the budget may get funded. These 
circumstances include: 

• emergencies. when unanticipated projects must be completed par­
ticularly for safety purposes and for maintaining uninterrupted 
service operations. If quite large these projects can cause other 
projects to be deferred. 

• instances when all budgeted capital funds have not been spent and 
projects not in the annual budget are recommended for implemen­
tation. 

Preparation and approval of the annual capital budget and 10-year capital 
forecast for the Port Authority are the main activities in the pre-project ap­
plication phase of the PATH rail modernization funding process. Once these 
activities are complete, preliminary project designs. detailed cost estimates. 
and a project justification must be prepared for each project. 

A. 8 - Preliminary Design Specification. Cost, 
and Justification Preparation 

To implement a project approved as part of the annual capital program, 
PATH and other Port Authority line departments must first have the project 
approved or authorized through a defined Port Authority Process. Before 
a project can be approved, preliminary engineering designs, more detailed 
cost estimates, and a project justification must be prepared. The project 
descriptions and cost estimates prepared for the Port Authority annual capital 
program are generally not sufficient for considering a project for approval 
and for the commitment of funds. 
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B - PROJECT REVIEW AND AP PROV AL PHASE 

The second phase in the process for PATH rail rehabilitation and modern­
ization consists of review and approval of a project application within PATH 
and by the Port Authority. Project review does not generally require involve­
ment of outside participants other than the Governors of New York and New 
Jersey. who may veto projects. In certain instances, however, legislation 
must be passed in both states. 

Exhibit F-2 6, which replicates Exhibit F-24 in the overview of this chapter, 
presents the major activities in the second phase of the PATH rail moderniza­
tion funding process. The exhibit presents an approximate representation of 
the timing of activities in this phase. The actual timing can vary with the c;:om­
plexity of a project. Each activity in this phase of the PATH process is de­
scribed below. 

Review and approval of PATH rail modernization projects vary for proj­
ects of different sizes and different contracting arrangements {competitive bid 
or sole source). The process is most complex for projects of over $400,000 
and most simple for competitively bid projects of less than $25,000. 

Exhibit F-2 7 displays the approval process for all capital projects of more 
than $400,000. This exhibit illustrates the hierarchy of the approval process. 
Each participant reviews and approves the rail modernization project and rec­
ommends the project for approval by the next higher participant. After the 
project has been approved by the PATH Board of Directors. it is submitted to 
the Governors of New York and New Jersey. The Governors have a statutory 
right to veto Port Authority and PATH projects. If 1 O working days pass and 
there has been no veto, the project is considered approved. 

At each level of review and approval, participants are briefed on the proj­
ect. Briefing becomes most formalized at the Committee and Board of Direc -
tors level. PATH committees include Board members who review issues and 
recommend action to the full Board of Directors. Each month, both the PATH 
Construction Committee and the full Board of Directors'meet. Issues are 
usually addressed by a committee one month in advance of the full Board. 

An agenda item is prepared for the Construction Committee to inform mem­
bers about the capital project for which approval is requested. The agenda 
requests that the Committee recommend that the Board authorize a project~ 
Exhibit F-28 is a copy of an agenda item to the October 28, 1970, Committee 
meeting which requested Committee action on a rail modernization project >for 
the communications system. 
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EXHIBIT F-27 

PATH REVIEW AND APPROVAL PROCESS FOR RAIL MODERNIZATION PROJECTS 

8.6 
GOVERNOR NEW YORK 

GOVERNOR NEW JERSEY 

Approve or Veto 

8.5 
., 

PATH 
BOARD OF DIRECTORS 

Review & Approve 

I \ 

B.4 
CONSTRUCTtON 

COMMITTEE OF PATH BOARD 
Review and Recommend 

for Approval 

I ' 

B.3 
PRESIDENT OF PATH 

Review & Recommend 
for Approval 

I ' 

B.2 
VICE PRESIDENT ANO 
GENERAL MANAGER 

OFPATH 
Review and Recommend 

for Approval 

A.8 

8.1 
RAIL PLANNING DIVISION 

Propose a Project for ...... DETAILED DESIGN & COST 

Implementation 
ESTIMATES PREPARED 
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EXHIBIT F.23 

PATH CONSTRUCTION COMMITTEE MEETING AGENDA: 
REQUEST FOR PROJECT RECOMMENDATION TO THE FULL IIOAltD OF COMMISSIONEKS 

(PATH- CONSTRUCTION) AGENDA OCT 211970 

TITLE NO. 2 • REHABILITATION AND MODERNIZATION OF PATH COMMUNICATIONS 
SYSTEM· PROJECT AUTHORIZATION 

RECOMMENDATION: That the Committee recommend to the Soard tl)at the .Board authorize a 
project for the rehabilitation and modernization ofthe communication system at the 
estimated total cost of $774,700 including $198,900 fo'r, purchase of materials and 
payments to contractors, an allowance of $3,700 for extra work, $70,800 for 
contingencies. $310,1·00 for PATH forces. and an allowance of $191,200 for 
engineering, administrative and financial expenses. 

REPORT: Since acquisition, a considerable amount of staff time and effort has been expended on 
maintaining communications cable and other equipment in the tunnel areas to provide 
the maximum reliability possible. given the age and advanced deteriorated condition of 
most of the existing system. Althouch some new cable ha5 been installed, the work 
primarily involved maintenance until such time as an overall program of rehabilitation 
and modernization could be developed for the tunnel phone systems which is generally 
over sixty years old. 

At present. the Operations Control Center which is the communications center for the 
operation of the system is located at Hudson Terminal in lower Manhattan. The 
demolition of the 30 Church Street Buildin~. in which Hudson Terminal is located, 
necessitates the relocation of the Control Center to the Journal Square TransJ'ortatioi, 
Center site. The new Control Center will house the latest technolocical advance!! in train 
operations and mechanical and electrical systems monitorini equipment. 
Communications is a key element in the safe and efficient operation of the system and is 
vital 10 the effectiveness of the Control Center function. 

To complete the transfer of these communicatiom functions to the new site at Journal 
Square, a significant amount of cable would have to be purchased and installed just to 
permit the antiquated communications system currently in use to be controlled from 
that location. Since the mere transfer of control to Journal Square will require 
installation of most of the cable without any improvement in the reliability of the 
ancillary equipment. staff recommends that the entire system be replaced at this time, 
with a modern system utilizing the latest available communications equipment and 
techniques. 

The recommended project provides the lease and installation of Telephone Company 
equipment for the primary operational and administrative telephone system. The scope 
also includes the purchase and installation of cable and equipment for this system and 
for specialized sub-systems. These sub-systems include the interlocking phone systems 
necessary for the issuance of clearance cards. the intercom system required for 
immediate communication between the control center and 'personnel in ·operating 
towers. a tunnel teh:phone system, and, cab-le, amplifiers and speakers for the public 
address system for passenger information at stations throughout the system. 

With the exception of a relatively minor contract for the constru~tion of a duct bank 
within the Journal Square Transportation Center and certain work to be completed by 
the New Jersey Bell Telephone Company, the installation work will be performed by 
PATH forces. 
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Construction Committee approval and recommendation for project approval 
by the full Board are recorded in meeting minutes. Exhibit F-29 presents a 
copy of the minutes from the October 28, 1970, Committee meeting to recom­
mend the PATH communications system rehabilitation project toth.e PATH. 
Board of Directors for approval. 

Projects approved and recommended by the Committees are included on 
the following full Board meeting agenda, which is similar to the Committee 
meeting agenda presented in Exhibit F-28. The agenda for the full Board 
meeting would state that the PA TH Construction Committee recommended · 
that the Board authorize a project. If the full Board approves the project, a 
Board resolution is prepared. This resolution is included in the Board min -
utes which are sent to the Governors of New York and New Jersey, who cRn 
approve or veto the project. In almost all instances, the 10 working day veto 
period passes and the project is approved. 

Approval of all PATH rail modernization projects of up to $400,000 may 
be approved by the Construction Committee of the PATH Board without full 
Board approval (whether projects are competitively bid or let sole source). 

PATH rail modernization projects of less than $200,000 may not re qui re 
Board or Committee approval. Competitively bid contracts of up to $200,000 
may be approved by the President of PATH without action by the Di rectors. 
Sole-source PATH capital projects of more than $75,000, however, must 
all receive approval by the PATH Construction CommittPe. 

C - POST-FUNDING APPROVAL - PROJECT IMPLEMENTATION PHASE 

Following Port Authority authorization to commit funds for a PATH rail 
modernization project, PATH proceeds with project implementation. Imple­
mentation of PATH rail modernization projects includes three ma,ior activities: 

• C, 1 - detailed engineering design specification and contract 
document preparation and approval; 

C. 2 - contractor selection and contract award: and 

C. 3 - project implementation. 

Exhibit F-30, which replicates the exhibit presented for the earlier two 
phases, displays the participants and general timing of activities for this final 
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EXHIBIT F-29 

PATH CONSTRUCTION COMMITTEE RESOLUTION: 
RECOMMENDATION OF PROJECT TO THE FULL BOARD OF COMMISSIONERS 

(PATH-CONSTRUCTION) MINUTES OCT 28, 1970 

2. Rehabilitation and Modernization of PATH Communications System - Project Authorization 

It was reported to the Committee that since acquisition. a considerable amount of staff 
time and effort has been expended on maintaining communications cable and other equipment in 
the tunnel are:1s to provide the maximum reliability possible, given the age and advanced 
deteriorated condition of most of the existing system. Although some new cable has been installed, 
the work primarily involved ·maintenance until such time as an overall program of rehabilitation and 
modernization could be developed for the tunnel phone syste11i1s which is generally over sixty years 
old. 

At present, the Operations Control Center which is the communications center for the 
operation of the system is located at Hudson Terminal in lower Manhattan. The demolition of the 
30 Church Street Building. in which Hudson Terminal is located. necessitates the relocation of the 
Control Center to the Journal Squar·e Transportation Center site. The new Control Center will 
house the latest technological advances in train operations and mechanical and electrical systems 
monitoring equipment. Communications is a key element in the safe and efficient operation of the 
system and is vital to the effectiveness of the Control Center function. 

To complete the transfer of these communications functions to the new site at Journal 
Square, a significant amount of cable would have to be purchased and installed just to permit the 
antiquated communications system currently in use to be controlled from that location. Since the 
mere transfer of control to Journal Square will require installation of most of the cable without any 
improvement in the reliability of the ancillary equipment. staff recommends that the entire system 
be replaced ::it this time. with a modern system utilizing the latest available communic::ttions 
equipment and techniques. 

The recommended project provides the lease and installation of Telephone Company 
equipment for the primary operational and administrative telephone system. The scope also 
includes the purchase and installutior1 of cable and equipment for this system and for specialized 
sub-systems. These sub-systems include the interlocking phone systems necessary_ for the issuance of 
clearance cards, the intercom system required for immediate communication between the control 
center and personnel in operatit1g towers. a tuirnel telephone system. and, cable. amplifiers and 
speakers for the public address system for passenger information at stations throughout the system. 

With the exception of a relatively minor contract for· the construction of a duct bank 
within the Journal Square Transportation Center and certain work to be completed by the New 
Jersey Bell Telephone Company. the installation work will be performed by PATH forces. 

Recommendation was made that the Committee recommend to the Board that the Board 
authorize a project for the rehabilitation and modernization of the communication system at the 
estimated total cost of 5774.700 including purchase of materials and payments to contractors. an 
allowance for extra work. contingen,:ies: PATH forces, engineering, administrative and financial 
expenses. 

Approved and recommended to the Board 

Approved: 
SOURCE: provided by PATH. 
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phase in the PATH rail modernization funding process. Each of the activities 
in this phase of the process are briefly described below. 

C. 1 - Detailed Engineering Design Specifications and Contract 
Documents Preparation and Approval 

Final detailed design specifications and contract documents are generally 
not prepared for a PATH rail modernization project until after a project has 
received funding approval. For very small projects_. detailed de.sign specifi­
cations may not be necessary. 

Detailed engineering design specifications for PATH rail modernization 
projects can be prepared by: 

• Rail Transportation Department engineers; 

• Port Authority engineers from specific staff departments; or 

• a consultant or contractor. 

Generally. Rail Transportation Department (RTD) engineers prepare the 
designs. In instances where the rail modernization project is particularly 
large or if the RTD engineers are unavailable, engineers from the Port Au­
thority Engineering Department will participate in design preparation for 
PATH rail modernization projects. Consultants are sometimes used. Only 
when there is an unusual work backlog or if additional expertise is needed 
will PATH rail modernization projects be designed by an outside firm under 
contract. 

All contract documents for PATH rail modernization projects must be re­
viewed before a contract can be advertised. It is the responsibility of the 
RTD to ensure that the contract documents are reviewed by Port Authority 
staff departments including: 

• Finance; 

Law; 

• Risk Management; and 

• EEO. 

Once detailed design specifications are prepared and approv.ed by the Chief 
Engineer of the Port Authority and all contract documents have been prepared 
and reviewed by the necessary staff departments. the contractor selection can 
begin. 
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C. 2 - Contractor Selection and Contract Award 

Contractor selection and award for PATH rail modernization projects in­
clude the following activities: 

• Advertise and Receive Bids - Once engineering design specifications 
and contract documents have been approved. the contract can be ad­
vertised and bids received. PATH utilizes open and competive 
bidding on contracts whenever possible • 

• Open and Review Bids - Sealed bids sre opened on a specified date 
and the apparent low bidder is announced. A review is then con­
ducted to ensure that the contractor is qualified and that the bid is 
fully responsive to contract requirements. RTD engineers and 
planners perform the review in conjunction with Port Authority 
staff departments. including Engineering, Finance, Law. and EEO • 

• Hold Low Bid Interview - An interview is held with the contractor 
that submitted the lowest bid. Issues that need clarification are 
discussed and questions are asked to ensure that the contractor is 
fully qualified and responsive to contract requirements • 

• Award Contract - If exception is not taken to the contractor. the 
contract is awarded to the lowest bidder subsequent to committee 
and Board approval. when required. 

Contracts are generally awarded with 45 days from the date that bids are 
opened. Only in unusual circumstances do these activities require additional 
time. 

C. 3 - Administration of Project Implementation 

Once a contract has been awarded, implementation of the rail moderniza­
tion project can begin. The Rail Planning Division of RTD generally has 
overall responsibility for administering project implementation. Often Rail 
Planning is assisted by Port Authority staff departments. including Engineer­
ing. 

Contractor performance during project implementation is monitored for 
most PATH modernization projects on a weekly or biweekly basis by a con­
struction supervisory group in the RTD. The construction supervisor, who 
is familiar with the project. including its budget and schedule, works closely 
with the contractor to ensure that projects are completed on time. within bud­
get. and according to project specifications. 
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Contractor performance on extremely large, complex PATH projects is 
monitored through a more sophisticated monitoring approach called the critical 
path method (CPM). The project schedule and costs are closely tracked through 
a computerized monitoring system which presents actual versus planned per­
formance toward project implementation. 

A third type of project monitoring is performed during the implementation 
of PATH projects. This monitoring is conducted for all projects, independent 
of project size or complexity. The Port Authority monitors the costs to ad­
minister e~ch project. These costs are largely inc.urred in the time expended 
by PATH and other Port Authority employees to prepare final design specifica -
tions and oversee project implementation. A computerized report is prepared 
monthly in conjunction with this monitoring activity. 
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APPENDIX A 

LIST OF CAPITAL PROGRAMS BY REQUESTING DEPARTMENT 

CM 01 
CM OZ 
CM 03 
CM 04 
CM OS 
CM 06 
01 07 
CM OS 

lndividua: Projt~-:S Car M.aint 
Car Door Moderniza:icn 
Shop :-:0::err../Renab. 
Trac:ti c:n Motor Fau 1 t Oetec::oM: 
Mechanic4l And Motorized Ecuip 
Retl"Cf'i: Car-s With Air Condit 
Subway :ar ~eo l!:::ement 
Car Si;n }!eeif'i~a:ion 

02 Management information Systems 

~:-,; 01 Inc!ivid;.;al ?roj. ~•!int. of ·,;ay 
MW """ Aut~~a:~= ·rr'!a::!le-;scilc,.:;o:-s 
1-!W ..• Es:a1il1.c:-- i<eola:e!:le:-,t 
~'.\.! , ::::al.a';:::r R;:naciiita:ion 
H'.; C:; E1 evator !·,c.c!er:, i za :ion 
MW C-3 ~~aint .. Ec-.;i::. Anc tiac:-dnery 
Ml-I (;"! Aute Truc:ts an~ Strvi:e 1/e,,. 
MW 08 t~~i:::yea ~acilit~es 
MW 09 Yar::! ~ahaoi1'.:a:ion_ . _ . 
MW 10 worr. T:-a~~ ar.~ s~ee,a: ;~u,~. 
t-'.W i 1 Con:ac: ~ ... ; '1 K(!P 1 acer::e"-.: 
HW i2 Water ·:;.r.c!:~cr.s ~e:'.:er;y 
!-iw 14 Kelay :;:~ Sys:e~ 3e~1aee:ent 
1-IW 15 Siur,i!l ::::n::rtSSCI!"' :::ys-c:em .!o:. 
HW io ~-e~~-~~v.~i3r'."':S Keciaca'ilen: r;1~~-:;:1e t~~i:,. ,'-4::e·:-~. 

T~nnei Li;~:ing Re~!Oi1i~~io~ 
Pumoing Faci1!:ies ~enac. 
".:oocen ?:atform ~e:,iace.'ilent 
Grade Time Signaling A! 7e!"'l'!I. 
Line StrJc:ure ~enaoi1itat~cn 
?iat. ~oofs And Canocies Ke~i. 
Vent Plant Rer.a0i1itation 
Power Facilities Rehab. 
~~in1ine·7!"'ack ~ehaoilitation 
New ~aintenance Facili:~es 
Track Swit:h ~eoiace~ert 
Heating anc! So.i ler i!e~la~emen-i: 

;i 
13 
19 
20 
Z1 
22 
23 
Z4 
25 
ZG 
27 
ZS 
29 
JO 
31 
32 
J:Z 
Joi 
35 
37 
JS 
40 
41 

Oise~ •• Fire And Water L1ne Repl. 
Yard Lialit1ng 
Protec:ion Sarrier And reneing 
$hoc Ana Slag. Renabili:.Jtion 
Turns~~1es ~e~1ae~ent 
Solid Stat! =cce Sys:en Ke~i. 
Drip ?an Kt?iac1ment . 
Track Lub!"'jeatcr !ns:allat~~n 
Signal r...::le ~nd ~less ,lire ~tol. 
Roofin~ Ke:,air and lepl~:C!:lent 

SOURCE: Provided by NYCTA Engineering Department. 
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~I 01 
EN 02 
Ell 03 

EHG!IIEER!tfG 

!ndivid1,;a1 P"'je~:s Eng. 
Noise ..:..ca:ement 
Vent Pl ant /.\,:,oe!"niza:i an 
1/ew Queent ~c~:e EN 

Ell 
EN 
EN 
E?I 

o:: Abrasi\'e ',laming St:-ios 
05 Adop:. A·S:Z.:ion ?rogram 

03 
e::: 09 

Oi l:.1;)rove':! S i-;na ;e . . 
Station Lig~t~n~ Hoder~1zat1~n 
Slgna1 S_-·,::;im ~ocerni:a:icr: 

l'L 01 
PL 02 

PW Ol 
PW 02 
P'tl OJ 
PW 04 

SF 01 
SF 02 
Sr 03 
SF C~ 
SF 05 
s:= os 
SF 07 
Sr' OS 
SF 09 
SF 10 
SF 11 
SF 12 
SF 13 
SF 14 

ST 01 
ST OJ 
Si 04 

TR 01 
TR CZ 

I~d1~idual ~r=j!c~s•'~:i:a 
Ciosed Ci~~~~ 7·; Sur\~ei11at.:~ 

Indivich,a 1 Proj-!:t~-P,w!.r­
Sub~:at ion Eni: 1 OSl/:"!S :;::, -31·:-i 
Suos:a:ion Zouio. ~•10.:. :R7-;n7 
Su!:lsta:icr. ;:~:.,ipment. :!.::: •. WD 

New 3us~s 
!it:s i!c:c:~s 
r·:!':i":!ii i C! 1 A~C '·~o'!:,r-~ Z!·= ::::.: i ~. 
Au:o Tru:~ l~~ Servi:2 ~!ni::e 
~:ew 0~:01:s .~n, ~a:~;~ ~~es 
De~ot Mad~r~.;~enab. 
Sus ~as~cr- .''.coer!iiZ~!':c.~ 
Sus S::r.~c~ :::a:1os;.zrt: 
Sc.: s Ho i ~: • :•1ede!"T. i :a: i c~ 
Se:=wri ".:y And S<! fe~y 
ri~ew~li Removal 
ooi le!" Re:::hc. Ar.d Corwers:c.n 
Fuel Stor~ge ranks 

S'iAi!OHS 

Ind1vicual ?rcj~cts-Stations 
Employees raci1i:ies 
!nter-Ccrm:unica:ion System 

Individual ?~ojeets-irans;ort. 
Employee .=l:111:ics 



APPENDIX B 

NEW YORK CITY TRANSIT AUTHORITY 
OFFICE OF THE EXECUTIVE OFFICER 

RAPID TRANSIT 

JAN 9 1978 

FROM: Steven K. Kau!.t'man, Executive Otticer, Rapid Transit 

TO: John T. O•Ne1ll, Executive Otr1cer and Chief Engineer 

SUBJECT: 1979-80 EXECUTIVE OFFICER PRIORITY LIST 

Attached, herewl.th, is the revised 1979--80 Execut!.ve 
Ott1cer Priority List. It 1a my understaadl.ni;.that upon comple­
tion or the development or eeopea tor the listed projects by the 
Eng1neer1n; De?a~tment a reevalunt1on of prioritiea·will be m~de 
by me for final submi=e1on to yQur o!t1ce • 

01.Bl:Sh 

cc: T. Sergio 
c. Turitl 
P. Palotts 
J. Ap&aasev1eh 
RT File 

.si-:i:-v-N K I'.,. u:-i:;: .. -~ .. n .. C. • \11 ,1 .. ,;•u./. 

Steven K. K.auf'tr.ia.n 
Executive Officer 
~p1d Tra.n.:iit 

SOURCE: Provided by NYCTA Rapid Transit Department. 
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APPENDIX B (CONTINUED) 

NEW YORK CITY TRANSIT AU'I'HORITY 

l YEAR CAPITAL BUDGET PROGRAM 

1979-80 

Description 

1. Remedy Water Conditions 

2. Rehabilitation of Line 
Structures, (Crown St., etc.) 

3.· Rehabilitation of Overage 
Pumping Facilities 

4. Furnish and Install Power 
, Rectifier Equipment ( P-221) 

5. Replace Ventilatit1.g Equipment 

6. Door Modernization and 
Reliability 

7. Replace Messenger and Signal 
Cable 

8. Replace .75 lb Contact Rail 
with 150 lb 

9. Construct & Renovate 
Enclosures for P-222 

10. Replace Telephone Cable 

11. Replace Power Cable & 
Construct CB Houses 

12. Air Conditioning Retrofit 

13. Rehabilitation or Overage 
Escalntors 

14. Noise Abatement - Rehc:ic. 
of Mainline Track 
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Budget Estimate 
$ Million 

Per Cumuia-
Item tive 

5.0 

6.50 

1.5 

16.5 

4.o 

3.0 

4.5 

5.4 

1.5 

s.o 
18.5 

0.5 

4.o 

( 60 .95M) 

Dept. 
Prior. 

MW l 

MW 4, 
MW 8, 
MW 34 

MW 2 

PWR l 

MW·3 

CM 2 

MW 5 

MW.,.6 

PWR 2 

MW 7 

MW 8 

CM 1 

MW 13 

MW 9 

( 83 .95M) 



APPENDIX B (CONTINUED) 

1979-80 

Descriotion 

15. Replacement of Overage Fire, 
Water & Discharge Lines 

16. Replace Overnge Escalators 
and Elevators 

17. Shop Equipment for Coney 
Island Shop 

18. Replacement or Track Switches 
with AREA Switches 

19. !ntercornmu.n.1cat1on System -
Phase 3 of 3 

• 
20. Replace Special Equip. a: 

Work Trains 

21. Expand Communication 
Fac111 ties in Com,-nand Center 
for Div. A. 

22. Modernization of Signal 
:Equipment 

BudBet Estimate 
$ Million 

Per Cumula-
Item tive 

3.0 (86.95M) 

2.5 

0.25 

4.0 

l.l 

3.2 

4.S 

15.0 (117.500M) 

Dept. 
Prior. 

MW 10, 
MW 56 

MW ll 

CM 3 

MW 12, 
MW 33 

STA 1 

MW 14, 
MW 61 

RT 3 

MW 15 
--~---------~---------~-------------~---~---------------~--~------23. Replace Maintenance Equipment 

& 'Machinery 1.0 MW 16 

24. Puto/Truck & Service Vehicle 
Program 0.275 MW .a.7 

25. Rehabilitation or Tunnel 
Lighting 5.0 MW 19 

26. Shop Equipment for 207th St. 
Shop 0.25 CM 4 

27. Construct Maintenance MW 21, 
Facilities at Three Locations 3.5 MW 24 

28. Modernization or ENY Yard 
Track & Equipment 15.0 MW 25 

29. Replace Roofing at Variqus MW 20, 
Locations 1.2 MW 26 

30. Erect Barriers o.6 MW 23, 
( 1Li4. 325!•1) MW 57 
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APPENDIX B (CONTINUED) 

1979-80 

Bud et Estimate 

Descriotion 

31. Replace Overage Turnstiles 

32. Car Signage 

33. Rehabilitation or Three Shops 

34. Replace Overage Heating 
Systems 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

• 

Construct Central Reporting 
Points for RR Porters 

Rehabilitation or Employee 
Facilities 

Purchase Power Rect. Equip. 

~ehabilitation of Yard 
Lighting 

Replacement of Solid State 
Signal Code Systems 

Rehabilitation of Station 
Lighting 

Modernization of Pit Lighting; 
Pelham & 240th St. 

42. Noise Abatement - Installa­
tion of Track Lubricators 

43. Construct Access & Control 
Area at Grand Central, 
Flushing Line 

44. Convert Hand Throw Sw4~ches 
To Tower Operation, Rock'wy 
Line 

45, Additional Lighting 
Westchester Yard 

46. Talk-back Systems Variou~ 
Yards 
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l.O 

3.8 

1.5 

1.25 

0.5 

0.1 

4.62 

1.0 

6.o 

4.5 

0.275 

2.0 

3.795 

1.3 

0.12 

0.3 

Million 
Cwnu a­

tive 

(151.875M) 

(171.47M) 

Dept. 
Prior. 

MW 24, 
MW 47 

CM 5 

MW '27, 
MW 13 

MW 18, 
MW 53 

STA 2 

MW 29 

PWR 3 

MW 22 

MW 26 

MW 28., 
MW 45 

CM ,,6 

MW 31 

STA 4 

RT 4 

RT 7 

RT 8 

( 176,985M) 



APPENDIX B (CONTINUED) 

1979-80 

Descriot1on 

47. Rehabilitate Terminal Crew 
Quarters at Wocdl~wtl. 

48. Sewerage a.nd,Drainoge System., 
Pelham 

49. Rei;>laceme.nt of Drip Pans 

so. Fluorescent Lighting - "F 
Line" - Bfklyn. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

58. 

59. 

60. 

Replace existing three (3) 
escalators at 181st St, Sta. 
with two (2) new escalators 

Replace Wooden Walkway Rkwy 
Pkwy LL Line 

Rehabilitate 86th St. Station 
Lex. Ave. Line 

Inst2llation of Continuous 
Welded Rail 

Public Address System - All 
Shops 

Relocate Car Wash at 207th St. 

New Telephone Cable - wnite 
Plains Read Line 

Rehabilitate Woodlawn Terminal 
Crew Quarters 

Install Escalator at B'dway -
E.N.Y. Station, "A 11 Line 

Install Talk-back Systems, 
Various Yards 

61. Install Escalator Between 
4th Ave. upn Line (B-2 Div.) 
and 9th St. Station (Di~. 
B-1) 
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Budc;et Estimate 
$ Million. 

Per Cwnula-
Itcm tive 

0.25 

0.275 

o.6 

1.00 

1.00 

0.2 

1. .9 

2.5 

0.18 

0.275 

1.500 

.500 

.800 

l.000 

.800 

(179.llM) 

(185.165M) 

Dept. 
Prior. 

RT 10 

CM 7 

MW 30, 
MW 55 

STA 3 

STA 6 

STA 11 

MW 32 

CM 8 

CM 9 

RT 8 

FtT 9 

STA 7 

RT 11 

STA 8 



APPENDIX B (CONTINUED) 

1979-80 

Budf et Estimate 
Million 

Description 

62. Rehabilitate Grand Central 
Station (Ph~se I or III) 

64. 

Revise Various Radio Base 
Stations, Div. A & ~ 

Install New Escalator at 
Queensboro Plaza Station 

Rehabilitate Times Square 
Statioa 

66. Improve Lighting Va~ious 
Yards (Westchester, 174th 
St., etc.) 

67. New Control Area, Stairway, 
Escalato~, 72nd St. Station, 
B1 way-7th Ave. Line 
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Per Cumula-
Item t1ve 

2.00 

1.500 

l.200 

2.00 

l.00 

4.00 ( 201. 465M) 

Dept. 
Prior. 

3TA 10 

XT 12 

STA·9 

STA 12 

STA 5 



APPENDIX C 

'NEW YOP.K Cln' TlllAN~T A.UTHORl"n' 

DATC 

C. Kalkhof> Assistant General Superintendent 
Maintenance of Way 

TO, T. G. Sergio, Capital Budget Liaison 

-.9U■JCCTI 3 YE.AR CAPITAL BUDGET PROGRAM 1979-80.1980-81 and 1981-82 

The Maintenance of Way Department's 3 year Capital Budget 
Program, coa:::nenci..~g 1979-80, is attached. This program supersedes 
the 5 year program that was transmitted with our letter of May 31st. 
'That 5 year prog=am should be voided and copies destroyed to avoid 
Tossible con..4=-usion in the future. 

The 3 year program is in project priority order. We have 
attached, at the end of the program., an unprioritized list of 
"individual projects for the year 1979-80. These projects comprise 
drop-outs from the 1978-79 program and most probably do not represent 
a final tabulation of projects that we will require for the 1979-80 
Capital pro1ram.. 

Next spring, when the final submission for the Capital Budget 
program is due, we will complete the individual project list and 
assign priorities by nucber and letter. For example, ifan individual 
project is to be placed in priority order between continuing projeccs 
19 and 20 it will be assigned the priority 19A. If there are two 
?rejects to be placed there, tb.ey will become 19A and 19B and so 
forth, if there are more than two. 

Tact sheets for all projects listed for the 1979-80 ~iscal 
year will be prepared and sent to you for review during the next 
:six mont:hs. 'I'his will enable you to consult 'With- the Engineering 
DepartnJ.ent to obtain accurate ~stimates of our project requests and, 
~herefore, better plan the Rapid Transit program. 

To many cases, the estima-tes we have given are only "orders 
.of magnitude" and estimates must be obtained from the Engineering 
Department based on the information we will transmit to you in the 
£act sheets. We will indicate -on the.fact sheets those estimates 
which we feel a.re accurate and do-not require Engineering Department 
review. 

SOURCE: Provided by NYCTA Rapid Transit Department. 
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APPENDIX C (CONTINUED) 

- 2 -

The 10 year Capital Budget program outlining our maximum 
ftmding requi:r~ments to upgrade our System to "maintainable" 
levels over the period 1978-79 through 1987-88 will be forwarded 
to you by July 1, 1977. 

541/DR.~/pl 
Attach. 

cc: W. H. Anderson 
I. M. Berger 
F. C. Gatto 
All Sup ts., M/W 
R. Kopera 
D.R. Newman 
'File 

{l~y 
C. K.a.lkhof 

.Assistant General Superintenden 
Maintenance of Way 
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APPENDIX C (CONTINUED) 

.MA.LNT~NANGI!.: u~· WAY Ul~l'l\lUNMfi' 

?RQJECT 3 YEAR CAPITAL BUDGE'!' REQUEST 

PRIORITY DESCRIPTION 1979-80 THROUGH 1981-82 SUMMARY 1979-80 1980-81 ,1981-82 

1. REMEDY WA'I'ER CONDITIONS $ 5M $ 5M $ SM 

2. REHABILITATION OF OVERAGE PtJMPl~G FACILITIES 1.5M 1.5M 1.5M 

3, REHABILITATION OF OVERAGE VEHTUATING PLAlffS l1M 3M 3M 

4. REHABILITATION OF LINE STRUCTURES 5M 5M SM 

5. REPLACEMENT OF DEFECTIVE SIGNAL cABLE & MESSENGER WIRE 3M 3M '•M 

6, REPLACEMENT OF 75// CONTACT RAIL WITH 150/1 RAII.. 4.SM 5M 2M 

7. REPLACEMENT OF DEFECTIVE TELEPHONE CABLE 1.5M 1.5M 1.5M 
~ 

t-" s. REPLACEMENT OF OBSOLETE POWER CABLE & CONSTRUCTION OF CB HOUSES 4M 2.5M 0 
0 

9. REHABILITATION OF MAINLINE TRACK 7M 7M 7M 

10. REPLACENENT 01~ OVERAGE DISCHARGE I FIRE I:,. WATER LINES 2.5M 2.5M 2.5~ 

11. REPLACEMENT OF OVERAGE ESCAJ.A'l'ORS & ELEVATORS 2.5M 1.75M 1.BM 

12. REPLACEMENT OF TRACK SWITCHES WITH A.R.E.A. SWITCHES 2.5M 3.SM 2.5M 
< 

13. REIIABILITATION OF OVERAGE ESCALATORS .SM .SM .5M 

11 •• PURCHASE OF NEW OR REl1 LACEMEN'f OI•' OBSOLETE SPECIAL EQUIPMENT & 
WORK TRAINS 2.8M 3.45M 2.6M 

15. MODERNIZATION OF SIGNAL EQUIPMENT 25M 20M 25M 

16. PURCIIASE OR REPI.ACEMENT OF MAINTENANCE EQUIPMENT & MACHINERY lM lM lM 

17. PURCHASE NEW OR REPI..ACEMEUT AUTON01'1VI~ TRUCKS .275M .25M .2M 



APPENDIX C (CONTINUED) 

3 YEAR CAPITAi~ BUDGET llEQUES'f 
1979-80 THROUGH 1981-82 SUMMARY 

ROJECT 
'RIORITY DESCRIPTION 1979-80 1980-81 .!~ 

18. REPLACEMENT OF OVERAGE HEATING SYSTEMS AND BOILERS $ .25M $ .75H $ .4M 

19. REHABILITATION OF TUNNgL LIGHTING 5M 6M 3M 

20. REPI..ACEHENT OF ROOFING .9H .6M 1.5H 

21. CONSTRUCTION OF AODITIONAL MAIN'I'ENANCE FACILITIES 2H 2H I.SH 

22. REHABILITATION OF YARD LIGHTIHG lM lM DI 

"' 23. ERECTION OF BARRIERS TO PllEVENT MISSILE THROWING .3M .25M • 25~1 C 

"' 
G) ~ 24. REPLACEMENT OF OVERAGE TURNSTILES ,5H .7M lM 
0 I-' 
< 0 rn 
::0 

I-' 25. REIIACILITATION OF YARDS 15M 15M 15M z 
3:: 

"' z 
-1 26. REPLACEMENT OF SOLID STATE SIGNAL CODE SYSTEMS 6M 6M ION 
-0 
;u -z 

REIIABILITATION OF SHOPS IM lM -I 27. IM -z 
G) 

0 28 • REIIABILITATION OF STATION LIGHTING 3M 3M 4M .,, .,, -
0 

"' 29. REIIA8ILI·fATION 01<' EMPLOYEE FACILI1'IES • 7M .}M .7M -
-
<O 

'° 0 30. REPLACEMENT OF DRIP PANS .3M I 
"' 0 
a, • . 

31. INSTALL 1'RACK LURRICA'rION 2M 2M 2~1 "' ... 
"' ' en 

32. lHSTALI..A'fIOH OF CONTINUOUS WELDED RAIL 2.5M 2.5M 2.5M __, 
-.J 
<JI 

CONTINUING PROJECT TOTALS: $113. 025M $107. 95M $107. 95M 
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