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THE ADMINISTRATOR 

DEPARTMENT OF TRANSPORTATION 
URBAN MASS TRANSPORTATION ADMINISTRATION 

WASHINGTON. D.C. 20590 

I am happy to present you with the third volume of the URBAN MASS 
TRANSPORTATION ABSTRACTS, a document prepared by the U.S. Department 
of Transportation's Urban Mass Transportation Administration (UMTA). 

It is intended that this general reference source serve as an 
index to reports generated under contract to UMTA. The 298 reports 
abstracted can be obtained through the National Technical Information 
Service. 

I hope that this document will guide you to those reports which 
suit your specific information needs for mass transit-related research. 

If you have questions regarding this publication or the reports 
cited in it, please contact UMTA's Transit Research Information 
Center, 2100 2nd Street, S.W., Washington, D.C. 20590. 

;f!;-z 4~-
Robert E. Patricelli 
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FOREWORD 

This reference document was prepared by the Urban Mass Transportation 
Administration (UMTA) as a guide to 298 reports generated under 
contract to UMTA. It is a reflection of UMTA's continuing commitment 
to the dissemination of technical report information to government, 
State and local transportation planning bodies, private industry, 
and the general public. 

All reports in this document are available for sale at the: 

National Technical Information Service (NTIS) 
U.S. Department of Commerce 
5285 Port Royal Road 
Springfield, Virginia 22161 

Each abstract contains an NTIS order number and price for paper copy. 
Most documents are also available in microfiche for $2.50 each. 
NTIS PRICES ARE SUBJECT TO CHANGE WITHOUT NOTICE. Therefore, it is 
advisable that you verify prices before ordering. All orders to 
NTIS must be prepaid and contain the report order number. 

Volumes I and II of the URBAN MASS TRANSPORTATION ABSTRACTS are 
available at NTIS. The order number for Volume I (October 1972) is 
PB 213-212 and the order number for Volume II (September 1973) is 
PB 225-368. 

Types of documents abstracted in this volume are, by section: 
(I) Technical Studies; (II) Research, Development, and Demonstration 
project reports; and (III) University Research and Training reports. 
Section IV contains complete indexes to the volume by report title, 
personal author, corporate author, geographic location, and keywords. 

For additional information about any of the reports in this volume, 
contact the Transit Research Information Center of the Urban Mass 
Transportation Administration, 2100 2nd Street, S.W., Washington, 
D.C. 20590. 
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TITLE: A SHORT-RANGE TRANSIT DEVELOPMENT STUDY 

Harland Bartholomew and Associates_ (prepared for 
AUTHOR: Tuscaloosa County Parking and Transit Authority) 

DATE. March 1974 PROJECTNO.: AL-09-0003 
KEYWORDS: 

1. Planning 
2. Bus, shuttle 
3. Universities 

The study area that is the focus of this report includes the cities of 
Tuscaloosa and Northport, Alabama, and the unincorporated areas of Holt 
and Cottondale. 

Community and operational transit desires and requirements were set 
forth in the form of goals and objectives; and transit recommendations 
have been made in accordance with them. These recommendations include 
a five-year transit development program, an analysis of long-range transit 
potential in Tuscaloosa, and recommendations for a shuttle bus system 
on the University of Alabama campus. 

Important recommendations of this study include: (1) a replacement of 
all vehicular equipment now owned or leased by the Authority and the 
construction of new office and garage facilities; (2) an increase in all 
transit service and route coverage; (3) the implementation of a transit 
program that is cognizant of public attitudes; and (4) a shuttle-bus 
system on the University campus to meet present short-range needs. 

The existing conditions and the reestablishment of transit service in 
the area served by the Tuscaloosa County Parking and Transit Authority 
are discussed. Census and other available demographic data were used 
to locate those persons most likely to require public transportation service 
and an on-board bus survey was conducted to identify the present users 
and their travel demands 

Transit organization and operation are discussed and a recommended 
transportation program delineated. Priorities, financial implications 
and funding alternatives are among topics considered in the program. 

Appendices include survey results, description of recommended route 
locations and the University proposed bus shuttle schedule. Tables, 
figure and maps are numerous. 

A report' entitled ''A Short Range Transit Development Study - Technical 
Memorandau (PB 232 333) is also available. 

NTIS ORDER NO.: PB 2 3 2 3 3 2 / AS $5.25 
1 



TITLE: A SHORT-RANGE TRANSIT DEVELOPMENT STUDY 
Technical Memoranda 

AUTHOR: Harland Bartholomew and Associates (prepared for 
Tuscaloosa County Parking and Transit Authority) 

DATE March 19 7 4 PROJECT NO.: AL- 09- 0003 
KEYWORDS: 

1. Planning 
2. Bus, shuttle 

These memoranda provide background and supporting information pertaining, 
among other things, to the existing transit system in the Tuscaloosa, 
Alabama, urban area. The procedures and assumptions used in the 
development of performance indices and other data contained in the final 
report are identified. Peak-period directional passenger counts showing 
present patronage trends are discussed, and a table is presented showing 
transfer volume on the existing system. These transfer volumes are 
valuable in identifying travel demand which might serve more directly 
through transit service modifications. 

Also presented is the analysis and evaluation procedure used to develop 
the proposed transit system described in the final report. The 
parameters and constraints unique to Tuscaloosa which influenced route 
selection are outlined. Alternatives are analyzed. 

A description of typical route scheduling as envisioned for the recom­
mended system is included along with an identification of major bus 
stops. A table is presented showing transit travel times, including 
transfer wait times. 

The financial evaluation memorandum contains information pertaining to 
the procedures and estimates used in determining and analyzing the 
financial circumstances of the Tuscaloosa County Parking and Transit 
Authority. It is intended to provide a basis for 
the Authority to contrast and modify, if necessary, revenue and 
expenditure estimates for the recommended Five-Year Program. 

Tables and maps complement the text. 

The final report mentioned is entitled, "Short Range Transit Development 
Study" (PB 232-332). 

NTISORDER NO.: PB 232 333/ AS 
2 $3. 7 5 



TITLE: 

AUTHOR: 

COORDINATED BUS STUDY 
Final Report 

San Francisco Bay Area Rapid Transit District 
Department of Planning 

DATE August 1974 
KEYWORDS: 

PROJECTNO.: CA-09-0011 

1. BART 
2. Demand Responsive Systems, dial-a-ride 
3. Planning 
4. Bus, feeder 

The purpose of this report, a summary of three individual consultant 
studies, was to analyze the need for local and feeder transit services 
in the East Bay communities of Contra Costa County, Livermore-Amador 
Valley, and the Tri-Cities of Fremont, Newark, and Union City, California. 
These three areas are inside the BART District but outside of the service 
area of the Alameda Contra Costa Transit District, (AC Transit). 

In each of the three study areas similar findings and recommendations 
were made. These include: transit service along the major 
corridors should be developed and expanded; local transit service 
by itself would not significantly reduce the dominance of the automobile; 
and, local transit should be provided to serve the limited mobility 
population. 

Feeder and local services were recommended to improve mobility. Although 
only a minimum service level was recommended, it does provide the base 
upon which to develop expanded local transit service. The local and 
feeder systems proposed include conventional bus routes, flexibly routed 
buses and demand activated buses (dial-a-bus). In addition to dial-a­
bus services in the Contra Costa study area, electrically powered, 
publicly owned automobiles (PAS) were suggested for development. 

This report also provides an overview of the Bay Area setting for these 
studies, reviews the need for transit, summarizes recommendations 
regarding transit alternatives, gives a brief overview of the impacts 
of transit alternatives, and describes the implementation procedures, 
including the institutional, financial and management arrangements. 

Maps, charts, tables and illustrations are included. The appendices 
contain the summary of consultant recommendations for each study area, 
school bus and public transit consolidation and regional review 
comments. 

NTIS ORDER NO.: PB 238-155/AS 3 
$4.75 



TITLE: 

AUTHOR: 

THE METROPOLITAN TRANSPORTATION COMMISSION AND SANTA CLARA 
COUNTY TRANSPORTATION INFORMATION PROGRAM - Final Report 

Development and Research Associates and 
Corey, Canapary & Galanis 

DATE. December 1972 PROJECTNO.: CA-09-0020 
KEYWORDS: 

1. Community Response 5. Advertising and Promotion 
2. Government, county 
3. Information Aids 
4. Communications 

1he three principal objectives of this study are to formulate several 
alternative solutions to the escalating County-wide transportation 
problems, to communicate the problems and possible alternative solutions 
to the public, and to retrieve and analyze the public's reactions to the 
alternatives. 

This report describes the communications techniques employed 
and the relative effectiveness of these techniques for carry-
ing on public discussion. It also relates the major transportation concerns 
of the citizens of Santa Clara County1 California. Communications techniques 
employed include: newspaper advertising and publicity, general and special 
public meetings, organizational mailings, and radio and television public 
service programming. There were also public opinion surveys inter-
spaced between the various communications techniques so as to achieve the 
greatest possible measure of interaction between the County and the 
public in reference to transportation problems. 

The various methods of introducing information to the public and the 
results of the community response are covered in depth. 

Included in the appendices are an outline of the general transportation 
framework of Santa Clara County, the County transportation background 
and history including the possible alternatives for improved mass transit, 
and a list of organizations which support the study. 

NTIS ORDER NO.: PB 222-573/AS 4 
$5.25 



TITLE: SANTA ROSA TRANSIT STUDY 
Final Report 

AUTHOR: JHK & Associates 

DATE. December 1972 
KEYWORDS: 

1. Bus, intracity 
2. Bus, cost 
3. Routes and Routing 
4. Planning 

PROJECT NO: CA- 09 0020 

This report summarizes the results of a study formulated to define an 
e ctive, economically feasible public transit system which would increase 
the mobility of Santa Rosa, California, residents. The principal purpose 
of the study was to develop the major elements of a public transit 
program including: management and operating procedures; a descriptive 
plan of proposed service to include routes, schedules and fare structure; 
an equipment procurement schedule and maintenance standard; a schedule 
for implementation which would define timing, phasing and responsibility 
for each proposed improvement; and an estimate of financial requirements 
and sources of funds. 

Although Santa Rosa is relatively affluent, large segments of the popula­
tion including the elderly, the poor, the young and the handicapped are 
not adequately served by the automobile-oriented transportation system. 
Excessive use of the automobile has also created problems with air 
pollution and tra ic congestion. These problems could be solved by 
creating a public transit system which would be convenient enough to lure 
people away from their automobiles. 

The report is divided into six sections: (1) introduction, which includes 
objectives, history and background; (2) existing conditions, which outlines 
present land use, population, service, equipment, and methods of 
financing; (3) transit improvement criteria, which discusses the results 
of meetings held with public officials, community leaders, and interested 
citizens; (4) near term transit improvements, including patronage esti 
mates, routes and schedules, fare and funding, and management and 
operations; (5) long range planning alternatives; and (6) recommenda­
tions. 

An addendum is included in the report. 

NTISOROERNO.: PB 225 509/AS s $ 4. 7 5 



TITLE: COMMUTER RAILROAD FEASIBILITY STUDY 
On Selected Lines in the Los Angeles Metropolitan Area 

AUTHOR: Southern California Association of Governments 
(Carl R. England, Jr.) 

DATE: January 1974 
KEYioRO~: 

PROJECT NO.: CA- 09 - 0 02 2 

1. Rail, commuter 

The objecti~e of this report was to explore the feasibility of 
installing and operating a limited scope rail commuter service over one 
Southern Pacific and two Santa Fe routes into Los Angeles, California. 
Data are provided on the operational and physical characteristics of 
the rail lines under consideration. 

The concerned railroad companies have stressed that their facilities were 
not designed to handle a rail commuter operation. Their primary focus 
has always been on freight movement supplemented by a relatively limited 
intercity passenger operation. According to the authors, however, in 
light of the growing need for improved public transportation, due con­
sideration should be given to the conceivable courses of action for 
easing current people-movement problems. 

This report has concentrated on the course of action to employ rail 
commuter service, to the extent possible, either experimentally or as a 
temporary stopgap pending the development of better solutions for longer­
haul commuter movement. It is believed that it is possible to inaugurate 
a limited commuter service at a relatively early date, employing Santa Fe 
trackage on the Santa Ana and Los Angeles route and the San Bernadina -
Los Angeles route via Pasadena. 

A summary of the principal statistics of the proposed rail routes is 
presented. Findings are delineated and include projected annual 
deticits, projected ridership and the conclusion that low capital out­
lays for facilities would be required for the Santa Ana startup. 

Chapters of the report are devoted to the operational status of the 
railroads, marketing aspects, operational and capital costs and imple­
mentation of the service. 

Tables and illustrations are included. Appendices include developing 
estimates of possible commuter rail patronage for the various lines, 
station inspections and station photographs. 

NTJS ORDER NO.: PB 231 117/AS 6 S4.25 



TITLE: PUBLIC TRANSPORTATION FOR FLORIDA'S GOLD COAST 
Summary Report 

AUTHOR: Curtin Simpson & 
(Prepared 
DOT) 
September 

for Dade, Broward and Palm Beach Counties and Florida 

DATE. 197 4 PROJECT NO.: FL-09-0001 
KEYWORDS: 

1. Personal Rapid Transit 
2. Bus 
3. Planning 

This report is the culmination of a four-year transit planning effort, in 
which the entire Florida Gold Coast was viewed from a comprehensive 
regional perspective. In a series of 22 technical reports (described in 
the Appendix) the need, feasibility and detailed description of the 
following Florida Gold Coast transit improvements were documented: 
(1) short range bus system improvements for Dade, Broward and Palm Beach 
Counties involving 46% expansion, and an increase in the Tri-County bus 
fleet; (2) 79 miles of rapid transit line extending from Dixie Highway 
in south Dade County through Miami and Miami Beach, then into Broward 
County as far north as Commercial Boulevard along the FEC Railroad 
corridor, with a rapid transit branch directed west from Fort Lauderdale; 
and (3) 56 miles of personal rapid transit (PRT) consisting of a two­
loop system in central and north Broward County and a PRT circulator in 
the West Palm Beach area, with engineering to proceed upon demonstration 
of a reliable PRT system which can be constructed and operated within a 
budget constraint. 

Although recommended transit improvements have been organized on a 
county-by-county basis to facilitate implementation, the mass transit 
system has been designed to optimize regional travel throughout the 
Florida Gold Coast. This regional perspective enabled the location of 
rapid transit to accommodate heavy travel demand across the Dade-Broward 
line. Also, the South Palm Beach/North Broward County local travel 
market was considered as a unit for dial-a-ride bus service. Transit 
from Palm Beach County to Broward and Dade Counties is recommended by 
interfacing express buses with regional rapid transit. 

Maps, tables, and figures complement the text. 

$3.75 

NTISOROERNO.: PB 239-861/AS 7 



TITLE: ORLANDO URBAN AREA SHORT RANGE TRANSIT IMPROVEMENT PROGRAM 

AUTHOR: ATE Management and Service Co., Inc. 

DAfE October 1973 PROJECT NO.: FL-09-0007 
KEYWORDS: 

1. Advertising and Promotion 
2. Bus, rapid transit 
3. Financing Mass Transportation 
4. Planning 

This report was prepared for the East Central Florida Regional Planning 
Council on behalf of the Orange Seminole Osceola Transportation Authority. 
Its purpose is to provide an improved public transportation system that 
will attract riders who presently use automobiles but can be better 
served by mass transit. Recommendations are presented regarding service, 
facilities and promotional activities, all of which could be implemented 
by gradually recasting the present system. 

Congestion relief is discussed in relation to corridor and intersection 
improvements. Service improvements are recommended 
via the modification and extension of service, the development 
of a new system of suburban express service, service to the outlying 
communities with heavy concentrations of elderly and service emphasizing 
the needs of the tourists. The financial implications of this improve­
ment program (1973-1977) are delineated and the vehicle and facilities 
requirements are put forth. Possible sources of local funding are also 
discussed. 

In terms of marketing and promotion aspects of the project, 
various techniques may be directed toward the individual rider to 
gain patronage of the public transportation syste1a. One of these is 
the use of advertisements which stress the financial burdens of using 
the automobile for work trips. The text graphically displays some 
of the promotional techniques. 

It is projected that through this detailed five stage plan for improve 
ment, a 40% increase in service may be realized and the expectation is 
that the number of rides provided each year can be expanded by 1,300,000. 

The "Orange-Seminole-Osceola Transportation Authority Policy Statements" 
and the "Results of On-Board Survey" make up the appendices. Other 
materials include a map of existing routes, schedule hours of operation, 
five year estimates and Graphic Depiction of Expansion and Extension 
of Base Service. 

NTIS ORDER NO.: PB 228 331/AS 8 
$6.25 



TITLE: HILLSBOROUGH COUNTY MASS TRANSIT TECHNICAL STUDY 

AUTHOR: De Leuw, Cather Associates 
(For Tampa Bay Regional Planning Council) 

DATE. April 1974 PROJECTNO.: FL-09-0009 
KEYWORDS: 

1. Planning 
2. Bus 

Hillsborough County, Florida, is the home of approximately 500,000 
people, more than half of whom reside within the City of Tampa -- which 
geographically comprises only 8% of the total county area. While local 
public transportation has been provided within the Tampa city limits 
since the mid-1880's, the remaining 92% of the county area has always 
lacked adequate mass transit facilities. 

The primary objectives of this study were to examine in detail the 
existing transit system, to determine the distribution of potential 
transit demand beyond the Tampa city limits, and to make recommendations 
for implementation over the next five years which would include the 
modification and expansion of existing services and the provision of 
new service. 

The work plan was arranged in three major phases. The first phase was 
devoted to the collection and preparation of data. This included the 
design and execution of four surveys to determine the existing and 
potential need for mass transit serv An inventory and inspection of 
existing transit facilities were also conducted. 

The second phase involved the detailed analysis of the collected data. 
Costs of each possible improvement were analyzed and an assessment of 
risks was made. Analysis was conducted of the sensitivity of cost and 
ridership estimates to variations inherent in the base data, as well as 
to possible changes caused by political, labor and financial factors. 

The final phase was the development of a detailed five-year improvement 
program including an identification of priorities for the implementation 
of all physical, service and management improvements. 

Tables, maps and figures are numerous. Appendices include fleet inven­
tory and inspection results and the home interview and pilot interview 
questionnaires. 

NTIS ORDER NO.: PB 233 914/AS 9 
$7.25 



TITLE: FOUNDATIONS FOR MASS TRANSIT PROGRAM DEVELOPMENT IN THE 
TAMPA BAY REGION Management Report 

AUTHOR: The Research Group, Inc. and Tampa Bay Reg ion al Planning Counc i 1, 
in support of the Tampa Bay Area Rapid Transit Authority 

DATE December 197 3 PfiOJECTN0 .. FL 09 0010 
KEYWORDS· 

1. Planning 
2. Financing Mass Transportation 
3. Management, planning and analysis 
4. Government, intergovernmental relations 

This report is part of a work effort being performed for the 11 Coordinated 
Support Services" program of the Tampa Bay Regional Planning Council 
(TBRPC) to the Tampa Bay Area Rapid Transit Authority (TBART) of Florida. 

The report reviews recent efforts of the TBRPC to establish the Authority. 
Chapter I, entitled uorganizing for Transit Development," covers those 
steps taken by the Planning Council and TBART to establish the Authority 
and reviews issues related to securing the required local commitments 
to undertake a transit development planning project. 

Chapter II describes the nature and source of existing State and Federal 
grant programs to financially support planning and preliminary engineering 
efforts of the Authority, and alternative sources of long-term local 
financial resources necessary to support system construction, operation 
and maintenance. 

The 11 TBART Pre-Re rendurn Intergovernmental Relations Program, 11 as the 
subject of Chapter III, addresses itself to the procedural requirements 
necessary in the planning process to secure approval of the adopted 
TBART system concept by units of local government, the State of Florida, 
and UMTA. 

Chapter IV, "TBART Organizational Needs" reviews the organizational 
structure and staffing pattern of transit agencies similar to TBART 
in legal and transit development status, recommends an organizational 
framework and accompanying pre-referendum staffing pattern and estimates 
financial resources required to support the Authority in the pre­
referendum period. 

Chapter V deals with issues confronting the Authority as it moves from 
system design efforts to construction and operation of a proposed transit 
system. 

NTIS ORDER NO.: PB 238-115/AS 10 
$ 4. 7 5 



TITLE: DES MOINES AREA TRANSIT STUDY 

Alan M. Voorhees & sociates, Inc. and 
AUTHOR· City of Des Moines Plan and Zoning Commission 

DATE July 1973 PROJECTNO.: IA-09-0003 
KEYWORDS: 

1. Planning, tools 
2. Bus, rapid transit 
3. Financing Mass Transportation, sources 

Increasing car ownership, improved highway systems and the dispersal of 
population and employment to the suburbs have been major factors causing 
the steady decline in transit ridership in Des Moines as well as other 
cities since the early 1950 1 s. The Central Iowa Regional Planning 
Commission (CIRPC) retained Alan M. Voorhees and Associates to analyze 
transit service and needs in the Des Moines, Iowa, urban area. The 
study was designed to provide practical immediate action 
and short-range improvement programs and to provide guidelines for long­
range transit planning. 

The present status of public transportation in the study area is examined. 
Land use and population data were developed for the 12 super-districts 
under consideration. Descriptions, summaries and analyses of data 
collection are presented and transit characteristics and patterns discerned. 
The goals and objectives for transit are put forth. Continuance of 
present operations without assistance, a municipal operation, a metro­
politan transit authority, or the payment of direct subsidy to the 
private owner are considered as alternatives. Recommendations are 
posited and financial needs determined. 

Tables, charts and maps are numerous. The appendices include 
samples of the surveys conducted and maps of major traffic generators. 

NTIS ORDER NO.: PB 2 29 669/ AS 11 $7.50 



TITLE: SUBURBAN FACTBOOK 1973 

AUTHOR: Northeastern Illinois Planning Commission 

DATE: April 1973 PROJECTNO.: IL-09-0026 
KEYWORDS: 

1. Planning, tools 
2. Surveys 
3. Quantitative Analysis 

This report is designed to be a useful tool for decision making in both 
management and planning. It is a comprehensive source of both 
census and non-census data currently available for northeastern Illinois. 

The tables are organized into three sections. The first is devoted to 
counties and townships. Data for municipalities and unincorporated 
places are included in the second section. The last section contains 
data on school districts and park districts. 

There are also three appendices which contain valuable background 
information. Appendix I contains extensive notes and definitions 
important to the correct interpretation and use of each of the tables. 
Appendix II contains a list of the sources for each of the tables, and 
Appendix III contains a description of other data services available from 
the Northeastern Illinois Planning Commission. 

Various maps are also included to illustrate the particular areas 
mentioned. 

NTISOROERNO.: PB 226-415/AS 12 $ 6. 2 5 



TITLE: A PROPOSED PUBLIC TRANSPORTATION SYSTEM FOR THE PORTLAND­
VANCOUVER METROPOLITAN AREA 

AUTHOR: Columbia Reg ion Association of Governments 

DATE August 1973 PROJECT NO.: IT-09-0008 
KEYWORDS: 

1. Bus, intercity 6. I3us, shuttle 
2. Bus, rapid transit 
3. Bus, stations and shelters 
4. Guideways 
5. Bus, priorities 

This summary report was prepared to inform citizens of the aspects of the 
proposed public transportation system, the result of a two-year study 
which analyzed alternative concepts of providing public transportation 
service throughout the Portland-Vancouver metropolitan area. 

It was concluded that the community should greatly expand its public 
transportation service through the development of a bus rap id transit 
system utilizing exclusive transit lanes, roadways, and park-and-ride 
stations. It was also decided that all facilities should be designed to 
allow for future conversion to an automatically operated transit system 
on fixed guideways with off line stations when it becomes technologically 
f ea si bl e. 

Specific features include: 160 miles of express routes with 22 miles 
of exclusive transit roadways and 15 miles of reserved bus lanes; 75 
express bus stations and stops with total parking for 15,000 automobiles; 
conversion of certain streets in downtown Portland to exclusive transit 
malls with wide sidewalks and pleasing architectural treatment; 1,000 
advanced concept, air-conditioned buses by 1990; a major downtown 
transfer station which would be part of a multirnode transportation 
terminal; exclusive transit roadways which could later be converted to 
automatically controlled fixed guideway systems; and frequent shuttle 
service in the downtown area. 

The report summarizes alternative concepts, planning assumptions, the 
plan description, ridership estimates, financial results of the operation, 
a financial and tax source analysis, the regional transit agency, and the 
implementation plan from 1975 through 1990. 

A large transit map of the area is also included. 

NTISORDERNO.: PB 226-521/AS 13 $ 3. 7 5 



TITLE: 

AUTHOR: 

DATE 
KEYWORDS: 

HOME INTERVIEW UPDATE AND SELECTED OPINION POLL 

Tri-State Regional Planning Commission 
(Felix Chu. Obinani) 

.June J 974 PROJECTNO .. IT-09-0014 

1. Trip Generation 
2. Surveys 
3. Quantitative Analysis 
4. Qualitative Analysis 
5, Socin-Economjc Analyses 

During 1963-64, the Tri-State Regional Planning Commission conducted 
a survey of households in a 1% random sample of occupied housing 
units and other special dwelling places in the New York metropolitan 
region to determine travel habits. Data obtained from the survey have 
subsequently been used to develop travel forecasts and plans for highways 
and transit. 

The 1972 73 home interview update survey conducted in Brooklyn was under­
taken primarily to test the cost and reliability of updating key data 
items in the 1963-4 estimates. 

Three methods of data collection, all based on at least one face-to-face 
contact between an interviewer and a respondent member of a household, 
were used in the update survey. 

A qualitative measure of the overall stability of trip generation rates 
between 1963 and 1972 was provided using simple cross-classification 
analysis. Total person or household trips were cross-classified by the 
number of automobiles available (owned) by the household, structure size, 
and household size. In general the relationships between the independent 
and dependent trip generation variables were invariant over the two time 
periods. 

Chapters include an introduction, summary of findings, estimates from 
1972 sample and data collection methods, trip generation rates, analysis 
of walk trips, analysis of travel behavior and the use of Downtown 
Brooklyn, and the relative effectiveness of data collection methods. 
Twenty-five tables and illustrations of sample clusters and an image 
rating of Downtown Brooklyn are presented. 

NTIS ORDER NO.: PB 2 36 656/ AS 14 $3.75 



TITLE: NORWALK BUS TRANSPORTATION STUDY 

AUTHOR: Tri-State Regional Planning Commission and 
Norwalk Community Development Action Plan (CDAP) 

DATE January 1973 PROJECT NO.: IT-09 0014 
KEYWORDS: 

1. Bus 
2. Planning 

This report seeks to review the existing bus system of 
Norwalk, Connecticut and how it evolved, and then to offer a 
series of four alternative courses of action that will provide 
adequate levels of transit service to Norwalk citizens. 

Structured so that they can be phased in sequence, these alterna­
tives can be presented separately in such a way that combinations 
of features can be made to form new alternatives which may be more 
responsive to local inputs. 

The four alternatives proposed are: (1) Preserve existing bus 
service; (2) Traditional transit improvements; (3) Norwalk local 
system (This would eliminate intercity service by local bus transit 
to enable concentration of resources in Norwalk and in other 
neighboring cities with local bus systems. The intercity traveler 
would use the railroad or anticipate new service by an intercity 
bus carrier); (4) New concept approach for comprehensive transit 
improvement (Two types of service would be structured to comple­
ment one another; the bus subsystem is point-to-point; major 
traffic generators would be connected along a corridor. The 
taxi element of the system is configured to feed the basic spine 
bus route. Taxi mode would furnish continuous point-to point 
service for trips originating and terminating in neighborhoods 
beyond the scope of the spine bus route.) 

Chapters discuss the five-year transit development program, 
existing transit system route description and operations 
analysis, transit potential, administrative, institutional 
and fiscal characteristics of existing bus system, local auto­
mobile use characteristics, bus passenger survey, recommendations 
and findings to improve the system, and implementation. 

Appendices and illustrations are included. 

NTIS ORDER NO.: PB 241-423 15 
$5.25 
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This report examines the impact of the Bicentennial Celebration on the 
transportation facilities available to Washington, D.C., visitors. The 
study projects the number of out-of-town visitors to be expected, based 
upon existing tourist levels and announced plans for commemorative 
events and exhibits. It has also estimated the demand for transit and 
other forms of transportation by visitors in 1976 and has recommended 
the type and amount of transit and other transportation improvements 
which should be developed to meet that demand. 

The results of this Bicentennial study indicate that many special transit 
and other transportation features must be designed, planned, funded and 
inaugurated prior to the opening of the celebration year in order that a 
full visitor transportation system will be completely and smoothly operat­
ing by 1976. Every effort must be continued to complete the proposed 
Bicentennial Metro network of 18 miles and 24 stations. This will provide 
mass transit facilities to visitors particularly between important 
attractions in the downtown area. 

Based upon a comprehensive review of past visitor projections and current 
information, it has been estimated that approximately 35 million people 
will come to Washington during the 200th anniversary year. Some 25 
million will be visitors, including some 6 million residents within the 
greater Washington metropolitan area. The majority of visitors, approxi 
mately 70%, will arrive by automobile. 

The Mall, stretching from the Lincoln Memorial to the Capitol, will be 
the anticipated center of visitor activity. Since tourists will be 
spending a major portion of their time in this limited area, transpor­
tation to and from the Mall will be a major priority for Bicentennial 
planners. 

The recommendations of this study are directed toward the following major 
problems: parking for automobiles of visitors attending exhibits and 
ceremonies in the downtown Washington Mall area; transportation of visitors 
between their automobiles and the Mall area; transportation of visitors 
within the Mall area; and, providing information to visitors on the avail­
ability and costs of that transportation. 

Appendices include a summary of planned Bicentennial Activities, major 
expositions, study results and a bibliography. 

NTIS ORDER NO.: PB 2 31 4 4 7 16 
$4.75 



TITLE: CITIZEN SAFETY AND BUS TRANSIT 

AUTHOR: Metropolitan Washington Council of Governments 
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KEYWORDS: 

1. Safety 
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This report investigates all of the major factors which affect the rela­
tionships between bus transit, crime and the citizen in the Washington, 
D.C. area. These factors include: (1) actual reported on-bus incidents; 
(2) reported incidents that occur at local bus stop intersections and 
bus stop approaches; (3) incidents observed by bus riders; and (4) atti 
tudes of bus riders and non-riders about bus related personal safety. 

The report documents the current methods of transit crime reporting and 
identifies obstacles to the provision of thorough accounting and reporting 
transit crimes. Major related issues such as passenger victimization, 
public perception of transit crime levels vs. actual reported incidence 
levels, and prerequisites to maintaining the public confidence are 
discussed in conjunction with recommendations for agencies involved. 

Conclusions include the following: a systematized method of 
determining the nature and extent of personally threatening incidents 
associated with bus riding does not currently exist in the metropolitan 
Washington area; driver reported bus related incidents which might 
threaten personal security are at a low level; based on a sample 
jurisdiction, incidents which might threaten personal security at bus 
stop intersections are at a low level; there appears to be a low priority 
of concern among bus riders and non-bus riders about bus related 
personal safety; and personal safety is a concern of both riders and 
non riders but may not be a significant inhibition to public bus riding 
in the metropolitan Washington area. 

Tables, displays and figures are included. Among the appendices is 
the sample questionnaire. A bibliography is furnished. 

NTIS ORDER NO.: PB 2 3 7 7 4 0/ AS 17 
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This report documents work performed and the conclusions 
reached in the Huntington (~ew York) Mass Transportation 
Study. 

Two broad objectives were established at the onset of the study: 
{1) to identify problems associated with transit services and 
local access elements of commuter railroad service in the Town, 
so as to identify alternative opportunities for service improve 
rnent; and, (2) to develop policy and program directions that would 
help the town better cope with near total reliance on 
the automobile. 

In the first of three phases of the study, existing transit ser­
vices, population, employment, and economic data were collected. 
Approximately 20 interviews with representatives of potential 
transit user groups were conducted. Three surveys related to 
existing and potential transit use were also conducted. In the 
second phase, existing services were analyzed, needs for addi­
tional transit services defined, alternative improvements 
identified and preliminarily screened, and findings presented. 
In the final phase, alternative transit improvements were 
analyzed in detail, and a Transit Development Program developed. 

The program includes four categories of serv e: (1) fixed route 
service; (2) commuter service; (3) specialized service; and,(4) a 
cooperative taxi program for special user groups. 

Appendices contain the transit rider, commuter access and 
potential needs surveys, potential user interviews an~ pre­
liminary program proposal. 

NTISORDERNO.: PB 238-686/AS 18 
$6.25 
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This report discusses the problems of the Topeka Transportation Company, 
a privately-owned organization. Although there is a great need for 
public transit service in Topeka, the Company is failing due to the com­
bination of aging buses, rising costs, and declining patronage and, due 
to existing revenue/cost standards, the Company cannot afford to provide 
service and equipment improvements. 

The report analyzes the most recent three yearn month period to indi-
cate transit losses in the Topeka Metropolitan Area (an average loss of 
almost $2,950 per month). During the most recent nine months, the 
Company has been forced to use funds earmarked for capital improvements 
in order to subsidize operations and, as a result, they have been unable 
to improve on service or equipment an<l have received no earnings from 
investments. 

A solution is proposed which would shi the ownership from private to 
public and thereby enable the Topeka Transportation Company to obtain 
Federal grants to purchase new equipment. There are also recommendations 
for fare structure, operating authority, and transit management. The 
proposed program is designed to shift the emphasis away from a failing 
private operation to a public service more responsive to the community's 
needs. Under the program, the financial question of whether each item 
will pay its own way will be subordinated to the potential public benefits 
flowing from the change. This is an important shift in emphasis which 
must be accomplished completely before any other improvements can be 
made. 

The report includes a background, an existing transit profile, a study of 
transit potentials, and a report on acquisitions including operating 
authority and cost. There are also numerous tables and figures. 

NTIS ORDER NO.: PB 223 431/AS 19 
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Transit patronage in the Paducah, Kentucky metropolitan area, as in many 
other areas of the country, has declined until it is no longer profitable 
for a private firm to operate the public transit system. This situation, 
along with the concomitant increased dependency upon the automobile, has 
caused severe transit problems in Paducah. 

This report is developed to improve transit service in order to 
alleviate, to the greatest extent possible, traffic problems which 
now exist and to improve the mobility of those people particularly 
dependent upon public transportation. 

The basic purpose of this study is to define short range transit needs 
in the Paducah metropolitan area and to make recommendations for improve­
ments. The analysis and findings of this report will provide a method 
for accelerated progress in providing needed mass transportation facilities. 

Chapters discuss community involvement, transit objectives, evaluation 
of pre-existing conditions, data collection, transit ridership survey 
results, the short range improvement program, implementation and con­
tinuing transit planning. 

Appendices include the transit attitude questionnaire, projected operating 
statements, by alternate, Kentucky House Bill No. 414 and the legal 
opinion on establishment of transit authority. 

Tables, figures and maps complement the text. 

NTIS0RDERN0.: PB 235 412/AS 20 $6.25 
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Louisville is Kentucky's largest city and the 40th largest 
in the United States. Located on the Ohio River, its 
population was 361,472 in 1970. The study area for the Louisville 
Metropolitan Transit Improvement Program constitutes the original 
SMSA boundaries - Jefferson County, Kentucky, and Clark and Floyd 
Counties, Indiana. This area also includes 26 incorporated 
communities. The study has been performed under the direction 
of the Kentuckiana Regional Planning and Development Agency, a 
regional planning organization which encompasses the newly con­
stituted SMSA along with four other rural Kentucky counties. 

The purpose of this report is to provide a short-range (five-
ar) transit improvement program. This program is designed 

to offer the Louisville community a snecific course of implemen­
tation and several alternate funding sources whereby transit 
can be shaped to accommodate the community's needs. 

This report has included an on board origin destination survey, 
public hearings, goals-based alternative systems analyses, and 
financial/legislative research to define practical avenues to 
implement the recommended plan. 

Chapters address the background of the area, community involve­
ments, transit goals and objectives, adequacy of service, 
valuation of physical assets, characteristics of transit users, 
alternate ownership/management framework, alternate transit 
systems, program for implementation, and continuing transit 
planning and improvement program. 

Figures and tables are numerous. 

NTIS ORDER NO.: PB 238-913 
21 Sl0.00 
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After a lengthy history of declining ridership, the Cincinnati, Newport 
and Covington Transportation Company (the Green Line) gave notice that 
transit service in Northern Kentucky would be permanently withdrawn 
on November 4, 1972. In an attempt to reduce costs prior to that date, the 
modern buses of the Green Line fleet were sold, service underwent con­
siderable reduction, fares were increased and the garage facility in 
Newport was sold. 

In anticipation of the Green Line closure, The Transit Authority of 
Northern Kentucky (TANK) was created to assume responsibility for provid­
ing publicly owned mass transit in the area, subject to voter approval. 

This study presents an updated five-year transit development program 
specifically for TANK. The impact that loss of transit service would 
have on Northern Kentucky is also evaluated. 

Among the TANK service improvements were that: all Green Line routes 
would continue to be operated by TANK, many with more frequent service; 
service to Cincinnati CBD would be improved by a downtown shuttle bus; 
and demand-actuated routing (dial-a-bus) would provide better service 
levels in several areas. Furthermore, a two-zone fare system would be 
instituted and reduced fares would be available for school children 
and senior citizens. All intra-systems transfers would be free. Pro­
gram costs are discussed. 

Figures and tables complement the text. Appendices are "Bus Stop Shelter 
Location" and "1971 Valuation of Cincinnati, Newport and Covington 
Transportation Company (The Green Line) . 11 

NTISOROERNO.: PB 236 664/AS 22 $4.75 



TITLE: PARK AND-RIDE/PARK AND-PADDLE FEASIBILITY STUDY 
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The central business district (CBD) of New Orleans is separated from the 
city's major residential areas by the Mississippi River. The major 
c~ ,duit into the city is the Greater ~ew Orleans Bridge which is supple­
mented by ferry service. The purpose of this study was to develop and 
evaluate proposals to alleviate rush-hour traffic congestion on the 
bridge. 

On-the-spot surveys of auto, bus and ferry commuters were conducted in 
order to determine: (1) how many commuters there are; (2) of these, 
how many were commuting to work; (3) what part of the city they were 
going to; and (4) why they were using that mode of transportation. A 
detailed analysis was made of such factors as: the pattern of trip distri­
bution; average daily parking fees; the merits and drawbacks of such 
alternatives as monorails, people movers and over the-water-craft; and 
availability and cost of suitable park-and-ride lot sites. The most 
formidable problem encountered during these studies was that of choosing 
a park and-ride lot site. Site investigations were limited to publicly 
owned land or vacant private parcels that could be purchased or leased 
for parking facility development. 

Alternatives for the corridor transportation system were ranked according 
to degree of goal achievement. Cost effective analysis for each alter 
native was made and the resulting choice of the park-and-ride plan was 
justified. Changes necessary for the implementation of park-and-ride 
as well as capital estimates are detailed. Supplemental recommendations 
are made. These include the eventual implementation of a park-and paddle 
system for ferry riders. 

Maps, charts, a bibliography, and appendices including reproductions of 
the commuter questionnaires are included in the report. 

NTISOROERNO.: PB 229 750/AS 23 
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The first phase of the Massachusetts Bay Transportation Authority's 
(MBTA) South Shore Rapid Transit Extension, which opened in Quincy, 
Massachusetts in 1971, was the Authority's first high speed rail rapid 
transit link between Boston and the suburban communities on the South 
Shore. Realizing the effects of this project on transportation and regional 
growth, the MBTA contracted with the Metropolitan Area Planning Council 
(MAPC) to study the impacts related to the transit extension. 

The major goal of this report, then, is to increase the understanding 
of impacts of this transit extension with the view toward the planning 
of future transit extensions. 

The major data source for the study was a ridership survey. The survey 
questionnaire was developed to determine a variety of ridership 
characteristics and transit extension impacts; i.e., time of use, mode 
of transportation, previous mode of travel, origin, destination, reasons 
for use, propensity to transfer, time saved or lost, and a variety of 
socio economic characteristics. A sample questionnaire is included in 
this report. 

Chapters include the methodology, historical review, planning 
considerations, engineering design aspects, ridership characteristics, 
impacts on traffic volume and patterns, economic impacts, and land use 
impacts. 

It is concluded that future development within the defined impact zone 
will be related to transit stations, in that, the adjoining areas of the 
three stations under consideration have developed or will develop a 
roughly concentric land use pattern consisting of business and commercial 
uses closest to the station, followed by medium to high density multi­
family development, and finally low density residential neighborhoods. 

A bibliography is furnished. 

NTIS ORDER NO.: PB 237-048/AS 24 ~6.25 
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This report is a brief summary of the statistical data and findings which 
are covered in detail in the MINNEAPOLIS PEOPLE MOVER STUDY: Final Report 
(PB 222-619). The purpose of the study is to assess the feasibility of 
a people mover system for implementation in downtown Minneapolis by 1976. 
Incorporated in the study are the development and assessment of a conceptual 
design, and the preparation of preliminary performance specifications. 

Specifically, this report covers the following general catagories: need, 
desired characteristics, conceptual system, costs and financing, impact, 
and implementation. 

There are numerous photographs included as well as a selected bibliography. 

NTISORDERNO .. PB 222 563 25 
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This study presents an assessment of the feasibility of constructing and 
operating a people mover system in downtown Minneapolis by 1976 and 
presents a conceptual plan for such a system. There is a corresponding 
Summary Report (PB 222-563/AS) which summarizes the data contained in the 
Final Report. 

Of primary consideration in this study is the economic and design feasibi­
lity of a people mover system. The second objective is to develop design 
guidelines and performance specifications. The economic and environmental 
impacts are also assessed, as well as benefit cost analysis. The overall 
general aim of the study is to identify how a people mover system can 
realize the potential of downtown Minneapolis by solving its transporta 
tion problems. 

Particular people mover systems covered in the study involve moving people 
either below ground, at street level, or at some elevation above the 
streets. Mechanical systems considered include the full range of people­
transporting devices from moving sidewalks through individualized personal 
transit vehicles to intermediate transit or activity center vehicles. 
Considerations on the routing studies include tying together the fringe 
parking areas, cultural and housing facilities, and the downtown core. 
Future extensions to newly developing patronage generators are considered, 
as well as existing and proposed transportation facilities and structures. 

Various sources of financing and revenue are also discussed in the report 
as well as legal considerations. 

Included in the appendices are charts which describe downtown accident 
statistics, population characteristics, simulations, specifications and 
patronage calculations, and a bibliography. 

NTISORDERNO.: PB 222-619/AS 26 $11.25 
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The purposes of this study are to analyze the transit system operations 
in Jackson, Mississippi and to develop an improvement program for 
immediate implementation, designed to cover public transportation require­
ments over the next five years. Specific recommendations for improve­
ments to the system, the service, and the equipment are made as well as 
for options concerning the management/ownership aspects of the transit 
system, since the system has been losing money under private ownership. 

When the scope of the study was originally designed, the Jackson Transit 
System was successful and the ridership was quite high. However, after 
transit operations ceased for two months during a transit strike, rider­
ship dropped twenty percent, and the original scope of the study was 
altered. 

Specific considerations concern route network revisions, the establishment 
of a transit center, an effective marketing program, the expansion of the 
transit system into two outlying areas, various types of ownership, and 
costs of capital improvements. 

There is also a section on long-range transit planning considerations in 
which the future role of transit is studied with subsequent long-range 
planning strategies and service possibilities. 

Appendices include survey forms, a summary of their results, and a section 
which describes the process of demand forecasting. 

NTIS ORDER NO.: PB 2 2 4 8 9 6 27 $4.75 
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The area encompassed by this technical study is the City of Meridian, 
Mississippi and its immediate environs. Based on the 1970 census, the 
city population was 45,000 with an additional 22,000 residing in 
Lauderdale County. 

The purposes of this study were twofold: (1) to evaluate the transit 
operation, make recommendations for service improvements, and identify 
financial needs (both operating and capital) in the short term future; 
and,(2) to examine alternative transit ownership and management options 
available to the City. 

The first phase of the study was designed to evaluate the transit require­
ments for the next five-year period and develop appropriate service 
improvements. The thrust of this phase was to analyze the operation of 
the Meridian City Lines (MCL), including financial status, maintenance 
facilities, equipment requirements, and bus routes and schedules. The 
end product was information designed to permit elected city officials 
to reach a decision on the types of improvements which are necessary to 
maintain and improve the transit system. 

The second phase of the study was directed to the future ownership and 
operation of MCL. While it had been recognized that transit should 
become a publicly-operated service, there are several alternative struc­
tures for public management. These alternatives relate to such aspects 
of transit as amount and form of public assistance, cost savings due to 
public ownership and provision of service. 

The four main segments of the report deal with the aspects of existing 
transit operations such as fares, public attitudes, the immediate 
action program, and public involvement and program development, including, 
in the discussion about implementation of recommendations, the marketing 
program. 

Tables and figures complement the text. 

NTIS OROER NO.: PB 2 34 7 3 7 / AS 28 $4.25 
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The primary objective of this study is to develop, for the Manchester, 
New Hampshire, urban area, a five-year transit development program which 
meets the public transportation needs, especially those of the transit­
dependent persons, and which is consistent with the goals and values of 
the residents in the area. 

A summary of the current status of public transportation and an analysis 
of Manchester Transit's regular service on a route-by-route basis are 
presented. Preliminary data acquisition included an on-board passenger 
survey, community interviews and an appraisal of the transit system. A 
statement of goals and objectives for public transportation are stated 
and the potential impacts of the termination of public transportation 
service in Manchester are discussed. There is an investigation of the 
alternative forms of transit system ownership and management which are 
available to Manchester and a summary of pertinent state legislation. 
The range of public transportation alternatives is analyzed. Included 
among these are regular route service, school bus, 
and special transportation service alternatives. Examination ot an 
alternative city-wide demand-responsive system is included in one of the 
appendices. 

In the discussion of the recommended transit development program, details 
include a description of routes and services, program capital requirements, 
program implementation schedule, five-year cost-revenue forecasts, program 
marketing plan, program maintenance plan and the program monitoring plan. 

Tables, figures and maps are numerous. Appendices also include on-board 
passenger survey,methodology, Manchester population and income distribu­
tions, and forecasted operating statistics. 

NTISORDERNO.: PB 232 305/AS 
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The purpose of this report is to provide the necessary documentation by 
which an evaluation may be made of the economic and technical feasibility 
of the proposed Charlotte-Henrietta Rapid Transit System in Rochester, 
New York. 

The Charlotte Henrietta Corridor is unique in that the proposed right­
of-way is predominantly along existing railroad lines, thus minimizing 
the problems of land acquisition, relocation of residences and businesses, 
and interference with existing transportation systems during construction 
or after implementation. The rapid transit system is also being designed 
to permit continuance of existing freight service during nighttime opera­
tions without interference to passenger operations. 

Presented in this report are an analysis of present conditions, the 
determination of future transit requirements, and an initial analysis of 
alternative transportation systems. The background and need for a public 
transportation system, the definition of the corridor and the data that 
wereused to select alternative transportation systems for more detailed 
economic evaluation and final mode selection are also discussed. 

The requirements for rapid transit in the corridor are based on popula­
tion projections, employment projections, existing land use, proposed land 
use plan, patronage projections and resultant service characteristics. 
The three alternative rapid transit modes which best satisfy all of the 
criteria established for Rochester were the grade separated conventional 
rail, light rail and busway system. 

Appendices include the historical development of a balanced transportation 
system, participating organizations, description of existing railroad 
lines, models and projections, initial transit system design and a 
theoretical concept for obtaining qualitative measures of mode effective­
ness. 

Figures, tables, maps and photographs are numerous. 

NTIS ORDER NO.: PB 232 347/AS 30 $ 9. 2 5 
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This report contains the appendices to "Planning Mode Selection and 
Economic Feasibility Report - Charlotte-Henrietta Transit Corridor -
Volume I - Planning and Preliminary Mode Selection" (PB 232-347/AS). 

The purpose of the Volume I report was to provide the necessary documen­
tation by which an evaluation may be made of the economic and technical 
feasibility of the proposed Charlotte-Henrietta Rapid Transit System 
in Rochester, New York. The Charlotte-Henrietta Corridor is unique in 
that the proposed right of-way is predominantly along existing railroad 
lines, thus minimizing the problems of land acquisition, relocation of 
businesses and residences, and the interference with existing transpor­
tation systems during construction or after implementation. The rapid 
transit system is also being designed to permit the continuance of exist­
ing freight service during nighttime operations without interference to 
passenger operations. 

Appendix A of this report is entitled "Light Rail Alternatives". Discus­
sion centers upon grade crossing in the vicinity of terminals, extension 
of service to Kodak Park, the Lake Ontario Extension and a summary of 
light rail alternatives. 

Busway alternatives is the topic under consideration in Appendix B. 
Bus capacity, the ability of transit buses to leave exclusive busway, 
express bus service, grade crossing in the vicinity of terminals, 
Lake Ontario extension, bus li analysis, intercorridor mode compatability 
and a summary of busway alternatives are presented in this section. 

Appendix C includes specific work items recommended for preliminary 
engineering and design. Plan and profile drawings compose Appendix D. 

NTIS ORDER NO.: PB 2 38- 916/ AS 31 $6.25 
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This short-term transit improvement study of the Rochester Transit 
System in New York is directed toward the following objectives: 

To make transit operations more efficient by recommending 
better routes, schedules, methods of operations, and fare 
schedules. 

To determine the financial feasibility of extending service to 
areas not presently served. 

To aid bus operations by detecting deficiencies in the 
street system. 

To identify and justify capital facilities needs. 

To develop an operations plan which would coordinate bus service 
with transit improvements recommended in other studies covering 
express bus service and a downtown bus terminal. 

The report is divided into sections including: an introduction, a 9istoryand 
description of the regional transit system, a study approach, routes and 
schedules, improvements, organizational matters, capital requirements, 
and a summary of recommendations. 

Appendices are included in a separate volume (PB 226-O39/AS). 

NTIS ORDER NO.: PB-225 69O/AS 32 
$7.00 
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This report contains the appendices to the final report of the Rochester 
Transit Improvement Study (PB 225-690), which examines the current 
transit operations in Rochester, New York and makes recommendations for 
improvement. 

Included in the appendices are: 

a bus user survey and its expansion and processing methodology; 

a summary of transit users' characteristics; 

an explanation of the coding procedure; 

the coding manual of the on board bus survey; 

network coding assumptions; 

route changes coded into short-term improvement networks; 

a 1971 improved system patronage forecast; 

a comparison of the 1970 on-board transit survey results of 
a computer simulation; and, 

comments by respondents. 
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This report presents investigations, data, and findings concerned with 
transit deficiencies in Syracuse, New York,as well as public attitudes 
toward transit, and solutions structured as a five-year development 
program. Principal recommendations of the study include a new routing 
pattern, adjusted schedules, a new fare structure, purchase of various 
new equipment, construction of several new structures, and the establish­
ment of a comprehensive transit information program. 

The introduction to the report includes a justification of the study, 
and an outline of purpose and basic problems to be considered. Existing 
public transportation service is then analyzed. The results of various 
surveys are presented and characterized according to ridership, traffic 
patterns, reasons for travel, opinions of riders and non-riders, and 
related topics. The next section considers planning characteristics and 
projections of population, land use, and travel. The organization and 
management of CNY Centro, formerly the Syracuse Transit Corporation, is 
then discussed and specific recommendations are made including route 
changes, schedule changes, equipment needs, improved farebox collection, 
shelters, a five-year plan and a long term transit improvement plan. 

The final two sections consider the various aspects of contract and 
special bus service, operating forecasts and capital costs. 

The appendix includes background legislation, a labor agreement, passen­
ger tariffs, and an action plan. There are many illustrations and 
tabulations to support the methodology and findings of the study. 
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The purpose of this study is to select the best set of options available 
to the Central Ohio Transit Authority (COTA) in its effort to improve, 
acquire, and expand the present transit system in the Central Ohio area. 
The decisions outlined in this volume represent COTA's best judgement, 
based on a careful study of the information available, designed to be 
flexible enough to accomodate improvement as experience and the continued 
gathering of information indicate. Various governments, city and county, 
and civic organizations worked closely with COTA to acquire the informa­
tion presented in this study. 

The report begins with a background of the history, problems and 
community benefits of the transit system. Policy guidelines and state­
ments are discussed as are planned improvements for the five-year period 
from 1973-1978. A financial plan is presented including a revenue/cost 
analysis of existing routes, a revenue/cost analysis of new bus service, 
other expenditure items, and a capital improvement program. 

The section under implementation includes management, fare reform, a 
bus replacement program, and a marketing program. 

Various charts and tables, a map which details the five year program, 
and a bibliography are also included. 
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This report concerns a marketing program, part of which was developed 
especially for the Central Ohio Transit Authority (COTA). The program 
covers specific implementation details during a period of one 
year. The basic purpose of the study is to develop a comprehensive 
marketing program, suitable for immediate implementation, aimed at 
increasing the use of transit. Transit marketing is stressed as a program 
composed of marketing functions; marketing research; design of vehicles, 
stops, shelters, and information aids; public relations; sales promotion; 
customer relations; market development; and advertising. Importance is 
also placed on the concept that good marketing in the transit industry 
is in integrating all the parts of the operation in order to meet the goal 
of high quality public service. 

Basic research was conducted in order to determine the attitudes, 
characteristics and desires of both users and non-users. Two surveys, 
one conducted by telephone and one on board the buses, were designed and 
conducted. Procedures are listed in the appendix. 

Interviews were held with leading merchants, the Chamber of Commerce, 
officials of the Columbus Transit Company (CTC) responsible for advertis­
ing and promotion, and representatives of Columbus area media. Data 
obtained were analyzed in terms of market group interest and need. 

The report is divided into three parts: Part I outlines the basic 
philosophy of the report and the goals of transit marketing; Part II 
presents the recommended marketing plan; and Part III deals with the 
implementation of this plan. 
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A major concern of the Central Ohio Transit Authority (COTA) is how to 
manage the transit system for Columbus and Franklin County once public 
ownership occurs. The four principal problems which express this con­
cern are: 1) the form of management that should be established, 2) the 
question of who should be the managers, 3) the most appropriate form of 
organization, and 4) the question of how management should relate to the 
COTA Board. 

This report attempts to solve these problems as well as to provide COTA 
with recommendations for an action program. The report begins with a 
general discussion of the management alternatives COTA should consider, 
then presents a brief review and evaluation of the Columbus Transit 
Company(CTC) management group, and finally recommends short-ter~ and long-term 
management and organization proposals. 

Conclusions are based m: personal interviews with each member of the COTA 
Acquisition (management) Task Force; interviews with transit officials 
in Dayton, Toledo, Cleveland and Erie; several meetings with members 
of the Task Force; thorough study of the Transit Authority 
law, COTA's rules and regulations, COTA's goals, objectives and policies; 
and.considerable review of the CTC organization and management group. 
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This study outlines a proposed program which would convert the present 
maintenance and repair facilities of the Tri County Metropolitan District 
in Oregon into a completely modern transportation facility, providing the 
best conditions for maintenance and operations, while making maximum use 
of existing sites. 

The study scope includes: a review of the existing operations, environment 
and future needs and goals; investigation and analysis of the actual 
condition of the existing facility and its adaptability to present day 
standards; preparation and submission of preliminary design schemes to 
the Tri-Met review committee and to pertinent agencies; preparation of a 
staged construction plan consistent with Tri-Met 1 s operations and fiscal 
goals; preparation of cost estimates for construction and engineering; 
and preparation of a final report including material necessary for a capital 
grant application. 

Structurally, the buildings were found to be in fair condition but sub­
stantial deficiencies were found in lighting, ventilation and general 
liveability. It was found that there was much wasted space, awkward 
space arrangements and poor circulation of people, all of which con­
tributed to employee inefficiency. 

In order to improve the existing situation, requirements would include 
additional exit doors and fire safe corridors, partitions moved, new 
floors, lighting and room finishes, and improved toilet areas. These 
improvements would equal or exceed the cost of new construction. 

Architectural drawings are included. 
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On August 7, 1969, the City of Williamsport,Pennsylvania purchased, with 
the aid of a Federal grant, the Williamsport City Bus Lines. This action 
preserved transit service in the area since the private operator had 
been suffering financial losses that precluded continuation of operation. 
Yet, despite progressive actions, performance of the bus operations has 
declined. 

Ridership which initially increased, resumed the decline which characterized 
the failure of the private operation and, overall, revenue passengers 
have declined. 

This situation has raised questions regarding the proper approach which 
the city should take regarding transit operations. Questions have been 
raised as to whether existing service should be increased or decreased, 
fares raised or lowered, routes changed, apportionment of operating 
losses to service municipalities be re-evaluated, and whether the ever 
increasing deficit can be decreased. In addition, the issue of the most 
suitable form of public ownership has been raised by the problems which 
have developed in attempts to secure regional support for city operation. 

This study was undertaken to answer the above questions and to develop a 
short range transit development program covering the five-year period 
of 1973-77. Long-range implications of present trends are also discussed. 

Recommended routes and schedules are ~resented: Continuation of the 
single-zone fare system with a small increase in rates is suggested. In 
terms of transit management, a commitment by each of the communities 
is called for. An extensive promotion and advertising program is suggested. 
The formation of a City-County Transit Authority or a County Transporta 
tion Department is proposed as the first step in carrying out the transit 
development program. 

Appendices include transit analysis zones and tables of total person 
trips and transit trips. 
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The objective of this report was to develop recommendations for a five­
year transit improvement program designed to address the transit problems 
of declining patronage, financial losses, and inadequate service in Reading 
and Berks County, Pennsylvania. 

Reading Bus Company has been operating with emergency subsidies under the 
Pennsylvania Urban Mass Transportation Act. The Commonwealth of 
Pennsylvania, County of Berks and City of Reading are contributing funds 
to Reading Bus Company to insure continued operation at present service 
levels. 

A detailed evaluation of existing transit service deficiencies included 
the findings that transit service coverage is not provided adequately in 
much of the area, only 51.1% of the area residents are provided some type 
of service, transit fares have increased from 18¢ to 35¢ in the ten-year 
period of 1962-1972, and financial reports of the Reading Bus Company 
indicate a substantial net loss for the year 1972, with no brighter hopes 
for the future. 

Local public attitudes toward transit were surveyed. While area residents 
were generally satisfied with transit coverage, driver attitude, travel 
time and routings and connections, there were areas of dissatisfaction with 
various operating characteristics. Transit improvement is supported by 
the public. 

Included in the report is the recommended transit development plan. 
Topics considered are a recommended management plan, transportation 
authority formation, feasible extent of transit services, system alter­
natives, recommended service levels, fare level tests, detailed passenger 
projection, transit-oriented street improvements, equipment and facili­
ties, rider amenities and field supervisory and safety improvements. 

Text material is supported by maps, tables, survey data, graphs and 
figures. Appendix "A" is "Definitions of Forms of Urban Public Trans­
portation - U.S. Department of Transportation," Appendix "B" is nrnven­
tory and Appraisal Tables" of the Reading Bus Company, Inc., and Appendix 
"C" is "Application to the Commonwealth of Pennsylvania Department 
of Transportation for a Purchase of Service Grant by the County of Berks." 

NTISORDERNO.: PB 230 624/AS 40 
$8.75 



TITLE: CLOSING REPORT ON PUBLIC TRANSPORTATION 

AUTHOR: Delaware Valley Regional Planning Commission (DVRPC) 

DATE: October 1973 PROJECT NO.: PA-09-0025 
KEYWORDS: 

1. Management, planning and analysis 
2. Intercity Transportation 
3. Rail, commuter 
4. Bus, rapid transit 

This report reviews thirty-three public transportation projects carried 
on by the Delaware Valley Regional Planning Commission in Pennsylvania. 
The emphasis of the report is on the planned development of an urbanized 
area with special reference to public transportation facilities and 
services. The various operating agencies in the area which have respon­
sibility for short-range planning are the Southeastern Pennsylvania 
Transportation Authority (SEPTA), the Delaware River Port Authority 
(DRPA), the City of Philadelphia, the City of Trenton, and Mercer County 
Improvement Authority (MCIA). 

Specific projects covered by the report include coordination of operations, 
technical communications, congestion and public parking in downtown areas, 
cost evaluations, ridership profiles, rapid transit extensions of bus and 
commuter rail, Bicentennial celebrations, methods of transit evaluation 
and planning, transit inventories, transit information systems, fares 
and transfers, employment data, geographic and land use data, citizen 
participation, and internal administration. 

Each project is outlined briefly, with information on project title, tne 
DVRPC project number to facilitate retrieval of the complete study from 
them, program purpose, summary, and contents. 
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This report is a comprehensive study of transportation needs in Puerto 
Rico. The work represents an integrated product which was generated 
with the cooperation of various public agencies. Needs estimates were 
developed with standard forecasting techniques to assist in the evalua­
tion of several alternative capital improvement programs. 

These programs are discussed with reference to distribution of Federal 
funds, project priorities, allocations among project alternatives, and 
public ownership of transit systems. Implementation procedures, costs 
and funding and transportation planning and regulations are also discussed. 

The report concludes that major construction programs should be initiated 
to improve air, land, and water transportation facilities and services. A 
major emphasis of regional programming should be given to mass transpor­
tation as an agent for controlling urban sprawl and environmental quality. 
An island-wide rapid transit system is recommended. The report contains 
complete statistical documentation. 
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The final report of the Houston Transit Action Program is divided into 
two volumes documenting work performed and conclusions reac d. 

The original goals of the Transit Action Program were: 1) a long range 
program looking to the end of the century; 2) a Stage One rapid con­
struction program for the 70 1 s; and,3) an immediate five-year bus improve 
ment program. All three are a coordinated effort to provide the best 
possible transportation service for the people in the Houston area. 

The report is divided into ten sections supplemented by technical memoranda 
and work sheets available from the City of Houston. Volume I contains 
the first six sections. Section I summarizes the total process and the 
resulting recommendations. Section II explains the organization of the 
work program, including the status of area planning and the citizen­
community involvement work. Section III describes area development 
trends, community concerns and objectives, transit issues, and the evalua 
tion factors selected to compare the alternatives. Section IV and V 
present the work conducted to analyze long-range transit alternatives, 
proceeding from the initial search for possibilities of small and lar 
capital investments and different technologies, through the in depth 
analysis of the transit customer market potential related to different 
types of transit services, to a final evaluation of the more practicable 
alternatives. Section VI contains a description of the long-range 
program including various types of guideways and an analysis of the 
benefits estimated to accrue from its development. 

Volume II (PB-226-146) concentrates mainly on bus improvements. 
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The final report of the Houston Transit Action Program is divided into 
two volumes documenting the work performed and the conclusions reached. 

The original goals of the Transit Action Program were: 1) a long-range 
program looking to the end of the century, 2) a Stage One rapid construc­
tion program for the 70's, and 3) an immediate five-year bus improvement 
program. All three are a coordinated effort to provide the best possible 
transportation service for the people in the Houston area. 

The report is divided into ten sections supplemented by technical 
memoranda and work sheets available from the City of Houston. Volume II 
contains Sections VII through X. 

Section VII provides further details to assist in the development of 
Stage One of the program, with refined construction cost estimates, a 
tentative schedule of development, and revenue estimates. The emphasis 
in Sections VIII and IX is on short-range bus improvements. Section VIII 
provides a summary of existing conditions and an extensive documentation 
of alternative types of bus service and fares. Section IX is the recom­
mended Five Year program for bus service, including guides to the con­
tinuing work effort needed to update and refine the Five-Year program. 
Section X describes the conclusions on the basic implementation task for 
Houston as well as the national, state and local financial program for 
the first five years, and conclusions on financing and organizational 
requirements. 

Volume I (PB 226-145) concentrates mainly on long-range transit programs 
and the basic organization of the program. 
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This report presents an in-depth examination of the characteristics and 
adequacy of the existing transit service in Lubbock, Texas, its appraised 
value and financial performance, the characteristics of the transit riders, 
and community attitudes toward public transportation. A number of alter­
native plans regarding public participation in transit and possible revenue 
sources are explored. The role of public transportation relative to the 
cost of providing this service is discussed, along with the hardship to 
riders should this transit system cease operation. 

A recommended transit plan is outlined in an eleven-point program based on 
the assumption of public acquisition. The sub-headings under the eleven­
point program are Public Acquisition, Capital Improvements, Operating 
Deficits and Service Improvements. 

In the event that the system does not become publicly owned, a twelfth 
point is presented which outlines a contingency plan in which it is 
suggested that privately-owned jitneys might satisfy citizen mobility 
needs. 

There are descriptions and illustrations of various route alignments, a 
more detailed discussion of the capital improvement program, and an outline 
of the public information and service promotion programs which would in 
elude special fares for students, the elderly, and shoppers. 
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The purpose of this study is, first, to evaluate the present local service 
provided in parts of Box Elder, Weber, Davis, Salt Lake and Tooele 
Counties, Utah, by private bus companies and to determine the alternatives 
for improving service including the possible public acquisition of these 
private companies. Secondly, is the development of a short range program 
for improving transit service in the study area and integration of the 
improved program with the operations of the Utah Transit Authority (UTA). 
In 1972 a patronage increase of nearly 10% over the previous year was 
experienced by UTA and it is intended that all transit service in the 
region be on a level at least equal with that provided by UTA. 

The project is divided into four phases. Phase A, Valuation Studies, 
consists of all appraisals necessary to determine the fair market values 
of the physical assets and operating rights of some of the private 
companies. The Short-Range Transit Improvement Program, Phase B, 
includes all surveys, inventories and analyses leading to the 
development of an overall transit improvement program through 
1980. Present transit service is analyzed in terms of such factors 
as route characteristics, fares, equipment, management, maintenance 
and facilities, patronage and user characteristics, trip purpose 
and travel patterns. Transit service alternatives are examined, 
recommendations are proposed, and implementation, organization and manage­
ment are discussed. 

Phase C, the Long-Range Transit Needs, includes a 1995 usage analysis, the 
determination if a separate right of-way transit system is required in 
the future, and the specific types of rapid transit systems available. 
Supplemental transit studies for the University of Utah, Weber State 
College and Weber County Public Schools examine the transportation problems 
and make recommendations for solutions. 

Illustrations are provided, along with tables of the data collected on 
each of the private bus companies. Appendix 11A11 contains the Operating 
Franchise of the Ogden Bus Lines, "B" is the 1972 On-Board Passenger 
Survey, "C" is the Bus-Mile Costs and Passenger Estimates and "Dlt is the 
Wasatch Front Regional Recommended Interrelationship. 
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The purpose of this study is to determine the feasibility of the public 
acquisition of the transit property of the Virginia Transit Company 
(VTC) in Norfolk, and the development of a short range transit develop­
ment program for the area served by the VTC. 

The 1967-1971 financial statements were analyzed and it was found 
that net income decreased substantially from 1967 to 1971. These 
losses were expected to increase, giving the VTC no choice but 
to discontinue its privately owned operation. It was recommended 
that the tangible property of the VTC, which was considered only adequate 
for a transit system serving the Norfolk area, be purchased at a price 
reasonably close to the appraised value. It was decided that a 
Regional Transportation District (RTD) should be formed to assume 
ownership. If this could not be accomp 1 ished, either as a multi-member IlTD 
or as a City RTD, then it was suggested that ownership by the City of 
Norfolk should be effectuated. According to the authors, best suited 
to the current need would be an operation under a management contract 
with a professional management company. 

A short-range transit program was prepared 1 designed to increase rider­
ship. It was estimated that it would require from eight months to 
two years to construct a completely new transit facility and to purchase 
major quantities of new equipment. A detailed plan of action and a 
timetable for the public acquisition and improvement of the tangible 
property of the VTC are presented. 

Other specific topics considered in this study include: description, 
condition and evaluation of tangible property; office, shop, and bus 
storage requirements; characteristics of present VTC staff; analysis of 
labor contract; transit ownership and operating options; estimated 
revenues, maintenance and operating expenses; and analysis of capital 
requirements and sources. 
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This report summarizes the findings and recommendations of a planning 
study of the Lynchburg, Virginia, urban area. 

Using data and information gathered throughout the study, the current 
status of transit service is described, trends over the past five years 
are provided and the financial propsects for the future operation of 
Lynchburg Transit Company are given. Through community interviews and 
other data, public transportation needs in the Lynchburg area are identi­
fied and transit goals and objectives are stated. 

Transit ownership and management alternatives are described indicating 
the possible advantages and disadvantages of each alternative. In 
response to the specific transit objectives identified earlier, a set 
of service modifications is presented and discussed for incorporation 
into a Transit Development Program. Based on policy guidance by the 
City and the Technical Advisory Committee, a recommended Transit Develop­
ment Program for Lynchburg is outlined. It includes routes and services, 
capital requirements, an implementation schedule, a five-year expense 
and revenue forecast, a program marketing plan, a program maintenance 
plan and the program monitoring plan. 
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The overall goal of this study is to investigate the transportation 
problems in Seattle, identify their magnitude, and propose solutions. 
The four principal objectives of the study are (1) to determine trans­
portation needs and to assess transportation service problems of Model 
City residents, (Z) to recommend solutions in sufficient detail and 
documentation to enable immediate implementation, (3) to recommend 
practical solutions which are capable of being part of existing public 
transportation facilities or which provide viable business opportunities, 
and (4) to coordinate the recommendations of the study with related 
area and sub-area land use and transportation plans, studies, and 
programs in order to improve the access of Model City residents to 
desired destinations and activities within and outside the area. 

Coordination was maintained between the local public agencies through 
a Technical Advisory Committee and the Model City residents through 
a Community Involvement Program which is described fully in the report. 

The authors make five lengthy and specific recommendations designed to 
achieve the maximum possible improvement in transportation in the study 
area, in the shortest possible time and at the greatest economy. The 
study area covers four square miles, and has a population of almost 
40,000 people which has suffered severely under the Seattle area 
economic decline. 

Recommendations are made on the basis of goals and objectives, 
alternatives and implementations and costs. 
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The purpose of this report is to create a "micro traffic assignment model" 
sensitive to the planning needs for all types of tripmaking for the 
Bellevue area. It was found that the accuracy of the predictions for free­
way, expressway and major state highways were quite workable. 

Since 1953, the study area, the City of Bellevue, has grown from 12,809 
people to over 60,000, making it the fourth largest city in the 
State of Washington. There has also been, with the population expansion, 
a great territorial expansion with the construction of shopping centers 
outside the Central Business District. The need for a micro traffic 
assignment model has been underscored by the necessity of planning trans­
portation linkages between these shopping centers, the central business 
district, the industrial areas, and the residential areas. 

In order to establish the model, tripmaking was related to land use cate­
gories, and a transportation analysis zonal structure sensitive to arterial 
planning within the Bellevue area was created and then calibrated by 
comparing volumes assigned by the computer to traffic movement patterns 
observed by traffic counts. A flow chart was then established to show 
the sequence of the predictive equations which were based on land use 
and then utilized to predict future trip-making on the calibrated street 
and highway network. 
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This report and a Technical Supplement represent a study sponsored by the 
City of Eau Claire, Wisconsin to determine the continued provision of 
urban transit service by the City, which has heavily subsidized the 
privately-owned city transit bus operation. 

Specific conclusions of the report include the following: 
~) that service adjustments be based on passenger use; (2) that there be 
municipal ownership with management by a private firm; (3) that a city 
transit commission be gradually succeeded by an expanded city transit/ 
parking commission; (4) the city transit commission would own only 
the transit vehicles and necessary supportive equipment such as bus 
washers and cleaner; (5) the City of Eau Claire would replace the 
existing bus fleet with nine new buses with the best comfort features 
available; and, (6) financing the operating deficit would be the res­
ponsibility of locally elected officials. 

Chapter headings include;a description of Eau Claire, the city and the 
transit system; basic cost/revenue considerations; service revision and 
funding alternatives; ownership, management, organization; recommended 
transit programs; marketing transit; and a transit action plan. 

A bibliography is included along with various illustrations, charts, 
exhibits and maps. 
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This technical supplement report, along with the final report, is part 
of a study to determine the continued provision of the privately owned 
city transit bus service by the City of Eau Claire, Wisconsin. 

Included in this volume are: Recommended Bus Routes, an Appraisal of 
Eau Claire Transportation Company City Bus Fleet, and a 1972 Non-Rider 
Bus Survey. 

The first part includes recommended route changes and a discussion of 
those changes by transit route fellows. The purpose of the route 
change proposal is to tailor the service to coincide with travel demand. 

The second section seeks to determine the expected capital costs to the 
City of Eau Claire of assuming public operation of the city transit system 
presently operated by the Eau Claire Transportation Company. Specific 
questions addressed in this section are: 1) Is it advisable to purchase 
the vehicles presently operated? 2) What is the value of these vehicles? 
3) Is it possible to purchase the facility presently used to service 
the bus fleet? and 4) What are the alternatives to the purchase of 
these facilities and their financial implications? 

The third section, a 1972 non-rider survey, discusses areas such as 
schools, hospitals, senior citizen housing, shopping areas, employment 
areas and university areas. A sample survey questionnaire and resulting 
statistics are included. 
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TITLE: SAN JOSE - PALO ALTO BUS DEMONSTRATION PROJECT PLAN 

~THO~ San Jose - Palo Alto Transit Authority 

DATE: May 197 2 PROJECTNO.: CA-06-0016 
KEYWORDS: 

1. Bus 
2. Community Response 

In late 1970, a new concept of bus transit was developed to meet the 
transportation problems of San Jose and Palo Alto, California~ A 
planning grant was received from UMTA to plan a new system in sufficient 
detail to permit a demonstration project. Emphasis was placed on 
customer-tailored transit service and on restructuring the underlying 
incentives that affect the use of public transit by individuals and 
its support by local institutions. 

The demonstration project entailed a comprehensive redesign of bus 
services in both San Jose and Palo Alto. The innovations being demon­
strated included every element of the transit systems---routing, 
management and promotional methods, means of financing, community in­
volvement, and so forth. The service in the two cities was not inter­
connected at that time; the present Southern Pacific commuter rail and 
Greyhound Intercity service continued to serve the area between the 
two cities. 

The proposed demonstration system was founded on a number of system 
elements or experimental variables. These were; CDAC routes, triangular 
financing, incentive program, bus preferential traffic syste~, fare 
collection system, marketing program, tailored service to special 
markets and information center. The most important innovation in the 
project was community involvement. 

Among the appendices are the base system design, bus data and design, 
combined demand-actuated conventional service, triangular financing, 
bus preferential traffic system, the marketing program, evaluation plan 
and consumer clinics. Figures, tables, photographs and maps are included. 

$3.75 
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DEMAND RESPONSIVE TRANSPORTATION SYSTEM FOR THE EAST/ 
NORTHEAST AND WATTS MODEL CITIES NEIGHBORHOODS. 
Technical Report Number 1 

Wilbur Smith & Associates 
(Prepared for the Los Angeles City Demonstration Agency) 

December 1973 PROJECTNO.: CA-06-0017 

1. Demand Responsive Systems 
2. Inner City 

This report documents activities and operations of Demand Responsive 
Transportation Projects in the East/Northeast and Greater Watts Model 
Cities Neighborhoods for the period May 1, 1973 to October 31, 1973. 

This demonstration project was designed to demonstrate that a demand­
responsive public transportation system utilizing subscription techniques 
could be a successful and important service in supplementing existing 
fixed-route bus operations. Such techniques, if successful in the study 
area,could be adopted on a city-wide scale. 

The service priorities of the program were as follows: (1) persons 
requiring access to health and related facilities within the two 
Model Cities transportation project service areas; (2) elderly persons 
requiring transportation within the Model Cities service area; (3) persons 
without autos to shopping facilities; (4) youth to facilities and services 
available under the Model Cities programs; and (5) other priorities to be 
defined on the basis of experience during the project. 

The contract for the project specified a one-year demonstration period 
in each Model City area. During this period, a fleet of 12-passenger, 
radio-dispatched vans provided low fare transportation ($.15) for 
members of the respective communities. Operating data describing 
ridership, revenues resulting from system utilization, travel charac­
teristics, the various types of pick-ups made and general performance 
of the system in terms of wait and travel times are included. Actual 
funds expended and estimated monthly operating costs are delineated. 
Productivity measures are examined. An evaluation and analysis of the 
Watts on-board survey is presented and major problems encountered are 
discussed. A brief evaluation of the service provided is made. 

Technical Report Number 2 (PB 239-836) is also available. 
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TITLE: DEMAND RESPONSIVE TRANSPORTATION SYSTEM FOR THE EAST/NORTHEAST 
WATTS MODEL CITIES NEIGHBORHOODS 
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AUTHOR: Wilbur Smith and Associates 
(Prepared for the Los Angeles City Demonstration Agency) 

DATE May 1974 PROJECT NO. CA 06 0017 
KEYWORDS: 

1. Demand Responsive Systems 
2. Inner City 

This report documents the activities and operations of the Demand­
Responsive Transportation Projects in the East/Northeast and Greater 
WB~ts Model Neighborhoods for the period November 1, 1973 to January 
31 , 1 97 4 . 

This demonstration project was designed to demonstrate that a demand 
responsive public transportation system utilizing subscription techniques 
could be a successful and important service in supplementing existing 
fixed-route bus operations. Such techniques, if successful in the study 
area could be adopted on a city-wide scale. 

The service priorities of the program were as follows: (1) persons 
requiring access to health and related facilities within the two Model 
Cities transportation project service areas; (2) elderly persons requiring 
transportation within the Model Cities service area; (3) persons without 
autos to shopping facilities; (4) youth to facilities and services 
available under the Model Cities programs; and (5) other priorities to 
be defined on the basis of experience during the project. 

Operating data describing the ridership, revenues resulting from system 
utilization, travel characteristics, the various types of pick-ups made 
and general performance of the system in terms of wait and travel times are 
discussed. Actual funds expended as well as estimated monthly operating 
costs are presented. Productivity measures are examined. An evaluation 
and analysis of on-board surveys and an evaluation of each system in 
light of objectives and priorities as originally established are also 
included. 

Technical Report Number 1 (PB 239 945) is also available. 

$4.75 
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AUTHOR: Cunningham/Short/Berryman and Associates, Inc. and 
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DATE: January 197 4 PROJECT NO.: CA-06 0018 
KEYWORDS: 

1. Market Research 
2. Advertising and Promotion 

In February 1972, the Long Beach (California) Public Transportation Com­
p~ny received from UMTA a demonstration grant to fund a program which, 
through innovative marketing, would attempt to focus on increased rider­
ship among the traditional "non-transit user," specifically, those in 
moderate income categories and others not considered "transit captives." 

The foremost goal ot che Transit Marketing Project was to familiarize 
every Long Beach citizen with the advantages of bus travel and especially 
the services of the City-owned Long Beach Public Transportation Company. 

To this end, community representatives were hired to deliver transit 
information hand-outs to homes in the selected market areas and to 
give presentations at service and luncheon clubs, as well as other 
places of public gathering. Augmenting the community outreach efforts 
were a newspaper-radio campaign and special on-board services such as 
free coffee, orange juice or newspapers, to enhance the general public 
image of the desirability of transit service, It was felt that these 
measures would do much to increase "middle class" acceptance of transit 
as a socially acceptable form of mobility, as well as increase awareness 
of the availability of public transportation among lower income persons. 

Statistical analysis enabled the determination of changes in five basic 
variables: (1) ridership patterns; (2) attitude toward riding the bus; 
(3) trip frequency; (4) source of bus information; and (5) revenue data. 
Results of the evaluation are in tabular form. 

The project background, evaluation and summary are presented. Conclusions 
and recommendations are put forth. 

Appendices include the survey instrument, instructions to interviewers, 
departure time selection table, examples of newspaper advertisements 
and the Long Beach Bus Route Map. 
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Supplementary Report 

~™O~ Parsons Brinckerhoff-Tudor Bechtel 
(For Bay Area Rapid Transit District) 

DATE, June 19i3 PROJECT NO.: CA- 06- 0023 
KEYWORDS: 

1. Fares, collection 
2. BART 

The original purpose of this demonstration project was to test and 
evaluate new technical concepts in the field of rapid transit, in­
cluding a variety of advanced hardware, automatic train control and 
automatic fare collection. This report is supplemental to the original 
study (PB 189 148/AS) which was published in January 19i0 and discussed 
the attributes of three separate automatic fare collection systems 
which were considered for implementation into the BART system. This 
particular report reviews the selected system, summarizing the final 
configuration of the equipment from a physical and operational view 
point, and reflects the results of the original demonstration program. 
The analysis is divided into three main subgroups: equipment, human 
factors, and operations. 

Basic equipment discussed included the automatic ticket vendor, the 
automatic additional fare machine, gate consoles (where tickets are 
collected allowing passengers access to trains), the money changing 
machine, and the agent's reader, which allows the agent to determine 
the validity of a passenger's ticket. 

Human factors considered are ticket-coin usage, display awareness in 
which graphics and symbols are used in place of words whenever possible, 
barrier interaction, and baggage problems. 

The operations aspect includes traffic patterns, duties of the agent, 
treasury operations, malfunction and vandalism, and maintenance. 
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BART PROTOTYPE CAR DEVELOPMENT PROGRAM Volume I: Program Synopsis 
Final Report 

Rohr Industries (for Bay Area Rapid Transit District) 

March 1973 PROJECTNO.: CA-06-0032 

1. Vehicle, design 6. 
2. Rail, terns planning and design 
3. BART 
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5. Rail, rolling stock 

Management, operations 
and techniques 

This is Volume I of a two volume report which traces the Bay Area Rapid 
Transit District Rapid Transit Vehicle Program through the planning 
phase, design phase, and the development and prototype test phase. The 
program was established to enhance the attractiveness of rail rapid 
transportation to the urban traveler by providing a comfortable, relia­
ble and safe car which would incorporate the latest engineering concepts. 
The report provides design justifications, testing highlights, and 
reasons for modifications and changes resulting from the prototype test 
program. 

Volume I, Program Synopsis, provides an overview of the complete program 
and is directed toward Federal, local government and rail transit 
management personnel. Specific topics covered are vehicle and subsys­
tems design, manufacturing, qualification tests, combined prototype 
system test, verification tests, demonstration tests, and a summary. 
There are also numerous drawings and photographs. 

Volume II, Program Details (PB 222-976), provides the detailed 
technical material for engineering personnel. 
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6. Management, operations 
and techniques 

This is Volume II of a two-volume report which traces the Bay Area Rapid 
Transit District Rapid Transit Vehicle Program through the planning 
phase, design phase, and the development and prototype test phase. 
The program was established to enhance the attractiveness of rail rapid 
transportation to the urban traveler by providing a comfortable, reliable 
and safe car which would incorporate the latest engineering concepts. 
The report provides design justifications, testing highlights, and 
reasons for modifications and changes resulting from the prototype test 
program. 

This particular volume provides detailed technical material for engineer­
ing personnel. Specific topics include vehicle and subsystem design, 
design analysis, qualification tests, noise tests, combined prototype 
systems tests, verification tests, demonstration tests and a glossary 
of terms. 

Volume I, Program Synopsis (PB 222-975), provides an overview of the 
complete program and is directed toward Federal, local government and 
rail transit management personnel. 
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AUTHOR: 

DIESEL EXHAUST EMISSION CONTROL PROGRAM 
Final Report 

Atomics International (for Southern California Rapid 
Transit District) 

DATE. January 1974 PROJECTNO.: CA-06-0035 
KEYWORDS: 

1. Air Pollution 
2. Propulsion Systems, diesel 
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The purpose of this report was to demonstrate a prototype of the Atomics 
International (AI) diesel exhaust contra] system in a Southern California 
Rapid Transit District bus (a Flexible coach equipped with a Detroit Diesel 
6V-71N engine). The program objectives were to meet the California 
1975 heavy-duty vehicle standards and to establish the economics of the 
system. 

The system design concept is based upon catalytic oxidation of nitric 
oxide of hydrocarbons, carbon monoxide, and of odorous oxygenated 
organic compounds. NO removal is based upon catalytic oxidation of 
nitric oxide to nitroggn dioxide and subsequent absorption of N0 2 in 
an alkaline molten carbonate salt scrubber. 

Emission reduction objectives were attained except for r~duction of 
NO. To meet California requirements of less than S gm/B-Hp-Hr of com­
bified HC and NO , larger residence times are required. The resulting 
muffler size ma9 not be compatible with bus installation constraints. 
Alternative technologies of NO control under development by diesel 
engine manufacturers may now ptove to be more cost effective. 

The advantages and disadvantages of the AI diesel exhaust emission 
control system (DEEC) in vehicle application are discussed. Recommen­
dations are offered and conclusions reached. 

Tables and figures are numerous. Appendices include the tabulation of 
laboratory test data, muffler performance test reports provided by the 
California Air Resources Board, Air Resources Laboratory, and a market 
analysis for the DEEC muffler. 
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DATE. June 1974 PROJECT NO.: CA-06-0045 
KEYWORDS· 
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Increasing concern over the congestion, pollution and fuel consumption 
accompanying the use of the private automobile in urban areas, together 
with greater emphasis on the needs of those without access to an auto­
mobile, has recently led to major efforts to upgrade the scheduled bus 
and rapid rail transit services in U.S. cities. Other forms of trans­
portation which are available to the public and which use the street 
and highways of urban areas, ref erred to co llec ti ve 1 y as "para- transit 11

, 

are now receiving consideration as transportation alternatives. 

This study was designed to review the experience to date with para­
transit services, to assess their potential for servicing urban trans­
portation demand, and to design a research, development and demonstra­
tion (RD&D) program as needed to identify and demonstrate innovations 
in the provisions of para-transit services which would be beneficial 
to U.S. cities. 

The para-transit services studied were grouped into three categories: 
a "hire and drive" category comprising daily car rentals and the various 
forms of short-term car rentals that have been proposed (including the 
Minicar and Public Automobile Systems); a "hail or phone" category 
made up of taxi, dial-a-ride, jitney, and related services; and, a 
"pre arranged ride-sharing" category including the various forms of 
car pool, van pool, and subscription bus services. 

The study identified four major applications of para transit services 
which could contribute to the future improvement of urban transportation 
systems. These are applications for high density home-to-work travel, 
services for low density travel demand, feeder services and mobility 
within business and commercial districts. 

Recommendations for action are put forth. References are furnished. 

This report presents the executive summary and overview of the study, 
"Para-Transit: Neglected Options for Urban Mobility," (Order No. 
PB 234-320/AS). 
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PROJECT NO.: CA-06-0045 

carpools 5. Demand Responsive 
dial-a-ride 

6. Para-Transit 

Systems, 

Increasing concern over the congestion, pollution and fuel consumption 
accompanying the use of the private automobile in urban areas, together 
with greater emphasis on the needs of those without access to an auto­
mobile, has recently led to major efforts to upgrade the scheduled bus 
and rapid rail transit services in U.S. cities. Other forms of trans­
portation which are available to the public and which use the street 
and highways of urban areas, referred to collectively as "para-transit 11

, 

are now receiving consideration as transportation alternatives. 

This study was designed to review the experience to date with para­
transit services, to assess their potential for servicing urban trans­
portation demand, and to design a research, development and demonstra­
tion (RD&D) program as needed to identify and demonstrate innovations 
in the provisions of para-transit services which would be beneficial 
to U.S. cities. 

The para-transit services studied were grouped into three categories: 
a "hire and drive" category comprising daily car rentals and the various 
forms of short-term car rentals that have been proposed (including the 
Minicar and Public Automobile Systems); a "hail or phone" category made 
up of taxi, dial a-ride, iitney, and related services; and, a "pre-arranged 
ride-sharing'' category including the various forms of car pool, van pool, 
and subscription bus services. 

The study identified four major applications of para-transit services 
which could contribute to the future improvement of urban transportation 
systems. These are appl ations for high density home-to-work travel, 
services for low density travel demand, feeder services and mobility 
within business and commercial districts. 

Recommendations for action are put forth. References are furnished. 
Chapters include discussions of taxicab, dial-a-ride, and jitney service, 
daily and short-term rental cars, and subscription buses and car pools. 
A comparative study of para-transit modes, innovations in para-transit 
regulation and case studies are presented. A para transit bibliography 
is included. 

Summary of this report is "Para-Transit: A Summary Assessment of Exper­
ience and Potential," (Order No. PB 234-319/AS). 

NTISORDERNO.: PB 234 320/AS 62 Sll. 25 
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AUTHOR: INTERPLAN Corporation 
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KEYWORDS· 

1. Travel Demand 

The objectives of this report are: to identi the alternative ways of 
accomplishing the reduction of urban transportation needs, to assess the 
potential impact of each alternative and to recommend appropriate UMTA 
R&D program activity. In order to attain these objectives it is necessary 
to analyze the need for travel, evaluate the constraints impeding the 
implementation of travel alternatives, and ascertain the state-of the­
art, including estimates of the length of time to implementation. 

This study looks at ways in which the demand for travel itself can be 
restructured, with the objectives of reducing total vehicle miles 
traveled and reducing peak-hour trips. 

Given the above objectives, the scope of the study includes an assess­
ment of ways to eliminate a trip, shorten a trip, and plan trips at 
non-peak hours. Within this scope the author sets forth the following 
three potential types of solutions: (lJ provision of communications 
substitutes; (2) changes in the location and structure of cities; and 
(3) rescheduling of work hours. These solutions are basically concerned 
with rechanneling or accommodating existing travel demand. A fourth type 
of solution which can both directly and indirectly hasten the reduction 
of travel is reshaping the need to travel through increases in the cost 
of travel and re-education of the public. 

The principal ways in which these types of solutions are expected to 
impact on study objectives are shown schematically. Substitution of 
goods movement is dealt with under communications substitutes. 

The authors maintain that potential solutions need not be applied in 
isolation. There does not appear to be any single, fundamental solution, 
but rather a number of marginal steps, which when added together, may 
bring about the desired decrease in the need for travel. The potential 
solutions and their likely time frames are diagramed. 

Appendices contain a tabulation of information on the state-of-the-art 
of candidate solutions, a bibliography of 136 sources and the names of 
individuals and firms contacted for opinions. 
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TITLE: DUAL MODE TRANSIT SYSTEM 
Final Report 
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KEYWORDS: 

1. Dual ~ode Systems 

PROJECT NO.: CA-06-0067 

This document contains the Rohr Industries, Inc. report for Phase I of 
the Dual Mode Transit System program. This program was originated by 
UMTA as a part of the continuing effort to improve the quality of urban 
transportation. 

The Dual Mode concept seeks to combine the advantages of an efficient 
o -guideway collection distribution system, providing convenient access 
to an entire urban/suburban area, with an equally efficient on-guideway 
system, thereby providing rapid automated transportation throughout the 
service area. The system is to provide a combination of extensive scheduled 
service, convenient subscription service, and door-to-door demand service 
with minimum delays and transfers. The combination of rapid distribution 
and high speed line haul capability should, according to the authors, 
result in high system utilization and efficiency. The advanced design 
of the vehicle and other system components should result in exceptional 
ride quality, minimum noise and pollution, and the efficient utilization 
of power. 

The objective of the program Phase I, Concept Definition and Preliminary 
Design, is to complete the design, through the top level assembly draw­
ing level, of a system which has a capability of meeting the concept 
requirements. Contractors were requested to analyze system req4irements, 
develop candidate concepts and perform trade-offs leading to logical 
selection of cost-effective system concepts. Rohr Industries, Inc., and 
its team of subcontractors were selected to conduct a Phase I study of a 
system utilizing high performance buses operating in manual and automatic 
controlled modes under automated systems management. 

Chapters present the summary, scope, analysis of requirements, system 
description, design trade-off and analyses, operations anlysis, system 
costs and planning studies. Figures and tables are numerous. 
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TITLE: DUAL MODE TRANSIT SYSTEM 
Phase I - Final Report 

AUTHO~ Transportation Technology, Inc. 

DATE June 1974 
KEYWORDS: 1. Dual Mode Systems 
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PROJECT NO.: CO-06-0006 

This report has been prepared by Transportation Tech-
nology, Inc. (TTI) as a result of work performed under con-
tract to UMTA for the design phase of the three phase Dual Mode 
Transit System (DMTS) Development Program. This program is a 
part of an integrated UMTA RD&D program that applies new tech­
nology to existing means of mass transportation which are directed 
toward reducing traffic congestion and improving personal mobility 
within medium-to-large urban areas. 

This report describes a system that TTI believes is optimal for 
the UMTA DMTS Program. The report describes the system, demon­
strates the rationales for design and design decisions, and pre­
sents a summary of activities undertaken to develop the system. 
It documents the results of Phase I which combines a demand­
activated, high-speed system using pallet transporters that move 
on a guideway with a feeder bus system that retains flexibility 
through the use of dial-a-ride. 

The chapter on concept design and design rationale includes 
discussion of user scenarios, command, control and communication 
system, malfunction detection, on-guideway vehicle longitudinal 
and lateral control, vehicle, guideway, system capacity and 
future expansion, stations, maintenance, environmental impact, 
safety, reliability, maintainability, availability, and a cost 
parametric analysis summary. 

Related documents are "Appendix A-E 11 (PB 239-892) which includes 
applicable documents, list of abbreviations, chassis structure 
calculations, determination of the ratio of buses to transporters 
required for DMTS, and bid speci cations for Mercedes-Benz 
Diesel Bus Model 0309D. "Appendix F" (PB 239-893) contains the 
"Interaction of DMTS Demand and Service Levels" and Append G 
(PB 239 894) contains the "Passenger Management Strategy Study." 

NTIS ORDER NO.: PB 2 3 9 - 841 65 
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KEYWORDS: 
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This report has been prepared by Transportation Tech-
nology, Inc. (TTI) as a result of work performed under con-
tract to UMTA for the design phase of the three phase Dual Mode 
Transit System (DMTS) Development Program. This program is a 
part of an integrated UMTA RD&D program that applies new tech­
nology to existing means of mass transportation which are directed 
toward reducing traffic congestion and improving personal mobility 
within medium-to-large urban areas. 

This particular report contains Appendices A through E of the main 
report (PB 239-841). 

Appendix A contains a list of the documents which are the principal 
references cited in the main report. Append Bis a list of 
abbreviations used. Appendix C gives the chassis structure 
calculation and Appendix D discusses the determination of ratio 
of buses to transporters required for dual mode transit system. 
The bid specifications of the Mercedes-Benz Diesel Bus Model 
0309D are put forth in Appendix E. 

Other documents in this project are Appendix F (PR 239-893) 
which contains "The Interaction of DMTS Demand and Service Levels" 
and Appendix G (PB 239-894) which is the "Passenger Management 
Strategy Study." 

NTIS ORDER NO.: PB 239-892 66 $3.75 



DUAL MODE TRANSIT SY.STEM 
TITLE: Phase I Fina 1 Report 

Appendix F: "The Interaction of DMTS Demand and Service Levels" 

AUTHOR: Tran ortation Technology, Inc. and 
International Research and Technology 
(Martin Stern and Thomas Jones) 

Corporation 

DATE June 1974 PROJECT NO.: co 06-0006 
KEYWORDS· 1. Models and Modeling 

2. Trip Generation 
3. Modal Split 
4, Dual-Mode Systems 

This report has heen prepared by Transportation Tech-
nology, Inc. (TTI) as a result of work performed under con-
tract to UMTA for the design phase of the three phase Dual Mode 
Transit System (DMTS) Development Program. This program is a 
part of an integrated UJ\ITA RD&D program that applies new tech 
nology to existing means of mass transportation which are directed 
toward reducing traffic congestion and improving personal mobility 
within medium-to-large urban areas. 

The purpose of this study, prepared under suhcontract to Inter­
national Research and Technology Corporation, was to determine 
likely demand and operational strategies of the TTT DMTS when 
placed in a realistic urban environment. The Washington, D.C. 
and Houston metropolitan areas were chosen as suitable sites for 
implanting a configuration of DMTS. 

A computerized mo 1 was built to simulate trip generation, trip 
distribution and modal split. Demand for D~fS was simulated by 
t p purpose and time of day. Likely service strategy optjons 
were identified for different times of day, various trin purpose 
and locations. An objective function was formulated for evaluating 
the system performance. 

It was concluded that TTI DMTS is capable of generating ample 
demand and providing a wide array of service responses. Future 
applications of the model will be able to put these results on a 
more quantitative basis and provide information useful r design, 
layout, control and questions of fare policy and equity of benefits. 

A glossary and re rences are included. 

Related documents are: the main report, "Dual Mode Transit System 
Phase I Final Report'' (PB 239-841); Appendices A-E (PB 239-892) 
which contains applicable documents, list of abhreviations, 
chassis structure calculations, determination of the ratio of 
buses to transporters required for DMTS, and hid specifications 
for Mercedes-Benz Diesel Bus Model 0309D; and Appendix G 
(PB 239-894) which is the nPassenger Management Strate Study." 
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DUAL MODE TRANSIT SYSTEM 
Phase J Final Report 
Appendix G: "Passenger Management Strategy Study" 

AUTHOR: Transportation Technology, Inc. and 
System Development Corporation 
(L. Farr, R. Lamoureux, Paul Rosenthal) 

DATE: June 1974 PROJECTNO.: CO-06-0006 
KEYWORDS: 1. Models and Modeling 

2. Trip Generation 
3. Modal Split 
4. Dual-Mode Systems 

This report has been preparerl by Transportation Tech-
nology, Inc. (TTI) as a result of work performed under con-
tract to UMTA for the design phase of the three phase Dual Mode 
Transit System (DMTS) Development Program. This program is a 
part of an integrated UMTA RD&D program that applies new tech­
nology to existing means of mass transportation which are directed 
toward reducing traffic congestion and improving personal mobility 
within medium-to-large urban areas. 

This appendix, prepared under subcontract to the System Development 
Corporation in Santa Monica, California, views the DMTS based on 
the passenger inter ces of: demand generation, trip origination, 
fare collection, transfer operations and trip termination. 
Various passenger interface strategies are evaluated and pro­
cedures for off-guideway operations are recommended to maximize 
passenger service and satisfaction. Functional requirements for 
fare cards, trip tickets, service request equipment, fare col­
lecting equipment, destination selection equipment and passenger 
information equipment are presented that can be met using existing 
technologies. 

Related documents are the main report (PB 239-841); Appendix A-E 
(PB 239-892) which contains applicable documents, a list of 
abbreviations, chassis structure calculations, determination of 
the ratio of buses to transporters required for DMTS and bid 
specifications for Mercedes-Benz Diesel Bus Model 0309D~ 
Appendix F (PB 239-893) contains uThe Interaction of DMTS Demand 
and Service Levels." 
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The Valley Transit Demonstration Project represents a comprehensive and 
far reaching effort to develop new flexible forms of integrated transit 
operations to serve the transportation needs of many small to medium-sized 
communities. This interim report summarizes the significant results and 
accomplishments of this innovative bus transportation system which has 
been in public operation for approximately 6 months in the Southern part 
of Connecticut. 

The three year program began July 1971 and is currently beginning its 
third year. The program was subdivided into two phases. The first phase 
(eighteen months in duration) was devoted to the design and development 
of the equipment and operations. The second phase, presently in progress 
for the remainder of the program, is concerned with testing and demon­
strating the system in public operation. 

The operations at the present time involve the use of six medium-sized 
buses which are owned and operated by the Valley Transit District (VTD) 
of Derby, Connecticut. Three types of transit services are provided to 
the residents of the area: door-to-door, rent-a-bus and shuttle service. 

Major accomplishments of the project to date include: ridership response 
has been overwhelming with the VTD now taking action to more than double 
the size of their fleet; a new concept in fare collection based on the 
use of credit cards has been developed by RRC International, Inc. and is 
now operating as part of the system; and vehicle modifications conceived 
by RRC have been demonstrated in actual transit operations to be highly 
acceptable and effective means of solving bus entry/exit problems en­
countered by elderly/handicapped passengers. The new fare collection 
allows the passenger to use special identification cards instead of cash. 
The passenger inserts a credit card when getting on and off the vehicle 
and is billed monthly for the rides, just as the telephone and electric 
companies charge for their services. 
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This milestone report has been prepared under the project "Ventilation 
and Environmental Control in Subway Rapid Transit Systems/' and is one 
of many reports leading to a final product, "Subway Environmental Design 
Handbook." 

This particular report, in two volumes, describes a series of field tests 
conducted on the Bay Area Rapid Transit system in California to validate 
the analytical tools developed pursuant to the original initiation of 
the project. The report also presents d t comparisons of experiment 
and theory, demonstrating the applicability of the analyt al tools to 
full scale rapid transit systems. 

Volume I discusses near field aerodynamics, far field aerodynamics, 
thermodynamics, pressure transients, fan tests and references. 

Volume II (PB 226 897/AS) contains detailed pressure requirements. 
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This milestone report was prepared under the project, "Ventilation and 
Environmental Control in Subway Rapid Transit Systems," and is one of 
many such reports leading to the final product, a "Subway Environmental 
Design Handbook." 

This particular report, in two volumes, describes the validation of the 
Subway Environment Simulation (SES) computer program. The validation 
was done by field test in the Berkeley Hills Tunnel of BART. 

Volume II contains the detailed pressure measurement made inside the 
tunnel, on six-car trains and at the tunnel portal. Pressure measure­
ments show entry and exit transients and pressure fluctuation inside 
the tunnel caused by both train and emergency fan operations. 

Volume I (PB 226-898/AS) discusses near field aerodynamics, far field 
aerodynamics, thermodynamics, pressure transients, fan tests and 
references. 
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This report has been prepared under the Transit Development Corporation 
(TDC) project, "Ventilation and Environmental Control in Subway Rapid 
Transit Systems, 11 and is one of the many reports leading to the final 
product---a "Subway Environmental Design Handbook." 

In this report, a theoretical model for the near field aerodynamics of 
a subway train in smooth and ribbed tunnels has been developed. The 
theoretical results have been compared with experimental data measured 
in a number of different facilities over a wide range of experimental 
conditions. 

General discussion is followed by a chapter on frictionless annulus flow. 
Total drag, effects of annulus friction and annulus friction factors are 
examined. A chart of the comparison between theory and experiment is 
presented. Another chapter presents the solution for large X/, solution 
for small X/, effective blockage ratio and annulus tunnel wall drag. 

Two figures are included along with many formulas. References are 
furnished. 
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This report was prepared under the Transit Development Corporation, Inc., 
(TDC) project entitled, "Ventilation and Environmental Control in Subway 
Rapid Transit Systems,'' and is one of the many reports leading to the 
final product-- a "Subway Environmental Design Handbook." Described are 
the results of the experimental effort pertaining to the aerodynamics of 
vehicles traveling in tubes conducted in the Vehicles In Confined Spaces 
(VICS) 70 foot and 120 foot high small scale test facilities at the Jet 
Propulsion Laboratory. The theoretical counterpart of this report is 
"Theoretical Aerodynamic Characteristics of Vehicles in Confined Spaces" 
(PB 231-385). 

Experimental investigations on the aerodynamic characteristics of vehicles 
traveling in tunnels have been carried out in the VICS facilities. The 
purpose of these investigations was to develop sufficient understanding 
of the scaling considerations of subway train system aerodynamics to make, 
with the use of the theoretical models, adequate predictions for full­
scale systems. A considerable amount of high quality data has been 
obtained during the two years of testing. 

A simplified theoretical model for a vehicle traveling through an unvented 
tupe under equilibrium incompressible conditions was used to aid the test 
program, reduce the data, and determine the self consistency of the results. 
These results were then used to establish values for the arbitrary 
coefficients in the theoretical model. According to the authors, progress 
has been made in understanding the aerodynamic characteristics of vehicles 
traveling in tubes. This is exemplified by the good agreement of the 
theoretical model predictions with the experimental data throughout the 
entire Reynolds number range (104< Rd< 106) and geometric variables tested. 

Operational aspects discussed are calibrations, flow velocity measurement, 
testing medium and compressibility. Among data presented are drag coeffi­
cient, tube flow velocity ratio, cross plots and pressure signatures. 
The data analysis includes tube entrance and exit losses, pressure versus 
velocity inferred aero-drag coefficient, sensitivity of predicted vehicle 
drag coefficient to variations in constants, test section wall friction 
factor, model and tube-wall annular friction factors, momentum coefficients 
and component parts of vehicle aerodynamic drag. 

References and a bibliography are included and the append es are unata 
Reduction" and "Simplified Theoretical Model for Tube Vehicle Aerodynamics 
(Incompressible, Steady-State, Single Vehicle, Unvented Tube). 11 
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This report was prepared under the Transit Development Corporation project, 
nventilation and Environmental Control in Subway Rapid Transit Systems, 11 

and is one of many reports leading to the final report, ''Subway Environmen 
tal Design Handbook. 11 

TJ1is particular report describes the various task assignments undertaken by 
all participating contractors during the second year of the project. High­
lights of these activities are included and major accomplishments are iden­
tified. 

Specific accomplishments cited in the report include: 1) the environmental 
criteria work is complete and the report has been drafted for inclusion in 
the final document, 2) the accumulation of test data on the VICS 120 at the 
California Inst tute of Technolo is complete, including the development of 
scaling laws and aerotlynamic thee , 3) the various vent shaft configurations 
were tested to provide fundamental information for incorporation in the 
mathematical models relating to real world configurations, and results of 
t se tests were transmitted to the Washington Metropolitan Area Transit 
Authority and the Ch o Transit Authority, 4) the analytical work was 
completed for the single track case, 5) the Port of New York Authority 
funded a single-track computer model to analyze 77 possible alternate 
ventilation design schemes, and 6) a serendipitous improvement in the 
ventilation and air conditioning system design of the Washington Metro 
based on the work in this project dealing with heat gain analysis, an 
unplanned benefit which, according to WMATA, has saved them 2 million 
dollars in construction costs. 

Particular matters considered in the report include vent shaft inlet con­
fi rations, number of vent shafts required, factors affecting train power 
requirements, station air conditioning, and additional uses of test 

cilities. 

A list of the techn al reports prepared during the Phase II project 1s 
also incl 
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This report was prepared under the Transit Development Corporation (TDC) 
project entitled, "Ventilation and Environmental Control in Subway 
Rapid Transit Systems," and is one of many reports leading to the final 
product---a 11 Subway Environmental Design Handbook." 

Trains moving in tubes experience drag forces which may be orders of 
magnitude higher than when in free air. A knowledge of such forces and 
their dependent parameters is essential in determining the tube optimal 
ventilation design as well as the moving and braking powers. 

The piston action of the train causes the air in the tube to move with 
a velocity which is dependent on the train speed and blockage ratio. 
When in steady state, tube and train friction forces are the only cause 
of the drag. When in unsteady motion (acceleration), fluid particles 
are accelerated, causing additional pressure drag on the train. A 
train accelerating from rest in a tube causes c0mpression and expansion 
waves to prop ate from its front and rear ends respectively. This results 
in pressure increase and decrease at the respective ends. If a vent exists 
in the tunnel, drag forces are reduced; however, as the vehicle passes 
the vent, there is a sudden increase in drag due to the difference in 
flow velocities ahead of and behind the vent. The problem of a vehicle 
entering a tunnel with finite speed is also of interest. In this case 
a sharp increase in drag is initially experienced. Sudden acceleration 
of tunnel air at the entrance results in propagation of a shock wave down 
the tunnel which reflects from the tube end as an expansion fan which 
interacts with the vehicle. 

Experimental and theoretical work on the subject of tube vehicle aero 
dynamics exists, mainly concerned with studying the problem of a vehicle 
accelerating from rest in an unvented tube. This report concentrates on 
the entry problem and the problem of the vented tube. It is the theoret­
ical portion of the total effort. The experimental part was developed at 
the Jet Propulsion Laboratory, utilizing the VICS-70 and VICS 120(Vehicles 
In Confined Spaces) facilities. That report is "Experimental Aerodynamic 
Characteristics of Vehicles in Confined Spaces." (PB 231-386) 

Problem formulation, method of solution and examples and discussion are 
presented. Re rences are furnished and numerous figures and statistical 
data support the text. 
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This m:lestone report has been prepared under the project, "Ventilation 
and Environmental Control in Subway Rapid Transit Systems,": and is one 
of many such reports leading to the final product, "Subway Environmental 
Design Handbook." 

It describes a mathematical model and a corresponding computer subroutine 
which characterize the thermal behavior of transit vehicle acceleration 
and deceleration resistor grids. This subroutine is part of the Subway 
Environment Simulation (SES) computer program. The mathematics involved 
comprise a "lumped thermal model" which characterizes a resistor grid and 
a numerical integration technique designed to solve the governing differ­
ential equation. Field test data were used to calibrate and validate the 
thermal model. 

There is also an application and discussion of the results along with the 
author's conclusions and a list of references. 
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This is one of many reports leading to the final product, a "Subway Environ­
mental Design Handbook". This particular report studies the airflow generated 
by a single train in a single track tunnel entering or leaving a station. 
The case of opposing trains entering or leaving the station from both ends 
of the station simultaneously is also studied experimentally. 

Quantitative knowledge of aerodynamic behavior of the subway station under 
train piston action is necessary in order to implement analytical methods 
to simulate the airflow and heat distribution in subway systems. Because 
of the great complexity of the problem, quantitative analytical or semi­
analytical methods need to be developed in order to predict the airflow 
and pressure distributions so that analytical subway environmental simula­
tion models may be designed. 

The report resulted in the development of a simplified theoretical model 
characterizing the station flow distribution and would require the use of 
the empirical normalized pressure signature of the station. The theory 
was applied to many different stations and was found to have greater accu­
racy in longer stations with higher impedance and in shorter stations with 
lower impedence, agreement was within twenty percent. 

There are many charts and drawings which illustrate the findings of 
the report. 

NTIS OROER N'O.: PB 223-189 77 
$4. 7 5 , 
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This study analyzes the extent and seriousness of crime and vandalism 
on urban mass transit systems and examines approaches for dealing with 
the problem. 

On the basis of data obtained from thirty-seven U.S. transit systems, 
the range of the total number of criminal incidents on all U.S. transit 
systems in 1971 is estimated at approximately 33,000 to 39,000. The 
range of total national transit vandalism costs is from $7.7 million to 
nearly $10 million. The main components of vandalism costs are window 
breaking, damage to seats, damage to stationary facilities, and graffiti. 

Chapter IV of the study describes glazing, seating, and panelling materials 
that resist damage. Chaper V discusses devices and procedures for pro­
tecting passengers and employees; and deterring criminals and vandals, 
keeping them under surveillance, and helping apprehend them after crimes 
are committed. Chapter VI describes programs and liaison efforts directed 
at maintaining good relations with community and educational circles and 
involving them in the anti-vandalism effort. Chapter VII looks at relations 
between transit systems and institutions such as the police, the judiciary, 
educational authorities, and the mass media as factors in discouraging 
crime. The final Chapter presents six case studies of passenger attitudes 
in an attempt to assess the influence that fear of transit crime and 
vandalism exerts on passenger decisions concerning use of urban mass transit 
facilities. 
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This transit information and marketing study was performed with two 
objectives in mind: (1) to identify marketing and information techniques 
being used successfully by mass transit systems to increase patronage and 
make their systems more accessible to the public, and (2) to develop a 
model for evaluating transit information and marketing systems and to 
develop methods to increase the effectiveness of these systems. 

Three methods were used to gather the information in this report: a 
literature search, a written questionnaire to transit systems, and visits 
to five cities for personal interviews with transit system officials. The 
study describes a number of efforts being made in various places to overcome 
the problems confronting transit systems. The main problems are found to 
be competition with other transportation modes (especially automobiles), 
increasing costs, and communications barriers between transit systems and 
the public. 

The authors provide a series of recommendations designed to solve these 
problems as well as suggesting areas in which further work and research 
may be useful. There are ten chapters arranged in three main sections: 
Marketing Concepts, Marketing in Five Selected Transit Systems, and a 
Systematic Marketing Evaluation Model. 

A companion to this report, MARKETING TECHNIQUES AND THE MASS TRANSIT 
SYSTEM, A HANDBOOK (PB 223-736), includes specific examples of all the 
types of mass transit promotional advertisements and promotional pamphlets 
for use by all media. · 
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This handbook contains a selection of materials that have been used by 
transit systems to promote their services or to provide the public with 
information about using their services. The samples here represent what 
the authors consider to be some of the more creative pieces that were 
provided by the fifty-eight transit systems covered in the research on 
the main report, MARKETING TECHNIQUES AND MASS TRANSIT SYSTEMS (PB 223-735). 

The main report, a transit information and marketing study, was performed 
with two objectives in mind: (1) to identify marketing and information 
techniques being used successfully by mass transit systems to increase 
patronage and make their systems more accessible to the public, and 
(2) to develop a model for evaluating transit information and marketing 
systems and to develop methods to increase the effectiveness of these 
systems. 

This volume is designed to support the purposes of the main report and 
to aid other transit systems in their selection of materials for their 
own marketing campaigns. Partial contents include: pamphlets and 
newspaper advertisements on rider reinforcement, newspaper advertisements 
on encouraging modal switch and notices of systems changes, schedules, 
special information tools, maps, news releases, radio spot advertising, 
multi-lingual announcements and announcements of special public relations 
activities. The format is largely graphic with very little commentary. 
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The purposes of this study are to explore the characteristics of transit 
usage by the elderly and handicapped and to identify the major constraints 
to their use of mass transit systems including physical and psychological 
limitations, transportation costs, travel needs, information needs, and 
other problems as ascertained by the elderly and handicapped themselves. 

The two primary methods of research were a search of literature relating 
to the transportation needs and problems of the elderly and the handicapped 
and case studies of four cities in which their needs and problems were 
considered in detail. The four cities are Albany, Knoxville, Sacramento, 
and South Bend, which were chosen with regard to population, geography, 
socio economic characteristics, mass transit use as compared to automobile 
use, type of mass transit in use, and percentage of elderly and handicapped. 
Each of the cities has a percentage of elderly residents higher than the 
national average, which is 10%, and all are served by a bus system. 

Findings are summarized according to the following catagories: transit 
usage by the elderly and handicapped, physical limitations and psychological 
constraints, transportation costs, responsiveness of the transit system to 
travel needs, preferred and most used information sources, and service and 
system improvements. It was also found that the handicapped spend more 
money on transit, encounter more difficulties using mass transit, and 
use mass transit less than the elderly. 

The report concludes with lists of recommendations which would enable the 
transit system to remove barriers associated with physical, institutional, 
economic, information and service functions to better supply the needs of 
the elderly and handicapped. 
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This report represents a conference which took place at Howard University 
on January 17 and 18, 1972, concerning transit mobility for the urban 
minorities, especially the aged, the poor, the handicapped, the young, 
and other transit deprived. The purpose of the con rence was to increase 
the participation of minorities, including citizens, businesses, and repre 
sentative community groups, in transportation planning, thereby improving 
transit service in minority communities while assuring the participation 
of the communities themselves. 

Recommendations resulting from the conference include: (1) that UMTA 
support development of legislation making minority representation on 
transit policy boards a prerequisite for Federal funds; ascertain whether 
minorities are being included in the hiring, planning and execution of 
Federally funded projects; and to support Title VI of the 1964 Civil 
Rights Act; (2) that private transportation systems and UMTA recognize 
the distinct and changing needs of riders in modernizing routes, insuring 
reasonable fares, accomodating the youth and aged, and providing grants 
and subsidies where necessary to maintain efficient service; (3) that 
public education programs and increased interaction between citizen 
consumers and those in power be encouraged to improve the exchange of 
valid information; (4) that assistance be demanded to provide the pressure 
and technical skills necessary to persuade unions to increase minority 
membership; (5) that neutral regional transportation planning organizations 
be advocated and than an informal minority transit board be created. 

Speakers included representatives of minority organizations, transit 
corporations, the Department of Transportation, Congress, businesses, 
and Howard University professors. 
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The Philadelphia Central Business District (CBD) Parking Rate Experiment 
is one of the elements of DOT's Urban Corridor Demonstration Program. 
The Program's purpose is to maximize the use of transportation related 
facilities with a relative minimum expenditure of capital. 

This parking rate demonstration project was designed to investigate publ 
response to an experimental rate structure of an off-street parking facility. 
This would provide the short-term (non commuter) parker with a marked rate 
advantage, so as to stimulate transient type activity at the expense of 
the all-day (commuter) parker. Additionally, this project demonstrated the 
capability of the proposed rate structure to act as a mechanism for increas­
ing the turnover rate (utilization) and revenue of such a facility. 

The parking data collected for the period January 1970 to October 1973 
was evaluated in order to determine how natural rate changes affected 
the general parking behavior. Two garages were chosen for this analysis 
on the basis of their different locations within the Philadelphia CBD, 
one serving an area of mostly retail and commercial interests and the 
other in the midst of heavily concentrated office buildings. 

A sensitivity analysis concluded that rate changes have an affect on 
parkers, their related revenues and turnover rates. 

According to the authors, changes made in the rate structures showed 
that the objectives of this experiment were accomplished. The rates 
have favored the short-term parker while long termers have shown decreased 
usage over most periods. The turnover rates have increased thereby re­
quiring potentially less new parking space construction. The economic 
viability of both facilities was maintained. Both garages showed growth 
in gross revenue. 

Tables complement the text. 
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The Washington, D.C. Downtowner "Midibus" Demonstration Program has for 
its goals: (1) reduction of downtown congestion; (2) reduction in the 
size of transit coaches in the city core area; (3) reduced air pollution; 
(4) assistance and support of downtown revitalization efforts; 
(5) a revenue-cost ratio of 0.5; and (6) optimum routing of downtown 
circulation vehicles. The medium-sized bus, 25 feet long and 8 feet wide, 
has peripheral seating for 25 and a standing capacity of 15. 

Detours created by the construction of the Washington Metropolitan area 
rapid rail transit system (METRO) hampered complete realization of 
project objectives. The Daytime Connector Route proved, however, to be 
optimum by all performance measures as indicated. By completion of the 
program on June 30, 1974, more than 1,200,000 passengers had been carried 
on the routes, nearly all on the Connector Route. 

In July, 1974, the service was taken over by the Washington Metropolitan 
Area Transit Authority in consonance with an agreement with the District 
Government to continue the service if the demonstration proved to be 
utilitarian and well patronized. 

A modified-zone fare structure proved acceptable and the service-cost 
ratio of O.S was exceeded by a wide margin - the figure approached 
0.75 near the completion of the program. Both low fare and convenience 
of movement within the CBD encouraged public use of mass transit to 
circulate around the CBD for shopping and other errands. The net 
result was a reduction of downtown traffic with consequent lowered air 
pollution and progress in efforts to revitalize the downtown area. 

Chapters address project structure in terms of financing, management 
and publicity, the description and reliability and maintenance of 
project vehicles, liquified natural gas fuel system, and ridership. 
Conclusions are presented. 
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This report covers a conference which was held in July, 1972, at The 
American University on "Transportation and Human Needs in the 70's." 
The purpose of the conference was to explore the methods that are or 
could be employed by public transit bodies to meet the special needs 
of transit dependent groups in the United States. These groups include 
the elderly, handicapped, youth, the urban poor, the rural poor, and 
other people who are deprived of the regular use of the automobile in 
order to reach their jobs. 

Attendees included representatives of groups and organizations familiar 
with the needs of transit-dependent people. Specific areas represented 
were the Department of Transportation, the transit industry, knowledge­
able experts from Federal, state and local governments, industry, labor, 
universities and other interested groups. 

The report contains four background papers which were prepared for the 
participants, various papers which were given at the conference, reports 
on the various workshops which were held, recommendations and actions 
resulting from the conference, participants' views and opinions, a 
forecast of the future of mass transit for the disadvantaged and the 
disabled, and a list of the participants. 

Altogether there were twenty-one workshops, at least seven addresses 
by transit leaders and, on the third day of the conference, an open 
retrospective discussion which is transcribed in the report. 
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This report describes the design, demonstration and evaluation of 
four different experiments in mass transit advertising among Mexican 
Americans. The objective of this project was to explore the possi­
bility of improving bus ridership through bilingual advertising and 
promotional techniques. The cities selected for the demonstration 
were: Albuquerque, New Mexico; Corpus Christi, Texas; San Antonio, 
Texas; and San Diego, California. 

The promotional program was geared toward mid-day ridership when bus 
capacity is somewhat under-utilized. The Mexican American housewife 
was the principal focus of the study. 

Distinctly different promotional demonstrations were conducted in 
each of the cities, yet each of the demonstrations sought to involve 
the population. Demonstration techniques included: bilingual 
hostesses; advertising in newspapers and on radio; a four color 
transit map; a Spanish language brochure which listed routes to 
principal places of business, shopping and community services; a 
shopping bag advertising the system; and, coupons for free rides. 

Volume II of this report (PB 227-271) contains the results of the 
pre-demonstration and the post-demonstration surveys. The order 
number for the set of two reports is PB 227-269-SET ($11.00). 
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This study describes the design, demonstration, and evaluation of four 
different experiments in mass transit advertising among Mexican Americans 
of the Southwest. The objective of the project was to explore the poss­
ibility of improving the bus ridership of this group through bilingual 
advertising and promotional techniques. The cities selected for demon­
stration were: Albuquerque, New Mexico; Corpus Christi, Texas; San 
Antonio, Texas; and, San Deigo, California; selected because they repre­
sented diversity of geography, culture, administration, and urbanization, 
while reflecting adequate homogeneity inMexican American concentration. The 
promotional programs centered on mid day ridership, when bus capacity is 
under-utilized. Pre-and post-demonstration surveys were conducted both 
on the buses and within a 1/4 mile radius of the routes. 

This report summarizes the survey results by means of 264 different 
tables divided into eleven catagories: (1) pre-demonstration survey, 
all sites, frequency counts; (2) pre-demonstration survey, all sites, 
cross tabulations; (3) pre-demonstration survey, Albuquerque, cross tab­
ulations; (4) pre-demonstration survey, Corpus Christi, cross tabulations; 
(5) pre-demonstration survey, San Antonio, cross tabulations; (6) pre­
demonstration survey, San Diego, cross tabulations; (the next five all 
concern post demonstration surveys) (7) all sites, frequency counts; 
(8) Albuquerque, tabulations; (9) Corpus Christi, cross tabulations; 
(10) San Antonio, cross tabulations; and, (11) San Deigo, cross tabulations. 
The pre-demonstration survey explored personal characteristics, ridership 
habits, and transit attitudes. The post-demonstration survey explored 
similar questions about personal characteristics as well as the exposure 
and effect of the promotional demonstrations. 
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Rail rapid transit p~esently produces the lowest number of 
fatalities of any of the major passen~er transportation modes. 
This report develops a program to identify what should be done to 
aid in assuring that rail rapid transit safety continues. 

All aspects of rail rapid transit safety are reviewed, hazards 
identified, priorities established, and remedial actions recom­
mended. 

Recommendations involve: (1) an evaluation program for materials 
which utilizes new methods of computing and assessing risk in the 
areas of flammability, smoke and toxicity; (2) compilation and 
dissemination of procedures, techniques and equipment used in the 
safe evacuation of rail rapid transit patrons; (3) an improvement 
study of fixed stairs in rail rapid transit facilities to deter­
mine whether significant reduction can be achieved in the number 
of patron falls; (4) a safety education plan to produce films 
for public education and use in primary schools; (5) work efforts 
in the development of fire detection and transit vehicle fire 
extinguishing equipment; (6) establishment of criteria for 
transparencies used for transit vehicles; (7) determination of 
hazards of power regeneration and energy storage on rail rapid 
transit systems and evolution of procedures to eliminate them; 
and (8) continuation and support of the Safety Advisory Board 
techniques for analyzing and assessing safety of rail rapid transit 
to help assure coordinated technical information input to transit 
safety development. 

Chapters address the project plan and its execution, the Safety 
Advisory Board, identified priorities, fire safety, patron safety, 
operating safety, and data summary and cost estimates. Recom­
mendations are presented and a bibliography is furnished. Ex­
hibits are contained in "Safety Priorities in Rail Rapid Transit ~ 
Volume 2 - Exhibits" (PB 242-954). 
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This report contains the exhibits of "Safety Priorities in Rail 
Rapid Transit - Volume 1 - Report" (PB 242-953). Rail rapid 
transit presently produces the lowest number of fatalities of any 
of the major passenger transportation modes. This report develops 
a program to identify what should be done to aid in assuring 
that rail rapid transit safety continues. The Volume 1 report 
reviews all aspects of rail rapid transit safety, identifies 
hazards, establishes priorities, and recommends remedial actions. 

Exhibits are as follows: (1) Work Statement; (2) Project Implemen­
tation Plan; (3) Safety Advisory Board; (4) & (5) Safety Advisory 
Board Meeting Agendas and Minutes; (6) Safety Advisory Board Com­
mittee Meeting Minutes; (7) Montreal Fire Report; (8) Compilation 
of Safety Related Items; (9) Accident Source Items Final Listing; 
(10) TDC Monograph Ser s 500 "Transit Flammability Requirements" 
500-3; (11) UITP - Combustibility of Material Used in the Con­
struction of Modern Rolling Stock; (12) Work Statement on Non­
metallic Materials; (13) Consultants Report on Fire Safety of 
Materials; (14) Engineering for Fire Safety of Rail Rapid Mass 
Transit Systems - SRI; (15) TDC Monograph Series 500 "Smokeless 
Cable" 500-2; (16) NASA Problem Statement No. 72-04-025 Smokeless 
Non-Toxic Cable; (17) Fire Extinguishing System - 8 74; (18) Work 
Statement - The Development of a Method and Equipment for Early 
Detection of Fire, etc.; (19) A proposed Study of Accidents on 
Fixed Stairs in Rapid Transit Stations - E. Novell; (20) Proposed 
Work Statement "Design, Test and Acceptance Criteria for Trans­
parencies"; (21) Work Statement for the Production and Distribu­
tion of a Safety Film on Mass Transit; (22) Train Screen - A Con­
cept and a Cost Saving; (23) Passenger Train Screens TTC 7-74; 
(24) Proposed Statement of Work for the Compilation of Methods and 
Equipment for the Evacuation of Passengers; (25) Proposed Study of 
Regeneration Safety; (26) a. Prototype Sled Arrestor, b. Transit 
Vehicle Detection System, PP74-107 (title page only); and (27) TDC 
Memo - 12-19-74 Visit to San Francisco Muni. 
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The purpose of this report is to provide guidelines on the planning, 
organization, and operation of subscription bus services. The report 
deals with identifying potential riders; obtaining vehicles and drivers; 
meeting regulatory requirements; setting routes, schedules, and res; 
revising routes and schedules as demand changes; and obtaining such 
special privileges as the use of express lanes, priority movement at 
intersections, and close-in parking. 

The term "subscription" has been applied recently ta a variety of specialized 
bus services tailored to serve urban travelers who patronize them on a 
regular basis, usually for their daily trips to and from work. While 
subscription services can be provided by taxicabs, vans, or small buses, 
as well as by larger 40 or 50 passenger buses, this report concentrates only 
with services provided by large buses. 

Guidelines suggest that the following characteristics are among those 
critical to the successful operation of subscription bus services: a 
relatively large concentration of at least SO fairly long trips with 
proximate origins or destinations and common, regular schedules; a dedi­
cated organizational body to formulate the service and manage it on a 
continuing basis; a convenient source of buses and drivers (such as a 
transit authority or charter bus operator); and provision of personalized 
service features, such as guaranteed seating, door-to-door service and 
express ride. 

The guidelines are based on detailed case studies of subscription ser 
vices in Wentzville, Missouri; Fredericksburg, Virginia; Huntington 
Beach, California; Reston, Virginia; the San Francisco Mid Peninsula; 
Gaithersburg, Maryland; Los Angeles, California; Golden Gate Bridge, 
Highway and Transportation District "Commute Clubs"; Flint, Michigan; 
and Peoria, Illinois. 

The report concludes with a discussion of the potential impacts of these 
services on the congestion, pollution and fuel consumption associated 
with urban travel. 

A glossary and bibliography are furnished. 
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Recognizing the need for improved transportation services for the elderlv 
living within Orange, Seminole, and Osceola Counties, Florida, a planning 
study was undertaken to more specifically identify their needs and <levelop 
recommendations to respond to these needs. The planning phase was jointly 
funded by UMTA, the Florida Department of Transportation and the Orange 
Seminole-Osceola Transportation Authority as part of a Service Development 
Program. Upon completion of the planning phase, a second grant application 
was prepared and submitted to carry out a 24 month demonstration program 
within the three county region. 

The purpose of this demonstration project was to increase mobility of 
the elderly citizens living within the study area and in doing so increase 
their opportunity to participate more fully in obtaining and using the 
services and facilities available within the community. 

The planning phase analyzed the transportation needs of the elderly, 
evaluated several alternative approaches to meeting these needs, and 
developed a recommended plan of operations to be tested during the demon­
stration phase. Throughout the planning phase, community participation 
was maintained through the Senior Citizen Transportation Advisory Comm 
issions within each of the three counties. The recommended plan reflects 
the outcome of frequent discussions with the 3 advisory commissions and 
the County Commissioner representative on the transportation authority. 

The following are objectives to be met by the transportation systems; 
it must be known and understood by the user, convenient to use,comfortable, 
designed to interconnect elderly residential locations with destinations 
to which they desire access; and it must be "cost-effective." 

To meet the mobility needs of the elderly, it is further recommended that 
eight twenty-five to thirty passenger vehicles be purchased. Within the 
central Orange County area the service will be on a door-to-door basis 
to serve those who cannot use regularly scheduled transit. 

Tables include population characteristics and county service costs. Among 
the figures is a distribution of elderly by census tract map. Appendix 
"A" contains the development of unit costs and 11 B11 names the advisory 
commissions on senior citizen transportation. 
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The Transportation of the Elderly (TOTE) Demonstration Project in St. 
Petersburg, Florida, was initiated for the purpose of improving and increas­
ing the mobility of the elderly and handicapped. This demonstration is 
being conducted in a ten square-mile area which houses a target group of 
30,000 persons. 

Reservation, Subscription, Demand Response and Rent a Bus are the four 
door-to-door services being utilized to provide the elderly (60 and over) 
and the handicapped (no age limitation) with increased mobility. Thirteen 
customized maxi-vans provide service Monday through Friday from 7:30 A.M. 
until 7:00 P.M. and on Sunday from 9:00 A.M. until 2:00 P.M. At the 
conclusion of the demonstration it is anticipated that TOTE will be inte­
grated with the Municipal Transit System to complement the more than 30 
fixed routes presently in operation within the demonstration area. 

Public acceptance and utilization of door-to door transportation was 
~lower than anticipated. However, once individuals utilized the 
service, they usually became steady riders. In fact, travel frequency 
tended to increase as a rider realized just what opportunities were available. 

As a means of control and a method of identifying the riders, a registra-
tion program was initiated four months before service started. Approxi­
mately 7,000 persons had registered prior to the first passenger pick-up. 
This figure had increased to 12,626 as of March 31, 1974. It is expected 
that close to 20,000 persons will be registered by the end of the demon­
stration project. 

Among the findings are: the two major outgoing trip purposes for the first 
six months of operation have been medical/dental (27.9%) and personal 
business (25.9%)! peak hours have been between 10 A.M. and noon; and, 
reservation and subscription services have been used by approximately 
85% of the riders during each month of operation. 

Appendices include a map of the area, registration posters and photographs. 
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In June 1969, a shuttle bus transit system demonstration project was 
initiated in the Atlanta Model Cities area, created under the 1964 
Demonstrations Cities Act to eliminate the concentration of social, 
economic and physical problems besetting many urban areas. The Model 
Cities Agency was responsible for all phases of operation until August 
1971 at which time the Metropolitan Atlanta Rapid Transit Authority (MARTA) 
assumed a number of administrative functions including promotion and 
evaluation of the system. 

This report was prepared as part of MARTA's evaluation of the system 
to give a complete history of the shuttle service, detail the financial 
aspects of the system, determine the characteristics of the passengers, 
and to evaluate the entire system's performance and promotion program 
which was developed under MARTA 1 s supervision. 

A home survey of riders and non-riders was conducted, covering trip 
making characteristics of passengers, reason for use and non-use of 
the shuttle system, and to evaluate the results of the promotional 
program. Survey results and questionnaires are included in the 
appendices. 
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"Northwest Passage" was designed to provide a convenient pedestrian 
interchange between a commuter railroad and a rapid transit line in the 
Chicago area. It was the first transit project in the nation combining 
both capital grant and demonstration grant programs of UMTA into a single 
coordinated project involving two transportation agencies---Chicago 
Transit Authority (CTA) and Chicago and North Western Railroad (C&NW)- -
and the City of Chicago, Department of Public Works. 

A modern, weather-protected connecting passageway between C&NW's suburban 
concourse in the main passenger terminal and the mezzanine level of the 
Clinton Lake station on CTA 1 s Lake Dan Ryan rapid transit route was 
constructed. The Clinton-Lake rapid transit station was rehabilitated. 

Objectives of the study were to: (1) determine the effect of rider use 
of the Passage on the Chicago and North Western Railroad, the Chicago 
Transit Authority's rapid transit line, and other transportation modes; 
(2) ascertain the characteristics of riders gained or lost and the reasons 
for use of each particular mode; (3) determine the desirability of addition 
al coordination between services in other instances; (4) test whether the 
connection will provide linkage between job opportunities and residence 
areas of potential employees; and, (5) develop guidelines useful in 
preparing a comprehensive metropolitan transportation plan and, most 
specifically in Chicago, for application to the Central Area Transit 
Study. 

A discussion of the analysis of passenger surveys includes market analysis 
methodology, A.C. Nielsen Survey results and CTA passenger surveys. Project 
development is delineated. The marketing program is focused upon with 
graphic displays of the promotion of Northwest Passage. 

The appendices contain CTA and CNW service information, photographs, and 
promotional materials including radio scripts and brochures. 
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This report discusses a monitoring system which was implemented to test 
the practibility of centralized automatic schedule adherence checking, 
the effectiveness of a clandestine alarm aboard a transit vehicle and 
the possibility that such an automated system would allow significant 
improvement in radio channel utilization. 

The evaluation was performed by collecting data pertinent to the system's 
performance (i.e., accuracy and reliability) in specifically designed 
experiments. The optional aspect was evaluated by collecting data before 
and after implementation. 

The results of the evaluation indicate an excellent potential for increased 
management information. Although the system performance was adversely 
affected by poor reliability of the initial equipment aboard the buses, it 
was shown that this system can maintain schedule adherence at least as 
well as the present methods, accurately locate a vehicle in an emergency, 
and provide the information capacity of twice as many conventional voice 
radio channels. 

From these results it is concluded that this system is a good investment. 
Acceptable reliability in future equipment should be facilitated through 
the technological developments that have taken place since the project was 
undertaken. Simultaneous modifications in software based on experience with 
this pilot installation may promote expanded usefuleness of the system. 
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The Urban Mass Transportation Administration, through its RD & D ~rogram, 
has been actively involved in the process of funding full-scale transit 
demonstration projects in select metropolitan areas throughout the country. 
These demonstrations are carried out for the purpose of research, testing 
and evaluation of transit concepts with potential nationwide implications. 

One major objective to be accomplished as an integral part of the demon­
stration program is the development of a systematic and effective means 
of evaluation which will enable UMTA to determine not only the effective­
ness of the specific projects, but also the extent of application to 
other areas of the country. 

The Transportation Center of Northwestern University sought to accomplish 
this objective by means of this study. This summary report was aimed at 
accomplishing three primary objectives: (1) determining the feasibility 
of using experimental design methodology to evaluate transit demonstration 
projects; (2) utilizing the methodology in assessing the impact of transit 
innovations; and (3) determining the implications and applications of the 
demonstration findings in other locales, as well as appropriateness of 
the evaluation methods used. 

The basic steps of the approach were developing an experimental design, 
testing the design methodology and evaluating the results. The demon­
stration setting was established in Seattle, Washington where an express 
bus service demonstration project was initiated in 1970 supported by 
UMTA R&D funds. 

It was concluded, among other things, that the utilization of an experi­
mental design methodology is a most efficient and economical means of 
evaluating demonstration projects on a micro-level, where differences in 
effectiveness and estimates of performance potential can be measured. 

Tables complement the text. Appendices are contained in Volume II of 
the report, "Development of Experimental Design Methodology for Eval­
uating Transit Demonstrations: An Application to the Seattle Bus Service 
Demonstration Project - Volume II - Appendices 11 (Order No. PB 235-510). 
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The Urban Mass Transportation Administration, through its RD & D Program1 
has been actively involved in the process of funding full-scale transit 
demonstration projects in select metropolitan areas throughout the country. 
These demonstrations are carried out for the purpose of research, testing 
and evaluation of transit concepts with potential nationwide implications. 

One major objective to be accomplished as an integral part of the demon 
stration program is the development of a systematic and effective means 
of evaluation which will enable UMTA to determine not only the effective­
ness of the specific projects, but also the extent of application to 
other areas of the country. 

The Transportation Center of Northwestern University sought to accomplish 
this objective by means of this study. The summary report was aimed at 
accomplishing three primary objectives: (1) determining the feasibility 
of using experimental design methodology to evaluate transit demonstration 
projects; (2) utilizing the methodology in assessing the impact of transit 
innovations; and (3) determining the implications and applications of the 
demonstration findings in other locales, as well as appropriateness of 
the evaluation methods used. 

The basic steps of the approach were developing an experimental design, 
testing the design methodology and evaluating the results. The demon­
stration setting was established in Seattle, Washington where an express 
bus service demonstration project was initiated in 1970 supported by 
UMTA R&D funds. 

It was concluded, among other things, that the utilization of an experi 
mental design methodology is a most efficient and economical means of 
evaluating demonstration projects on a micro-level, where differences in 
ef ctiveness and estimates of performance potential can be measured. 

This report contains the appendices of the Volume I (PB 235-509) report. 
Appendices are: Magnitude of Ridership on Blue Streak Routes, Data from 
the Origin and Destination Surveys, Magnitude of Vehicles Using Express­
way Facilities, An Evaluation of Methods for Counting Bus Passengers, and 
Issues Arising in the Conduct of the Study. 
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This purpose of the study is to provide information for the management of 
the mass transit industry particularly for smaller cities in the United 
States, which are defined for the purposes of this report as cities with 
a population of 150,000 or less. The cities in question are in rather 
isolated areas and therefore cut off from experienced transit management 
people in and around large metropolitan areas. 

The two major constraints discussed are the amount of money which is avail­
able and the degree of specialization possible with the limited manpower 
of a small enterprise. Practices of smaller transit systems in the United 
States were investigated in order to determine some of the methods and 
problems of such properties. The best methods utilized by these undertakings 
have been included. The report also discusses ways in which it might be 
possible to improve on existing management and conventional practices of 
the transit industry. 

A consumer-oriented approach is strongly emphasized because the author is 
of the opinion that today's transit industry is primarily operations­
oriented in a relatively unsystematic fashion to a degree unusual for 
American enterprise today. Public and private ownership is discussed 
especially in relation to service quality. Much attention is also paid 
to the gaining of public support in financing mass transit in small cities. 
The report is directed not only toward transit managers but toward public 
officials and private citizens who wish to inaugurate or improve transit 
service through public action. 

The report is divided into four sections, each of which is designed to 
be complete in and of itself. They are: Organization and Finance, 
Management and Control, Operations, and Marketing. There is a bibliog­
raphy, sample questionnaires, maintenance forms> and a complete index. 
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This report is a result of a 15 month field evaluation of an "Environ­
mental Improvement Program Kit" which had been designed to reduce the 
noise, smoke, odor, and pollution created by buses. 

The principal components of the EIP kit are: (a) fuel injectors revised 
for better control of the injection process; (b) an exhaust heat-activated 
catalytic reactor, incorporated into a new muffler design; (c) a vertical 
exhaust stack incorporating air aspiration, intended to disperse the 
exhaust better and to control odor; (d) an acoustically treated air induc­
tion system; and (e) new engine mounts designed to reduce sound transmission 
into the passenger compartment. In other words, this kit modifies the air 
induction, fuel injection, and exhaust systems of the engines as well as 
the engine's attachment to the coach chassis. 

To test effectiveness, EIP kits were experimentally tested under actual 
urban service conditions in 1969 model buses in San Francisco and 1963 
models in Washington, D.C. Measurements included exhaust emissions of 
carbon monoxide, hydrocarbons and oxides of nitrogen. Noise tests were 
also conducted and data compared. Reliable field tests for odor were 
not supported within the scope of the UMTA evaluation. 

Among the findings was that, in general, the EIP kits significantly reduced 
smoke, odor and hydrocarbon emissions on the oldest GMC models but had 
less effect on the newer buses. There was less odor reduction and no 
improvement in smoke or hydrocarbon emission in the later models. This 
difference is attributed to the year of manufacture of the buses; not to 
the amount of mileage of the bus but to annual improvements that have been 
made during the 14 years that the current model has been in production. A 
detailed summary of kit benefits, tables of measurements and illustrations 
are included. 

Costs, benefits and maintenance aspects of the EIP kit are outlined. 
Furthermore, alternatives are offered to the installation of the kit 
since the amount of labor involved in converting a bus may warrant selec 
tion only of the most ef ctive and lowest cost components when retro­
fitting existing coaches. 

The test project did tend to confirm the broad aspects of GMC 1 s claims. 
Adequate data is presented to make clear distinctions as to the EIP kit's 
effectiveness on different bus models and the efficacy of the specific 
component parts. 

References are furnished. 99 $S.25 
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The Shirley Highway Bus-on-Freeway Demonstration Project represents 
a major part of the UMTA and Federal Highway Administration effort 
to test different technologies and system configurations in order to 
better serve the nation's transportation needs. The Shirley High­
way corridor, extending from suburban Northern Virginia to downtown 
Washington, D.C., is a 150 square mile area containing about 550,000 
people. This project was designed to provide corridor commuters 
with fast and reliable peak-period bus service to the three major 
employment areas of downtown Washington, D.C., the Pentagon and the 
Crystal City complex in the Northern Virginia suburbs. The elements 
of the project include: 1) the busway, including the exclusive lane 
on Shirley Highway and bus-priority lanes in Washington, D.C.; 
2) a bus transit operation, involving new buses with special features 
operating on new routes with revised schedules; and 3) residential 
fringe parking facilities for bus riders, located in shopping centers 
and newly constructed park-and-ride lots. 

The major objective of this study was to determine and isolate those 
factors which influence the switch from auto to bus ridership and 
to determine how those factors could be generalized to other areas 
in the country. The products of this effort include: a new modal 
choice or market share model which has significant behavioral advan­
tages over its predecessors; an analysis of the data collected during 
the Shirley Highway Bus on-Freeway Demonstration Project; calibrations 
of the N-Dimensional Logit Model and the Utile Model using the 
Shirley corridor data; a calibration of the new mode choice model; a 
comparison of the three calibrated models; and, a sensitivity analysis 
of the three models including a comparison of the three forecasts for 
a set of realistic transportation policy options. 

Related reports include: "The Shirley Highway Express-Bus on-Freeway 
Demonstration Project-Project Description11 (PB 218 983), "Shirley 
Highway Express-Bus-on-Freeway Demonstration Project-First Year 
Results" (PB 214-333), "Shirley Highway Express-Bus on-Freeway 
Demonstration Project Second Year Results" (COM-74-10785), "Shirley 
Highway Express-Bus-on Freeway Demonstration Project User's Reactions 
to Innovative Bus Features" (COM-73~11453). 
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The Shirley Highway Express-Bus-on-Freeway Demonstration Project 
entered its fourth year of service in July 1973. This report 
documents project achievements up to that date, with primary 
emphasis on activity between July 1972 and June 1973. 

The Shirley Highway Corridor, extending from suburban Northern 
Virginia to downtown Washington, D.C., is a 150 square-mile area 
containing approximately 550,000 people. The project was designed 
to provide corridor commuters with fast and reliable peak-period 
service to the major employment centers of downtown Washington, 
D.C., the Pentagon, and the Crystal City Complex in Northern 
Virginia. Its purpose was to determine the effectiveness of 
different technologies and system configurations to ease urban 
traffic congestion and improve the urban environment. 

Jointly sponsored by the Urban Mass Transportation Administration 
and the Federal Highway Administration of the U.S. Department of 
Transportation, this project includes three elements: 1) the bus­
way, including the exclusive lane on Shirley Highway and the bus­
priority lanes in Washington, D.C.; 2) a bus transit operation 
involving new buses with special features; and 3) residential fringe 
parking facilities for bus riders, located in shopping centers and 
newly constructed park-and-ride lots. 

Results of the project, as reported in this document, include: 
1) a shift of approximately 8300 auto commuters to the bus service; 
2) an improvement in vehicle utilization which has reduced by 17 
the number of buses required to maintain the March 1973 headways; 
3) a diversion of approximately 5000 autos from daily peak-period 
corridor traffic and the removal of all buses from auto lanes on 
Shirley Highway; 4) a substantial improvement in people-moving 
efficiency; 5) a reduction in peak-period auto emissions and gaso­
line usage; 6) a reduction in travel time for motorists and bus 
riders; and, 7) an improvement in reliability of transit service. 

Among related Jocuments is "Shirley Highway Express-Bus-on-Freeway 
Demonstration Project---First Year Results" (PB 214-333). 

NTISOROERNO.: COM-74-10785 101 
$4.75 



TITLE: THE SHIRLEY HIGHWAY EXPRESS-BUS-ON-FREEWAY DEMONSTRATION 
PROJECT: USERS' REACTIONS TO INNOVATIVE BUS FEATURES 

AUTHOR: National Bureau of Standards 
(Theodore H. Saks, Richard F. Yates, and Keith M. Goodman) 

DATE June 1973 PROJECTNO.: IT-06-0024 
KEYWORDS: 1. Surveys 6. Bus, Priori ties 

2. Bus, commuter 
3. Lane, reserved 
4. Bus, express 
5. Parking, park-and-ride 

This report describes an on-board survey of commuters as part of the 
Shirley Highway Express-Bus-on-Freeway Demonstration Project. The 
purpose of the survey was to obtain users' attitudes concerning the 
special interior bus features as well as new transit service features. 

The Shirley Highway Bus-on-Freeway Demonstration Project represents 
a major part of the UMTA and Federal Highway Administration effort to 
test different technologies and system configurations in order to 
better serve the Nation's transportation needs. The Shirley Highway 
Corridor, extending from suburban Northern Virginia to downtown 
Washington, D.C., is a 150 square-mile area containing about 550,000 
people. This project was designed to provide corridor commuters with 
fast and reliable peak-period bus service to the major employment 
areas of downtown Washington, D.C., the Pentagon and the Crystal 
City Complex in the Northern Virginia suburbs. 

Bus commuters' perceptions of the relative importance of various 
interior bus features (i.e., carpeting, special lighting, windows, 
etc.) and transit service features (i.e., reliable schedules, assur­
ance of a seat, etc.) are analyzed in this report. The relative 
impact of various project marketing and promotional techniques 
is also presented. 

Among the major findings of the study was that bus commuters were 
highly satisfied with the special interior features on the project 
buses but with the exception of air conditioning/heating, they did 
not consider these features particularly important. Service related 
features, however, were deemed important. Findings suggest that 
alterations in bus design which upgrade already adequate interior 
comfort and aesthetic features are less attractive to the commuter 
than service improvements. "Word of mouth" promotion was the most 
frequently identified means of informing commuters about the service. 

Related documents include "Shirley Highway Express-Bus-on-Freeway 
Demonstration Project- - - Project Description" (PB 218-98 2) ; "Shirley 
Highway Express-Bus-on-Freeway Demonstration Project---First Year 
Results" (PB 214-333); "Shirley Highway Express-Bus-on-Freeway 
Demonstration---Second Year Results" (COM-74 10785); and "Mode 
Choice and the Shirley Highway Experiment" (PB 231-893). 
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This study provides an estimate of the U.S. market demand for 40 foot 
tra: .it coaches from 1972 through 1990. The study was conducted in 
support of the Transbus project, which concerns the development of a 
standard design transit coach which will be produc during that time 
period. 

The data base for the forecast is the 1972 National Bus Fleet Inventory, 
which includes approximately 95% of U.S. transit coaches in major urban 
areas. The calculation of the probable annual replacement rate was based 
on age distribution of the fleet, assumed service li , demographic ctors 
and public policy. The annual replacement forecasts ranged from 3,400 
units in the earlier forecast years to 4,800 by 1990. 

Charts are included which project the cost of replacement and net additions 
for 40-foot coaches through 1990, factors which influence the 40 foot bus 
demand, and bus r lacement according to the age of the bus. 

Fleet characteristics are analyzed according to length, seating capacity 
and age. There are other charts which provide a statistical analysis of 
such factors as population, ridership, travel modes, and route mileage. 
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This report reviews the present state-of-the art of propulsion technology 
applicable to the 40-foot transit bus (Transbus). The best available 
components and technology are utilized to improve the performance,suit­
ability and public acceptability of the motor coach for urban mass 
transportation. 

Major coverage is given to diesel and gas turbine engines (Otto cycle and 
Brayton cycle). Closed-cycle (external combustion) engines such as 
Rankine and Stirling engines are also covered. Power, weight, cost, and 
environmental considerations, as well as transmission and power management 
are discussed, in reference to each type of propulsion system. 

The report concludes with information on energy storage devices and energy 
transfer devices such as hydrokinetic transmissions, hydrostatic trans­
missions, or electric transmissions. 

Appendices include propulsion system data and references. 

This is the first of four reports submitted under Project 3 (Propulsion 
System Technology) of the Bus Technology Program, which was initiated in 
1971 to develop a modern and efficient motor coach for use in urban mass 
transit systems. The purpose of Project 3 is to determine which propulsion 
systems are feasible for use in Transbus and to select systems suitable for 
alternative use during the 15-year life span of the model bus. 
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This report reviews one task element of the UMTA Urban Rapid Rail Vehicle 
and Systems Program. The program objective is to enhance the attractive­
ness of rail rapid transit to the urban traveler by providing existing and 
proposed transportation systems with service that is as comfortable, safe, 
reliable, and economical as possible. 

As part of this program, UMTA sponsored the production and component test­
ing of ten prototype rapid transit cars for the San Francisco Bay Area 
Rapid Transit District. The objective of the project was to accomplish the 
engineering, production, service test, retrofit and associated evaluation 
and modification of the ten cars, to form the basis for the subsequent 
production run for BART. 

It was conclud~d that the BART car represents the integration of modern 
technology with systems and approaches in rail rapid transit vehicle 
design. It is the product of a soundly conceived program of subsystem 
evaluation and development and reflects the advanced type of specification 
under which it was produced. The procurement specification encouraged 
advancement because it replaced the traditional hardware orientation with 
performance requirements and objectives. 

Operating experience with the BART car has revealed several improvements 
which are applicable to the State of-the Art car (SOAC) and Advanced Con­
cept Train (ACT) projects and which appear worthy of consideration for 
transit car design generally. Among these are: crashworthy design, 
damage resistant glazing materials, separation of primary and secondary 
equipment functions, and special maintenance design. 

It was recommended that the ten car prototype testing program be considered 
for all future transit car procurements because it provides for the resolu­
tion of many problems prior to large scale production. 
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The State-of-the-Art Car (SOAC) was developed under UMTA's Urban Rapid 
Rail Vehicle and Systems program. The objective of this program is to 
enhance the attractiveness of rapid rail transportation for the urban 
traveler by providing transit vehicles which are as safe, reliable, 
economical and comfortable as possible. 

The SOAC is one phase of this program and its particular specifications 
within the study include design and fabrication, design criteria, and 
performance requirements. Specific matters under study in this report 
include: car body, car body items, coupler and draft equipment, door 
operation, heating, cooling and ventilating systems, and various elec­
trical and power systems including systems support, management systems 
and testing methods. 

Revisions from the original report (May 1973) are generally in the fields 
ot system requirements, noise and vibration control, strength requirements, 
performance requirements, electrical and lighting equipment, acceleration 
and deceleration, and the interpretations and definitions of general 
information. 

A glossary of terms and abbreviations is included with a set of drawings. 
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This report is an investigation of voltage transients and spikes on 
five existing rail rapid transit systems (Philadelphia, New York City, 
Boston, Cleveland and Chicago). The purpose of the report is to define 
the power environment in which new rail transit cars might be expected 
to operate. 

Third rail shoe transients and spike voltages are described, evaluated 
and measured during rush and non-rush hours. The resulting data is con­
densed into curves which may be used as the basis of a general performance 
specification. In addition, the underlying theory as well as special test 
equipment used dur the Field Test Activity are described in detail, 
together with the special computer program required for test data evalu­
ation. The results thus obtained, according to the authors, may be 
partially extended for future subway car speed control systems using 
static power conversion. 

The authors present their conclusions and recommendations and there are 
extensive illustrations and tables. 

NTISORDERNO.: PB 222-698 107 
$8.50 



TITLE: 

AUTHOR: 

DATE. 
KEYWORDS: 

SOAC - STATE-,QF-THE-ART CAR DEVELOPMENT PROGRAM 
Volume I: Design, Fabrication and Test 

Boeing Vertol Company, Surface Transportation Systems Department 

April 1974 PROJECT NO.: 

1. 
2. 

Rail, systems planning and design 
Research Operations 

IT-06-0026 

As systems manager for the UMTA Urban Rapid Rail Vehicle and Systems 
Program, the Boeing Vertol Company is supervising the design, fabrication 
and test of two new State-of-the-Art Cars (SOAC). The objective of this 
program is to demonstrate the current state-of-the-art in rail rapid 
transit vehicle technology. 

Passenger convenience and operating efficiency are primary goals for the 
cars. Built by the St. Louis Car Division of General Steel Industries, 
the SOAC features chopper control, separately excited DC traction 
notors, all-steel construction (with molded fiberglass ends), and vandal 
resistant and fire-retardant materials in the interior. 

The two SOAC cars were designed, fabricated, functionally tested and 
delivered to the U.S. Department of Transportation's High Speed Ground 
Test Center in Pueblo, Colorado. During 1973, the vehicles underwent an 
extended period of engineering testing. Systems testing on UMTA's 9.1 
mile Rail Transit Test Track was completed on April 10, 1974. 

This volume covers the development program through engineering testing; 
including data on design and performance, propulsion and braking systems, 
subsystems, test program, engineering design changes and corrective 
actions, rnockup, test and evaluation programs and economic analysis. 

Illustrations and figures are numerous. References are furnished. 
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This report reviews the second year's efforts of UMTA's Urban Rapid Rail 
Vehicle and Systems Program. The objective of the program is to enhance 
the attractiveness of urban rail rapid transit by providing transit 
vehicles that are safe, reliable, comfortable and economical. 

This second annual report specifically describes the work accomplished 
and summarizes pertinent technical and design data. The report format 
is organized according to the following program tasks: (1) Completion 
of the review of the BART prototype testing, (2) State-of-the-Art Car 
(SOAC) which was tested at the High Speed Ground Test Center in Pueblo, 
Colorado, (3) Co~pletion of the design and development phase of the 
Advanced Concept Train (ACT-1) research and development, (4) Status on 
Advanced Concept Train Subsystems research and development (ACT-2)~(5) 
Status on Advanced Concept Train operational demonstration planning 
(ACT-3), (6) Economic analysis, and (7) Human factors analysis. 

The first annual report, dated July 1972, is available from the National 
Technical Information Service, Springfield, Virginia (PB 212-848). 
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In the past, it has not been possible to get an accurate measure of the 
operating deficit of the transit industry or to obtain comparable measures 
of the levels of service being provided by the various transit systems. 
Therefore, Project FARE (Financial Accounting and Reporting Elements) was 
initiated to develop and test a candidate reporting system to accumulate 
transit industry financial and operating data and to categorize it uniform­
ly. An improved information base such as this is a prerequ ite to effect­
ive planning and administration of financial assistance programs for Federal, 
state and local government agencies. It will aid transit industry associa 
tions in monitoring performance. Individual transit systems will be able 
to compare their effectiveness with other systems portraying similar 
characteristics. Project FARE evolved as a joint effort by UMTA, the 
Institute for Rapid Transit and the American Transit Association. 

This report, Task I, has as its objective the identification of the 
anticipated information requirements for the potential users of FARE. 
Delineated are the methods, design criteria, information requireMents 
and plans for Task II. Appendices are the f!Relationship of Production 
System to Resource and Consumption Markets 11 and "Transit System Capital 
Classifications." 

Task II surveys the capability of selected transit systems to supply 
information that is required. Task III is to develop a candidate system 
of reporting elements for which implementation is currently feasible and 
Task IV is to test the implementation of the candidate system at selected 
transit operations. 

PROJECT FARE TASK II REPORT, Urban Mass Transportation Industry 
Reporting Capability is composed of the following: "Part I: Survey 
Findings" (PB 213-474, $5.75) and "Part II: Sample ~uestionnaire" 
(PB 213-475, $4.75). 
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Project FARE (Financial and Accounting Reporting Elements) is composed 
of four Task projects designed to address the needs of individual 
transit systems to compare their performance with other similar transit 
systems, for transit industry associations to rnouitor industry perfor­
mance, and for Federal, state and local agencies to aid in transit 
analysis and financial assistance program administration. The Task 
III study maintained close contact with all phases of the transit 
industry. 

This particular volume is the first of a four volume study under Task 
III, which describes a uniform reporting system for the urban mass transit 
industry. It covers the needs and objectives of Task III, methodology, 
geaeral design, conclusions, recommendations, and concludes with a des­
cription of the plans of Task IV. 

Part II (PB 222-043) and Part III (PB 222:044) present a detailed docu 
mentation of the reporting requirements for transit systems other than 
commuter rail. Part IV (PB 222-04S) covers the reporting requirements 
for commuter rail systems. The order number for set of Task III Reports 
is PB 222-041-SET and the price is $20.00. 
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Project FARE (Financial and Accounting Reporting Elements) is carposed 
of four Task projects designed to address the needs of the individual 
transit systems in order that they might be able to compare their 
performance with other similar transit systems, for transit industry 
associations to monitor industry performance, and for Federal, state 
and local agencies to aid in transit analysis and financial assistance 
program administration. The Task III study maintained close contact 
with all phases of the Transit Industry. 

This particular volume is the second of a four volume study under Task III, 
which describes a uniform reporting system for the urban mass transit 
industry. Part II contains general system instructions, prescribed 
accounting standards to be employed for this reporting, and detailed defini­
tions of all reporting categories in the system for transit operations 
other than commuter rail. 

Part I, the Task Summary (PB 222-042), covers needs, objectives, method­
ology, general design, conclusions, recommendations, and a description 
of the plans of Task IV. Part III (PB 222 044) provides reporting system 
forms for the work contained in Part II with a cross reference to the 
appropriate section in Part II. Part IV (PB 222-045) covers reporting 
requirements relating to commuter rail services. The order number for 
the set of Task III Reports is PB 222-041-SET and the price is $20.00. 
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Project FARE (Financial and Accounting Reporting Element) is composed 
of four Task projects designed to address the needs of the individual 
transit systems in order that they might be able to compare their perfor­
mance with other similar transit systems, for transit industry associ­
ations to monitor industry performance, and for Federal, state and local 
agencies to aid in transit analysis and financial assistance program 
administration. The Task III study maintained close contact with all 
phases of the transit industry. 

This is the third in the Task III four volume study which describes a 
uniform reporting system for the transit industry. Part III provides the 
forms for the work done in Part II with appropriate cross references to 
Part II. This covers report forms for assets, liabilities, capital, ex­
penses, and non financial operating data. 

Part I, the Task Summary (PB-222-042), covers needs, objectives, method­
ology, general design, conclusions, recommendations, and a description of 
the plans of Task IV. Part II (PB 222-043), in cooperation with Part 
III, provides detailed documentation of reporting requirements for 
transit systems other than commuter rail. Part IV (PB 222-045) covers 
the reporting requirements for commuter rail systems. The order number 
for the set of Task III Reports is PB 222-041-SET and the price is 
$20.00. 
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Project Fare (Financial and Accounting Reporting Elements) is composed 
of four Task projects designed to address the needs of the individual 
transit systems in order that they might be able to compare their perfor­
mance with other similar transit systems, for transit industry associ­
ations to monitor industry performance, and for Federal, state and local 
agencies to aid them in transit analysis and financial assistance program 
administration. The Task III study maintained closed contact with all 
phases of the transit industry. 

This is the last in a series of four reports which comprise Task III of 
Project FARE. It covers the reporting requirements for commuter rail 
systems. ICC Form A is included with modifications in order to obtain 
a complete report of revenues, expenses and nonfinancial operating data 
pertaining to commuter rail systems. The purpose of the separation of 
rail transit from other transit systems is derived from Chapter 3 of Part 
I, Task Summary, which explains why commuter rail systems are subject to 
a different reporting requirement than that of other transit systems. 

Part I, the Task Summary (PB 222-042), covers needs, objectives, method­
ology, general design, conclusions, recommendations, and a description 
of the plans of Task IV. Part II (PB 222 043) and Part III (PB 222-044) 
provide detailed documentation of reporting requirements for transit systeffi!" 
other than commuter rail. The order number for the set of Task III Reports 
is PB 222-041-SET and the price is $20.00. 
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The primary objective of Project FARE (Financial Accounting and Reporting 
Elements) is to develop and test a candidate reporting system to accumulate 
transit industry financial and operating results by uniform categories. 
The objective of Task IV is to test the systems concepts included in the 
reporting framework developed in Task III. Test results validated pre­
viously developed systems concepts. Task IV is divided into five volumes. 

Volume I, Task and Project Summary, summarizes the work performed in each 
of the four Tasks, concluding with a recommendation that the FARE system 
be implemented and that transit systems throughout the country be assisted 
in upgrading their internal information systems through a coordinated, 
nationwide program. The conduct of the entire project is summarized as 
well as Task IV methodology and results. 

Volume II, Reporting System Instructions (PB 226-355/AS), contains general 
system instructions, prescribed accounting standards, and detailed defini­
tions of all reporting categories. 

Volume III, Reporting System Forms (PB 226-356/AS), contains examples of 
all the forms used in the system for transit operations other than commuter 
rail. 

Volume IV, Commuter Rail Reporting System Instructions (PB 226-359/AS), 
contains system instructions, accounting standards and definitions of all 
reporting categories in the system for commuter rail operations. 

Volume V, Commuter Rail Reporting System Forms (PB 226-358/AS), contains 
examples of all the forms used in the system for commuter rail operations. 

The order number for all five volumes of Task IV is PB 226-353-SET and 
the price is $27.00. 

~4.75 
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The primary objective of Project FARE (Financial Accounting and Reporting 
Elements) is to develop and test a candidate reporting system to accumulate 
transit industry financial and operat results by uniform categories. 
The objective of Task IV is to test the systems concepts included in the 
reporting framework developed in Task III. Test results validated pre­
viously developed systems concepts. Task IV is divided into five volumes. 

Volume I, Task and Project Summary (PB 226-354/AS), summarizes the work 
performed in each of the four Tasks, the conduct of the entire project, 
its methodology, its results, and recommendations. 

Volume II, Reporting System Instructions, contains general system instruc­
tions, prescribed accounting standards to be employed for this reporting 
and detailed definitions for all reporting categories in the system for 
transit operations other than commuter rail. Specific matters discussed 
include: accounting practice instructions, asset reporting, liability, 
capital, revenue,expense, nonfinancial operating data, and central process 
ing of FARE reports. 

Volume III, Reporting System Forms (PB 226-356/AS), contains examples of 
all the forms used in the system for transit operations other than commuter 
rail. Each form shows a cross reference to the applicable instructions in 
Volume IL 

Volume IV, Commuter Rail Reporting System Instructions (PB 226-357/AS), 
contains system instructions, accounting standards and definitions of all 
reporting categories in the system for commuter rail instructions. 

Volume V, Commuter Rail Reporting System Forms (PB 226 358/AS), contains 
examples of all the forms used in the system for commuter rail operations. 

The order number for all five volumes of Task IV is PB 226 353-SET and the 
price is $27.00. 

$11. 50 

NTIS ORDER NO.: PB 226-355/ AS 
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The primary objective of Project FARE (Financial Accounting and Reporting 
Elements) is to develop and test a candidate reporting system to accumulate 
transit industry financial and operating results by uniform categories. 
The objective of Task IV is to test the systems concepts included in the 
reporting framework developed in Task III. Test results validated pre­
viously developed systems concepts. Task IV is divided into five volumes. 

Volume I, Task and Project Summary (PB 226-354/AS), summarizes the work 
performed in each of the four Tasks, the conduct of the entire project, 
its methodology, its results, and recommendations. 

Volume II, Reporting System Instructions (PB 226-355/AS), contains general 
system instructions, prescribed accounting standards to be employed for 
this reporting, and detailed definitions for all reporting categories in 
the system for transit operations other than commuter rail. 

Volume III, Reporting System Forms, contains examples of all the forms 
used in the system for transit operations other than commuter rail. Each 
form shows a cross reference to the applicable instructions in Volume II. 
Reporting forms cover assets, liabilities, capital, revenue, expenses, and 
nonfinancial operating data. 

Volume IV, Commuter Rail Reporting System Instructions (PB 226-357/AS), 
contains system instructions, accounting standards, and definitions of 
all reporting categories in the system for commuter rail instructions. 

Volume V, Commuter Rail Reporting System Forms (PB 226 358/AS), contains 
examples of all the forms used in the system for commuter rail operations. 

The order number for all five volumes of Task IV is PB 226-353-SET and 
the price is $27.00. 

~ 5. 7 5 

NTIS ORDER NO.: PB 226-356/AS 
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The primary objective of Project FARE (Financial Accounting and Reporting 
Elements) is to develop and test a candidate reporting system to accumulate 
transit industry financial and operating results by uniform categories. 
The objective of Task IV is to test the systems concepts included in the 
reporting framework developed in Task III. Test results validated pre 
viously developed systems concepts. Task IV is divided into five volumes. 

Volume I, Task and Project Summary (PB 226 354/AS), summarizes the work 
performed in each of the four Tasks, the conduct of the entire project, 
its methodology, its results, and recommendations. 

Volume II, Reporting System Instructions (PB 226-355/AS), contains general 
system instructions, prescribed accounting standards to be employed for 
this reporting, and detailed definitions for all reporting categories in 
the system for transit operations other than commuter rail. 

Volume III, Reporting System Forms (PB 226-356/AS), contains examples of 
all the forms used in the system for transit operations other than commu­
ter rail, with a cross reference to the applicable instructions in Volume 
I I. 

Volume IV, Commuter Rail Reportings System Instructions, contains general 
system instructions, prescribed accounting standards to be employed for this 
reporting, and detailed definitions of all reporting categories in the 
system for commuter rail operations. Specific topics covered include general 
instructions, accounting practice instructions, commuter rail capital report­
ing, commuter rail revenue reporting, commuter rail expense reporting, 
commuter rail nonfinancial operating data reporting, and central processing 
of FARE commuter rail reports. 

The order number for all five volumes of Task IV is PB 226-353 SET and the 
price is $27.00. 

$5.75 

NTIS ORDER NO.: PB 2 2 6 - 3 S 7 / AS 
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The primary objective of Project FARE (Financial Accounting and Reporting 
Elements) is to develop and test a candidate reporting , system to accumulate 
transit industry financial and operating results by uniform categories. 
The objective of Task IV is to test the systems concepts included in the 
reporting framework developed in Task III. Test results validated pre­
viously developed systems concepts. Task IV is divided into five volumes. 

Volume I, Task and Project Summary (PB 226 354/ASJ, summarizes the work 
performed in each of the four Tasks, the conduct of the entire project, its 
methodology, its results, and recommendations. 

Volume II, Reporting System Instructions (PB 226-355/AS), contains general 
system instructions, prescribed accounting standards to be employed for 
this reporting, and detailed definitions for all reporting categories in 
the system for transit operations other than commuter rail. 

Volume III, Reporting System Forms (PB 226-356/AS), contains examples of 
all the forms used in the system for transit operations other than commu­
ter rail, with cross references to the applicable instructions in Volume 
II. 

Volume IV, Commuter Rail Reporting System Instructions (PB 226 357/AS), 
contains general system instructions, prescribed accounting standards 
to be employed for this reporting, and detailed definitions of all re 
porting categories in the system for commuter rail operations. 

Volume V, Commuter Rail Reporting System Forms, contains examples of all 
the forms used in the system for commuter rail operations. Each form 
shows a cross reference to the applicable instructions in Volume IV. 
Specific topics covered in the reporting forms include capital, revenue, 
expense, and nonfinancial operating data. 

The order number for all five volumes of Task IV is PB 226-353-SET and 
the price is $27.00. 

$3.75 

NTIS ORDER NO.: PB 226-358/AS 
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The research in this report has been conducted in order to develop and 
test alternative real-time Automatic Vehicle Monitoring (AVM) systems. 
This report describes the technical performance characteristics and cost 
estimates for various components of an x-band signport AVM designed by 
RCA Government Communications Systems. 

In this system, short-range x-band transmitters are installed in signposts 
along bus routes which relay location information to properly equipped 
vehicles as they pass by. Checks on signal strength and parity are 
performed by the vehicle receiver unit to ensure that only reliable messages 
based on strong signals will be accepted for storage. A two-way radio is 
then employed by the operations control center to interrogate the vehicles 
and obtain location information. Elements of the proposed AVM system are 
described with reference to user requirements and applications (e.g., police 
emergency vehicles, buses, taxicabs, trucks and other dispatch services); 
baseline system configuration (including a summary of the x-band signpost 
location technique, communications systems and computer systems); varia­
tions from baseline requirements; and advanced design of signpost equipment. 
Attention is also given to cost estimates for various system components. 
Results of an operational urban environment experiment are presented in 
detail. Tests of location accuracy, interference and other system parameters 
are discussed. 

The experiments were performed in a specially-instrumented section of 
downtown Philadelphia as well as special areas in proximity to airport 
radar transmitters, power generators, and tall buildings. High speed tests 
were also performed in open areas. The authors conclude the the x-band 
AVM performed satisfactorily, with acceptable average location errors. 

NTISOROERNO.: PB 219-083 $9.25 
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The objective of this document is to provide a single reference source 
which characterizes the most important (from the standpoint of evaluation) 
performance characteristics of three contemporary urban transportation 
systems; rail, bus, and highway (automobile and mixed mode), in as simple 
a format as possible for easy reference. It assesses only the supply or 
performance aspect of urban transportation dealing with passenger demand 
implicitly in that demand itself sometimes dictates certain supply charac­
teristics (e.g., operating costs). 

The seven supply parameters chosen and studied are: (1) speed - average, 
maximum; (2) capacity (service volume)-vehicle, person; (3) operating 
cost (vehicle); (4) energy consumption (vehicle or source); (5) pollutant 
emission (vehicle or source); (6) capital cost land, construction, 
vehicle acquisition; and (7) accident frequency. 

The material presented in this handbook is organized as a series of 
independent self-descriptive tables and figures dealing with the 
conventional transport modes of rapid rail and commuter rail transit, 
local bus and bus rapid transit, and automobile-highway system (automobiles 
and other vehicles). Each of these modes is organized in its own chapter 
according to the seven supply parameters. Furthermore, each parameter is 
constructed to present three levels of detail specifically designed to 
assist the urban planner in characterizing a particular transportation 
mode. These levels include default value, range of values, and 
theoretical value. 

Source references and data qualifications are given for all tables and 
figures. Each of the sections dealing with conventional transport has 
its own appendix section where the more important site specific 
information is listed. In addition, two other appendix sections are 
included which show a list of references and a general bibliography. A 
list of key terms and their definitions precedes the formal report. 

$5.75 
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In the modern process of urban transportation planning, travel forecasting 
methods are used to predict the amount and nature of travel which will 
occur in planned or proposed transportation systems. Such predictions are 
essential in order to identify the direct and indirect benefits and costs 
of transportation proposals. The UMTA Transportation Planning System 
(UTPS) provides a wide range of analytical and computerized tools for 
making travel forecasts for existing and proposed multimodal transportation 
systems. 

This manual is designed as an integral part of UTPS. The object of the 
manual is to provide an introduction to travel forecasting to enable 
transportation planners and analysts to utilize UTPS effectively. This 
manual provides a comprehensive overview of the methodology of travel 
forecasting, the analytical tools available and their appropriateness for 
typ al problems the transportation planner faces, input requirements, 
outputs needed for proper evaluation, and appropriate levels of effort 
for various stages of analysis. 

This manual is divided into three parts. The first part, the summary, 
serves as a guide to the detailed material in Volume I "Demand Modeling" 
(PB 236-848), and Volume II, 11 Evaluation 11 (PB 236 349). 

In this summary, an overview of UTPS is presented and the purposes of 
travel forecasting in terms of sketch planning and long range and short­
range planning are discussed. Within the scope of transportation planning, 
the range of options, impa~ts and principles are considered. Guidelines 
to the use of the manual are presented. 

References are furnished. 

The order number for the set of three reports is PB 236 846 ($15.00). 

$3.75 

NTIS ORDER NO.: PB 236-847/AS 
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In the modern process of urban transportation planning, travel forecasting 
methods are used to predict the amount and nature of travel which will 
occur in planned or proposed transportation systems. Such predictions are 
essential in order to identify the direct and indirect benefits and costs 
of transportation proposals. The UMTA Transportation Planning System 
(UTPS) provides a wide range of analytical and computerized tools for 
making travel forecasts for existing and proposed multimodal transportation 
systems. 

This manual is designed as an integral part of UTPS. The object of the 
manual is to provide an introduction to travel forecasting to enable 
transportation planners and analysts to utilize UTPS effectively. This 
manual provides a comprehensive overview of the methodology of travel 
forecasting, the analytical tools available and their appropriateness 
for typical problems the transportation planner faces, input requirements, 
outputs needed for proper evaluation, and appropriate levels of effort 
for various stages of analysis. 

This manual is divided into three parts. A summary report (PB 236 847/AS) 
and a Volume II, "Evaluation 11 (PB 236-849/AS) are also available. 

Among the topics discussed in this volume are the basic concepts of 
travel forecasting, alternative demand modelling choices, and choice of 
a travel forecasting strategy. An extended ex amp le of analysis 
strategies for travel demand forecasting is presenteJ. 

References are furnished. 

$9.25 

NTIS ORDER NO.: PB 236 848/AS 
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In the modern process of urban transportation planning, travel forecasting 
methods are used to predict the amount and nature of travel which will 
occur in planned or proposed transportation systems. Such predictions 
are essential in order to identify the direct and indirect benefits and 
costs of transportation proposals. The UMTA Transportation Planning System 
(UTPS) provides a wide range of analytical and computerized tools for 
making travel forecasts for existing and proposed multimodal transportation 
systems. 

This manual is designed as an integral part of UTPS. The object of the 
manual is to provide an introduction to travel forecasting to enable 
transportation planners and analysts to utilize UTPS effectively. This 
manual provides a comprehensive overview of the methodology of travel 
forecasting, the analytical tools available and their appropriateness 
for typical problems the transportation planner faces, input require­
ments, outputs needed for proper evaluation, and appropriate levels of 
effort for various stages of analysis. 

This manual is divided into three parts. The first part is the summary 
(PB 236 847/AS) and the second is Volume I 11 Demand Modelling" (PB 236 848/AS) 

In this report, an evaluation of transportation alternatives is made and 
discussion centers around the evaluation problem, methods of community 
interaction, prediction of and incidents of impacts, evaluation methods, 
an extended evaluation method, and a summary. 

References are furnished. 

$4.75 
NTIS0RDERN0.: PB 236 849/AS 
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This manual describes procedures for selection of demand models used 
in forecasting urban travel. It was prepared for UMTA under its Soft­
ware Systems Development Program (SSDP) and is designed as an integral 
part of the UMTA Transportation Planning System (UTPS). 

The purpose of the manual is to instruct the planner on how to develop 
criteria and formulate hypotheses to guide the selection and testing of 
demand models in the context of the overall travel forecasting process. 
The aim is to promote the most effective utilization of UTPS. 

A discussion of criteria for model selection in terms of relevance, 
theory, testability, compatibility and feasibility is presented. 
Development of hypotheses is described in relation to analysis of 
market segments, selection of modelling variables and functionl forms, 
and in terms of tests of hypotheses in face of data resource constraints. 

The necessity of continued testing and refinement of selected models is 
emphasized. The manual concludes with a summarized methodology for 
developing an overall approach in the travel forecasting process. 

References are furnished. 

NTISORDERNO.: PB 237-089/AS 125 $4.25 



TITLE: SPRING CREEK DEMONSTRATION PROJECT: Urban Corridor Demonstration 
Program - Early Implementation Project 

AUTHOR: City of Dallas and Dallas Transit System 

OAT E May 19 7 3 PROJECT NO.: IT-06 0062 

KEYWORDS: 

1. Bus, commuter 
2. Ridership, attraction 
3. Center City 

In August, 1971, the City of Dallas and the Dallas Transit System, under 
the Urban Corridor Demonstration Program, initiated a one-year early im­
plementation project which was to lead to more than a doubling of transit 
service on DTS' longest route. The Spring Creek Line operates in the 
heavily-traveled, highly congested North Central Expressway Corridor 
from the central business district (CBD) of Dallas northward for 14.8 miles. 
The goal of the project was to stimulate diversion of CBD-oriented work 
trips from private automobile to rapid bus transit. 

The initial step taken toward this goal was a review of the existing 
Spring Creek route to determine whether routing changes would improve 
travel time or make service more accessible to a greater number of patrons. 
This was not found to be the case and the route was left unchanged. 

The bus schedule was then revised in order to make bus service more 
attractive to those persons working in or near the CBD. This proved to 
be far more complicated than simply adding buses. It was necessary to 
ensure that added trips would coincide timewise with demands for CBD 
worktrips by North Dallas residents as well as to accomodate domestic 
workers who partonized the line outbound in the morning and inbound in 
the afternoon. This new schedule increased the number of daily trips 
from 17 to 44 and increased the bus requirements from 2 to 6 vehicles. 
As a result, morning inbound trips more than doubled and afternoon out­
bound trips more than tripled. 

The Spring Creek experiment confirmed the belief that increased bus 
service in heavily-travelled urban corridors will result in a diversion 
from auto use in peak travel hours. An on-bus survey counted a total of 
1,062 passengers on August 24, 1972 as compared with a total of 557 
passengers on March 25, 1972, five months prior to project implementation. 

The increased bus service also caused a significant number of new trips 
to be generated. During the project the proportion of passengers who used 
the bus from one to three days per week declined from 18 to 11 per cent. 
At the same time, however, the proportion of daily trips increased from 
78 to 86 per cent. This indicated an increased usage by existing patrons 
as well as an actual gain in patronage. The total possible impact of this 
type of program was limited, however, because of the necessity of using 
the already congested surface streets and freeways. The success of the 
project, as the author sees it, proves that similar success could be achieved 
in other cities or even other areas of Dallas by intensifying bus service 
within highly congested radial freeway corridors. 

NTISOROERNO.: PB 229 016/AS 126 $4.25 
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December 18, 1970 marked the establishment of an exclusive bus lane for 
eastbound (city-bound) buses along a 2.5 mile stretch of Interstate 495 
between the Lincoln Tunnel and the New Jersey Turnpike. This experiment 
was part of the United States Department of Transportatio~'s Urban Corr­
idor Demonstration Program. The project serves as an example of how a 
significant public transportation improvement can be established quickly 
and at a relatively low cost in an urban area where several planning and 
operating agencies exercise jurisdiction. The report reviews the plan 
for coordinating the inputs and activities of the Urban Mass Transportation 
Administration, the Federal Highway Administration, the Tri-State Regional 
Planning Commission, the N.J. Turnpike Authority, N.J. DOT and the Port 
Authority of New York and New Jersey. Also discussed are the bus eligi­
bility criteria and traffic-control devices used as well as the public 
information campaign which was carried out. 

Significant data on the project include the fact that the reverse flow 
exclusive lane shuttled thousands of commuters daily at a time saving 
varying from 10 to 25 minutes. In 1971, more than 206,000 buses and 8.7 
million riders used the lane. During the peak commuting period, from 
approximately 7:30 to 9:30 AM, an average of 809 buses carrying 34,000 
passengers used the lane. Few delays were experienced; during 1971 there 
were only 25 stoppages for such diverse reasons as engine problems, flat 
tires and mechanical causes. The few delays that did occur lasted an 
average of just seven minutes. Only four accidents took place on the 
lane during its first year of operation. 

The success of the project is established in the analysis of commuter 
response surveys, aerial photos and data collected during day-to-day 
operations of the lane. Results suggest that 2300 commuters have become 
bus riders since the lane's inception. Future plans for the first 
reverse-flow exclusive bus lane on a freeway in the United States are 
summarized. 

NTIS0R0ERN0.: PB 229-015 127 $3.75 
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This document is intended to serve as an aid to local transportaion 
planners, traffic engineers, and administrators in the incorporation 
of energy conservation considerations into the transportation planning 
process, especially in reference to short-range transportation planning. 

Various types of low cost, short-term transportation actions are summar­
ized and their potential for reducing energy consumption is estimated. 
Summary tables are presented which array the actions in terms of rele­
vant institutional and legal considerations, and socio-economic and 
environmental effects. 

Interrelationships between the energy consumption reduction potential 
of groups of actions are discussed, and a process for formulation of 
coherent packages of such actions is presented. 

Guidelines are presented for evaluating and formulating these action 
packages for large (1,000,000 and over population), medium (250,000 
to 1,000,000) and small (50,000 to 250,000) urban areas. The example 
criteria for evaluating the transportation actions for inclusion in an 
urban area package are: short lead time, minimal institutional obstacles 
to implementation, favorable public opinion and high energy reduction. 

Using the example criteria and guidelines, three sample action packages 
were formulated for each urban size area and some general conclusions 
drawn. 

Transportation actions may reduce energy consumption in one or more of 
the following ways: improving efficiency of vehicle operation, such as 
improving traffic flow on city streets; causing a shift of trips from one 
or two passenger automobiles to higher occupancy buses, vans, and car­
pools; and reducing travel demand by, for example, instituting the 
four-day work week. Individual transportation actions to reduce energy 
consumption are categorized into ten major groups. 

Appendices are "Actions to Reduce Energy Consumption," "How Transportation 
Actions Can Reduce Energy Consumption, 11 and a bibliography. 

NTIS ORDER NO.: PB 235-983/AS 128 
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Disadvantaged 

With the advent of impending energy shortages in the winter of 1973-74, 
the U.S. Department of Transportation embarked on an accelerated program 
to promote increased use of high occupancy vehicles -- transit and car­
pools. As part of this program a series of reports was prepared that 
summarized the major aspects of carpool programs designed to assist local 
areas in initiating successful pooling action programs. This report is 
a collection of the ten individual reports. 

The goal of the Carpool/Buspool Program is to satisfy travel requirements 
more efficiently by increasing passenger occupancy in autos and buses, 
thereby reducing the number of vehicles using the streets and highways. 
Achievement of that goal calls for coordination among many institutions 
within a metropolitan region including public agencies and citizen and 
business groups. The information and techniques presented in this report 
should be considered as a guide to the development of a sound program in 
a metropolitan area. 

The individual reports contained in this volume are: Review of Carpool 
Activities, Organization for Carpooling, Approaches to Matching, Legal 
and Institutional Issues, Incentives to Carpooling, Transit/Taxi Coordi­
nation, Vanpools, Buspools, Pooling for the Disadvantaged, and Carpool 
Backup Systems. 

The review of past, present and potential use of carpooling, vanpooling 
and buspooling in the U.S. indicates that these special modes of travel 
promise to become vital and effective ways of coping with the national 
energy crisis and other transportation impacts on the public sector. It 
is hoped that the programs described in this review will encourage and 
inspire many others to participate in activity that promises to alleviate 
the immediate crisis situation which affects us all and learn how best 
to weave pooling more permanently into the national transportation fabric. 

NTIS ORDER NO.: PB 236 157/AS 129 
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This bibliography covers the subject of communication and control of 
ground vehicles including land-mobile communication, computer aided 
traffic control, communication with high speed ground vehicles, and 
radio frequency noise. Emphasis is based on the 150,450 and 900 MHz 
frequency bands. 

There are two indexes - a KWIC or key word in context index and an 
author index. There are 1100 citations in the bibliography. 

NTIS ORDER NO.: PB 204-807 130 $7.00 
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Models and Modeling 

The objective of this report is to examine the transportation models 
which are considered useful by decision makers and to learn what factors 
correlate with these models by investigating the way in which the model 
ing projects are administered with specific concentration on interactions 
between decision makers and modelers. 

This study examines the background of the problem, the seeming high 
percentage of unsatisfactory models, looks at the nature of the trans­
portation analysis problem and outlines the structure of the modeling 
industry. Specific hypotheses are framed concerning the effects of 
factors such as client-modeler contact, communication, coordination, role 
recognition, and backgrounds. Other factors investigated include the 
decision maker's desire for success, the extent to which the problem is 
technical as opposed to more social, political or economic in content, 
the degree of bureaucracy in the decision maker's environment, the 
formality with which the project was planned and conducted, the extent 
to which the usefulness of the result was apparent early, and the relative 
usefulness of European as opposed to U.S. models. 

Over fifty projects were examined, twenty-five in considerable detail, 
with fifteen in the final sample. All modes of transportation are 
included. Relationships were observed permitting positive recommendations 
to be made, in operational terms, for better project administration. 

The author concludes that clients and modelers should know what they are 
asking each other, should search out qualified industry people on both 
sides, should probe beforehand each other's backgrounds, values, 
objectives, needs, goals, and punishment and reward systems, and should 
ke the model short, simple and specific. 

NTIS ORDER NO.: PB 2 2 4 8 4 6 131 $8.50 
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In June 1972, UMTA requested that the Transportation Systems Center 
(TSC) perform an evaluation of the Chicago Transit Authority's (CTA) 
Monitor-Automatic Vehicle Monitor (AMV) system. TSC conducted the 
overall evaluation, prepared the analytical data reduction, performed 
data evaluation and prepared the conclusions and recommendations. 

The evaluation of the existing CTA-Monitor system was to: (1) determine 
the technical validity of the existing system; and (2) determine, based 
on (1) above, if the government would be justified expending capital 
grant funds for the completion of the Monitor-CTA system. The evaluation 
was conducted from July through mid-August of 1972. 

To evaluate the existing system the following six tests and/or evalua­
tions were conducted: management and operations evaluation; schedule 
and headway adherence test; system response rate evaluation; system 
reliability evaluation; system accuracy test; and cost benefit 
evaluation. 

According to TSC, if the aim of the Monitor-CTA system is to maintain 
schedule adherence and headway at least as well as a non-monitor system, 
then from a financial point of view, the investment of government funds 
seems advisable. The cost benefit analysis has shown that mainly with 
the reduction of supervisors (point men and terminal telephone men), the 
proposed system will pay for itself in the sixth year whether the monitor 
system improves schedule and headway adherence or not. 

However TSC feels that the long term goal of the Monitor-CTA system is 
not to remain as status quo but to show that this system can indeed 
improve schedule adherence and headway, in other words to become an 
operational command and control system. The system must be considered 
non-operational until the time that the present system's technical and 
operational deficiencies are corrected. Therefore, before further 
investing of government funds, 5 recommendations are outlined. 
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The purpose of this study is to gain insight into the dynamics of rail 
vehicles in order to guide the development of the wheel/rail simulators 
and to establish an analytic framework for the design and interpretation 
of tests to be conducted at the DOT High Speed Ground Test Center facili­
ties. Continuation of these efforts is expected to result in a definition 
of the interrelationship between track construction and maintenance require­
ments and the vehicle design parameters required for meeting ride vibrations 
and noise transmission standards at minimum cost. 

The mechanics of rail 
of linearized models. 
stability and general 
computer programs for 
track irregularities. 

vehicle lateral guidance are reviewed on the basis 
Computer programs are developed for predicting 

lateral response characteristics. Included also are 
predicting vertical and pitch vehicle response to 

Implications of non-linear effects are discussed. 

The report describes the status of work currently in progress and subject 
to revision. Publication is intended primarily to stimulate the exchange 
of information on this subject. 
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The development of techniques and criteria for track design is an important 
part of the Rail Supporting Technology Program that is being managed for 
the Urban Mass Transportation Administration by the Transportation Systems 
Center (TSC). 

This report presents the results of a critical review of the technical 
factors which govern the design and performance of at-grade tie-ballast 
track for urban rail systems. The assessment of current design practice 
is based on a review of the literature and discussions with experienced 
track design personnel. The evaluation includes design loads and the 
criteria for selecting rail size, tie size and spacing, ballast depth, 
and subgrade parameters. The major track problems identified were rail 
joints, rail wear and noise on curves, rail fasteners, and rail corruga­
tion. Detailed technical evaluations were made to determine those areas 
where the track design procedures are inadequate. 

The report includes detailed information for the engineering design of 
track and recommendations for both short and long range program plans 
for future research pertaining to the improvement of track performance. 

References, as well as tables and illustrations.are presented. Appendices 
include rafl production data and ballast pyramid model. 

Volume II of this two volume report, entitled "Assessment of Design 
Tools and Criteria for Urban Rail Track Structures - At-Grade Slab 
Track", gives similar results for at-grade concrete slab track construc­
tion. 
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The development of techniques and criteria for track design is an important 
part of the Rail Supporting Technology Program that is being managed for 
th~ 'Jrban Mass Transportation Administration by the Transportation Systems 
Center (TSC). 

This report presents the results of a critical review of the technical 
factors which govern the design and per rmance of at-grade slab track 
for urban rail systems. The assessment of current design practice is 
based on a review of the literature and discussions with experienced track 
design personnel. The evaluation includes descriptions of slab structures 
now in use in four countries, followed by review of design and analysis 
procedures used to characterize the subgrade and its support characteris­
tics; the reinforced concrete slab itself, and the subgrade-support system. 

With a few exceptions, most of the work reported in the literature is based 
on highway or runway applications, where the mechanism of load transfer 
into the slab is completely different than in a rail support slab. Further 
research on the mechanisms of load transfer from rail fasteners into a 
reinforced concrete slab is needed, and the newly developed finite element 
approach appears well-suited. Continued study of settlement and failure 
criteria is needed for soil and base materials subjected to cyclic loading. 
The relative merits of various types of reinforced concrete slabs 1 for 
example, pre-stress or post-stress considerations and joints are recommended 
for further study. 

Reference and illustrations are furnished. Volume I of this report is 
entitled "Assessment of Design Tools & Criteria for Urban Rail Track 
Structures - At-Grade Tie-Ballast Track," (PB 233 016/AS). 
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This bibliography was prepared as part of the Rail Supporting Technology 
Program being sponsored by the Rail Programs Branch of the Urban Mass 
Transportation Administration. It is based on the reference material 
that was used to evaluate the technical factors which govern the design 
and performance of at-grade track structures for urban rail systems. 
While most of the reference material that has been included is directly 
related to track used for railroad, rail rapid transit and light rail 
transportation, there are some additional references on related topics 
such as rail vehicle dynamics, soil mechanics, stress analysis, etc. 
However, this bibliography does not include a comprehensive review of these 
related topics. 

This survey includes much of the published literature on track design, 
track loading, ballast, wood and concrete cross ties, rail and rail 
fasteners. It also includes considerable material on track problems 
such as rail wear and corrugation, rail de cts, rail joints and track 
degradation. 

The formal literature search for this bibliography covered the time period 
from about 1963 to 1973. The principal sources were the National Techni­
cal Information Service (NTIS) file of government reports, Engineering 
Index, and the Applied Science and Technology Index. Earlier references 
were identified from the Railroad Research Information Service (RRIS) 
computerized data base and bibliographies prepared by the RRIS and the 
Association of American Railroads. 
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As Systems Manager for the Urban Rail Supporting Technology Program 
sponsored by the Rail Programs Branch of the Urban Mass Transportation 
Administration, the Transportation Systems Center is conducting an effort 
in Urban Rail Noise Abatement. 

A portion of this effort, described herein, is concerned with the assess­
ment of noise and of the potential for noise abatement on existing U.S. 
transit properties. A methodology is described for assessing the noise 
climate and for selecting the combination of abatement techniques which 
reduces the existing noise to user specified levels for minimum cost. 
This methodology, developed in a pilot study of the Massachusetts Bay 
Transportation Authority (MBTA) rapid transit lines, takes into account 
the large number of interrelated acoustic and economic considerations 
present in rail transit systems. The various noise receivers include 
riders and operating personnel in cars and stations, and individuals in 
the wayside community. Noise sources include several types of wheel-rail 
noise, propulsion, power pick-up, auxiliary equipment and braking noise. 
Noise propagation paths include airborne and structureborne components 
establishing both direct and reverberant sound fields in tunnels, stations, 
transit cars, and communities. In the pilot application to the MBTA, 
minimum-cost noise control options were determined for noise level goals 
in the range 7S to 90 dBA. 

Appendices contain MBTA noise data, algorithm for minimizing noise 
control costs, a glossary and references. 
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As systems manager for the Urban Mass Transportation Administration's Rail 
Supporting Technology Program, the Transportation Systems Center has 
undertaken research in rail transit noise abatement. As part of this 
effort, this report contains the results of a critical review of current 
technology for the prediction and control of urban rail transit noise and 
vibration, with primary emphasis on the parameters affecting propagation 
paths. 

Specifically included are tools for the prediction of wayside noise and 
vibration adjacent to both at-grade and elevated transit track, ground­
borne noise propagation from subway tunnels, and noise in cars and in 
stations. In addition, several noise and vibration control techniques 
are evaluated including resilient rail fasteners, floating slabs, noise 
barriers, elevated structure enclosures, structural damping, and acoustical 
treatment of stations and tunnels. 

Specific recommendations are made for areas requiring further research 
and development. Two of these areas, elevated structure noise and 
groundborne vibration from tunnels, have been selected for continued 
investigation under this contract (MA-06-0025). 

Appendices include a model for predicting wayside noise, methods for 
prediction of noise from rails and ties, propagation of noise and vibra­
tion through soil, ground vibration levels due to surface operations 
and tunnel wall vibration data. References are provided. 
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The Department of Transportation's Transportation Systems Center (TSCJ 
has been designated by UMTA as Systems Manager for its Urban Rail 
Supporting Technology Program. This program is an integrated, goal­
oriented program of research, development, test and evaluation directed 
toward the systematic improvement and evolutionary development of urban 
rail technology. As part of this effort, TSC has been developing a 
track geometry system for use on rail transit properties to derive the 
benefits from comprehensive, orderly and complete track inspection data. 

At present there are diagnostic or inspection cars in operation on main 
line railroads, and to a limited extent, in urban transit systems. The 
principal vehicles in use in the U.S. and Canada which measure track 
geometry are: DOT/FRA "T-2"; Southern Railroad "R-1"; Canadian National 
"TR-Car"; Boston and .Maine "Track Fax"; and NYCTA "X-116". The appendix 
details the principal features of these cars. 

Measurement of transit system track geometry parameters, under normal 
operating conditions, is essential for planning and conducting an 
effective maintenance program. The pertinent parameters are profile, 
ga , alignment, and cross level. 

Present methods of determining track conditions are,according to the authors, 
inefficient and highly subjective. To overcome these deficiencies, TSC 
has investigated and evaluated several track geometry measurement methods. 
These methods are all designed for use under revenue service conditions. 
The goal is to make available to the operating properties a system which 
is simple, reliable, mobile, inexpensive, and which yields a real time 
output in a form directly useable for track diagnostics and maintenance 
planning, 

The general results of the investigations and tests are presented here, 
together with a discussion of the system select for prototype test 
and evaluation. 

NTISOROERNO.: PB 233 394/AS 139 
$3.75 



URBAN RAIL SUPPORTING TECHNOLOGY PROr,R.AM 
TITLE: Fiscal Year 1973 Year End Summary 

AUTHOR: Transportation Systems Center 
(Ronald J. Madigan) 

DATE. October 1974 PROJECTNO.: ~1A-06-0025 
KEYWORDS: 1 . 

2 • 
3 . 
4. 

Rail, rolling stock 
Research Operations 
Instrumentation 
Rail, systems planning and design 

In this report, the Urban Rail Supporting Technology Program, 
being conducte<l for UMTA,is described for the 1973 Fiscal 
Year period. The program is a goal-oriented activity of R0D and 
is directed toward the systematic improvement and evolutionary 
development of rail system technology. In concert with UMTA, and 
with the cooperation of the transit industry, primary system and 
technology objectives have been identified and priorities estab­
lished; new and existing technology and methods are being critically 
evaluated; and applicable new technology will be recommended for 
proof-of-concept. 

Management of these wide ranging but related activities is 
accomplished by organizing the program into five subprogra~s or 
tasks, described in this report. The tasks include program 
management, technical support and application engineering, 
facilities development, test and evaluation, and technology 
development, 

Specific technical discussion covers track geometry measurement, 
UMTA facilities development at the High Speed Ground Test Center at 
Pueblo, Colorado, rail car test and evaluation (especially of 
the State-of-the-Art-Car (SOAC) and of Boston's META Green Line), 
instrumentation for data acquisition and processing, noise abate­
ment methodology, and tunneling and crashworthiness studies. 

This Year End Summary presents FY 73 accomplishments and pro­
vides an outline of work to be undertaken in the future. Prior 
accomplishments are reported in the summary for Fiscal Year 
197 2 ( PB 2 2 0 - 84 6) . 

Tables, statistics and photographs complement the text o~ the 
report. 
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This report is the third in a series of fiscal year summaries of 
UMTA's Urban Rail Supporting Technology (URST) Program. The 
program for the 1974 fiscal year period is described, accomplish­
ments presented, and an outline provided of work to be undertaken 
in the future. 

URST Program activities are designed to meet goals and objectives 
in support of the advancement of urban rail technology. While 
the principal emphasis of the activities lies in the area of rail 
rapid transit, the long range applications will also benefit com­
muter rail and light rail systems as well. 

Major areas described in the report include: program management; 
technical support and application engineering; facilities de­
velopment; test and evaluation; and technology development. 

Specific technical discussion includes: track measurement 
systems; UMTA facilities development at the Department of Trans­
portation High Speed Ground Test Center, Pueblo,Colorado (in 1974 
officially designated the Transportation Test Center); rail car 
test and evaluation; instrumentation for data acquisition and 
processing; noise abatement technology; tunneling; and car 
crashworthiness studies. 

Appendices contain URST Program projects, contracts and grants, 
and document list. 

Related documents are: 11 Urban Rail Supporting Technology Program, 
Fiscal Year 1972, Year End Summary" (PB 220-846) and "Urban Rail 
Supporting Technology Program, Fiscal Year 1973, Year End 
Summary" (PB 238-602). 
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This report contains interim results of a program sponsored under the 
UMTA Urban Rail Supporting Technology Program to develop a basic under­
standing of urban transit wheel/rail noise generation for applications 
to the evaluation and improvement of wheel/rail noise control devices. 

The report critically reviews existing analytical models and related 
experimental findings for the wheel/rail dynamic system and for the 
three categories of wheel/rail noise generation: squeal, impact, and 
roar. The limitations found result in recommendations for the remaining 
work required. 

A compilation is presented of existing or prom1s1ng wheel/rail noise 
control devices, their acoustic and non-acoustic effects. The relative 
severity of the three noise categories is compared by examining wayside 
noise data from numerous transit systems and railroads around the world, 
and by using a scale recommended here for rating urban transit wheel/ 
rail noise, i.e., the peak A-weighted sound pressure level to which the 
receiver of interest is exposed. Squeal produces the most annoying noise 
followed closely by impact and roar. 

Methodology is presented for assessing the non-acoustic performance of 
wheel/rail noise control devices. 

The method is applied to an example in which it is assumed that resilient 
wheels are installed on all New York City Transit Authority cars. 

A bibliography is furnished and tables and figures are presented. 
Appendices are ''Determining Discount Rate for Investments in the Public 
Sector" and "Report of Inventions." 
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This report describes a test program which has been conducted to establish 
baseline noise levels and ride characteristics for a state-of-the-art 
steel wheel on steel rail personalized rapid transit vehicle. A full­
scale test vehicle and an 840 foot track, including two 30 foot curves, 
have been built and used for 128 test runs under various conditions of 
operation. Permanent records have been made on magnetic tape and 
oscillograph paper for future analysis as needed. Testing conditions 
include speed, load, power and track, with instrumentation to provide 
recordings of the appropriate behavior measurements. This testing 
was supplemented by tests of non-operating situations and a dual-treaded 
vehicle. 

According to the author the vehicle has been successfully demonstrated 
and has met speed and acceleration design goals. Noise levels of 82 
to 85 dB (A) have substantially exceeded p~oposed criteria for both 
tangent track and curve track. The ride vibration has met current 
criteria on tangent track to the 30-mph test speed and to a 5-mph speed 
limit on the tight 30 foot curve track. There is some tendency to 
vehicle hunting. 

System description, test procedure and results and discussion are 
followed by conclusions and recommendations. Photographs, charts and 
figures are numerous. Appendices are entitled, "Vehicle Power and 
Propulsion," "Test Track," and "Instruments." 
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This report discusses the availability procedures that were given to the 
contractors (Pohr Corporation, General Motors rorporation, and Trans­
portation chnolofy, Incorporated) selected to participate in Phase I 
of the UMTA Dual Mode Program. The objective of this program is to 
combine the best automated transit technology, such as Personal Rapid 
Transit (PRT),with the best aspects of modern bus technology. The dual 
mode concept combines two methods of operation: a driver-operated mode 
on surface streets or highways and an automated mode on fixed guideways. 

Phase I of the Dual Mode Transit SysteD develop~ent program will cover 
concept anrl system design with special attention to improving the 
quality of transportation while minimizing initial capital investment, 
installation time and operating costs. This part of the program is 
expected to be completed within nine months. Phase II will consist of 
construction, operational testing, and evaluation of prototypes at DOT'S 
High Speed Ground Test Center at Pueblo, Colorado. Phase III is expected 
to bring dual mode systems into revenue service by 1980. 

The availability calculation of a coJTtp]ex ground autoT11ated transporta­
tion systemtsuch as that described in the Phase III scenario of the 
dual mode transit program, is JTtost understandable when expressed in 
terms of the fraction of system time Jost due to either passenger or 
vehicle delays. This involves hath system reliability ann Maintaina­
bility, including the number of systems failures per tiMe interval, 
their fects, and corrective action times required to avoid vehicle 
delays. 

The analytical procedures presented here <lefine a method of evaluating 
the effects of a failure in a coJTtplex dual mode system based on a 
11 worst' 1 case stea<ly state analysis. The coJTtputed result is an availa­
bility gure of merit and not an absolute prediction with associated 
confidence levels of system availability. The advantage of this 
procedure is that it avoids the use of a dynamic network traffic flow 
simulation which is both costly and time consuming. 
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UMTA is presently engaged in a program to develop and demonstrate 
transportation systems based on vehicles which are capable of automatic 
operation on special guideways and manual operation on conventional 
roads. Adequate and reliable communications to and from vehicles is 
essential to dual mode's success. This report treats this important 
aspect of communications. 

In the chapter on communications systems for dual mode transportation, 
the du2l mode concept, on guideway communications, off-guideway communi­
cations and FCC regulations are discussed. In terms of candidate com­
munications systems, communication through electromagnetic fields and 
closed-circuit communication through mechanical contact are covered. 
Conclusions are presented. 

References are furnished. The appendix is a chart of 
in Some Contemporary Ground Transportation Systems". 
mode (Rohr, GM, TTI) Transpo PRT (Rohr Monocab, Ford, 
TTI) BART, Morgantown and AIRTRANS. 
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The work described in this report was performed as part of a test program 
conducted to evaluate the Safety and Performance characteristics of ,.t_he 
four Personalized Rapid Transit Systems (PRT) on display at yanspo~72. 
Sponsored by the U.S. Department of Transportation, Transpo @}72 was the 
first United States International Transportation Exposition and was 
intended to demonstrate to the general public new technologies in trans 
portation. 

The PRT demonstration program was the responsibility of the Urban Mass 
Transportation Administration (UMTA) and was conducted to provide detailed 
engineering test data in addition to providing mature candidates for an 
urban demonstration. 

An X-Y plot is made of the ambient radiated electromagnetic signals and 
noise between lKHz and S0KHz at Dulles International Airport for the 
purpose of assessing the local environment at each of the four Personalized 
Rapid Transit (PRT) sites prior to operation of each system. A Polaroid 
scope camera was used in conjunction with a spectrum analyzer to photo­
graph signals between S0KHz and 50MHz. 

The purpose of the measurements program was to establish some base line 
information on the electromagnetic signal characteristics in the Dulles 
area in the event there was an interaction between the PRT Command and 
Control Systems and the Federal Aviation Administration Air Traffic 
Control equipment. 

The measurements obtained during this series of tests will be used for a 
comparison with data obtained under the same conditions,first with each 
system operating individually and then with all four systems operating 
simultaneously. 

This is the first of a 12 volume set of reports, all of which are available 
through the National Technical Information Service. 
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The work described in this report was performed as part of a test program 
conducted to evaluate the Safety and Performance characteristics of~he 
four Personalized Rapid Transit Systems (PRT) on display at J:_ranspo®7 2. 
Sponsored by the U.S. Department of Transportation, Transpo@ 72 was the 
first United States International Transportation Exposition and was 
intended to demonstrate to the general public new technologies in trans­
portation. 

The PRT demonstration program was the responsibility of the Urban Mass 
Transportation Administration (UMTA) and was conducted to provide detailed 
engineering test data in addition to providing mature candidates for an 
urban demonstration. 

An X Y plot is made of the radiated Electromagnetic signals and noise 
between lKHz and S0KHz at each of the four Personalized Rapid Transit 
(PRT) sites at Dulles International Airport. The PRT systems were 
operated individually to establish the signal characteristics of each 
system. A spectrum analyzer was used to view the frequency spectrum 
broadband prior to recording and a Polaroid scope camera was used in 
conjunction with the spectrum analyzer to photograph signals between 
S0KHz and 50MHz. This frequency range was sufficiently broad to cover 
all command and control frequencies of the four PRT systems. 

The purpose of the measurements program was to establish some base line 
information on the electromagnetic signal characteristics in the Dulles 
area in the event there was an interaction between the PRT Command and 
Control systems and the Federal Aviation Administration Air Traffic 
Control equipment. 

The measurements obtained during this series of tests will be used for 
a comparison with data obtained with no PRT systems operating and later 
with all four systems operating simultaneously. 
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The work described in this report was· performed as part of a test 
program conducted to evaluate the Safety and Performance characteristics 
of the fir Personalized Rapid Transit Systems (PRT) on display at 
Transpo 72. Sponsored by the U.S. Department of Transportation, 
Transpo 72 was the first United States International Transportation 
Exposition and was intended to demonstrate to the general public new 
technologies in transportation. 

The PRT demonstration program was the responsibility of the Urban Mass 
Transportation Administration (UMTA) and was conducted to provide 
detailed engineering test data in addition to providing mature candidates 
for an urban demonstration. 

An X-Y plot is made of the radiated Electromagnetic signals and noise 
between lKHz and S0KHz at each of the four Personalized Rapid Transit 
(PRT) sites at Dulles International Airport. The PRT systems were 
operated individually to establish the signal characteristics of each 
system. A spectrum analyzer was used to view the frequency spectrum 
broadband prior to recording and a Polaroid scope camera was used in 
conjunction with the spectrum analyzer to photograph signals between 
S0KHz and 50MHz. This frequency range was sufficiently broad to cover 
all command and control frequencies of the four PRT systems. 

The purpose of the measurements program was to establish some base line 
information on the electromagnetic signal characteristics in the Dulles 
area in the event there was an interaction between the PRT Command 
and Control systems and the Federal Aviation Administration Air Traffic 
Control equipment. 

The measurements obtained during this series of tests will be used for 
a comparison with data obtained with no PRT systems operating and later 
with all four systems operating simultaneously. 
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The work described in this report was performed as part of a test pro­
gram conducted to evaluate the Safety and Performance characteristics 
of the f~r Personalized Rapid Transit Systems (PRT) on display at 
Transpo R 72. Sponsored by the U.S. Department of Transportation, 
Transpo 72 was the first United States International Transportation 
Exposition and was intended to demonstrate to the general public new 
technologies in transportation. 

The PRT demonstration program was the responsibility of the Urban Mass 
Transportation Administration (UMTA) and was conducted to provide detailed 
engineering test data in addition to providing mature candidates for an 
urban demonstration. 

An X-Y plot is made of the radiated Electromagnetic signals and noise 
between lKHz and 50KHz at each of the four Personalized Rapid Transit 
(PRT) sites at Dulles International Airport. The PRT systems were 
operated individually to establish the signal characteristics of each 
system. A spectrum analyzer was used to view the frequency spectrum 
broadband prior to recording and a Polaroid scope camera was used in 
conjunction with the spectrum analyzer to photograph signals between 
S0HKz and 50MHz. This frequency range was sufficiently broad to cover 
all command and control frequencies of the four PRT systems. 

The purpose of the measurements program was to establish some base line 
information on the electromagnetic signal characteristics in the Dulles 
area in the event there was an interaction between the PRT Command and 
Control systems and the Federal Aviation Administration Air Traffic Con­
trol equipment. 

The measurements obtained during this series of tests will be used for 
a comparison with data obtained with no PRT systems operating and later 
with all four systems operating simultaneously. 

NTIS ORDER NO.: PB 2 33-19 5/ AS 149 $4.25 



TITLE: ELECTROMAGNETIC ENVIRONMENT MEASUREMENTS OF PRT SYSTEMS AT 
"TRANSPO 72". Volume V: TTI System 

AUTHOR: National Scientific Laboratories, Inc. 
for Transportation Systems Center (Earl E. Jamison) 

DATE. January 1974 PROJECTNO.: MA-06 0031 
KEYWORDS: 

1. Personal Rapid Transit 
2. People Movers, Transportation Technology, Inc. 
3. Safety 

The work described in this report was performed as part of a test program 
conducted to evaluate the Safety and Performance characteristics of ,,the 
four Personalized Rapid Transit Sys terns (PRT) on display at ,I_ranspo <..::,) 7 2. 
Sponsored by the U.S. Department of Transportation, Transpo(.072 was 
the first United States International Transportation Exposition and was 
intended to demonstrate to the general public new technologies in trans­
portation. 

The PRT demonstration program was the responsibility of the Urban 
Mass Transportation Administration (UMTA) and was conducted to provide 
detailed engineering test data in addition to providing mature candidates 
for an urban demonstration. 

An X-Y plot is made of the radiated Electromagnetic signals and noise 
between lKHz and SOKHz at each of the four Personalized Rapid Transit 
(PRT) sites at Dulles International Airport. The PRT systems were 
operated individually to establish the signal characteristics of each 
system. A spectrum analyzer was used to view the frequency spectrum 
broadband prior to recording and a Polaroid scope camera was used in 
conjunction with the spectrum analyzer to photograph signals between 
S0KHz and 50MHz. This frequency range was sufficiently broad to cover 
all command and control frequencies of the four PRT systems. 

The purpose of the measurements program was to establish some baseline 
information on the electromagnetic signal characteristics in the Dulles 
area in the event there was an interaction between the PRT Command and 
Control systems and the Federal Aviation Administration Air Traffic 
Control equipment. 

The measurements obtained during this series of tests will be used for 
a comparison with data obtained with no PRT systems operating and later 
with all four systems operating simultaneously. 
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The work described in this report was performed as part of a test program 
conducted to evaluate the Safety and Performance characteristi~of the four 
Personalized Rapid Transit Systems (PRT) on display at TransJ?_□ ~72. 
Sponsored by the U.S. Department of Transportation, Transpo\E) 72 was the first 
United States International Transportation Exposition and was intended to 
demonstrate to the general public new technologies in transportation. 

The PRT demonstration program was the responsibility of the Urban Mass Trans­
portation Administration (UMTA) and was conducted to provide detailed engin­
eering test data in addition to providing mature candidates for an urban 
demonstration. 

An X-Y plot is made of the radiated electromagnetic signals and noise between 
lKHz and S0KHz at each of the four Personalized Rapid Transit (PRT) sites at 
Dulles International Airport. The PRT Systems were operated simultaneously in 
an effort to determine if any interaction existed between systems. A spectrum 
analyzer was used to view the frequency spectrum broadband prior to recording 
and a Polaroid scope camera was used in conjunction with the spectrum analyzer 
to photograph signals between SOKHz and 50MHz. This frequency range was suf­
ficiently broad enough to cover all command and control frequencies of the 
four PRT systems. 

The purpose of the measurements program was to establish some base line in­
formation on the electromagnetic signal characteristics in the Dulles area in 
the event there is an interaction between PRT Command and Control Systems and 
the Federal Aviation Administration Air Traffic Control equipment. 

The measurements obtained during this test will be used to assess the signal 
interaction from adjacent systems by comparison with data obtained with no 
systems opeaating and with each system operating individually. 
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The work described in this report was performed as part of a test program 
conducted to evaluate the Safety and Performance characteristi~of the four 
Personalized Rapid Transit Systems (PRT) on display at wnspo~72. Spon­
sored by the U.S. Department of Transportation, Transpo®72 was the first 
United States International Transportation Exposition and was intended to 
demonstrate to the general public new technologies in transportation. 

The PRT demonstration program was the responsibility of the Urban Mass Trans­
portation Administration (UMTA) and was conducted to provide detailed engin­
eering test data in addition to providing mature candidates for an urban 
demonstration. 

This report covers the measurements of the broadband conducted noise present 
on the A.C. power lines feeding the Personalized Rapid Transit (PRT) systems 
at Dulles Airport with all four systems off. 

The purpose of the measurement effort was to evaluate the electrical environ­
ment existing on each of the PRT 11 hot 11 and neutral A.C. power lines prior to 
the installation and operation of any of the systems. These data will provide 
a baseline for use in establishing the relative increase in EMI levels associ­
ated with PRT system operation. 

Data obtained under this effort will enable an evaluation of whether or not 
existing or potential EMI levels might affect the normal operation of the PRT 
systems. Such interference could conceivably contribute to breakdown, mal­
functions, or safety problems associated with the automated equipment utilized 
by the PRT systems in performing normal functions. 

NTIS ORDER NO.: PB 2 33 -19 8/ AS 152 $4.25 



TITLE: ELECTROMAGNETIC ENVIRONMENT MEASUREMENTS OF PRT SYSTEMS AT "TRANSPO 
72 11

• Volume VIII Dashaveyor System 

AUTHOR: National Scientific Laboratories, Inc. 
for Transportation Systems Center (Earl E. Jamison) 

DATE. January 1974 P ROJ E.CT NO.: MA-06-0031 
KEYWORDS: 

1. Personal Rapid Transit 
2. People Movers, Dashaveyor 
3. Safety 

The work described in this report was performed as part of a test program 
conducted to evaluate the Safety and Performance characteristi~of the four 
Personalized Rapid Transit Systems (PRT) on display at T~nspo~ 72. Spon­
sored by the U.S. Department of Transportation, Transpo®72 was the first 
United States International Transportation Exposition and was intended to 
demonstrate to the general public new technologies in transportation. 

The PRT demonstration program was the responsibility of the Urban Mass Trans­
portation Administration (UMTA) and was conducted to provide detailed engin­
eering test data in addition to providing mature candidates for an urban 
demonstration. 

This report covers the measurements of the broadband conducted noise present 
on the A.C. power lines feeding the Personalized Rapid Transit (PRT) systems 
at Dulles Airport with each system operating individually. 

The purpose of the measurement effort was to evaluate the electrical environ­
ment existing on each of the PRT ''hot" and neutral A.C. power lines and to 
assess the effect of each system on the power line with all other PRT systems 
turned off. 

The measurements obtained during this test will be used for a comparison with 
data obtained with no PRT systems operating and with all four PRT systems 
operating simultaneously. 
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The work described in this report was performed as part of a test program 
conducted to evaluate the Safety and Performance characteristic~of the four 
Personalized Rapid Transit Systems (PRT) on display at T.rlt-.anspo~72. Spon­
sored by the U.S. Department of Transportation, Transpo~ 72 was the first 
United States International Transportation Exposition and was intended to 
demonstrate to the general public new technologies in transportation. 

The PRT demonstration program was the responsibility of the Urban Mass Trans­
portation Administration (UMTA) and was conducted to provide detailed engin­
eering test data in addition to providing mature candidates for an Urban 
demonstration. 

This report covers the measurements of the broadband conducted noise present 
on the A.C. power lines feeding the Personalized Rapid Transit (PRT) systems 
at Dulles Airport with each system operating individually. 

The purpose of the measurements effort was to evaluate the electrical environ­
ment existing on each of the PRT "hot" and neutral A.C. power lines and to 
assess the effect of each system on the power line with all other PRT systems 
turned off. 

The measurements obtained during this test will be used for a comparison with 
data obtained with no PRT systems operating and with all four PRT systems 
operating simultaneously. 
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The work described in this report was performed as part of a test program 
conducted to evaluate the Safety and Performance characteristi~ of the four 
Personalized Rapid Transit Systems (PRT) on display at T~nspov72. Spon 
sored by the U.S. Department of Transportation, Transpov 72 was the rst 
United States International Transportation Exposition and was intended to 
demonstrate to the general public new technologies in transportation. 

The PRT demonstration program was the responsibility of the Urban Mass Trans­
portation Administration (UMTA) and was conducted to provide detailed engin­
eering test data in addition to providing mature candidates for an urban 
demonstration. 

This report covers the measurements of the broadband conducted noise present 
on the A.C. power lines feeding the Personalized Rapid Transit (PRT) systems 
at Dulles Airport with each system operating individually. 

The purpose of the measurement effort was to evaluate the electrical environ­
ment existing on each of the PRT "hot" and neutral A.C. power lines and to 
assess the effect of each system on the power line with all other PRT systems 
turned off. 

The measurements obtained during this test will be used for a comparison with 
data obtained with no PRT systems operating and with all four PRT systems 
operating simultaneously. 
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The work described in this report was performed as part of a test program 
conducted to evaluate the Safety and Performance characteristic~of the four 
Personalized Rapid Transit Systems (PRT) on display at T~anspo@72. Spon­
sored by the U.S. Department of Transportation, Transpo@72 was the first 
United States International Transportation Exposition and was intended to 
demonstrate to the general public new technologies in transportation. 

The PRT demonstration program was the responsibility of the Urban Mass Trans­
portation Administration (UMTA) and was conducted to provide detailed engin­
eering test data in addition to providing mature candidates for an urban 
demonstration. 

This report covers the measurements of the broadband conducted noise present 
on the A.C. power lines feeding the Personalized Rapid Transit (PRT) systems 
at Dulles Airport with each system operating individually. 

The purpose of the measurement effort was to evaluate the electrical environ­
ment existing on each of the PRT "hot" and neutral A.C. power lines and to 
assess the effect of each system on the power line with all other PRT systems 
turned off. 

The measurements obtained during this test will be used for a comparison with 
data obtained with no PRT systems operating and with all four PRT systems 
operating simultaneously. 
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The work described in this report was performed as part of a test program 
conducted to evaluate the Safety and Performance characteristi~of the four 
Personalized Rapid Transit Systems (PRT) on display at ~anspo~ 72. Spon­
sored by the U.S. Department of Transportation, Transpo\!)I 72 was the first 
United States International Transportation Exposition and was intended to 
demonstrate to the general public new technologies in transportation. 

The PRT demonstration program was the responsibility of the Urban Mass Trans­
portation Administration (UMTA) and was conducted to provide detailed engin­
eering test data in addition to providing mature candidates for an urban 
demonstration. 

This report covers the measurements of the broadband conducted noise present 
on the A.C. power lines feeding the Personalized Rapid Transit (PRT) systems 
with all four systems operating simultaneously. 

The purpose of the measurement effort was to evaluate the electrical environ­
ment existing on each of the PRT "hot" and neutral A.C. power lines and to 
assess the effect,if any, on each individual system with all of the other 
systems operating simultaneously. Each system is isolated from the main high 
voltage line by a stepdown transformer which should filter out most unwanted 
higher frequency spikes. 

The measurements obtained during this test will be used for a comparison with 
data obtained with no PRT systems operating and with each system operating 
individually. 
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This report summarizes the results of a literature survey 
of state-of-the-art vehicle management algorithms 
applicable to Personal Rapid Transit Systems (PRT). 

The objective of the survey was to establish a data base of PRT 
vehicle management algorithms that may be used as a focal informa­
tion source. While anyone associated with PRT systems use and 
design would find this survey of interest, it is anticipated 
that a major use of the survey will be in the evaluation 
and development of vehicle management algorithms. 

The surveyed vehicle management algorithms are organized into a 
set of five major component subcategories: network routing, 
merge control, empty vehicle management, station management, and 
blocked segment management. This classification scheme enables 
the comparison and description of algorithms in common terms. 

In the course of the survey, over 240 documents were examined. 
These documents embraced PRT, dual mode, dial-a bus, line haul, 
and conventional transportation systems. 

The appendix contains a list of the documents reviewed, 
generally ordered by the organizations whose literature formed 
the base of the survey. Illustrations and tables are included. 
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This report estimates the cost of adding elevators and associated equipment 
to the Washington Metropolitan Rail Rapid Transit System as part of a planning 
and designing procedure which would meet the special needs of the elderly and 
handicapped. Most of the initial data was supplied by the Washington Metro­
politan Area Transit Authority. The cost estimates and subsequent findings, 
however, are the responsibility of the Department of Transportation. 

Although the Department recognizes the need to provide greater mobility for 
the elderly and handicapped in all phases of mass transportation, this par­
ticular report addresses itself only to the problems relating to rail rapid 
transit. The broader issues of providing mobility for the elderly and the 
handicapped in the area bus systems and the relationship of other public 
transit services to the rail rapid system will be discussed in a separate 
study being prepared by the Metropolitan Council of Governments and the 
Washington Metropolitan Area Transit Authority. 

This report covers the following specific areas of study: potential elderly 
and handicapped users, needs of the elderly and handicapped in rail rapid 
transit, the Metro system and its accessibility to the elderly and the handi­
capped, cost of providing additional facilities, security and safety. A list 
of references is included. 
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This report is the first of two in a study designed to determine the mass 
transit needs of the elderly and handicapped in order that the Department 
might better serve their needs. The second volume in the study is the Tech­
nical Report (PB 224-821), which details the study findings, methodology, 
references, data, etc., and includes census data which provides supportive 
statistics. 

This report provides a brief description of the status, existing services, 
and transit needs and demands of the elderly and handicapped. Alternative 
solutions to problems brought out are also discussed. These include the up­
grading of existing or planned systems, Dial-a-Ride feasibility, transit 
stamps, coupon taxi service, and fixed route service. Various 
impacts are analyzed and recommendations are made concerning further studies 
and reports as well as suggestions to aid local planners. 

NTIS ORDER NO.: PB 222-828 160 
$3.75 



TITLE: THE HANDICAPPED AND ELDERLY MARKET FOR URBAN MASS TRANSIT 
Technical Report 

AUTHOR: Urban Mass Transportation Administration and Transportation Systems 
Center 

DATE October 1973 PROJECT NO .. MA-06-0034 
KEYWORDS· 

1. Elderly 
2. Handicapped 
3. Transportation Disadvantaged 

This study was performed at the request of the Urban Transportation Advisory 
Council to acquire specific information on the characteristics of the handi­
capped and elderly population in order to meet their special transit needs. 
The study is designed to aid local planners as well as being a useful tool for 
the Department of Transportation. 

Assembled data include the size and spatial distribution of the handicapped 
and elderly, a population study of the handicapped with transportation dis­
functions, a measure of the current availability of public urban transporta­
tion to the elderly and handicapped compared to their spatial distribution, 
a study of transit use by the elderly and handicapped, and potential transit 
use projections dependent on the implementation of improved transit services. 

Methodologies employed in this study include: 1) a literature survey and data 
analysis to identify, review and synthesize previous research on this subject; 
2) identi cation of physically handicapped transit demand through definition, 
population, current utilization and potential demand, 3) identification of 
elderly transit demand to determine current and potential use; 4) local level 
analysis of Cleveland, Syracuse, and Raleigh, cities chosen because they were 
typical yet represented a wide range of urban types that would result in the 
collection of a wide range of data, and 5) development of criteria to assess 
the potential increase in ridership and to analyze the relative costs and 
benefits which would result from improved service to the handicapped and the 
elderly by the elimination of physical, operational and service barriers. 

This study also includes a Summary Report (PB 222-828) in which the feasi­
bility of innovative transit systems such as Dial-a-Ride, transit stamps, 
coupon taxi service, and fixed route service are discussed. 

There is a glossary of terms and numerous supportive statistical charts. 

~6.2S 
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This report summarizes the development of new transportation systems through 
their physical and performance characteristics, costs and availability, and 
suggests methodologies for incorporating new technology systems into trans 
portation planning. Concentration is on systems which either have great 
appeal or could be ready for implementation within five years. The selection 
was made from those systems which offer a substantial departure from existing 
transit service, employ vehicles which carry fifty or less passengers, or use 
new methods of suspension or propulsion. Information was supplied by the sys­
tem proponent or manufacturer. 

For ease in comparison, the new systems are classi ed according to function, 
which includes the following: 

Personal Rapid Transit Systems - complete network in central cities, 
possibly extending into suburbs, on-demand, origin to destination, single 
vehicle service; small vehicles usually operated in trains; low capacities; 
for high density areas or small activity centers. 

- Circulation Systems - loops, shuttles or very small networks; very short 
trips; small vehicles usually operated in trains; low capacities; high 
density areas or small activity centers. 

- Collection and Distribution Systems - limited network up to a few miles in 
length, short trips; medium-sized vehicles; moderate capacity; for high 
density urban areas, large activity centers, or low density areas. 

- Line Haul Systems - linear or radial routes of several miles in length; 
highest capacities per vehicle and per line; for large population densities. 

There are numerous illustrations, tables and a glossary of terms. 
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As part of a program for the development of new transportation systems in con­
junction with TRANSPO '72, UMTA initiated a project for the construction and 
testing of four prototype Personal Rapid Transit (PRT) Systems at Dulles 
International Airport. These systems are the Bendix Dashaveyor, the Ford 
Motor ACT, the Rohr Monocab and the Transportation Technology TTI. 

Each prototype featured two vehicles with a minimum of 1000 feet of guideway, 
off-line stations and fully automatic control. The TTI used air cushions for 
vertical support and a linear induction motor for propulsion. The other sys­
tems used rubber tires, two supported from a roadway and the other, the Mono­
cab, suspended from an overhead guidebeam. Both scheduled and demand-actuated 
operations were demonstrated. These four hardware embodiments of state-of­
the-art design afforded unique opportunities to collect heretofore unmeasured 
data. Testing was a joint effort of UMTA and the Transportation Systems 
Center (TSC) of the Department of Transportation, the Applied Physics Labora­
tory (APL), the MITRE Corporation, and the four contractors. 

This summary report has emerged as a result of the program. It encompasses 
the Post TRANSPO Test Program (PTTP) operations, organization, and instrumenta­
tion. The more significant tests are described and a summary of the analyses 
performed to date is provided. Conclusions and recommendations for further 
work are presented. 

General results of the program included: (1) The TRANSPO systems are capable 
of an urban application involving moderate headway requirements, a limited 
number of vehicles and limited routing alternatives; (2) The technology demon­
strated, if suitably refined, could be expected to support headways as short 
as 10 seconds; (3) Environmental considerations pose no serious problems to 
automated systems. 

Many illustrations and tables support the text. The appendices include Mag­
netic Tape Data Catalog, Ride Quality Data Analysis Technique, Ride Comfort 
Test Questionnaire, EMI and Conducted RFI Reports Data Catalog and Emergency 
Brake Test of the TRANSPO '72 TTI PRT Vehicle. 
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The purpose of this report is to extend, refine and apply previous research 
of UMTA in developing mobility measures in order to evaluate alternative 
transit projects and programs. Mobility in this study is determined by the 
observed performance of a real transit system in a real environment. It is 
defined as a quantitative measure of the transportation system's performance 
from the rider's point of view. 

The particular considerations viewed in this report are how much movement is 
provided to the r rs and with what facility. A formula is developed 
which states that mobility is equal to the total service used times the 
performance level of service. The relationship between socio economic 
groups and the mobility measure is explored via the mechanism of fares. 
In order to show its application to real situations, the mobility measure 
is applied to the Shirley Highway Project. Other potential areas of appli­
cation are discussed. 
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This study reviews the Applied Physics Laboratory effort in command and 
control systems for circulation and distribution applications. A brief 
history of the program is given, together with the results of the work 
and its effects on system performance. 

The discussion is divided into an investigation of vehicle management 
(the controlling of a fleet of vehicles in terms of scheduling, dispatch­
ing, empty vehicle allocation, and station operation) and an investigation 
of vehicle regulation (the controlling of an individual vehicle either 
alone or within a string of vehicles.) 

In the section devoted to command problems and requirements, operation­
al constraints are presented and vehicle management in a Personal Rapid 
Transit (PRT) network is examined. Current studies are summarized. 

Discussion of control constraints and requirements includes headway 
protection, minimum safe headways and headway regulation subtopics. 
Computer engineering reliability is examined under the topic of command 
and control implementation. 

Both references and a bibliography are included, along with summary 
descriptions of the major computer simulations developed for urban trans­
portation studies. 
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One of the major considerations facing the design of high performance auto­
mated transit systems is the efficient and economical allocation of the con­
trol functions between the transportation vehicle and a digital computer lo­
cated at the wayside. The choice of allocation also impacts the communica­
tions subsystem since propulsion commands and position and velocity measure­
ments are exchanged at the interface between the vehicle and wayside over a 
bandwidth limited data link. 

This report examines the non-emergency control of vehicle speed and spacing 
(i.e., the vehicle regulation problem). The primary goal is to identify the 
type of information and the rate at which this information must be exchanged 
across the vehicle/guideway interface in order to achieve precise vehicle 
regulation. A successful system design keeps the communication requirements 
within the available channel capacity. 

The effect of control allocation on these requirements is examined by varying 
the complexity of the onboard vehicle control system. By execu~ing a major 
portion of the control computations on board the vehicle, a "smart" vehicle 
allocation model is formed. At the other end of the spectrum is the "dumb" 
vehicle allocation in which most of the computations are handled by the way­
side digital computer. 

References are furnished and illustrations and figures complement the text. 
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This report examines a basic vehicle management function associated with the 
operation of a Personal Rapid Transit (PRT) system. As used in this report, 
PRT d~notes a transit system consisting of a guideway network, off-line sta 
tions located at intervals along the guideway and small vehicles operating 
under automatic control. In such a system a passenger enters a station and 
is provided with a vehicle that is then routed to his desired destination 
station with no stops at other stations enroute. Occupancy of a vehicle is 
presumed to be limited to members of a single party. 

Vehicle management functions are those concerned with system-wide operation, 
such as routing of vehicle and redistributing empty vehicles within the sys­
tem, as opposed to vehicle regulation (e.g. headway maintenance and merge 
control). The vehicle management function addressed in this report is that 
of redistributing empty vehicles. 

A procedure for performing the function of continually redistributing empty 
vehicles throughout the system is developed and carried out periodically 
(every few minutes) and consists of three steps: (1) estimation of the sur­
plus or deficit of empty vehicles at each station; (2) allocation of surpluses 
to deficits; and (3) preparation of a dispatch list for each station, based 
on al lo cat ions, the 1 ist giving the dis posit ion of successive empty vehicles 
as they become available. 

A brief summary of the report is presented. Problems ar1s1ng in predicting 
future needs for vehicles are discussed and the role of buffer vehicle 
storage is reviewed. A procedure for carrying out the empty vehicle manage­
ment function is described and some variations to the procedures are covered. 

Two computer simulations were constructed to evaluate the procedure. Accord­
ing to the authors, in a large PRT system in which occupancy of each vehicle 
is limited to members of a single party, the redistribution of empty vehicles 
can be carried out satisfactorily. 

Illustrations, tables and appendices are provided and references are fur­
nished. 
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This is the final report by the Transportation Systems Division of the General 
Motors (GM) Corporation on Phase I of UMTA's Dual Mode Transit System program. 
The work was performed from September, 1973 to June, 1974. 

The purpose of the Phase I effort was to define the GM Dual Mode Transit Sys­
tem concept and to develop a preliminary system design. This report summa­
rizes the effort and concept, with particular emphasis on the rationale behind 
system and subsystem design decisions. The approach employed and work per­
formed during this phase are presented. 

Major features of the concept included the following: demand responsive 
service, synchronous speeds of 25 m/s on line-haul corridor guideways and 
12 m/s on CBD guideways, theoretical capacity of 10,774 passengers per lane­
hour, three-level computer hierarchy, and seventeen-passenger vehicle. 

Chapters include the description of the GM Dual Mode Transit System concept, 
system management, cost parametric, description of the GM Phase II Feasibility 
Demonstration System, and system development. 

Appendices are "Failure Mode and Effects Analysis," "Fault Tree Analysis -
Vehicle Automatic Control Equipment, 11 !!Reliability Prediction - Electric 
Propulsion System," and brief summaries of related GM reports. 
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This report studies the effect of providing public transit from high­
unemployment, low-income residential sections of a metropolitan area 
to a labor area which offers higher income with skilled and semi-skilled 
employment, to determine whether lack of transportation had created a 
barrier to employment. 

The inner cities of Minneapolis and St. Paul were connected to the air­
port industrial complex by the Twin Cities Route #SO Airport Express. 
Since August 1968 the service provided express transportation from the 
Central Business Districts to the airport and convenient transfer 
arrangements from the regular routes directly serving the target com­
munities. Extensive advertising was devoted to the project on radio, 
billboards, newspapers, and community service groups within the poverty 
areas. Airport employers were provided with maps and schedules to 
dispense to prospective as well as regular employees. 

A benefit-cost survey was conducted in Spring, 1970, to evaluate the 
service. It was found that 50% of the patrons were inner city residents 
and, although most of the riders chose to select the service rather 
than being dependent on it, a sizable number of the outbound riders 
said that the service was critical in helping them to obtain and to 
hold employment. 

The final analysis revealed that employment for many persons was 
made possible by the creation of the route, enabling many riders to 
afford an automobile and thereby abandon the transit service. However, 
the project seems to have achieved its goal of increasing the standard 
of living, if slightly, in the inner cities, even though patronage of 
the Airport Express did not justify its continuation as it had been 
designed, causing service to be reduced. Also brought to light was the 
need to provide prospective transit users with information on available 
transportation through improved marketing techniques. 
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This report is a supplement to "Implementation and Operation of a Demand 
Responsive Public Transportation System (Haddonfield Dial-A-Ride) , 11 

(PB 233-380). This controller's class notebook is presented as an aid 
to training Control Room personnel in all phases of Control Room 
operations of a manually controlled Dial-A Ride. 

In the first section of the manual, the Haddonfield, New Jersey Dial-A-Ride 
Demonstration Project is discussed in terms of objectives, operating 
area and program organization. 

The purpose of this report is to guide and direct those who are responsible 
for operating the Dial-A-Ride system in Haddonfield and surrounding service 
areas. It contains the necessary policy and procedures to operate 
Dial-A Ride. It is used not only for guidance in operating the system 
but also for training the control room staff and the vehicle operators 
who are the integral part the system. As an adjunct to the operating 
portion there is also a section on personnel policies and procedures. 

In the section on personnel policies, control room staff is discussed 
in terms of such issues as personnel selection and testing, training, 
wage and pay policy and dress code. Appendices listed by section include 
the telephonist, scheduler and dispatcher job descriptions. There is 
also discussion on policies for vehicle operators. 

Another topic presented is contingency/emergency procedures. Examples 
of this are what to do in case of vehicle and radio breakdo"~, fires 
and illness of drivers or passengers. 

In the presentation of control room operations, a general system 
description as well as the control system functional flow are discussed. 
Supervisory activities and responsibilities are examined. 

In terms of radio communications, a general overview is presented and 
the FCC rules specified. Basic operating instructions and systems 
description are also included. 

In various sections of the report, definitions are presented for case 
in understanding. 
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This report is presented as a supplement to the report entitled, 
"Implementation and Operation of a Demand Re spons iv e Public Transportation 
System (Haddonfield Dial-A Ride)" (PB 233-380). This Driver's Class 
Notebook is presented as an aid to training drivers for a Dial-A-Ride 
type operation. 

In the first section of the manual, the Haddonfield, New Jersey, Dial A­
Ride Demonstration Project is discussed in terms of objectives, operating 
area and program organization. Dial-A-Ride is a door-to-door public mass 
transportation system. Passengers share the use of small, 17-passenger 
vehicles and benefit from the economies realized by this share-a-ride 
concept. The prospective passenger requests a ride by means of a tele­
phone call to the Control Center, a vehicle is assigned to pick up the 
passenger and this assignment is radioed to one of the vehicle drivers. 

Attainment of the purpose of Dial-A-Ride is largely in the hands of the 
vehicle operator; the bus driver who has hour-to-hour contact with the 
Dial-A-Ride passenger. An effective and efficient system is of no 
value if the bus driver does not understand the system or his part in 
it. Therefore, in the section on vehicle operations, topics discussed 
include public relations, pickup and delivery etiquette, stop procedures, 
handling cash fares and tickets, vehicle scheduling and driver assign 
ment. 

In terms of contingency/emergency procedures, what course to take in 
case of such incidences as vehicle and radio breakdown and operator 
and passenger illness are presented. 

The Haddonfield PATCO station, the Cherry Hill Mall and other key 
location accesses are discussed in terms of stop points for pickup/ 
delivery. 

System description and authorized operators, transmitting information 
and base radio log are some of the topics discussed in terms of radio 
communication. Appendices present the phonetic alphabet and an example 
of the radio exchange when a vehicle makes a stop. 
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This report is presented as a supplement to the report entitled 
"Implementation and Operation of a Demand Responsive Public Transportation 
System (Haddonfield Dial-A-Ride)" (PB 233-380). Controller's class 
description sheets are presented as detailed aids in preparing an hour­
by-hour training program for Control Room personnel. 

Dial-A-Ride is a door-to-door public mass transportation system. Pas­
sengers share the use of small, 17-passenger vehicles and benefit from 
the economies realized by this share-a-ride concept. The prospective 
passenger requests a ride by means of a telephone call to the Control 
Center, a vehicle is assigned to pick up the passenger and this assignment 
is radioed to one of the vehicle drivers. 

The description sheets are arranged in the following format: subject, 
content, what is to be learned, technique(s), references, visual and other 
aids, handout(s) and test(s). An example of this would be: Subject 
Dial-A-Ride Orientation; Content - Overall explanation of the Dial-A-Ride 
sys tern and how it works; To Be Tearned - What Dial -A-Ride is and who 
operates it; Technique - Lecture; References - Section I, Operating Pro­
cedures/Training Manual; Visual Aictand Otner Aids - Vu graphs; Handouts 
Applicable sections of Operating Procedures/Training Manual and Dial-A-Ride 
Service Area Map; Tests - None. 

Among the subjects covered by the description sheets are orientation, 
personnel policies, area familiarization, control map familarization, 
public relations, dispatcher, scheduler and telephonist functions and 
control staff function. Lectures are given by the police, a Haddonfield 
city official and an UMTA official among others. Tours are arranged. 
Visual aids include vu-graphs and pretyped trip tickets. 
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This report is presented as a supplement to the report entitled, 
"Implementation and Operation of a Demand Responsive Public Transportation 
System (Haddonfield Dial-A-Ride)" (PB 233-380). Driver's class 
description sheets are presented as a detailed aid in preparing an 
hour-by-hour training program for drivers. 

Dial-A-Ride is a door-to-door public mass transportation system. Pas­
sengers share the use of small, 17-passenger vehicles and benefit from 
the economies realized by this share a-ride concept. The prospective 
passenger requests a ride by means of a telephone call to the Control 
Center, a vehicle is assigned to pick up the passenger and this assignment 
is radioed to one of the vehicle drivers. The description sheets are 
arranged in the following format: subject, content, what is to be 
learned, technique(s), references, visual and other aids, handout{s) and 
test(s). An example of this would be: Subject - Dial-A-Ride Orientation; 
Content - overall explanation of the Dial-A-Ride system and how it works; 
To Be Learned - what Dial-A Ride is and who operates it; Technique -
lecture; References - Section I, Operating Procedures/Training Manual; 
Visual and Other Aids - vu-graphs; Handouts - applicable sections of 
Operating Procedures/Training Manual and Dial-A-Ride Service Area Map; 
Tests - none. 

Among the subjects covered by the description sheets are orientation, 
personnel policies, area familarization, public relations, vehicle 
operations, emergency procedures, simulation, mobile radio operation 
and driving instruction review. Lectures are given by the police, a 
New Jersey Department of Transportation official and an UMTA official 
among others. Tours are arranged. Study of service area maps, vu-graphs 
and reference maps is one of the teaching techniques. 
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This report is presented as a supplement to the report entitled, 
"Implementation and Operation of a Demand Responsive Public Transporta-
tion System (Haddon£ ield Dial-A-Ride) 11 (PB 23 3 -38 0). This particular manual 
is presented as an aid to the operation of a manually controlled Dial-A-Ride. 

In the first part of the report, the Haddonfield, New JerseyJDial-A-Ride 
Demonstration Project is discussed in terms of objectives, operating 
area and programs. Dial-A-Ride is a door-to-door public mass transportation 
system. Passengers share the use of small, 17-passenger vehicles and 
benefit from the economies realized by this share-a-ride concept. The 
prospective passenger requests a ride by means of a telephone call to the 
Control Center, a vehicle is assigned to pick up the passenger and this 
assignment is radioed to one of the vehicle drivers. 

Personnel policies toward the vehicle operators and the control room staff 
(i.e., public contact, wage and pay policy} are presented. Under the 
topic of vehicle operations, pickup and delivery etiquette, driving 
policy and vehicle scheduling are among those things discussed. What 
to do in a case of vehicle or radio breakdown, driver or passenger 
illness is related in the section on contingency/emergency procedures. 
The Haddonfield PATCO Station, the Cherry Hill Mall and other key loca­
tion accesses are examined. 

The functions of the telephonist, scheduler, dispatcher and supervisory 
activities and responsibilities are delineated. Cash fare revenue and 
bookkeeping are discussed in the section on revenue and accounting. 
A general overview and statement of the FCC regulations comes under the 
topic of radio :communications. Demand data, vehicle operating data, 
control room data and revenue data for the Dial-A-Ride project were 
collected and analyzed and guidelines for this data collection are 
offered. The liability and responsibility assumed by Transport of New 
Jersey and LEX/DAVE Systems are specified. 

Interim instructions make up the appendices. 
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The Haddonfield, New Jersey, Dial-A-Ride is one of the many demand­
responsive transportation systems currently operating throughout the U.S. 
and Canada. The prime objective of this particular demonstration project 
is to obtain accurate and reliable data for evaluation of the Dial-A­
Ride concept. The period covered is August 1, 1972 through January 31, 
1973. 

This report explains the continuation of the demand-activated, door-to­
door bus service. It details the ridership trends, vehicle productivity, 
quality of service and revenue and co st s of operation. It includes a 
quantity of graphs, charts, and tables of the effects of service-area 
expansion on ridership trends and distributions, productivity, and 
quality of service (wait and ride times). The objective of this period 
was to determine maxima for a manually scheduled Dial-A-Ride system by 
further service expansion, new service, and improvements in control 
techniques. 

Findings and conclusions of the report are as follows. The improved 
control center procedures, service-area expansion, new types of 
services, and increased proficiency of personnel all combined to 
increase ridership and productivity significantly while service quality 
decreased only a small amount. This was accomplished with,,no 
increase in vehicle fleet size or fare change. Furthermore, it was 
shown that the documented manual-control process can be used as the 
basis for computerizing the control function even though saturation of 
the manually controlled system has not been attained. Performance 
thus far should be analyzed to dictate future system expansion and 
other ex per imen ts. 

Other related reports are: "Haddonfield Dial-A-Ride, First Progress 
Report" (Order No. PB 220-171), "Implementation and Operation of a 
Demand Responsive Public Transportation System (Haddonfield Dial-A­
Ride)" (PB 233-380); "Summary of a Report Covering the Implementation 
and Operation of a Demand Responsive Public Transportation System 
(Haddonfield Dial-A-Ride)" (PB 233-379). 
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The Haddonfield Dial-A-Ride Demonstration Project is one of more than 40 
demand-responsive transportation systems currently being used throughout 
the world. The prime objective of this particular project is to obtain 
accurate and reliable data for evaluation of the Dial-A-Ride concept. 

This report delineates project direction during Phase II, beginning 
February 1, 1973 and ending January 31, 1974. It details ridership 
trends, vehicle productivity, service quality, revenues, and costs of 
operation. The report includes a quantity of graphs, charts, and tables 
that show the effects of service-area expansion, fare reduction, fleet 
expansion and service innovation. 

The main objectives of the Project for the period covered by the report 
were to: (1) determine achievable performance maxima for the Haddonfield 
manually scheduled Dial-A-Ride system; (2) determine when the manually 
scheduled system should be abandoned in favor of computer scheduling; 
(3) develop the system constants required to implement a computer-based 
scheduling function; and (4) simultaneously expand the service area and 
introduce new service concepts while maintaining or improving service 
quality. 

In order to meet these objectives, the following changes were made: two 
service area expansions, addition of six 10-passenger buses, inauguration of 
a shuttle service, and a basic and senior citizen fare reduction. 

Related documents include: "Haddonfield Dial-A-Ride - First Progress 
Report" (Order No. PB 220-171), "Haddonfield Dial-A-Ride - Second 
Progress Report" (Order No. PB 233-378); "Implementation and Operation 
of a Demand Responsive Public Transportation System - (Haddonfield 
Dial-A-Ride)" (Order No. PB 233-380); and "Demand Responsive Transportation 
System Planning Guidelines" (Order No. PB 232-970). 
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The Haddonfield (New Jersey) Dial-A-Ride Project is one of about 
60 demand-responsive transportation systems currently being used 
throughout the U.S. and Canada. The Haddonfield Project was de­
signed, implemented and operated as a research and development 
project to determine the feasibility of demand-responsive door­
to-door transportation service. The prime objective of the 
Project was to obtain accurate and reliable data for evaluation 
of the Dial-A-Ride concept. 

This final report delineates Project direction during the period 
beginning February 19, 1972 and ending June 30, 1974. It details 
ridership trends, vehicle productivity, service quality, revenues 
and cost of operation. The report includes a quantity of graphs, 
charts, and tables that show the effects of zonal mode of opera­
tion, and elimination of shuttle service. 

The main objectives of the Project covered by this report were to: 
(1) provide accurate data for demand and cost analysis; (2) de­
termine the degree of pubiic acceptance of demand-responsive 
transit systems; (3) determine limits of a manually controlled 
scheduling system; (4) determine system parameters for a computer­
controlled scheduling system; and, (5) test the developmental 
computer-controlled scheduling system. 

Appendices contain a list of Haddonfield Dial-A-Ride reports and 
data collection and analysis procedures. 

Among the related reports are: "Haddonfield Dial-A-Ride - First 
Progress Report'' (PB 220-171); "Haddonfield Dial-A-Ride - Second 
Progress Report 11 (PB 233-378); "Haddonfield Dial-A-Ride - Third 
Progress Report" (PB 236 094); and "Implementation and Operation 
of a Demand Responsive Public Transportation System (Haddonfield 
Dial-A-Ride)" (PB 233-380). 
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This report describes features of installation and operation of the manually 
scheduled Haddonfield, New Jersey,. Dial A-Ride System. The purpose of this 
report is to provide guidelines from the experience in the Haddonfield project 
to assist others in procuring and operating a similar system. 

Following a description of the various Dial-A-Ride systems, discussion centers 
on the facility, equipment and supplies. Among the presentations are detailed 
descriptions of the control center, vehicle and telephone equipment, speci­
fications and vehicle maintenance. The functions of the telephonist, sche­
duler, dispatcher, supervisor and driver are included. Other topics are 
driver-dispatcher interface and contingency/emergency operating and planning. 
Fares, revenue and accounting are other aspects taken into account. A system 
description of radio communications and the operating procedures and tech­
niques of that system are presented. Personnel recruiting and selection, 
along with training, are discussed. To illustrate sales promotion, graphic 
displays are included. Information for ordering and building equipment as 
well as operating procedures and forms are reproduced. 

Appendices are included. A glossary of terms is provided and illustrations, 
including photographs, are numerous. 

A summary of this report is "Summary of a Report Covering the Implementation 
and Operation of a Demand Responsive Public Transportation System" (PB 233-
379/AS). Supplements to the subject report are: "Controller's Class Note­
book" (PB 233 381/AS), "Driver's Class Notebook" (PB 233-382/AS), "Control­
ler's Class Description Sheets" (PB 233-383/AS), "Driver's Class Description 
Sheets" (PB 233-384/AS), "Manual Control Operating Procedures Manual" (PB 233-
385), and "Procedure Logic Diagrams" (PB 233-386/AS.) 
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This report is a supplement to the main report entitled "Implementa 
tion and Operation of a Demand Responsive Public Transportation 
System (Haddonfield Dial-A-Ride)" (PB 233-380). 

This report on the procedure logic design is presented to show the 
logic flow of all phases of a manually controlled dial-a-ride. 

The logical design of the manual Dial A Ride Control System is the 
heart of the system design. From it stem the procedures and 
training materials. The diagrams shown in this report are after 
the initial simulation task was completed. The shorthand notational 
system employed is presented. Arrow flow diagrams show the time 
sequence and evnets in the system. 

Through the use of these diagrams, questions of timing, branching to 
new procedures, flow of documents and information storage can be 
studied. Personnel and equipment requirements for the control room 
operation can be determined. Results of some time studies made 
during the simulation of the system's operation are discussed. 

Chapters of the report contain the logical design control system 
description, personnel and equipment requirements, time and motion 
alternatives, and the accounting, billing and credit system. 
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This report has been prepared for the executive or system engineer who 
wants an overview of the equipment, facilities, personnel, and training 
required prior to implementation of a demand-responsive, door-to-door, 
midi-bus transportation system. This report is a condensation of the 
report entitled 11 Implementation and Operation of a Demand-Responsive 
Public Transportation System" (PB 233-380) which describes the manually 
scheduled Haddonfield, New Jersey,Dial-A-Ride system. The purpose of 
the subject document is to provide guidelines from the experience in the 
Haddonfield project to assist others in procuring and operating a 
Dial-A-Ride system. 

Included are sections on: the facility and equipment, operations, handling 
of and accounting for revenue, communications, personnel training and 
sales promction. 

In order tci serve as a guide for implementing a similar system, informa­
tion for 01-dering and building equipment as well as actual operating 
procedures and forms are reproduced. The appendices in the subject report 
explain the logic and rationale behind the development of certain 
procedures. 

A table reports statistics of the service area. 

Supplements to the subject report and summary are as follows: 
"Controller's Class Notebook" (PB 233 -381); "Driver's Class Notebook" 
(PB 233-382); "Controller's Class Description Sheets" (PB 233-383); 
"Driver's Class Description Sheets" (PB 233-384); "Manual Control 
Operating Procedures Manual" (PB 233-385); and, "Procedure Logic 
Di a gr am s" (PB 2 3 3 - 3 8 6) . 
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In 1971, the Cleveland Transit System received a grant 
from UMTA to test, demonstrate and evaluate a solid SLate AL 
propulsion system on three rapid transit cars (Project OH-06-0006). 
The AC propulsion system was developed by the Westinghouse Air 
Brake Company (WABCO), Wilmerding, Pa. This report is one of a 
series on various aspects of the project. 

The objective of this project was to retrofit three existing 
Cleveland Transit System Airporter Cars with a new AC propulsion 
system (Pulse Width Modulation or PWM) developed by WABCO and to 
develop baseline performance data with these cars. 

To demonstrate general performance and applicability of the 
propulsion system, an on-board computer controlled data acquisi­
tion system was used to collect performance data. The data were 
reduced, analyzed, and plotted by computer. 

This report presents the performance data collected during the 
multiple car operation. General performance characteristics are 
displayed by means of graphs plotted by computer from the raw 
data. 

Test results are broken down into tests: Test 1 - One AC Car, 
AC Profile; Test 2 - One Car, DC Profile; Test 3 - Two Car Train 
(AC/AC); Test 4 - Two Car Train (AC/DC); Test 5 - Three Car Train 
(AC/AC/AC). Other topics discussed are multiple car rolling re­
sistance and car weights. 

Conclusions are presented. Appendices contain a list of re­
corded signals and equipment used and CTS track profiles. A 
glossary of terms is provided. 

Related reports are: "WABCO Data Acquisition System" (PB 223-898); 
"Pre Revenue Service Activities 11 (PB 228-983); "~ingle Car 
Performance" (PB 228-987); and "Revenue Service Operation - 1973 
(PB 238-568) 

NTIS ORDER NO.: PB 2 39 - 173 / AS 181 
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In 1971, the Cleveland Transit System received a grant contract from 
UMTA to test, demonstrate and evaluate a solid state AC propulsion system 
on 3 rapid transit cars. The propulsion system was developed by the 
Westinghouse Air Brake Company (WABCO), Air Brake Division, of Wilmerding, 
Pennsylvania. 

The objective of the project was to retrofit 3 existing Airporter Cars 
with a new Pulse Width Modulation (PWM)-AC propulsion system and to 
generate baseline performance data. The 3 AC equipped cars and 3 standard 
Airporters were to be equipped with data monitoring equipment and placed 
in revenue service for a period of 12 months to develop statistical data 
on power consumption, maintenance costs and passenger reaction to the 
new propulsion system. 

This report summarizes all of the activities preceeding and necessary to 
the commencement of revenue service. It describes the retrofit program 
and the system check-out process. Other interim reports, available at 
NTIS, include descriptions of instrumentation calibration, single car 
performance (PB 228-987),multiple car performance, compatibility with 
standard cars and the data acquisition system. (PB 223-898) 

Among the conclusions reached were that the installation of high 
performance PWM Inverter Propulsion Equipment on relatively standard 
transit cars is feasible and practical and that many of the problems 
involved in the pre revenue operation were spec ic to the retrofit and 
would not occur on new installations. It was found that equipment 
check-out time, while not appreciably longer than that for some of the 
recent more standard car orders, could probably be improved by 
specifying full load burn-in tests of the total equipment by the manu­
facturer prior to shipment. This would require a dynamometer of some 
type at the manufacturer's facility. Scheduling of retrofit work of 
this nature through a transit maintenance facility is difficult when 
shop space and pit time are limited. A facility dedicated to the 
effort would permit tighter schedule control. 

Appendix "A" is "Operation and Device Description." Major devices are 
the master controller, logic unit, inverter, line filter, reactor, 
auxiliary control unit, AC traction motor and friction brake operating 
unit. Ph0tographs of these and other aspects of the retrofit process 
are presented. 

Appendix 11 B" is "Compatibility Module Development," the CTS Cam Control 
Performance Tests. Tables, figures and graphs support the text. 

NTISORDERNO.: PB 228-983/AS 182 $4.25 
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This is an interim report prepared as part of an UMTA grant contract to 
the Cleveland Transit System to test, demonstrate and evaluate a solid 
state AC propulsion system on 3 rapid transit cars. The AC propulsion 
system was developed by the Westinghouse Air Brake Company (WABCO) and 
incorporated a pulse width modulated (PWM) inverter to convert constant 
voltage DC energy to variable frequency, variable voltage AC energy 
which in turn powers AC induction traction motors. The system operates 
with regenerative braking, and has the potential of reducing power 
consumption. 

This report presents single car performance data developed from a fully 
instrumented, AC powered car. Its purpose is to present and evaluate the 
performance capabilities of the car as demonstrated by the results of 
data collection and analysis. The results, portrayed in the form of 
tabular listings and graphs, apply to the performance of the propulsion 
system as a whole; no effort was made to separate the individual 
components. Other interim reports of this project describe pre revenue 
service activit s (PB 228-983), instrumentation calibration, multiple 
car performance, compatibility with standard cars and the data acquisition 
system, (PB 223-898). 

Areas in which these are results of the analyses are rolling resistance, 
acceleration/deceleration capability, motor torque, line current, 
power consumption, system efficiency, effect of line voltage on per 
formance, instantaneous performance curves - controlled tests, motor and 
inverter temperatures, duty cycle and drag tests. 

Among the conclusions reached are the following: regeneration is possible 
from a maximum speed down to approximately S m.p.h.; maximum system 
power capability during normal operation is approximately 1000 horse­
power; during normal operation, motor temperatures stabilized between 
200 and 250 degrees Fahrenheit; average net power consumption for all 
tests was 3.84 kilowatt-hours/mile and the average percent energy 
returned to the line was 29%. 

Appendix "A11 contains a figure of a block diagram of the WABCO PWM 
Propulsion System, showing the relationship of the various major devices. 
The second figure illustrates the typical range of frequency (speed) in 
each mode of operation. Appendix "B" contains, among other figures, 
CTS Track Profiles and plotted data tapes. 

NTIS ORDER NO.: PB 2 28 98 7 / AS 
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The purpose of this report is to test and evaluate an AC propulsion 
system developed by the Westinghouse Air Brake Company (WABCO) on three 
rapid transit cars. The AC propulsion system incorporates a pulse width 
modulated inverter to convert constant voltage DC energy to variable 
frequency, variable voltage AC energy which in turn powers simple AC 
traction motors. 

This report, one of a series on various aspects of the project, describes 
the data acquisition system which was developed to measure, record and 
analyze performance data for the AC-powered rapid transit cars. 

The implementation of a computer controlled data system from which 
substantial evidence of performance capabilities could be drawn 
quickly, systematically and accurately requires the following efforts: 
(1) definition of system hardware; (2) software generation for data 
collection; (3) post processing hardware; and~ (4) software generation for 
post-processing. 

Specific•performance information will be provided in subsequent reports. 

It was found that the use of a computer managed data collection system 
on a transit vehicle is not only practical but also highly desirable 
when the volume and complexity of the data to be acquired is high, and 
when the duration of the program is sufficient to justify the software 
development time. The program is outlined in detail. 

NTIS ORDER NO.: PB 223 -8 98 184 $5.25 
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The Community/School Bus Project was funded by a demonstration grant from 
UMTA. It was designed to test the feasibility of using school buses for 
public transportation when not in school service, thus obviating fonnidable 
capital investment in equipment. 

Klamath Falls, Oregon, is a small urban community (approximately 36,000 
population) lying in the heart of a sparsely populated region. Prior to 
commencement of the Community/School Bus Project, the Klamath Falls area 
had been without public bus service since 1958. During this period, the 
number of people most in need of low cost transportation, namely senior 
citizens and the young, continued to grow. According to the 1970 Census, 
nearly 15% of the population was 62 years of age or older. 

The combination of a number of conditions, namely, a community without 
public transportation, a growing demand for such service, the resistance 
of taxpayers to local budget increases and the existence of idle school 
buses, led to the conception of this demonstration project. 

The three objectives of the project were: (1) to test and report on the 
feasibility of utilizing school buses during idle hours for public 
transportation; ( 2) to evaluate the need for public transportation in the 
Klamath Falls area; and (3) to lay a foundation for continuing a public 
bus service after the cone lu sion of the project if it was detenn ined 
that sufficient need for such service existed. 

The project was conducted in two phases. The first part, conducted 
during the 1972-73 school year, was limited to part-time service. The 
school buses continued in service for pupil transportation during the nine· 
month period. Part two of the project was conducted during the summer 
months of 1973 when school was not in session and therefore the buses 
were available continuously for public transportation. 

Organization, operations and community response are discussed, as well 
as the topics of local versus state operation and legislation. Con­
clusions, recommendations and the future of bus service in Klamath 
Falls are presented. 

Photographs complement the text and appendices include advertising 
techniques. 

NTISOROERNO.: PB 233-509/AS 18 5 $4.75 



TITLE: 

AUTHOR: 

PROJECT CLEAN AIR '72 
LNG Conversion of GM 71 Series Diesel Engine 
Final Report 
National Transportation Center, 
Apt, Bramer, Conrad and Associates, and 
Southwest Research Institute 

DATE May 197 4 PROJECT NO, EA-06-0005 
KEYWORDS· 

1. Environment & Environmental Control 
2. Fu el 
3. Propulsion Systems, diesel 
4. Bus 

The specific goal of Project Clean Air 1 72 was to develop and design a 
conversion procedure for the Detroit Diesel Series 71 engine, the 
standard engine for transit buses in the U.S., to operate on liquid 
natural gas (LNG) as a fuel. The conversions would provide dependable, 
proven transit bus powerplant with low emissions and an extended service 
1 if e. 

Air pollution caused by a transit rubber-tired vehicle as a result of its 
emissions is the function of its engine and the type of fuel used. 
Pollution reduction, at the source, can be obtained by altering the 
vehicle engine, adapting it to the use of a proper fuel, which lrends 
itself to emission control. Other examples of environmental pollutants 
which can more easily be controlled by engine and fuel are odor and 
noise level. 

A gaseous fuel converted engine, if properly developed, offers the 
potential of lower exhaust emissions, control of smoke and odor and 
lower engine noise levels. A few objectives of a gaseous fuel con 
verted engine are: equal or better horsepower than the diesel engine; 
comparable economy of operation on a BTU basis; meeting proposed 1975 
EPA Standards; extending engine life; and providing a powerplant 
that can be serviced by present personnel with minimal specialized 
training. 

During Phases I and II-A, it was demonstrated that a viable conversion 
of the GM6V-71 engine is possible. However, a complete conversion, 
including the development of a fuel control system, has not been 
completed. The advantages derived from converting the diesel engine 
to LNG fuel have been identified, but not demonstrated. 

$5.75 
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The purpose of this report is to design a transit bus which combines the 
greatest possible adaptability to people's needs with improved environ 
mental aspects in regard to pollution and noise, within the end product, 
a standardized bus whose features would be interchangeable with like 
buses in most major cities of the world. The various meetings which led 
to the final standard bus concept formulation are discussed. 

The first major physical characteristic considered was the vehicle's 
dimensions and design, including factors such as body structure, floor 
shape, engine, wheel and tires, and outside and inside dimensions. 
Drawings are included as examples of each alternative considered. 

A shorter version of the standardized bus is included as a vehicle variant. 

Components and vehicle equipment considered include glazing, doors for 
entrances and exits, vehicle service flaps, the driving compartment, 
seating arrangement and seats, handrails, signs and markings, heating 
and ventilation, and body accessories. 

Power supplies, current consumers, and wiring are all discussed in a 
section on electrical equipment. 

The braking and pneumatic system is described and outlined. 

All topics of discussion ,are illustrated by charts, drawings, and/or 
photographs. Approximately 6,000 of the final standardized buses 
have been manufactured in West Germany, Hungary,and France, which 
produces a smaller version. 

A list of references is included. 

NTISORDERNO.: PB 227-478/AS 187 
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Under the sponsorship of the Port Authority of Allegheny County, Pennsyl­
vania, the Transit Expressway was demonstrated and tested in a full scale 
experimental project. Phase I was carried out between June 1963 and 
February 1967. Phase II, the subject of this report, included the 
continuing development, demonstration, testing and evaluation of 
systems and subsystems in implementation, demonstration, testing and 
evaluation of systems and subsystems in implementation of some of the 
recommendations made in the Phase I report. The test facility is located 
in Allegheny County's South Park, eleven miles south of the Pittsburgh, 
Pennsylvania CBD. 

Transit Expressway envisions a system operating on fixed guideways with 
continuous headways throughout the day as close as 90 seconds. The 
system is based on operating compact, minimum weight vehicles to provide 
economy of operation in off-peak hours and still maintain high frequency 
service. The all-electric fully automated vehicles resemble buses and run 
on four pairs of driven pneumatic tires. The South Park demonstration 
project is comprised of a 9,360 foot long main guideway, principally on 
an aerial structure with a short section of at-grade guideway. It is 
arranged to form a complete loop with stations located at the north and 
south ends. The rolling stock consists of three vehicles which may be 
operated simultaneously or singularly. 

After background material and a general description of the project, 
specific discussion focuses on spur roadway with 10% grade, emergency 
walkway, switch, mechanical vehicle alterations, train operations 
on 4%, 10% and level grade roadways, automatic train operation and 
power distribution, current collection and grounding. Conclusions and 
recommendations are clearly delineated. 

This report is the summary volume of "Transit Expressway Report: Report 
on Testing and Evaluation of the Transit Expressway'' (PB 174-757). 
Appendices are not included and text material is reduced dramatically, 
relating only the highlights of the project. Refer also to "Transit 
Expressway Report: Phase II" (PB 231-022). 
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Untler the sponsorship of the Port Authority of Allegheny County, Penn­
sylvania, the Transit Expressway was demonstrated and tested in a full 
scale experimental project. Phase I was carried out between June 1963 
and February 1967. Phase II, the subject of this report, included the 
continuing development, demonstration, testing and evaluation of sys 
terns and subsystems in implementation of some of the recommendations 
made in the Phase I report. The test facility is located in Allegheny 
County's South Park, eleven miles south of the Pittsburgh, Pennsylvania 
CBD. 

Transit Expressway envisions a system operating on fixed guideways with 
continuous headways throughout the day as close as 90 seconds. The 
system is based on operating compact, minimum weight vehicles to provide 
economy of operation in off-peak hours and still maintain high frequency 
service. The all electric fully automated vehicles Fesemble buses and rur 
on four pairs of driven pneumatic tires. The South Park demonstration 
project is comprised of a 9,360 foot long main guideway, principally on 
an aerial Structure with a short section of at-grade guideway. It is 
arranged to form a complete loop with stations located at the north and 
south ends. The rolling stock consists of three vehicles which may be 
operated simultaneously or singularly. 

After background material and a general description of the project, 
specific discussion focuses on spur roadway with 10% grade, emergency 
walkway, switch, mechanical vehicle alterations, train operations 
on 4%, 10% and level grade roadways, automatic train operation and 
power distribution, current collection and grounding. Conclusions and 
recommendations are clearly delineated. 

Photographs, diagrams, tables and figures are presented. The appendices 
contain a glossary and a summary of the Phase I report. 

Other volumes available are "Transit Expressway Report: Report on Testing 
and Evaluation of the Transit Expressway" (PB 174 757) and "Transit 
Expressway Report: Condensation of the Report on Testing and Evaluation" 
(PB 231-021). 
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The purpose of this report is to present the general methodology, industry 
coordination and pertinent observations on the development of the guide 
line specification for urban rail commuter cars. The guidelines speci­
fication was developed in a series of three drafts which were coordinated 
in meetings with a review committee of UMTA personnel and industry 
representatives. 

The report reviews the eight meetings, discusses the evolution of the 
three drafts which resulted and presents a series of recommendations 
which came out of these meetings. Most of the report consists of a series 
of appendices which cover matters under consideration including a list of 
required technical specifications, a series of letters from certain 
attendees in which they make appropriate comments and present recommenda­
tions concerning the first, second and final drafts. 

Basic specifications under consideration include: scope, systems require­
ments, car body, coupler and draft gear, miscellaneous car body items, 
door operation and control, heating-cooling-ventilating, lighting, 
auxiliary electrical equipment, power and traction, trucks and suspension 
systems, friction braking systems, testing, quality assurance, applicable 
documents and general infonnation. 

NTIS ORDER NO.: PB 2 2 2 7 4 0 
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A case study of transit services in Wilkes Barre, Pennsylvania, following 
the Hurricane Agnes f load of June 197 2, reveals the need for improved 
nationwide transit disaster procedures. All phases of planning for 
transit support in civil emergencies beginning with overall contingency 
planning, through evacuation and relief operations and into a transition 
period to normal services -- require upgrading by Federal, state and 
local government. This manual describes the actions necessary to accomplish 
contingency planning, emergency transit evacuation and relief services in 
a systematic manner. 

Recommendations concerning both transit-related governmental disaster 
practices and emergency transit operations result from an analysis of 
the Wilkes-Barre experience. These include the following: according 
to the author, Federal efforts should focus on incorporating disaster 
preparedness into the existing requirements for capital grants by, 
for example, expanding "Exhibit O - - Evaluation of Flood Hazards" in 
the UMTA capital grant application to include fixed-facility vulnerability 
to the pertinent major disasters; states should avail themselves of 
Federal matching funds for disaster planning with the state department 
of transportation 0r highway department responsible for transit planning 
input; at the local level, the transit operating agency should carry 
civil emergency planning responsibility if the system is publ ly 
owned, and, if not, the largest traffic department in the urbanized area 
is best equipped to assume this responsibility; Civil Defense should 
incorporate all possible transportation modes into the preparedness 
effort including freight carriers, ambulances, school buses, taxis, 
boats and helicopters. 

Chapters discuss Federal, state and local emergency frameworks and 
emergency transit operations preparedness procedures. 

References are furnished. 
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This summary volume contains the conclusions reached in the three 
main volumes of the report, Integration of Transit Systems. The 
objective of the report is to assess the potential for interagency 
and intermodal integration of transit systems in U.S. urban areas, 
drawing on an analysis of the successful experience of European 
transit systems. 

"Volume I - Concepts, Status, and Criteria" (PB 241 270) documents 
the need for transit integration in U.S. urban areas, presents the 
conceptual and evaluative framework, and reviews c11rrent transit 
integration efforts by Federal, state and local governments. 
"Volume II - Integrated European Transit Systems" (PB 241-271) 
describes in detail four major European transit systems (London, 
Hamburg, Paris and Munich); gives brief descriptions of six others; 
and summarizes and appraises the applicability to U.S. transit 
systems of techniques which have contributed to the success of 
these European systems. "Volume III - Transit Integration in 
U.S. Urban Areas" (PB 241-272) deals with the application of these 
techniques to Philadelphia, San Francisco and Seattle: to an 
archetypal smaller urban area, 11Middletown°; and, makes a brief 
assessment of the potential for application in Baltimore, Cleveland, 
Los Angeles, Miami, New Orleans and San Diego. 

This summary volume serves as a guide to the location of detailed 
factual information upon which the conclusions presented here a re 
based, as well as a summary of the study's ndings. 

An outline of the scope of the study and the steps in its execution 
are presented. This summary brings together the salient points 
of each volume,including definition of the forms which integration 
may take, an evaluation of the deficiencies of U.S. transit 
systems, a first cut approach to identifying transit systems 
which are ready for integration and estimates the cost of large 
scale expansion and improvement of U.S. transit stems. 

Also described is the systematic process of elimination resultin?. 
in the selection of certain U.S. cities as candidates for transit 
integration. The essence of a suggested program for these cities 
and for a "Middletownu is presented. 

NTIS ORDER NO.: PB- 241- 2 7 3 
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This is the first of a three volume report designed to assess 
the potential for interagency and intermodal integration of 
transit systems in U.S. urban areas, drawing on an analysis of 
the successful experience of European systems. 

This volume, "Concepts, Status, and Criteria," documents the 
need for transit integration in U.S. urban areas, presents the 
conceptual and evaluative framework, and reviews current transit 
integration efforts by Federal, State and local governments. 

The report defines and relates the three major types of urban 
transportation: public transit, para-transit, and private trans­
portation, and reviews the current status of public transit in 
this country. 

The institutional, operational and physical forms of transit 
integration and the intermodal and interagency approaches are 
defined and discussed. Current transit integration efforts on 
the part of Federal, State and local governments are described. 

Standards for evaluating existing transit systems are developed 
from a concept of an ideal system and typical deficiencies of 
U.S. systems and their causes are described. These standards 
are then used to evaluate and compare transit systems of London, 
Hamburg and Paris with those of three U.S. urban areas. 

Criteria are presented for evaluating the existing deficiencies of a 
transit system and its integration needs; and, criteria are suggested 
for evaluating an urban area as the site for a demonstration on the 
basis of potential for different types of demonstrations and the atti­
tudes and capabilities of local authorities. Also considered are 
benefits and costs involved in improving public transit through inte 
gration and related measures. 

Other volumes of this report are subtitled as follows: 11 Volume 
II Integrated European Transit Systems" (PB 241-271); "Volume 
III - Transit Integration in U.S. Urban Areas'' (PB 241 272); and 
the 11 Summary 11 volume (PB 241-273). 
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This is the second of a three volume report designed to assess the 
potential for interagency and intermodal integration of transit 
systems in U.S. urban areas, drawing on an analysis of the suc­
cessful experience of European systems. 

This volume, "Integrated European Transit Systems, 11 describes in 
detail four major European transit systems (London, Hamburg, Paris 
and Munich)~ gives brief descriptions of six others (Newcastle 
upon Tyne, Edinburgh, Stockholm, Gotenburg, Copenhagen, and Oslo); 
and summarizes and appraises the applicability to U.S. transit 
systems of techniques which have contributed to the success of 
these European systems. 

The detailed descriptions of London, Hamburg, Paris and Munich 
cover transit network, transportation policy, history of transit 
int ration, trends in ridership, specific integration techniques, 
financial arrangements and system evaluations. These same 
topics are briefly reviewed for the six other cities. 

An in-depth analysis comparing experience in the ten cities is 
presented, summarizing the techniques used, and evaluating 
their appl ability to U.S. transit systems. 

For the purpose of easy reference, Appendix "A" presents one-table 
summaries of information for each city covered in the text. 
Appendix "B" offers additional descriptive material on the London 
system. 

Other volumes of this report are subtitled as follows: "Volume 
I - Concepts, Status, and Criteria" (PB 241-270); "Volume III -
Transit Integration in U.S. Urban Areas" (PB 241-272); and the 
"Summary" volume (PB 241-273). 
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This is the third of a three volume report designed to assess 
the potential for interagency and intermodal integration of transit 
systems in U.S. urban areas, drawing on an analysis of the sue 
cessful ex rience of European systems. 

This volume, "Transit Integration in U.S. Urban Areas," deals with 
the application of techniques which have contributed to the suc­
cess of European systems, to three major U.S. cities- Philadelphia, 
San Francisco and Seattle. This application of techniques is also 
tested in an archetypal smaller urban area, "Middletown. 11 

The procedure is described by which a selection was made of re­
presentative areas for investigation from 243 SMSA's in the U.S. 
Also described js a preliminary investigation of 30 major metro­
politan areas and the further investigation of 17 of these by means 
of literature search, questionnaires, wish lists, and field in­
vestigations. The report then reviews the final selection of 
three areas where different European approaches to integration 
could be applied. 

The report contains a number of profiles and includes an assess­
ment of the potential for transit integration in Baltimore, 
Cleveland, Los Angeles, Miami, New Orleans and San Diego. 

Suggested programs for transit integration are presented for 
Philadelphia, San Francisco, Seattle, and llMiddletown." Other 
discussions present descriptions of area characteristics, existing 
public transit services, local transportation planning and efforts 
at transit integration, and a program outline to integrate metro­
politan area public transit services. 

Appendices include contacts established in U.S. cities during 
the course of the study, a list of the SMSA's with 1970 popula­
tion statistics, the questionnaire and wish list, and items on the 
integration checklist. 

Other volumes of this report are subtitled as follows: "Volume I -
Concepts, Status, and Criteria" (PB 241-270); "Volume II - "In­
tegrated European Transit Systems" (PB 241-271); and the 11 Summary 11 

volume ( PB 2 4 1 - 2 7 3 ) . 
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Since the early 1960's, the Federal government, mindful that motor 
vehicles are the major source of air pollution, has developed increasingly 
stringent vehicle emission standards. In the late 1960's Federal and 
state agencies initiated a series of studies and demonstrations aimed at 
determining the feasibility of certain alternatives to the internal 
combustion engine (ICE). The studies suggested that the external 
combustion engine (ECE) could become a workable alternative to the ICE. 
Although there are several classes of the ECE, the application of modern 
technology appeared, to the authors, most promising in the case of the 
Rankine cycle engine. 

In early 1971, the Dallas Transit System received an UMTA grant to 
develop and test an ECE engine in a small coach. The objective of the 
program was to determine the feasibility and assess the pollution 
reduction value of installing and operating an organic Rankine cycle 
propulsion system in a ZS-passenger bus. 

The Phase I program consisted of the system definition, fabrication, 
systems integration, installation and operational checkout of an Organ 
Rankine Cycle (ORC) propulsion system consisting of a burner heater, a 
turbine engine, regenerator, condenser, feed pump, reduction gearbox, 
automatic transmission, controls and all interconnecting piping and 
drives. The transit bus used in the program was a Twin Coach, model 
TC-25, manufactured by Highway Products, Inc. of Kent, Ohio. This 
phase successfully demonstrated the feasibility of installing and 
operating an ORC engine in an urban bus. 

Phase IA accomplished the following: Phase I data analysis, installation 
of improved components, prototype engine analysis, performance 
specification definition, continued development testing and emission 
testing. Results of the latter indicate that the ORC engine powered 
bus meets the 1975 Heavy Duty Diesel emission limits. 

Conclusions are presented and references are furnished. Tables support 
the text. 

NTISORDERNO.: PB 234-793/AS $7.00 
196 



TITLE: MASS TRANSIT TRAINING NEEDS 
Volumes I through V 

AUTHOR: MITRE Corporation 
(E.J. Thrasher and P. Wood) 

DATE. May through August 197 4 
KEYWORDS: 

1. Bus 
2. Rail 
3. Manpower & Personnel 

PROJECT NO.: 

s . 

4. Management, training techniques 

VA-06-0004 

Maintenance, personnel 

This is a five-volume series of reports that recounts the findings, 
conclusions and recommendations of a study of urban mass transit training 
needs. The study included: a detailed analysis of training requirements; 
an investigation into the availability of training p~ograms to meet the 
needs of the industry; an outline of supplementary material needed; 
and, proposals for programs to upgrade the standard of training as it 
currently exists. 

Volume I, the "Executive Summary" (Order No. PB 236-000/AS, $3. 75), 
summarizes the results of an inquiry into industry needs for standardized 
programs regarding training of (1) bus operators; (2) bus operator 
instructors; (3) bus mechanics; (4) bus mechanic instructors, and 
(5) rapid transit rail car repairmen. Following a description of programs 
currently in use at transit properties, the general contents of the 
respective standardized programs are outlined, the role of the Federal 
government in funding is examined, alternative methods of delivering 
the programs are discussed, and costs of development and demonstration 
are e st im at ed . 

Volume II, "History and Methodology," (Order No. PB 236-001/AS, $5.25) 
describes the history and methodology of the program. Statistics 
relating to transit industry training are derived. 

Volume III, "Bus Operator Training Program, Bus Operator Instructor 
Training Program," (Order No. PB 236-002/AS, $5.50) recommends 
standardized courses for bus operators, together with sources of 
suitable training materials. 

Volume IV, "Bus Mechanic Training Program, Bus Mechanic Instructor 
Training Program" (Order No. PB 236-003/AS, $5.25), presents an 
outline of a general training program containing ten independent 
modules, and sources of material for use in the course. 

Volume Vis entitled "Railcar Repairman Training Needs", (Order No. 
PB 236-004/AS, $4.25). About half of the training is general ed 
enough to allow a standardized course to be developed. An outline of such 
a course and sources of training material which would be included are 
presented. 
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The Urban Mass Transportation Administration's Transit Operations 
and Management (TOMS) project includes development of a maintenance 
management information system for use by the urban mass transporta­
tion industry in the maintenance of bus fleets. 

The Service, Inventory, and Maintenance System (SIMS) has been 
developed to operate as a software package at computer service 
bureaus or on computers operated by transit properties. SIMS 
consists of a package of computer programs written on ANSI COBOL 
language and currently operates on an IBM 360/50 or larger 
computer. 

Practical design has been enhanced by experience from field 
tests at the Dallas Transit System (DTS) of Dallas, Texas and 
Alameda-Contra Costa Transit District (ACTD) of Oakland, California. 
The system has been operating daily at both DTS and ACTD on a 
demonstration basis. 

This report provides an overview of the system,using illustrations 
of the reports produced by SIMS. Information displayed in the 
reports allows management to plan repair actions, avoid road 
calls, and control expenses. The Service module helps to 
identify consumption of oil and coolant. Transit property stock 
room supplies are monitored through the use of the SIMS Inventory 
module. The Maintenance (Repair Cost) Module provides repair 
costs data for individual buses and divisions, segregating costs 
into subassemblies, inspections, accidents, and vandalism 
repairs, and provides information about total maintenance labor 
utilization. 

The appendix contains computer requirements and a glossary. 
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This report describes the Run C11tting and Scheduling 
(RUCUS) package, which is a set of computer programs des ned to 
assist in headway sheet development, vehicle scheduling and driver 
run cutting. The purpose of using computer programs for this task 
is to cut down on the time involved in designing schedules while 
improving the accuracy of the finished product. 

The RUCUS package seeks to avoid the three major pitfalls which 
have been responsible for a lack of success in previous attempts 
to design a computer scheduling system. These include: (1) Partial 
computer implementations were hard to integrate into an existing 
process: (2) Industry is not computer-oriented and analytical 
personnel attempting computer implementations were not Familiar 
with industry problems; and 1 (3) The comnuter equipment used pre­
viously was not large enough or st enough. 

There are four components in the RUCUS package: TRIPS, BLOCKS, RUNS, 
and DATA MANAGEMENT. Headway sheet generation or revision is 
accomplished using the programs in the TRIPS component. After new 
headway sheets are developed for each line, new vehicle schedules are 
developed using the BLOCKS component based on input Factors such as 
deadhead times, turn-around times, various schedule-controlled 
program parameters, etc. Driver schedules (RUNS) must then be 
developed for the new service after headway sheets and vehicle BLOCKS 
are determined. The RUNS package develops driver schedules, the 
driver run cutting program, from vehicle schedules. The programs 
in the data management component are utility routines which manage 
the four basic files of data used by the RUCUS package. 

Formal field tests were negotiated with Baltimore Transit, D.C. 
Transit and San Diego Transit. These organizations supplied master 
files and consulting advice in conjunction with a demonstration at 
their properties. Field tests were also conducted on a smaller 
scale in Vancouver, B. C. and Akron, Ohio. Res11lts of these field 
tests are given. 
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This report is a manual for the horticultural development of public 
transportation environments. It envisions an urban landscape of the 
future brought about by the sensitive and knowledgeable introduction of 
natural plant elements. The intention of the project is to show that 
urban public transportation environments could be more attractive, 
function more efficiently and be more comfortable for the populace 
through careful attention to ecology and horticultural factors. 

Various landscape designs are introduced in which highly reliable, all­
season plants would be prime contributors to the overall design and 
functional purpose. There is also a guide which would enable planners 
anywhere in the nation to make the best possible selection of planting 
materials for their particular region so that materials once chosen 
would provide an assurance of successful and economical maintenance. 
Judgments on the suitability of specific plants in specific environ 
ments are based on ecological adaptability, taking into account such 
factors as climate, the plant's ability to resist pollution, and the 
amount of care required to maintain the plant. 

National zones are analyzed according to mean temperature, with 
corresponding lists of appropriate plants by both common and scientific 
names. Specific applications are discussed in relation to bus stops, 
suburban terminals, and downtown stations. Trees are analyzed 
individually according to size, shape, growth rate, shade, flowers, 
ornamental value, possibilities of training into a large shrub, and 
types of soil required, whether moist or dry. Shrubs are analyzed 
according to height, seasonal color (whether they have spring, 
summer or winter flowers), whether they are good for shearing or good 
in containers, whether they are tolerant of shade, whether they can be 
trained for espalier, and whether they bear fruit. Ground covers are 
analyzed according to height, density, whether they spread ra~idly, 
pruning requirements, sun resistance, and shade tolerance. Interior 
plants are classified according to size and shape. 

The report contains numerous drawings, which are both informative and 
entertaining. 
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This study is intended to: (1) summarize, aggregate, and extract the 
essence of results of research, development, and demonstration (RD&D) 
projects, transit innovations and recent urban experiences; (2) develop 
categorization of subject matter in the field of Urban Mass Transportation 
RD&D; (3) identify and discuss major areas of insufficient knowledge 
in each category; (4) assess the relative importance of overcoming 
the identified deficiencies; and, (5) develop recommendations for the 
continuation of or enlarged emphasis on previous or ongoing UMTA RD&D 
program areas. 

The specific purpose of RD&D is to develop, demonstrate, and evaluate 
a spectrum of feasible improvements in urban mass transportation 
technology and methods which can be implemented to solve local trans­
portation pro bl ems. 

Volume I contains the summaries, conclusions and recommendation from 
each of the subsequent volumes of the report. 

Every completed UMTA project was categorized as indicated in Table 2 of 
the report and by transit mission (i.e., suburb-urban, urban circulation, 
suburb circulation, airport access, etc.), RD&D area (i.e., basic 
hardware, ancillary hardware, operation and management software, etc.), 
problem addressed and proposed solution categories. 

The reports were reviewed and the findings were extracted based on 
their significance to further RD&D efforts. Syntheses of findings 
were presented for the topics of bus technology, bus traff systems 
and service innovations, bus transit operations and management systems, 
rapid rail vehicles and systems, commuter rail vehicles and systems, 
light rail vehicles and systems, rail supporting technology, new 
systems, systems analysis and planning research. 

Gaps in effort are identified and summarized. Tables present a 
summary of "UMTA RD&D Initiated Since 1 January 1969- -Completed, Ongoing, 
and Planned Projects.n 

The six volumes in this project are: Volume I Summary (PB 229-439), 
Volume II - UMTA RD&D Findings and Projects (PB 229-440), Volume III 
Bus Transit (PB 229 441), Volume IV Rail Transit (PB 229-442), Volume 
V - New Systems (PB 229-443), and Volume VI - Systems Analysis (PB 229-444). 
To obtain all 6 volumes, the PB number is 229-438-SET ($24.00). 
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This study is intended to: (1) summarize, aggregate, and extract the 
essence of results of research, development, and demonstration (RD&D) 
projects, transit innovations and recent urban experiences; (2) develop 
categorization of subject matter in the field of Urban Mass Transportation 
RD&D; (3) identify and discuss major areas of insu ient knowledge in 
each category; (4) assess the relative importance of overcoming the 
ident ied deficiencies; and, (5) develop recommendations for the 
continuation of or enlarged emphasis on previous or ongoing UMTA RD&D 
program areas. 

The specific purpose of RD&D is to develop, demonstrate, and evaluate a 
spectrum of feasible improvements in urban mass transportation technology 
and methods which can be implemented to solve 1oca1 transportation 
problems. 

The primary basis for the structure of this report, Volume II, is the 
UMTA categorization system. The five primary cat or s are Bus 
Transit, Rail Transit, New Systems, Systems Analysis, and Planning and 
Service Development. 

The review of the UMTA RD&D program is covered in detail. It involved 
a review of approximately 90 available reports initiated since 
January 1, 1969. All projects and their findings were categorized 
not only by UMTA general cat cries but also by sub-categories 
according to principal subject areas addressed. The subject areas 
addressed were also placed in category outlines by transport 
mission and RD&D area in order to locate possible gaps in cover e. 
From the review of each project, findings were extracted and cat orized 
according to impact area; then gregated and summarized. 

A bibliography is furnished. The appendix: is "Project Categorization." 

$5.25 
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This study is intended to: (1) summarize, aggregate, and extract the 
essence of results of research, development, and demonstration (RD&D) 
projects, transit innovations and recent urban experiences; (2) develop 
categorization of subject matter in the field of Urban Mass Transportation 
RD&D; (3) identify and discuss major areas of insufficient knowledge in 
each category; (4) assess the relative importance of overcoming the 
identified deficiencies; and, (5) develop recommendations for the 
continuation of or enlarged emphasis on previous or ongoing UMTA RD&D 
program areas. 

The specific purpose of RD&D is to develop, demonstrate, and evaluate a 
spectrum of feasible improvements in urban mass transportation technology 
and met hods which can be implemented to solve local transportation 
pro bl ems. 

In Volume III, urban bus systems are described and related to other 
transportation modes. The market for bus transit and costs are discussed 
and the impacts of urban bus transit on riders, operators, the public 
and industry are presented. 

Area studies in the bus transit field include UMTA RD&D categories of 
Bus Technology, Bus Traffic Systems and Service Innovations, and Bus 
Transit Operations and Management. The information sources have been 
literature searches, interviews, and reviews of current and earlier 
(before 1969) UMTA RD&D work where appropriate. Special attention 
has been given to Bu sways because this is an area current 1 y of wide 
int ere st and con sidera bl e application. Information on foreign 
innovations has also been included. 

AppendLx "N' is "Recent Improvements in Bus Transit: Two amples" and 
Appendix "B" is "Foreign Bus Transit Innovations: Selected Examples.'' 
A bibliography is included. 
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This study is intended to: (1) summarize, aggregate, and extract the 
essence of results of research, development, and demonstration (RD&D) 
projects, transit innovations and recent urban experience; (2) develop 
categorization of subject matter in the field of Urban Mass Transportation 
RD&D; (3) identify and discuss major areas of insufficient knowledge in 
each category; ( 4) ass es s the relative importance of overcoming the 
identified deficiencies; and, (5) develop recommendations for the 
continuation of or enlarged emphasis on previous or ongoing UMTA RD&D 
program areas. 

The specific purpose of RD&D is to develop, demonstrate, and evaluate a 
spectrum of feasible improvements in urban mass transportation technology 
and methods which can be implemented to solve local transportation 
pro blern s. 

This report ,Volume IV, contains an overview of rail systems. In the 
section on rapid rail vehicles and systems, the state-of-the-art in 
rapid transit is examined and research requirements discussed. The 
appendices are "Evaluation of the Rapid Transit Extension to Cleveland's 
Airport," and "Impact of the Proposed Allegheny County Transit Expressway." 

A survey of recent trends and UMTA RD&D projects in the area of 
commuter rail transit follows, with a discussion of impact and potential. 
The appendix is entitled, "GO Transit: A New Approach to Urban 
Transportation." 

Rail systems and technology topics include vehicles and equipment, 
electrification, train protection and system control, communications, 
fare collection, shop facilities, track and personal security. 

In the discussion of foreign rail developments, categories are rapid 
rail vehicles, special systems--airport access, automatic fare 
collection, commuter rail vehicles and light rail vehicles and systems. 
Cities referred to include London, Paris, Munich, Vienna, Madrid, 
Warsaw, Budapest, Mex o City, Brazil, Barcelona and Stockholm. 

References are furnished. 
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This study is intended to: (1) summarize, aggregate, and extract the 
essence of results of research, development, and demonstration (RD&D) 
projects, transit innovations and recent urban experience; (2) develop 
categorization of subject matter in the field of Urban Mass Transportation 
RD&D; (3) identify and discuss major areas of insufficient knowledge in 
each category; (4) assess the relative importance of overcoming the 
identified deficiencies; and, (5) develop recommendations for the 
continuation of or enlarged emphasis on previous or ongoing UMTA RD&D 
program areas. 

The specific purpose of RD&D is to develop, demonstrate, and evaluate a 
spectrum of feasible improvements in urban mass transportation technology 
and methods which can be implemented to solve local transportation 
problems. 

A summary of the current status of demand responsive transportation 
systems is presented. Technology, legal and regulatory aspects and the 
current status of dial-a-ride are discussed. The appendix for this 
section is entitled, "Dial-A-Ride and the Poor." 

In the review of the PRT and dual mode, topics under consideration are 
the types of PRT and dual mode Systems, a comparison of dual mode 
versus PRT3 plus feeder bus, comments on R&D for automated guideway 
operations and the need for risk insurance. 

Information on foreign systems and research is included in this report. 
Among the innovations discussed are the overwater transit on the Thames 
River in London, moving walkways in South Africa, Tokyo's monorail, 
the dial-a-bus in Emmen, the Netherlands, and the incorporation of 
intermodal integration into the transport system in Hamburg. 

References are included. 

$5.25 
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This study is intended to: (1) summarize, aggregate, and extract the 
essence of results of research, development, and demonstration (RD&D) 
projects, transit innovations and recent urban experience; (2) develop 
categorization of subject matter in the field of Urban Mass Transportation 
RD&D; (3) identify and discuss major areas of insufficient knowledge in 
each category; ( 4) assess the relative importance of overcoming the 
identified deficiencies; and, (5) develop recommendations for the 
continuation of or enlarged emphasis on previous or ongoing UMTA RD&D 
program areas. 

The specific purpose of RD&D is to develop, demonstrate, and evaluate a 
spectrum of feasible improvements in urban mass transportation technology 
and methods which can be implemented to solve local transportation 
pro bl ems. 

In the introduction of Volume VI, a description of interrnodal integration 
is offered and the general forms of transport integration discussed. 
Conclusions and recommendations are also included. 

Under the topic of administrative integration mergers, formation of a 
consortium, association or operating company, route section association, 
work sharing, limited agreements and special purpose cooperation are 
presented. 

The scope of service integration is put forth and combined fares, 
community fares and schedule and route coordination discussed. 

Terminals, equipment, standardization of fare collection equipment, 
passenger information and integration through dual mode technology 
are included in the presentation on system integration. 

Examples of urban area transport integration in the areas of New York, 
Chicago, Boston, Southeastern Pennsylvania Transportation Authority 
(SEPTA), San Francisco, Los Angeles, Cleveland, Toronto, Montreal, 
and Minneapolis are given. Integration activities in other U.S. 
areas, along with the DOT role and foreign activities in intermodal 
integration are discussed. 

Also studied in this project are the impacts of transportation integration 
on riders, operators, the public, the transit industry, and the indirect 
beneficiaries. 

Appendices include discussions of the systems in London, Chicago, Hamburg, 
Stockholm, and the Path-Aldene plan. A bibliography is included. 
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This report provides preliminary planning guidelines to aid in the selec­
tion and design of demand-responsive transportation systems and presents, 
in summary form, major characteristics of 12 demand responsive systems 
operating in the United States and Canada. These are: Ann Arbor, 
Michigan; Batavia, New York; Bay Ridges, Ontario; Buffalo, New York; 
Columbia, Maryland; Columbus, Ohio; Detroit, Michigan; fladdonfield, 
New Jersey; Kingston, Ontario; Regina, Saskatchewan; Stratford, Ontario; 
and Toledo, Ohio. 

The information summarizing each system includes service and demographic 
characterisitcs, special service and generators, transportation competi­
tion, operating parameters, support and control staff, and system 
economics. The information reflects first hand data that were obtained 
through the administration of a questionnaire to the managers of the 
systems surveyed. 

The guidelines, which were developed using the information from these 
12 systems, are in the form of a systematic procedure designed to 
provide estimates of operating parameters and to aid in a preliminary 
economic evaluation of the planned system. Estimates may be obtained 
of ridership, fleet size, staff requirements, and system capital and 
operating costs. Based on a desirable fare, ridership and 
operating costs, an estimate may then be made of the expected profit 
or loss. One of the limitations of the guidelines which should be 
taken into account is the limited amount of empirical information 
provided by using only 12 systems. 

Figures include: daily and peak-hour ridership versus population; fleet 
size per square mile versus peak hour demand density; and daily operating 
cost versus fleet size. 
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This report contains data concerning the UMTA-sponsored Dial-A-Ride 
demonstration in the Haddonfield, New Jersey area. The data are presented 
in tables and graphs. This information was obtained from 
household surveys conducted during October 1971 and January 1973, from 
trip ticket data through October 1973, and from three on-board surveys 
conducted in January, July, and September 1973. 

The following data were compiled in relation to area characteristics: 
service area socioeconomic and expansion characteristics; dial-a-ride 
market share all local trips; mode split for all trips made by 
service area residents; mode split for work trips; work locations of 
service area residents; and, cost of using other transportation modes in 
service area. Maps are included. 

The section on dial-a-ride characteristics contains the following 
information: service types and fares charges; vehicle description; 
weekly and a daily dial a ride ridership; average weekday hourly 
ridership; origin-destination characteristics; dial-a-ride productivity; 
dial-a-ride service quality: many-to-many trips; ride time by trip 
type; and, the wait time distribution. 

The variables considered in the examination of user characterisitcs 
were age, sex, income, automobile ownership, drivers licenses and auto 
availability, tenure status, and trip frequency, purpose and ends. 

Related documents include: "Haddonfield Dial-A-Ride - First Progress 
Report" (Order No. PB 220-171, $3.75); "Implementation and Operation 
of a Demand Responsive Public Transportation System - Haddonfield 
Dial-A-Ride" (Order No. PB 233-380. $7.25); "Demand Responsive Trans­
portation System Planning Guidelines" (Order No. PB 232-970, $3. 75), 
and "Haddonfield Dial-A-Ride - Second Progress Report" (Order No. 
PB 233-378, $4.25). 

NTISORDERNO.: PB 235-995/AS $3.75 
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Tabulations of the socioeconomic and traveling characteristics of the 
users of the Dial-A Ride system in Haddonfield, New Jersey are presented 
in this report. The information was obtained during two on-board 
surveys conducted on Tuesday, 10 July 1973 and Tuesday, 18 September 
1973. 

The specific objectives of the surveys were: (1) to obtain a socioeconomic 
profile of the Dial-A-Ride users; (2) to obtain certain characteristics 
of the trips for which Dial-A-Ride is being used; and (3) to develop, 
through a rating and ranking of Dial-A Ride attributes, an estimate of 
the quality of the service as perceived by the users. 

Ten socioeconomic characteristics of the average daily users of the 
system were obtained and compared with the characteristics of the 
residents of the entire service area. Five questions were asked on the 
trip character tics, including frequency of Dial-A-Ride use during 
the week and weekend, trip purpose, trip distance and the usual means 
of transportation. Ratings and rankings of seven Dial-A-Ride system 
characteristics were obtained using a seven-part semantic scale. 

Among the conclusions were: socioeconomic characteristics of users 
generally differ from those of the total population of the service 
areas; about three quarters of the users are women; one half are single, 
widowed or divorced; a larger percentage do not own homes or have autos 
or drivers 1 licenses; and.users average annual income is smaller. The 
system is being used mainly for purposes of work, shopping or attending 
to personal business. 

Findings are presented in tables. The appendix contains the questionnaire. 
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The Dial-A-Ride Automated Scheduling System is a package of computer 
programs developed on a Westinghouse 2500 minicomputer by The MITRE 
Corporation under sponsorship of UMTA. The system contains an automated 
scheduler that (1) dynamically assigns customer requests for trips to 
vehicle tours and dispatches the vehicles through their stops (2) provides 
data analysis programs that produce statistical reports on system per 
formance; and (3) produces programs to generate and maintain the data 
files required by the scheduler, such as the file of related street 
names. 

The automated scheduler accepts messages from control room personnel 
through computer terminals. The messages are processed by an interactive 
message editor that verifies the message and initiates the appropriate 
function. Functions performed by the real-time scheduler include the 
assignment of trip requests, deferment of trip requests to be assigned 
later, cancellation of trip requests, vehicle dispatching, vehicle 
positioning, reassignment of stops of a disabled vehicle, and complete 
monitoring capabilities. In addition, the system supports a file con 
taining trip requests that are automatically scheduled on a periodic 
basis. During scheduling, vehicle tours are printed in the event of 
failure of the automated system and a tape file is created for use by 
the data analysis programs. 

The primary purpose of implementing the automated scheduling system 
was to test the theoretical designs of Many to-Many service. This 
system is the first operational computerized Dial A Ride scheduler. 
Among its benefits is the flexible, convenient interactive user 
interface that allows control room personnel to communicate effectively 
with the system with a minimum of effort. The statistical analysis 
reports provide management with a daily system performance evaluation 
that is extremely difficult to obtain from manual operations. 

References are furnished. 
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A wide variety of electronic techniques has been proposed for locating 
fleet vehicles in urban areas but few of these techniques have hereto 
fore been objectively and comprehensively tested. This report 
summarizes an effort to test four vehicle location techniques in order 
to measure the accuracy and coverage capabilities of each technique 
under realistic conditions. 

The four location techniques tested are: LORAN C, narrowband phase 
multilateration, wideband phase multilateration, and microwave 
proximity. The tests indicate that microwave proximity techniques can 
be used to achieve accuracies of about 330 feet with 95 percent confi­
dence. The measured accuracies of LORAN C and narrowband phase multi­
lateration are on the order of 1100 to 2000 feet, with 95 percent 
confidence, depending on the vehicle's environment. Wideband phase 
multilateraiton, which achieved accuracies on the order of 2800 to 5000 
feet, showed no significant advantage over the narrowband phase 
technique. 

NTIS ORDER NO,: PB 2 21 7 3 2 
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This report is an overview of Automatic Vehicle Monitoring (AVM) systems, 
which automatically determine and make available to a central control 
point the position of a vehicle or a group of vehicles. AVM systems 
used in urban applications are based upon, or are varieties of, four 
basic techniq~es: radio propagation time, proximity, dead reckoning, and 
triangulation. The relative merits of each of these systems are also 
discussed and, where test or simulation data and cost information are 
available, these too are provided. Also included is a discussion of 
secondary systems' functions (polling, computation, telemetry, etc.) 
that must be addressed before a workable AVM system can be implemented. 

Potential applications for AVM systems include: transit buses, police 
vehicles, taxi fleets, delivery services, maintenance services, and 
possibly even moving vans, which would require inter-city capabilities 
in order to be completely responsive. The report opens with a brief 
discussion of these applications, followed by a more detailed analysis 
of AVM techniques that have been demonstrated, tested, or proposed. The 
best available technical and cost data have been used throughout. The 
report concludes with a discussion of the system considerations. An 
appendix summarizes the cost data for one specific AVM system. There is 
a full list of references and an extensive bibliography. 

Other reports on the Automatic Vehicle Monitoring System include: 
LORAN-C Automatic Vehicle Monitoring (AVM) System (Philadelphia field 
test report), Teledyne Systems Co., (PB 216-332); AVM Systems 
(Philadelphia field test report), RCA, (PB 219-083); AVM Systems 
(Philadelphia field test report), Cubic Corp., (PB 221 046); AVM Systems 
(Philadelphia field test report), Sierra Research Corp., (PB 216-165); 

AVM Technology Review, MITRE Corp., (PB 217 849); Urban Field Tests of 
Four Vehicle Location Techniques, MITRE Corp., (PB 221-732); Monitor CTA, 
Chicago Transit Authority, (PB 223-878). 
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This final report is on "Blue Streak", a bus demonstration project in 
Seattle, Washington designed to measure the effect of substantial 
improvements in bus transit service and to measure the impact of a park­
and-ride lot with express service to the downtown area. In this project, 
Blue Streak buses use the reversible lanes of Interstate 5 (the 
Seattle Freeway) from the CED north to the city limits. 

The Blue Streak demonstration project produced patronage increases in the 
face of system-wide ridership losses and a general decline in area travel. 
If the economic and travel conditions of the study area had not declined 
during the demonstration, advantages of Blue Streak would have been more 
dramatically demonstrated in a greater patronage shift. Nevertheless, 
ridership increased from about 7,500 to over 10,000 passengers per day. 
The greatest increases occurred on routes that included the park-and-
ride lot in their service for a round trip fare of $.70. 

Typical transit travel time southbound in the morning peak period went 
from 49 minutes to 38 minutes. Blue Streak routes averaged nearly 17 
mph where non-Blue Streak routes are around 11 mph. The safety record 
of Blue Streak buses was impressively good. Maintenance costs were low. 

The Blue Streak modal split model, calibrated for downtown travel in a 
major transportation corridor, showed the relationship between transit 
use and trip purpose, user income, auto and transit running time 
differences, auto and transit waiting time differences, fare, parking 
cost, and auto out-of-pocket costs. Also developed in the project was 
a ramp simulation model to test the impact of exclusive bus ramps. A 
procedure was also devised to test the location of park-and-ride 
facilities. 

An appendix volume to this final report (PB 222-128/AS) contains support­
ing charts, figures, illustrations, etc. 
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This report is the appendix to the final Blue Streak report (PB 222 126), 
a two and one half year demonstration project designed to test the 
effects of increased levels of service on transit routes and the overall 
impact of a park-and-ride lot with express service to downtown Seattle. 
Guidelines were studied for the location of park-and-ride lots, the 
impact of exclusive transit freeway ramps was simulated, and a modal­
split model was calibrated. 

The appendix contains an introduction, a description of Blue Streak, an 
outline of the routes, a description of the data collection and, as the 
bulk of the report, a series of charts and figures which illustrate 
the main body of the final report. 
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This report is a reference document for communities contemplating the 
preparation of short range development programs. The basic objectives 
of these programs are the revitalization of public transportation and 
the provision of greater mobility for substantial groups of transit 
dependent persons. The report should be of particular interest to local 
elected officials, regional planning agencies, and transit operators. 

The material in this report was designed for communities with less than 
one million population because larger areas have increased complexities 
of transportation/general planning relationships. Seven monographs on 
selected phases of transit planning were prepared for this report. The 
monographs are not meant to increase the state of-the art by presenting 
new and untried procedures or methods nor do they advocate the use 
of specific techniques over others. They do present techniques which 
have been used successfully in selected urban areas across the country. 

The following functional areas are covered in the monographs: routes 
and schedules; fare structure and pricing; fleet mix; marketing; manage 
ment; financial planning; and citizen involvement. 

The report is also available from the Government Printing Office 
(Stock #5014-00002, Catalog #TD7.2:T68). 
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This report is part of the UMTA Transportation Planning System (UTPS), 
a set of tools designed to aid planners at all levels of transportation 
planning. It provides an overview of the entire UTPS package and 
its development plan, and contains a detailed description of the 
sketch planning procedure as well as other UTPS modules used with the 
procedure. 

The goal of sketch planning is to overcome the traditional problems of 
high cost in specifying and evaluating planning alternatives, and the 
inability to consider all modes simultaneously. The procedure provides 
an efficient means of describing and analyzing many alternative trans­
portation networks, each composed of a large variety of modes, at a 
level of data aggregation appropriate to long range planning and to 
required policy decisions. Specific objectives are to have a planning tool 
which is relatively easy to use, can be implemented with minimal future 
network and host environmental data, and is efficient in terms of the 
computer and human resources, while at the same time providing useful 
information regarding expected travel demand, travel cost, and 
environmental impacts. 

Among the procedure's unique characteristics are the ability to consider 
scores of network alternatives expressed as a "basic" network with 
appended tree-structured set of modifications, its algorithm for finding 
multiple paths through a multi-modal network, and its estimation of 
travel demand using a multi-modal model. The procedure will provide for 
interactive operation using a time-shared computer and on-line graphics 
for phase network modification and evaluation. Initial modules of the 
procedure will be made available to the public in fall 1973. A 
bibliography is included. 
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Personalized Rapid Transit (PRT) systems development is concerned with 
the more complex new generation of PRT systems that will utilize small 
automated vehicles closely spaced on an exclusive right-of-way to achieve 
a higher lane capacity and non-stop service, along with reduction of 
traffic congestion and pollution. The author perceives a need to 
carefully define and study operating policies relating vehicle separation, 
and velocity as the capacity of the system increases. 

This report describes and evaluates operating policies for PRT systems 
and illustrates their implementation in a PRT vehicle autopilot. The 
vehicles frequency of passage and the considerations that contribute 
to the selection of such frequencies are the major topics of the report. 
Also studied are the various effects on system parameters and perfomance 
that follow the selection of an operating policy. 

The report examines three potential operating policies for PRT systems 
and defines the necessary limitations on headways resulting from design 
parameters and the effects of maneuvers. The operating policies 
considered are constant separation, constant K factor, and constant 
headway operation. A longitudinal control system was devised for the 
purpose of testing implementation of each operating policy. This test 
was accomplished by a digital computer simulation of a string of PRT 
vehicles controlled by the longitudinal control system models and 
operating according to the various polic s. 

A table of references, bibliography, and glossary are provided. Appendices 
are: "Emergency Stopping Distance Equations," "K Factor Equations for 
Deceleration Lanes/' 11 K Factor Equations for Small Speed Reduction 
Zones, u and II Simulation. 11 
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The UMTA Transportation Planning System (UTPS) is a collection of IBM 
System/360 computer programs for use in planning multi-modal transporta­
tion systems. The objective of UTPS is to provide a readily 
available, easy-to-use, and fully tested program package for transpor­
tation planners attempting to solve a wide variety of problems. UTPS 
presently consists of 13 separate but interrelated computer programs 
designed for use in the IBM 360 operating system. 

This document, the reference manual, summarizes relevant information 
for operators of the UTPS system and it is intended to be used as a 
concise reference for persons already familiar with the usage of the 
programs. Specific selections include statements of system controls, 
subject program controls, program writeup organization, software system 
description, catalogued procedures, and actual program writeups. 

NTISORDERNO.: PB 231 865/AS $12.50 
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This report is concerned with the computerization of a public transporta­
tion information center. The costs and benefits of such a system are 
outlined and investigated. The computerized system is compared to the 
manual system and the capabilities and limitations of the manual system 
are explored. Four computer systems were chosen for evaluation in a 
hypothetical information center. The computer systems were configured 
according to a set of criteria which matched the needs of an information 
center. The economic analysis of the four computer systems includes a 
buy/lease study based on multiple estimated system lines and on multiple 
capitalization factors. 

The report also examines additional services which computers can provide 
for the information center and uses which can be applied to other 
departments in the transit organization. Certain limitations inherent 
to the computerized system are also discussed. 

The author concludes that further study should be made of the 
relationship between better information and increased ridership to 
determine the economic justification of a computer information center. 
However, it is also pointed out that large regional multi-modal trans 
portation systems are a more efficient means of organizing the trans­
portation function and that previously simple tasks would be much more 
complex in such systems, making the computer a more necessary tool. 

NTISORDERNO.: PB 224-074/LK 
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Several different models have been developed in the past decade for the 
performance of trip distribution and traffic assignment functions in the 
modeling of transportation systems. Few have been designed for application 
to intercity planning in developing regions, a setting in which high 
degree of uncertainty in the available data poses special problems. Four 
trip generation distribution models--the Furness growth factor model, 
gravity model, intervening opportunities model and preferencing model--and 
four traffic assignment models--the all-or-nothing model, one pass 
multiple routing by centroid model, incremental assignment model and 
DIAL multipath assignment model--are described and compared in order to 
provide insight into thr problem of model selection. 

The research hypothesis tested is that differences in results obtained 
form the various models are much more sensitive to the uncertainty in 
input data than to effects of the different models tested. 

To test this hypothesis the models were calibrated, and each of the 
possible 16 combinations was applied to the highway network of Northeast 
Brazil, using data obtained from the 1967 Brazil Transport Survey. The 
principal techniques used for analyzing results were a two-way analysis 
of variance procedure and procedures based on Friedman rank sums. 

Based on these analyses, it was concluded that significant differences 
in the trip distribution models did exist, although similarities were 
noted between the growth factor and gravity models, and between the 
intervening opportunities and preferencing models. The di erences in 
the link flows resulting from the effects of the traffic assignment 
models were much less than the differences resulting from the effects 
of the trip distribution models. 

Data compilations are spread throughout the text. A bibliography is 
included and among the appendices is the "Total Net work Co st s for 
Each of the Sixteen Model Combinations." 

NTISORDERNO.: PB 232-325/AS $10.50 
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In this report, an automatic credit card fare collection system is proposed 
for use in buses operating in an urban environment. This system would 
accept payment of transit fares by bank credit cards, such as Master 
Charge or Bankamericard, or by a special credit card issued by the transit 
district itself. 

To use the system, a transit user simply inserts an acceptable credit card 
into an on-vehicle unit which reads the information from the card and 
records it on a digital magnetic tape cassette. The cassette is 
recovered at the end of the day and processed by the data processing 
system. User charges would be accumulated, and billed periodically. The 
billing could be as simple as a monthly accumulated charge, or could 
resemble a toll telephone bill in that individual trips would be listed 
with the corresponding charge and date of each of the trips. 

The fare collection system is composed of two major sub-systems. The 
on-vehicle system includes all fare-related activities conducted inside 
the vehicle. The off-vehicle system is all fare related activities 
separated from user transactions in the vehicle, by time and space. 

Various possible configurations of on-vehicle hardware are studied and a 
more detailed study is made for hardware applicable to the Santa Clara 
County (California) Transit District's bus system. Some problems 
encountered when implementing an operating bus system with the automat 
credit card fare collection system are examined. 

According to the authors, the decision to implement an automatic fare 
collection system must stand on an evaluation of its costs and benefits. 
A consumer study is recommended which will evaluate consumer acceptance 
of a system similar in design to the one outlined in this study. 

Tables and figures complement the text. Appendices are "Data Element 
Definition" and 11 Flow Diagrams for the Zone Fare Structure." References 
are furnished. 
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A mathematical formulation of a dynamic, deterministic traffic assignment 
algorithm particularly applicable to congested networks is specified. 
The model lies between the traditional stochastic simulation models, and 
the static, multi-commodity flow formulations of the traffic assignment 
problem in level of detail. The following properties make the model 
appear to be useful for the investigation of time varying flows in 
congested networks of moderately large size. Exogenous demands for 
travel between trip origins and destinations are treated as piecewise­
constant functions of time. These demands are transformed via flow/density 
relations, which are assumed known for each network link, into piecewise 
constant functions of distance ( 11 flow packets") which approximate the 
time and space-varying distributions of vehicle density on network 
links. The increased densities characteristic of congestion are 
propagated backward resulting in increased travel times, not only on 
the under-capacity links, but also on the upstream links feeding them. 
The model forces the distribution of flows to approach those of "user 
optimized" flows at any instant by dynamically reassigning flow elements 
to their shortest time paths whenever these elements reach nodes which 
intersect alternative partial paths to their destinations. 

Appendices are "Link Update Algorithm" and "Flow-Packet Algorithm 
Summary." References are furnished. 
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This report describes an experimental design for the Haddonfield, NJ 
Dial-A-Ride Demonstration Program, an UMTA-sponsored experiment in 
demand responsive transportation service which began in Feburary 
1972. The overall experimental design was developed and de-
scribed in this report as three separate but related experiments 
that deal with estimation and explanation of ridership, estimation 
and explanation of costs, and identification and evaluation of 
benefits. 

Objective of the Haddonfield Dial-A Ride (DAR) Experimental Design 
study was to provide measurable objectives in the following areas: 
(1) determine the reach, coverage and penetration (market share) 
of the DAR service in its initial form and after increasing 
service areas; (2) determine the DAR and potential riders' assess­
ment of the value of DAR; (3) measure the DAR ridership and determine 
the purpose of trips; (4) measure the change in ridership after a 
variety of changes are introduced, including increased service 
area, mix of vehicle size, fare increase/decrease, and computer 
scheduling and dispatching; (5) assess the quality of service in 
terms of mean wait times, mean lateness and trip times before and 
after computer scheduling is introduced; (6) determine the degree 
of modal shift from car, bus, taxi or walking as a principal 
mode of travel during peak and off-peak periods; (7) determine if 
new transit ridership is generated by DAR service; (8) determine 
the socio-economic characteristics of DAR and potential users; 
(9) assess the residents' knowledge and perception of the DAR 
system; and,(10) calculate the capital, operating, and maintenance 
cost of DAR with and without computer scheduling. An explanation 
of how data will be defined for each of these and other ohjectives 
is provided. 

The detailed experimental design described identifies specific 
data to be collected, means of data collection, and provides a 
descriptive scheme of data analysis for the Haddonfield Dial-A-Ride 
Demonstration Project. 

Tables, figures and references are provided. 
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This report presents examples of new specialized transit services, 
a discussion of specific operating problems and prtsents the 
question of how to manage the emergence of a new market style based on 
market segmentation. Questions raised by the conflict between segmentation 
and conventional practices of the industry are outlined along with 
research methods used to answer them. 

The report goes on to trace the course of the transit industry's decline 
and characterizes its present status as an industry. Contemporary data 
on modal choice and ridership are examined to describe reasons why transit 
management is pessimistic. The existing transit markets are examined 
and the authors conclude that none of them show very much potential for 
growth or increased revenue. 

Social science findings are outlined to augment the more quantitative 
variables explored in modal split studies. It was found that transit 
demand is falling as its potential market grows more affluent. 

Experiences in other industries in reversing sales declines and ways in 
which transit can expand its market through specialized offerings are 
examined. The report concludes with a chapter on how transit practices 
could be modified to implement a segmentation strategy. The managerial 
arld operational difficulties are discussed. A bibliography is included. 
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The purpose of this report is to provide a methodology which would help 
local or regional planning commissions to develop a land use plan for a 
given area. The resulting approach derived from the study was tested in 
the Morgan Hill area of southern Santa Clara County, California. 

A computer model was developed which determined the levels of quantitative 
measures of the community wide impact of alternative land use patterns. 
Specific matters under study include: average commuter transit time; 
average recreational transit time; average commercial and shopping transit 
time, government revenues spent for transit; and expected retail sales 
dollars spent locally and in nearby communities. 

Various types of land use that were included in the study are high density 
residential, medium density residential, low density residential, estate 
density residential, commercial, industrial, recreational, and un 
urbanized land including agricultural land. 

Among the conclusions by the author were: the physical relationship 
between home and work was found to have very little effect on travel 
time; where work and home areas were distributed evenly within a zone, the 
travel time was the same as compared to a central location of industry, 
and less as compared to an outlying industrial location; and, a dispersed 
pattern of shopping areas reduced shopping travel time over other 
patterns. A discussion is presented concerning the financial 
relationships between land use patterns and school distr ts. 

The author also makes recommendations for further study in this field. 
A bibliography is included. 
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Future speculation on electronic communications techniques which would 
link the home to banking services, schools, libraries, teleconferences, 
company files, and retail and wholesale shopping has- generated con­
siderable thought about the possibility of substituting communications 
for physical travel in relation to employment. 

This report estimates the home-to-work rush-hour traffic which is 
susceptible to communication substitution through the use of home 
or neighborhood information utilities. The study reports the per­
centage of home-to-work travel which could either be eliminated 
through the use of a centrally controlled communications network or 
shifted out of the rush-hour period by the performance of part of the 
work task from home. 

Also examined are the destination, routes, times, origins and dura­
tions of home-to-work travel which might be substituted by communica­
tions, including the use of electronic equipment to convey audio, 
visual, moving audio or digital messages, providing thereby an 
alternative to face-to-face interaction. Occupations were coJed to 
determine their substitution susceptibility. 

Of great value to the study was a survey conducted in 1965 on Bay 
Area travel behavior and occupational characteristics by the 
San Francisco Bay Area Transportation Stu<ly Commission (BATSC). 
For this and other reasons which are outlined in the report, 
San Francisco was chosen as the study area. 

The authors obtained very favorable conclusions on the future of 
communications as an urban travel substitute. A list of references 
is included. 
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This report describes a transportation information center which is 
designed to perform the following functions: (1) provide simple route 
and schedule information; (2) provide information on special transit 
offerings such as commuter specials, holiday specials, etc.; (3) provide 
a public transit sightseeing trip service; ands (4) refer calls to other 
transit distr t services such as a community representative. The 
telephone based system would be staffed by multilingual operators and 
would be open twenty-four hours a day. 

Three d erent information retrieval systems are discussed. System A is 
a manual, hardcopy file system containing maps and schedules coded for rapid 
use. System B utilizes a microfiche video display with the route and 
schedule information on slides. System C is an interactive computer 
system with video display and light pen interaction. Operators and phone 
lines required and the annual cost of each system are analyzed. 

The author concludes that the computer system would be the most costly 
system and that the volume of information would not be so large that it 
could not be handled just as efficiently by a trained operator. 
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Several problems within the class of deterministic linear network 
optimization problems have been formulated and solved. They can be 
described as constrained shortest path problems wh h occur in transporta­
tion networks. The constraints involve specified route, resource, and 
schedule restrictions. The network represents a single mode configuration 
of transportation routes, and consists of a given set of nodes and 
directed arcs. 

The mathematical formulations of four related problems are given. The 
first shortest path problem is constrained only by schedule restrictions. 
The second problem has an additional resource constraint. Each of these 
two problems is then complicated by the addition of route constraints to 
form two other problems. Two different cases for each of the last two 
problems are fonnulated. A survey of available programming techniques 
and their extensions for the above problems is presented. The potential 
of these mathematical tools for the posed practical problems is explored, 
and six exact algorithms are developed. 

The two algorithms constructed for the first pair of problems are labeling 
procedures which use a "tree-building" method for the generation of 
partial solutions and a dynamic programming technique for determining 
the optimal solution. The other four algorithms for the remaining 
problems are branch and bound techniques. A different procedure for 
generating partial solutions is used in each of the above four branch and 
bound algorithms. The last two algorithms also include a comprehensive 
feasibility check in their solution generation schemes. The first two 
labeling algorithms are used as lower bound finding procedures in the 
other four algorithms. 

The performance of the algorithms in different types of networks and their 
computational aspects are analyzed. Discussion of some practical applica­
tions and possible theoretical extensions conclude the test. Illustra­
tive sample problems are solved in the Appendices. 
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This report explores the feasibility of fare-free transit in Los Angeles 
from four main perspectives: the history of transportation in Los 
Angeles; ridership aspects of fare-free transit; financial considerations; 
and,social, political and environmental concerns. 

There are specific recommendations regarding each of these considerations 
and a summary of all the conclusions reached on the subject. A 
simulation model was used to derive a position on the effect of no fare 
on ridership. 

It was concluded that it would not be feasible to undertake fare-free 
transit in Los Angeles at this time since cost alone would not 
significantly affect established ridership patterns. The main reason 
for this is that Los Angeles has become an automobile-intensive city and 
to alter that condition, transportation planners must first improve the 
convenience of mass transit service. However, the study group does 
recommend the lowering of fares and stresses the environmental 
perspective which emphasizes the need to reduce the use of automobiles 
in the City of Los Angeles through improved transit service. 
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This report is concerned with the growing traffic congestion on 
metropolitan highways, a situation which has become self-perpetuating. 
Because of increased concern for environmental quality, the trend is 
beginning to change with the tendency to improve existing systems in 
order to move more people using fewer vehicles by providing incentives 
which would encourage people to use higher occupancy vehicles such as 
buses and carpools. These incentives could be provided by giving 
preferential treatment to multiple capacity vehicles on highways in 
metropolitan areas. 

Using the Hollywood/Golden State Freeway corridor in Los Angeles as an 
example, this report studies various preferential treatment schemes which 
would impvove the passenger flow rate through the corridor, adding to 
the existing system as few physical facilities as possible. 

The investigation is made along the major criteria of transportation 
potential, engineering feasibility, and cost, as well as several minor 
criteria. The final ratings are provided by a relative importance scale 
coupled with a perfomance rating of each alternative by each criterion. 
Two improvement schemes are recommended: (1) Multiple occupancy 
vehicles by-passing other traffic at metered on-ramps, and (2) Contraflow 
lanes on the off-peak directional roadways. The report concludes with 
a discussion of the arrangements, potential, and consequences of the 
recommended practices. 

A list of references is also included. 
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Every transit property is ced with the maintenance operations of 
buses. Each bus that is in the garage is a loss of revenue. In 
~rder for the transit system to operate in an efficient manner, its 
maintenance procedures must be such that the buses receive proper 
maintenance and repairs with a minimum loss of time. 

The main purpose of this study was to provide an analytical basis 
for a bus maintenance shop. The bus maintenance procedure 
primarily based on the mileage of the buses and the life mileages 
of major parts on each bus. This procedure becomes complicated 
as the variety of bus types increases as well as when the number 
of parts taken into consideration grows. To make the formal analysis 
possible a generalized model was constructed. This model consisted 
of submodels of the inspection shop, the repair shop and a cost 
minimization submode!. The validity of the models was establi ed 
through comparison between observed data and that produced by the 
model. Information made available by the Denver Metro Transit 
Company (DMT), which is owned and operated by the City and County 
of Denver, was used as the observed data base. 

The model, although very simple, provides insight into the problems 
and complexities of a maintenance shop. If a computer simulation 
were applied, the model could be modified to become even more 
realistic. 

Figures include distribution of inspection and arrival rates and 
one of the tables delineates the characteristics of the major 
parts in terms of the life mileage and removal and repair times. 

References are furnished and the appendix contains the procedure for 
model implementation. 
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6. Travel Demand 

Approximately 75% of the Denver Metro Transit ridership is for work 
trips, most of these taking place within the CBD. However, only around 
12% of the total metropolitan area employment is located within this area. 
The objective of this study, therefore, is to develop the main procedures 
and techniques to be utilized in detailed transportation planning, 
concentrating on providing needed transit service to centers of secondary 
employment. 

The methodology chosen by the authors to examine this problem is as follows. 
Using the already established data of the Home Based Work Trip Table 
derived from a recent origin and destination survey, travel patterns and 
trip concentration to high employment zones were identified. These 
trip concentrations were then plotted on a series of maps. The resulting 
traffic zone maps each portray only a few high employment zones so that 
clarity of location of travel is preserved. 

Although the relative merits of the Cartographatron and the Interactive 
Graphic Simulator were discussed as techniques, the authors opted to use 
the graphic tool of map overlays in doing their analysis. The existing 
bus network was evaluated by overlaying the route network to the trip 
concentration map and recording on the overlay the concentrations of 
trips served by route network links. This process yielded the low 
demand service route links. A similar overlay procedure resulted in a 
guide for locating new routes or altering existing ones to accommodate 
more work trip demand. 

Comments were made about inadequacies of transportation planning 
methods and tools. Rather than reducing the amount and reliability of 
sampling, consideration should, according to the authors, be ~iven 
to improving sampling techniques and perhaps reducing the amount of 
information to be derived to primarily trip inforwation. The use of 
the 24 hours day as the basic unit of travel analysis and the frequently 
used estimate of peak hour travel, constituting 10% of the 24 hour period, 
proved inadequate in many instances. It is further suggested that the 
origin-destination trip tables which are utilized to serve as the inter­
mediate step for traffic assignment could be surplanted by the use of 
production and attraction tables which offer more information. 

According to this study, the presentation of travel demand information 
within a limi~ed time frame of reference, such as peak periods, and a 
directional sense can serve to establish a starting point for a program 
of optimal transit planning. 
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Buspools, based on a partnership between a group of riders and a privately­
owned bus company, provide a potentially higher level of efficiency for 
commuter travel than traditional bus service. Pickup and discharge close 
to home and office eliminate the necessity of transfers. Routes and sche­
dules may be tailored to a specific group of commuters. Overcrowding is 
reduced. Multiple-trip tickets diminish the demand for exact change and 
offer discount fares. There is personnel on-board, in addition to the 
driver, available to receive complaints, supervise and generally make the 
trip more comfortable for passengers as well as drivers. For these 
reasons, it is suggested in this report that buspools be given serious 
consideration in formulating public transportation policy relating to 
commuter travel. 

The purpose of this report is to aid that consideration by first describ­
ing the planning, implementation, expansion, refinement and problem areas 
of the community initiated and operated buspools based in Columbia, 
Maryland, servicing Wasl1ington, D.C. and Baltimore, Maryland, and then 
by identifying ways in which public policy can encourage the creation 
of buspaols. 

Buspools in Reston, Virginia, Columbia, Maryland, Flint, Michigan, and 
Peoria and Decatur, Illinois, are compared. The overall advantages of 
having consumers (riders) participate in the operation of the services 
and of having privately-owned companies rather than public transit 
authorities provide the buses and drivers are indicated. 

The analysis also points to the ways that public policy could encourage 
the consumers' attempts to develop buspools by facilitating the matching 
of time-origin-destination data, providing money to cover deficits 
in the initial period of operation and devising attractive pricing 
policies for the charter of public transit equipment and drivers. 

Data on surveys conducted among riders, routes and scheduling, population 
characteristics and location maps are provided. The appendix contains 
WMATA's Proposed Pricing Policy for "Community-type Regular Route Transit 
Service." References are furnished. 
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Since so much of intercity goods transport is multh10dal, t11ere exists 
the problem of cargo liability, especially when loss and dawage are 
concerned. This simply cannot be expressed totally witi1in the urban 
area and totally withi11 one mode---truck. Thus, the scoµe of this re1,1ort 
focuses on the problems of cargo liability in urban goods move1nent where 
the urban portion interfaces with the intercity journey. 

It is not during intercity movement that cargo is apt to be lost, damaged, 
stolen or delayed. Rather, most of these occurences take place at the 
terminals on the city streets. With the eat increase in the utili­
zation of containers,it is dif cult, if possible at all, to ascertain 
the mode on which such occurences take place. For these reasons (by no 
means all inclusive) the U.S. Department of Transportation (DOT) 
is tackling this little-publicized, yet very important proble1t1. 

The purpose of this report is to review the foundations for the problems of 
today's world of cargo liability and seek answers, or at least avenues of 
approach,to modernize the present system to meet the demands of tomorrow's 
transportation system. 

The objectives and scope of this report are designed to: (1) synthesize 
past and current efforts of DOT related to this problem; (2) review present 
and future parameters affecting cargo liability; (3) set forth the goals 
to mitigate the problem; (4) review the adequacy of today's cargo liability 
procedures; and (5) enumerate proposed solutions. 

The introduction discusses the DOT Urban Goods Movement Task Force Report 
and the DOT studies on "Freight Loss and Damage" and 11 Nature of Future 
Cargo Liability Systems." 

A bibliography is furnished. 
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The purpose of this report is to analyze the various taxing alternatives 
open to state and local governments when faced with the problem of 
covering the deficits of their urban mass transit systems. 

The format of the study is to: first, outline the financial condition 
of the urban mass transit industry; secondly, present the issue of 
operating subsidies; thirdly, present data on the state and local govern­
ments response; fourthly, analyze state and local taxes used and not 
used for financing subsidies; and fifthly, provide a brief outline of 
the Federal role in the issue. 

According to the author, the financial condition of the urban transit 
industry guarantees that operating deficits will continue and increase 
at progressive rates. The author finds that state governments rely 
mainly on retail sales taxes and specific excise taxes to meet 
operating deficits of the transit industry, while local governments rely 
mainly on the pr,operty taxes. By definition these taxes tend to fall 
primarily upon a class of persons that are supposed to benefit from an 
urban transit subsidy program. Alternates to the present taxing 
mechanisms are presented. 

Conclusions and recommendations are furnished. A bibliography is in­
cluded. 
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In recognition of the need to relieve traffic congestion and improve 
the physical character, economic growth and well-being of the National 
Capitol region, the Washington Metropolitan Area Transit Authority 
(W.MATA) was created in 1967. On December 9, 1969, a bill authorizing 
Federal participation in the 98 mile regional system (METRO) was 
signed by the President authorizing $1.1 billion in Federal funds to 
be expended over a 10 year period. 

Metro will be a modern rapid rail transit system, utilizing its own 
exclusive right-of-way with 47 of the 98 miles and 53 of the 86 
stations underground. Some 42 miles will be on the surface and 30 
miles will be along existing railroad rights-of-way or in medians of 
highways. The remaining 8 miles will be on aerial structure, mainly 
grade separations and bridges. 

As of September 25, 1972, a total of $18 .2 million had been committed 
to real estate and rights-of-way acquisition. The primary objective 
of this study has been to investigate the plans, programs and 
operations of WMATA with regard to real estate acquisitions with 
special emphasis placed on the preparation and conveyancing of title 
to WMATA. In order to accurately investigate the preparation and 
conveyancing practices it was necessary to work closely with the Land 
Title Insurance Company and attorneys with whom WMATA had contracted 
to do this work. 

As a direct result of the investigation and analysis, guidelines 
which should be of assistance to other urban transportation 
authorities involved in the acquisition of real estate are presented. 

METRO made available its contracts with land title companies and 
attorneys were contacted and agreed to take part in the study. 
Employees of these organizations kept accurate time records of all 
activities involving selected parcels--time study data were submitted 
by the participants from October '72 to March '73. Accompanying 
this data were comments and recommendations from the land title 
companies and attorneys regarding the future real estate acquisition 
activities of METRO. 

A bibliography is included. 

NTIS ORDER NO.: PB 232-314/AS 2:i6 $4.ZS 



TITLE: SAFETY IN MASS TRANSIT: A CASE STUDY OF BUS ACCIDENTS 
IN WASHINGTON, D.C. 

AUTHOR: Consortium of Universities 
(John W. Shanley-Catholic University) 

DATE. October 1974 PROJECT NO.: DC-11-0003 
KEYWORDS· 1. Safety 

2. Bus 

The purpose of this report was to gain a better under-
standing of the variables involved in transit bus accidents. It 
is a case study of bus accidents in Washington, D.C. The 
methodology entails an analysis of 1971 District of Columbia 
police accident reports with a bus coded as one of the vehicles 
involved in the accident. 

To give the research perspective and facilitate the development 
of a research design, the future role of transit buses in urban 
transportation and traffic safety was analyzed and a review of 
relevant traffic safety research and programs was conducted. 

Factors in the operating environment such as traffic congestion, 
intersection width, differences in vehicle maneuverability and 
route design were found to have an important role in the fre­
quency and severity of transit bus accidents. Because vehicle 
design is significantly circumscribed by the requirements of 
intracity bus service, improved transit bus safety requires a 
reduction of safety hazards in the operating environment in 
addition to vehicle design innovation. 

Recommendations for reducing safety hazards in the operating 
environment are made and an inexpensive safety program for 
implementing these recommendations in different metropolitan 
areas is proposed. 
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Dial-A-Ride (DAR), according to the author, is a viable transportation 
system for the Washington, D.C., L'Enfant area. The relatively high 
DAR demand density of the area (average of 50 demands per square mile 
per hour) suggests that DAR may be more desirable than the present 
taxi system and should complement existing public transportation by 
providing feeder service to the fixed route facilities. The completion 
of the first phase of the METRO subway system will reinforce the DAR 
feeder system concept. 

The L'Enfant DAR system size can be estimated from the simulation 
results reported in this document. This strongly depends on what 
type of travel characteristics are assumed. It is believed that 
the travel characteristics in L'Enfant are more closely described 
by the many-to-several variety of DAR. 

The fare in L'Enfant can be estimated between 79¢ and 87¢ using a 
"value of time" model at the present estimated DAR demand density. 
From this a rough estimate of economic feasibility is possible 
based on the number of vehicles and cost per trip. 

Conclusions have been based primarily on cost considerations. 
However, the utility of a public transportation system should 
also consider harder-to-quantify aspects such as service to the 
community (relief of traffic congestion) and improvement of urban 
environment. 

This report attempted to identify some of the needs of the L'Enfant 
transportation disadvantaged which coul<l be aided by DAR implementa­
tion. It was concluded from the high demand density of the elderly 
and handicapped in the area that DAR is a necessary system and might 
be initiated to support their needs. Even assuming a low modal split 
for low income people, enough demand would be generated to make DAR 
a suitable system for mobilizing this group to suburban job 
opportunities. 

In summary, according to the author, indications encourage the 
implementation of DAR in the Washington, n.c. L'Enfant area for 
use either as a feeder system or as a service to the disadvantaged. 
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Attempts by transit properties to financially survive have usually 
resulted in increasing fare levels followed by a decline in patronage. 
This report discusses the reasons why public assistance to urban transit 
properties is often very necessary. 

A financial analysis is made of the Washington Metropolitan Area Transit 
Authority's (WMATA or METRO) rail system presently under construction. 
By defining rail net revenue as gross rail revenue minus total rail costs 
(including depreciation allowances and debt retirement), it is calculated 
that a rail system operating deficit of over $5 million is likely to 
occur in 1990. Ways to relieve deficits are identified as deficit sub 
sidies, input (cost) subsid s, output subsidies and fare subsidies. 

A formula is devised to see how the financing of such a deficit might be 
allocated among the three major political jurisdictions in the area; the 
District of Columbia, Virginia and Maryland. The proposed formula is 
based on service, ridership and population characteristics of each of 
these areas. The analysis is theoret al in nature and designed only to 
o er local transportation planners food for thought and tools in the 
case that operating deficits arise. Political problems and jurisdictional 
conflicts are alluded to but not discussed in detail. 

In the general discussion of transit financing and pricing, the alloca­
tion of public transit costs among non-users as well as users of the 
service is debated. The author sees a strong argument in favor of 
eliciting relatively more support from non-users than is presently 
the norm. Justification for this is that the external economy is st1mu 
lated by mass transit to the extent that there is increased business in 
the central city and more employment opportunity created for those who 
have access to no other means of transportation. 

References are furnished. 
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The primary purpose of this study is to examine the effects of transporta­
tion policy alternatives on socioeconomic variables in the Washington 
metropolitan area. The computer simulations tool used in this report is 
the "EMPIRIC" Activity Allocation Model. Socioeconomic variables as 
defined here refer to population, employment and income quantities. 

The secondary purpose of this study is to evaluate the efficiency of the 
EMPIRIC model in urban transportation planning. The conclusions of the 
sensitivity study, although specific to the Washington metropolitan 
area, may be applicable to other urban areas as well. 

The conclusions touch upon the relative impact of transit and freeway 
systems on the socioeconomic variables and the feedback effect of these 
quantities on transportation system usage. The transit approach is 
found to be a better alternative than the freeway approach. In addition, 
the EMPIRIC model is judged on its ability to reproduce the proper 
mechanisms and sensitivity of urban growth with respect to transportation 
pol icy inputs. 

A list of references is included. 
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This report summarizes a theoretical analysis of the implementation of 
urban transportation controls in compliance with the Clean Air Act of 
1970. It begins with a discussion of air pollution in Washington, D.C. 
with an analysis of the amounts and sources of such noxious elements as 
nitrogen oxide, photochemical oxidents, and carbon monoxide. The legal 
methods of alleviating this situation are discussed and include state 
authority, private rights of action, and possible local legislation with 
particular application to the District of Columbia, Virginia and Maryland. 
Subsequently, the interjurisdictional nature of the problem is presented 
with previous attempts to regulate air pollution. 

Although the Clean Air Act of 1970 places primary responsibility for 
reducing pollution on the states, it reserves enough Federal power to 
intercede if a state does not comply sufficiently. Federal justifications 
are included in the report as are certain cases which have been tried 
before the courts. Possible constitutional problems are also discussed. 

The second part of the study is a case study of the District of Columbia 
and its metropolitan area. It includes a man<late for transportation 
planning, history and recommendations of the Air Quality Act of 1967, and 
an implementation plan for transportation proposals with general considera­
tions for a parking surcharge in the District, Virginja and Maryland, and 
resultant constitutional objections. 

A complete list of references is included. 
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Section II of the Urban Mass Transportation Act of 1964, as amended, pro 
vides grants to universities and colleges for the conduct of research, stu­
dent fellowships, curriculum development and other activities. UMTA has 
been exploring the feasibility of concentrating the available support at a 
smaller number of institutions which would permit more extensive programs 
at the selected institutions. It also is searching for ways to stimulate 
research, training, and other activities more directly applicable to urban 
transportation and operations, both for UMTA's programs and for the concerns 
of state, regional, and local agenc s involved in urban transportation. 

As part of that exploration, UMTA commissioned a study team at the George 
Washington University (GWU) to investigate how university-based centers for 
urban transportation might be started or more effectively continued through 
UMTA support. This report is the outcome of the GWU study. 

After a discussion of the scope and method of approach, findings and recom 
mendations are put forth. Among the findings is that the UMTA grants to 
universities have significantly increased the amount of research produced 
and students trained in the field of urban transportation. It was further 
found that whether a university is a public or private institution has little 
relevance to its ability to serve as resource for a region larger than a 
single state, although other institutional characteristics may affect this 
ability. 

Key recommendations are: (1) UMTA should initiate a limited number of "pro­
grams" in universities,with a higher level and greater continuity of funding 
than has been typical of the past; (2) a portion of the funds should be re­
served for less extensive "project" type support; (3) one or more "centers" 
should be evolved, on an experimental basis, from the "programs"; (4) a steer­
ing committee should be created with representatives from universities, urban 
transportationoperating and planning organizations, professional consultants, 
and UMTA staff,for development and assessment of the proposed new approach; 
and,(5) a phased transition should be made to the proposed new approach. 

Appendices include "Persons and Organizations Consulted," "Characteristics 
of Projects, Programs, and Centers/' and "Activities of Projects, Programs, 
and Centers.n References are furnished. 
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The central concerns of this report are: (1) the examination of two 
groups of policy options which recently have been suggested as mechanisms 
for rationalizing the control of urban development; and (2) the investiga­
tion of the possibilities for relating these policies in coordinative 
fashion to development sensitive transportation policies within urban areas. 
The two groups of policies examined are: (1) state involve-
ment in urban growth policy and land use controls; and (2) development­
related fiscal policy. It is intended that the research explore the current 
status of emerging policy options in these two areas as well as examine 
the possibilities and implications which they embody for coordination with 
development-sensitive transportation policies. 

In the first section of the report, the interrelationship between trans­
portation and land use is discussed and three approaches to modeling the 
land use/transportation inter e and the theoretical-behavioral approach 
are presented, The topic of State involvement in the growth policy and 
land use control includes discussion of the historical development of land 
use controls and the recent entry of states into the area of development 
control policy, the trend toward comprehensive revision of enabling statutes 
for local development control and the implications for transportation policy. 
Two major land use distortions resulting from local revenue systems and the 
trends in fiscal policy which directly and indirectly affect land use arc 
subsumed under the topic of the trend toward development-related fiscal 
policy. Finally, the potential for coordination and reinforcenent among 
transportation, land use and fiscal policies is presented. 
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This report considers the differential financial effect that inflation and 
income can have on capital intensive and labor intensive approaches to mass 
transit such as rail and express bus service. It is the opinion of the 
authors that the effect of these factors has not been studied sufficiently. 

The study employs a sixteen mile hypothetical transit corridor, servicing 
30 million passengers a year, for which cost is figured for both rail and 
bus express service. Cost and revenue factors are inflated using a range 
of assumptions. Ridership and trend assumptions are also varied. Net 
present values of revenues minus costs (including amortization) for thirty 
years of operation are then estimated in cash terms and compared. 

It was found, by this means, that bus operation is more sensitive to real 
wage increases and less sensitive to inflation and ridership levels. The 
financial variant for buses was considerably less than for rail which, 
added to the shorter time needed to institute bus service and the greater 
flexibility of buses, would, according to the authors, place in question 
the wisdom of the current trend toward rail rapid transit. 

Various illustrative tables and figures are included. 
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An analysis of the planning environment for the innovation of mass trans­
portation services in an urbanized corridor has been performed. On the 
basis of information obtained by DELPHI ("The DELPHI Method: An Experi­
mental Study of Group Opinion" The Rand Corporation, 1969) techniques, 
cross-impact analysis and uncertainty minimizing-cost controlled communi­
cations strategies were employed for detecting which combinations of fac­
tors would lead to the acceptance by the decision-makers of a proposed mass 
transportation facility. The final result of the analysis enabled the for­
mulation of advocacy strategies for the issue, and provided the planner with 
information for plan preparation. From this information the planner can see 
how the plan is to be prepared and which aspects of the issue are to be 
stressed. A criterion for budgeting the advocacy of the issue has also been 
developed. 

The author concluded from the study that the analysis of the planning en­
vironment for innovation planning proved to be fruitful. It leads to 
rationalized and quantified advocacy strategies with sound foundations 
for the institutionalization of planning and plan preparation. This analy­
sis demonstrates the possibility for bridging the gap between comprehensive 
planning and the environment for which the planning is done. Although the 
value of the analysis of the planning environment is beyond doubt, this work 
is still the beginning of this type of analysis, which should be expanded 
as techniques are improved. 
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This report builds on previous promotional efforts by 
experimenting with a new inducement of off-peak bus ridership -
a coupon redeemable for cash. The underlying assumption 
was that, by tempting people who ordinarily use autos for o -peak 
hour trips into seeking information on the bus system and then 
using the bus, it could be demonstrated that the bus is a viable 
alternative to the auto for many off-peak hour trips. 

The study took place in Cedar Rapids, Iowa, in two relatively 
homogeneous, middle-class neighborhoods. 

Methodology included ridership counts, an on board survey of 
ticket users, and recording of the questions asked by ticket 
users over a special telephone. A follow-up telephone survey 
determined the reasons why people did not utilize the tickets. 

It was decided that two distinct levels of inducement, one 
dollar and three dollars, would be used to help detect any 
different effects that the level of inducement may have on 
utilization of the coupons. Coupons were employed in the 
following manner: (l)each coupon had the names of the adult 
members of the household on it; (2) the person must ride and 
have the coupon validated from 10 AM to 4 PM during a specific 
week; ( 3) the rider must pay the regular f arc; and ( 4) the second 
time the coupon was presented the ticket was collected and the 
user received the appropriate amount of money. 

Results of the study showed that no new ridership was generated 
and overall less than one household in eight used the coupons. 
The authors question whether the value of the incentive coupons 
was sufficient or whether non-transit users have ruled out the 
bus as a means of meeting their transportation needs. 

Tables complement the text and a bibliography is presented. 
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This study involves an investigation the information currently 
available and of the means and effects of supplying transporta­
tion information to middle-income households. The main objectives 
of the study were: (1) to determine the level of knowledge the 
public presently has about the city's transit systems; (2) to 
determine what effect a change in the level of knowledge would 
have on daily ridership; (3) to induce people to ride the city 
bus system through different promotional materials; and (4) to 
measure the effectiveness of the promotional materials used in 
this study. Cedar Rapids, Iowa, an urban r ion with approxi­
mately 125,000 inhabitants, is the study area. 

The captive mass transportation user initiates the retrieval of 
public transportation information out of necessity. An assumption that 
can be made is that the small percentage of 11 choice" riders indicates 
that few non-captive riders make similar efforts. The purpose 
of this study is to determine how the limited resources of smaller 
cities or towns might be effectively applied to transit promotion. 

The rationale of the study is that automobile oriented young 
families neither consider transit as a viable transportation 
alternative, nor are fully aware of its potential for meeting 
their needs. The study was initiated to investigate this general 
conceptualization through a design fashioned to deterMine the 
informational impact of several experimental treatments, each of 
which would encourage a transit trip in a differing manner. Pre 
and post-treatment levels of transit related knowledge, combined 
with monitoring of patronage to and from the sampling area, were 
measured. General characteristics of the two respondent groups 
as obtained from home interviews are presented. 

Among the conclusions are that the majority of trips from the 
middle-income areas are made without regard to the potentialities 
of the existing transit system and that information levels re­
garding existing public transit systems can be improved through 
relatively inexpensive promotional materials. 

References are furnished. The appendix contains the questionnaire 
used in the study. 
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This report establishes a conceptual framework for transportation planning 
by relating several existing bodies of knowledge and focusing 
on the establishment of optimal implementation times of transport facilities. 
The following deficiencies of some of the present bodies are discussed: 
neglect of important outside considerations in models which convert benefits 
and disbenefits of transport facilities in monetary values; introduction of 
bias in the transportation planning process by distinguishing between the 
various recipients of benefits; lack of understanding in the difference be­
tween investment planning and financial planning; and neglect of the dynamic 
aspect of implementing future facilities. 

Suggestions are presented for the quantification of monetary impacts of 
transportation facilities on factors such as noise, pollution and safety. 
Disadvantages and advantages of subjective models as compared to casuistic 
models (those dealing with ethical considerations) are examined. An 
approach which calls for the employment of casuistic models in combination 
with subjective models is recommended for transportation investments requir­
ing large capital outlays. 

Dynamic programming models are discussed in reference to optimal times. 
New approaches are presented which consider the classification of normal, 
diverted and generated traffic,together with the age of a facility. Models 
for optimizing stage construction are also presented. 

A bibliography is included. 
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This report is an analysis of two demonstration projects. Demonstration 
projects resulted from the passage of the Housing Act of 1961 which marked 
the beginning of the Federal government's role in providing funds to aid 
urban areas in solving their transportation problems. 

One of the demonstration projects examined was undertaken by the South­
eastern Pennsylvania Transportation Compact (SEPACT) from October 1962 
to October 1965, and the other by the Mass Transportation Commission of 
the Commonwealth of Massachusetts (MTC) from December 1962 to March 1964. 
Both projects provided data for the purpose of predicting the effects on 
ridership levels of various changes in fares and frequencies. 

Both projects were analyzed from regional and national viewpoints. It was 
determined what could be learned from these projects and what could have 
been done to obtain more information that might have increased their worth 
to both the Federal government and the local area. 

It should be recognized that while other modes were included in the demon­
strations, only commuter rail experiments (which comprised the largest 
group) were considered for the purpose of analysis in order to limit the 
size of the study. 

Appendices contain the letter to B&M's passengers and an excerpt from the 
Housing Act of 1961. A selected bibliography is furnished and there is a 
list of those contacted for the structured interviews and telephone con­
versations. 
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The results presented in this report are based on data obtained 
from Chic o, Illinois's three diesel commuter railroads. 
Operations and equipment are described, particularly in terms of 
energy consumption and pollutant production. 

rvice characteristics, such as average occupancy, average trip 
distance, and energy consumption results are presented and dis­
cuss 

With energy efficiency measured in passenger-miles per Btu, it 
was found that trips by diesel commuter train are 3.5 times more 
energy efficient than Chicago Central Area auto trips. The total 
trip from home to suburban station, then by train to a do~~town 
terminal, is found to be 2.2 times more energy efficient than 
such auto trips. 

Pollutant production rates are presented for five pollutants: 
carbon monoxide, hydrocarbons, nitrogen oxides (NOx as N02), 
particulates, and sulfur oxides. For every pollutant except 
sulfur oxides, trains were found to be less polluting per 
passenger-mile than autos. According to the author, per passenger­
mile pollutant emissions from trains are, overall, less damaging 
by a factor of 5.5 than the per passenger-mile emissions from 
autos. 

The author els that travel on these diesel commuter trains is 
less costly to society than auto travel (1972 suburban-based 
autos), whether one compares the train trip alone to an auto 
trip or the home-to-suburban-station-then-by-train to-a-downtown­
terminal trip to an auto trip. 

A summary is presented. The appendix describes the details, 
assumptions, and approximations involved in developing certain 
tables included in the report. References are cited. 
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The purpose of this report was to present model legislation that would 
require inter-community mass transit systems to be responsible for the 
safety of their passengers while using transit facilities. 

An effort was made to show why legislation is necessary and how it is a 
solution to the present problem of high crime and low passenger safety on 
selected mass transit systems. With metropolitan Chicago, Illinois as 
the selected example, a recent history was given (1967-1972) of the rise 
in transit crime there and, according to the authors, the inadequate police 
response. 

Some explanation for the present situation in Chicago was provided through 
a consideration of the conflicting perspectives and pressures upon the 
parties involved: the passenger, the suburban police department, the 
Chicago Police Department, the Chicago Transit Authority. Then, the effects 
of the present multi-community policing were stated and explained. 

Before stating the proposed legislation (with a commentary), the authors 
took a brief look at the policing of three other inter-community mass 
transit systems: Boston, Cleveland, and Toronto. 

The "Proposed Act Creating A Metropolitan Transit Authority Police Depart 
ment for the Metropolitan Chicago Area" has five parts: definition of 
terms; duties of board; police department, powers and personnel qualifica­
tions; civil service commission; and, retirement, disciplinary actions and 
funding. 

Some of the concluding remarks include the definition of the problem as 
the need for effective passenger safety throughout inter-community mass 
transit systems. Just as every municipality is responsible for providing 
protection of person and property for its citizens, so also is every mass 
transit system - a separate municipal corporation. The authors feel that 
it makes no sense for the transit system to have the option of whether it 
will care for the safety of its citizens-passengers or not. The legjslation 
proposed as the solution would help to create the sense among passengers 
of personal safety and security that could maintain and even enhance rider­
ship. 
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This study examines a complimentary pass package distribution as a market­
ing tool designed to attract new passengers to urban bus transit lines. 
It is pointed out by the authors that bus patronage has declined drastically 
since the end of World War Two, resulting in part from transit management's 
lack of marketing awareness. A complete marketing program can therefore aid 
the industry in determining and providing various services which would meet 
the diverse needs of the community. 

The first part of the report examines past uses of complimentary pass 
packages in ridership promotion campaigns through a survey of transit oper­
ators. The second part deals with the actual complimentary pass package 
distribution to a random sample in a selected city. Subsequent pass utili­
zation is determined by various market subgroups. Also conducted is an 
attitudinal survey of pass recipients' opinions toward various transporta­
tion issues. 

It was found that complimentary passes had little effect on increasing bus 
ridership. The authors recommend that market research be directed toward 
latent demand ridership rather than being directed indiscriminately, making 
no attempt to insure that non-bus users receive the package. 

The secondary study, concerned with subgroup attitudes toward mass transit, 
discovered, among other things, that while the elderly are most concerned 
with getting a seat, wage earners are primarily concerned with more frequent 
service. 

It is also recommended that future complimentary pass distribution studies 
might be more effective if they are made in connection with new route 
openings or the introduction of new service. 

Included in the appendices are sample questionnaires and a discussion of the 
psychological scaling techniques. A bibliography is also provided. 
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This report emanates from a workshop conducted by the Center for Continuing 
Education of Northeastern University in cooperation with UMTA and the 
Transportation Systems Center at the Parker House in Boston, Massachusetts 
on November 5-7, 1973. 

Moving way transportation systems are described as constituting means for 
massive movement of people in cities and in such places as airports, sprawl­
ing university campuses, shopping centers, rapid transit stations and the 
like, where traffic congestion or considerable walking distances occur. 

Principal issues affecting the development and implementation of moving 
way transportation systems within the United States and abroad are dis­
cussed with a view to exchanging related socio-economic and technical con­
cepts among the workshop participants, while within the bounds set by pro­
prietary considerations. 

Engineering and economic data are presented not only to report prior state­
of-the-art which goes back to the 1880's, but also to stimulate aggressive 
research and development activities in the private and public sectors. 

Questions of need, safety, financing, public acceptance and implementation 
of moving way transportation systems are discussed with the development of 
a regard for the difficult problems that remain to be solved. Optimistic 
attitudes are discernable, however, in the sense that vigorous action is 
already underway, contemplated and projected. The need for new movement in 
cities, made possible by moving transportation systems, alone and through 
their coupling with existing rapid transit and other forms of public con­
veyance, is critical but promising. 
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The purpose of this bibliography is to provide a collection of material 
dealing exclusively with urban transportation policy. It is designed to 
enable policy analysts, planners, and government officials to understand 
how urban transportation policy is formed and how current arrangements 
may be altered to influence the future outcomes. 

The bibliography is organized to emphasize the demands that shape policy, 
the institutional framework that constrains policy alternatives and how 
these factors shape supply strategies. 

Section 100 presents overviews of urban transportation problems and 
prospects. Section 200 highlights literature on the demand or input side of 
transportation and gives the policy-maker an idea of how and why people travel 
in cities. 

The next three sections form the major part of the bibliography and concen­
trate on the urban transportation decision-making process. Section 300 is 
essentially normative material on the art of urban transportation decision­
making and management. Section 400 offers empirical studies of policy-making 
arrangement in the United States, focuses on the various actors involved in 
the policy-making process and analyzes their actions and interactions. Sec 
tion 500 is a compilation of prescriptive works on the design of institu­
tional arrangements for urban transportation. 

The supply of urban transportation is emphasized in the following two sec­
tions. Section 600 considers the consequences of transportation for urban 
life. The nature of the service supplied is seen to have a great effect on 
urban form, environment and welfare. Section 700 delineates alternatives 
currently being introduced in urban areas to improve transportation facili­
ties. 

Section 800 presents international and comparative perspectives on urban 
transportation policy. Section 900 presents reference sources. A final 
section suggests several works dealing with topics closely related to urban 
transportation policy: metropolitan political fragmentation, the politics 
of planning, and the quality of urban life. 

Each annotation in the bibliography includes the following information about 
the item: its purpose; contents (noting the inclusion of a bibliography 
where applicable); data (case studies, modeling techniques, statistical in­
formation1 and legislative documentation); and conclusions. 
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This report focuses on the problem of estimating the ridership increase ex­
perienced when regular fixed route and fixed-scheduled bus systems adopt a 
Dial-A-Bus policy. The mathematical model used to accomplish such estimation 
is a modal split model. 

Dial-A-Bus is a bus operation which has many characteristics of a shared 
taxi. The patron telephones for a bus which comes to his door at a mutually 
accepted time and delivers the patron through to a destination while doing 
the same for others. At the time this study was initiated (January 1971) 
there were three distinct Dial A-Bus operations: Columbia, Maryland, Bay 
Ridges, a suburb of Toronto, Ontario, Canada; and, Mansfield, Ohio. All 
three communities had conventional fixed-route and fixed-schedule bus sys­
tems prior to the introduction of Dial-A-Bus. 

A combination of published data, data specific to Dial-A-Bus opera­
tions, and data collected from three surveys were used to develop a modal 
choice model which explained the transit ridership increases. The model 
development depended on an understanding of transit operations and the inter­
action of patrons with the system. The technique used to develop the model 
was a process of fitting empirical data, from diverse sources, into a rela­
tionship which was reasonable from transit operation experience and easy for 
a transit planner to use. The model was then tested using a stochastic 
demand process and the Bay Ridges study area. The test showed the applica­
bility of the model for small area transit analysis. 

The study also established relationships between attitudes held by people 
toward the potential service of Dial-A-Bus. Many of the Dial-A-Bus attrib­
utes were ranked relative to each other thus providing insight for the trans­
it operation into Dial A-Bus. 
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Many new urban transportation systems involve the use of automatically con­
trolled vehicles. Some new systems, such as Personal Rapid Transit (PRT) 
and Dual Mode, are characterized by small automated transit vehicles travel­
ing on exclusive guideways. The number of passengers per vehicle is small 
and short headways are necessary for high capacity. This requires a versa­
tile, efficient and safe control system which maintains proper spacing be­
tween vehicles on guideways without causing passenger discomfort. 

The longitudinal control system is an essential part of the overall control 
system for automated transit vehicles. It must be capable of closely follow­
ing the acceleration-deceleration profiles as commanded by wayside computers 
during merging, maneuvering to avoid conflicts at intersections, pushing a 
failing vehicle, or stopping for an emergency. This report was devoted to 
the design of such a longitudinal control system by using modern control 
technology. 

A detailed mathematical model of the longitudinal motion of automated transit 
vehicles in an external-reference system is presented. The model is non­
dimensionalized so that results are applicable to a variety of systems. 
Appropriate choice of state variables is discussed and the performance index 
is selected so as to give tight vehicle control as well as comfortable ride. 
Formulations of optimal design and the low sensitivity design problems are 
presented. 

The theory of the low sensitivity state feedback design of a class of linear 
time-variant systems is discussed. Study of results of the longitudinal con­
trol problem in the presence of the disturbance environment and sensor errors 
is presented. A specific example contains details of the design of a high­
capacity PRT system. 

Conclusions and suggestions for future research are offered. From the re­
sults of the study, it appears to the author that optimal control theory can 
be usefully applied to the design of a longitudinal control system for auto­
mated transit vehicles. 
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The purpose of this study is to develop a methodology which would assist 
planners in the design of first-cut Personal Rapid Transit networks which, 
given pragmatic considerations, could generate a network of lines and sta­
tions which would be worthy of a more comprehensive systems analysis. 

The report points out that most previous network generation models have 
not demonstrated their usefulness for Personal Rapid Transit systems, which 
consist of small, automatically controlled vehicles utilizing their own 
guideway and off-line stations. 

An opportunity index is defined by which the network is evaluated and com­
pared to the present auto-street system. It consists of a modification of 
the standard accessibility index. The network is first developed in a gen­
eral way and the rationale for the opportunity index is presented. The 
method is then demonstrated by designing a PRT system network for a section 
of Minneapolis. The study concludes with a discussion of the results and 
conclusions. 

A bibliography is included. 
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In recent years there has been an increasing amount of research and develop­
ment on personal rapid transit (PRT) and dual-mode transit (DMT) systems. 
This report focuses on the management and simulation of captive vehicles in 
a PRT or DMT system. 

The simulation of a station for a quasi-synchronous network is presented. 
Quasi-synchronous systems allow slot slipping or advancing at interchanges 
to avoid merge conflicts. Vehicles are dispatched from stations with the 
first slot that can converge without conflict at the immediate merge point. 
This report, then, is a computer simulation of vehicle operations in an off­
line, single ramp personal rapid transit station. Previous to entering the 
the station, the vehicles form platoons in a queue area. The vehicles are 
assumed to leave the station in platoons and enter another queue area to 
await open slots for merging onto the main line. 

The primary objective of this report is to obtain numerical relationships 
between the abort rate, station throughput, main line loading, number of 
vehicle berths in the station, and number of berths in the front and rear 
queue areas. The independent variables of the simulation, then, are the 
station throughput, flow rate on the main line, number of vehicle berths 
in the queue areas, and number of berths in the station. The dependent 
variables are the abort rate and time delays in the queue area. 

The major results of interest to station designers are curves relating 
throughput to the total number of berths in the station and queue areas. 
Curves corresponding to .5% and 1% abort rates a~e exhibited. 

Tables and figures are numerous and references are furnished. 
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This report consists of three separate studies which cover the various 
aspects of the scheduling and control of Personal Rapid Transit Vehicles. 

The first study, 11 The Simulation of a PRT System Operating under Quasi­
synchronous Control", discusses the operational strategy of such a PRT 
system and demonstrates the feasibility and limitations of this strategy in 
a very high-demand situation using a computer simulation. The purpose of 
the computer simulation is to model the detailed operation of a small vehi­
cle transit network and to determine the effects of random passenger demands 
on system performance. It was found that by managing average line flows in 
the system, conflicts at interchanges could be reduced to very low values 
and that the significant variance in waiting time could be reduced by closed 
loop shuttling policies. 

The second paper, 11 Design of Optimal Feedback Systems for Longitudinal 
Control of Automated Transit Vehicles", applies an optimization theory to 
the design of feedback control systems for high-capacity automated transit 
systems. Resulting controllers minimize headway and velocity errors without 
causing passenger discomfort. Significant dynamic response is achieved dur­
ing normal mainline operation, merging and demerging, maneuvering and 
emergency stopping. Illustrative design charts are presented and the effects 
of the propulsion system dynamics are discussed. The authors conclude that 
optimization theory is a useful tool in the design of longitudinal control 
systems for automated transit systems. 

The third paper, "Use of State Observers in the Optimal Feedback Control of 
Automated Transit Vehicles", discusses the theory of optimal control and 
the theory of observers as applied to the design of feedback systems for 
longitudinal control of vehicles in automated, high capacity transit systems. 
The only measurements required by the resulting controllers concern position 
and velocity errors. The authors find that significant dynamic response is 
achieved for mainline operation, for merging and demerging from stations, 
for maneuvering and for emergency stopping. 

Each section has a list of references. 
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This report is concerned with the design of crashworthy 
vehicles r high-capacity personal rapid transit (PRT) systems. 
PRT systems offer on-demand, non-stop service from origin to 
destination over an extensive network of exclusive guideways. 
Proposed high-capacity PRT systems operate at fractional second 
headways. The necessity for such short headway operation has 
resulted in concern for passenger safety in hi~h-capacity PRT. 

The primary objective of this study is the development of 
guidelines for the design of PRT vehicles in which the possibility 
of serious injury to occupants is minimized in case of a col­
lision. Since the purpose of the study is to examine the basic 
trade-o s between alternative seating arrangements, passenger 
restraints, and shock absorbers, various design alternatives are 
proposed and evaluated. The evaluation is both qualitative and 
quantitative. 

The authors conclude that even in the case of a collision with 
a fixed unyieldin barrier, adequate passenger protection can be 
obtained using ex ting technology, provided impact velocities do 
not exceed 30 to 40 m.p.h. 

Chapters include a qualitative discussion of crash survivability, 
analysis of the dynamics and kinematics of collisions, computer 
simulation, results and analysis of vehicular collisions and con­
clusions and recommendations. 

References are furnished. Appendices contain a simple analysis 
of hydraulic shock absorbers, and description and documentation 
of the computer program simulating vehicle/vehicle and vehicle/fixed 
barrier collisons. 
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Since a number of cities have adopted or are considering adopting some kind 
of downtown circulator service, it is deemed useful by the author to describE 
and analyze a specific bus circulator service known as Dime-A-Time in 
Kansas City, Missouri. 

Dime-A-Time, in service since July 30, 1972, serves the major retail area, 
the Civic center office complex and a hotel area of Kansas City. Service 
is every seven minutes during most of the day and the fare is 10¢. No 
transfers are provided in either direction between the Dime-A-Time buses and 
the regular bus system serving the city. Buses are distinctly painted and 
not usually interchanged with equipment used on regular routes. 

This report describes Dime-A-Time and its history and then goes on to ana­
lyze the system by comparing operations and characteristics with similar 
circular services in Cleveland and Denver. 

A multiple regression model is used to test several hypotheses and estimate 
the value of the relationships between ridership, fare policy and external 
conditions. The estimates obtained from the regression model make it possi­
ble to evaluate the impact of fare changes. It is shown, for example, that 
a somewhat higher fare would increase total revenue, although not substan­
tially. 

One of the findings of this report is that by eliminating rush hour service, 
as in Denver, Dime-A-Time could reduce its operating deficit. 
Other cities may wish to adopt alternative systems,such as the shorter hours 
in Denver1 or provide circulator service with regular route buses. The 
benefits and costs of the various alternatives are discussed. 

The author feels that the downtown circulator service may in fact be the 
most visible improvement which can be made anywhere in a transit system. 
Most operations engender new support by ins ti tu ting new lines, lengthening 
old ones or reducing headways. Such changes are apt to be recognized as 
gains1 according to the author, only by the limited number of people who 
actually ride the lines. In contrast, new circulator service may be per­
ceived as an improvement by most people who work and shop downtown. 

Maps, tables and notes support the text. 
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Previous studies of transportation needs of the North Carolina Piednmt Triad area 
indicate that low income, carless residents of the urban centers and hinterland 
are very dependent upon other auto drivers for rrobility. Bus service accounts 
for no nnre than 30% of the trips taken by the carless residents despite a wide 
neO\Urk of routes inside city limits. Taxis or "catching a ride" are the alternate 
nooes upon which carless individuals have come to depend. Studies have shown that 
these people without access to cars have'difficulties in getting to n:edical 
facilities, manpower training programs and getting children to recreational 
programs. 

Social service agencies in Greensboro, North Carolina have identified the needs of 
low income residents and each agency has its own program which has atta:Jt>ted to 
solve the problem of m::>bility am:mg its clients. With the cooperation of 24 
agencies, surveys were conducted to answer questions related to the transportation 
resources currently at the disposal of these agencies. Recama1dations regarding 
service to transportation disadvantaged clients were put forth. Hypotheses were 
tested. Models for alternative consolidated systems for improving transportation 
services of social service agencies are presented. 

It was found that social service agencies in Greensboro, taken. in toto, have 
sufficient transportation resources to IIEet the round-the-clock emergency needs of 
the lOW' income and transportation disadvantaged. The reason that 
transportation needs remain t.1I11D=t is that resources are scattered an:ong the various 
agencies, with no one agency in a position to develop a total transportation 
program which 't\'OUI.d have to include telephone dispatch, vehicles, and drivers. 
Deficiencies nentioned are: there is no pooling of information on transportation 
calls made by clients; some agencies use volunteers while others use the time of 
paid professionals to handle driving chores; and, agencies are not aware of 
scurces of transportation mxies through coomercial channels, for exanple, staff 
cannot cite bus routes and schedules or taxi fare structure to clients. 

1".bst agencies recognize that they could reachnore clientele if a better system 
were avail.able. However, on the priority list of any given agency, transportation 
ranks fairly law. 
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This report discusses some basic criteria which should be considered when 
pl~•7ing a home-to-work transportation demonstration project for low income 
areas. Particular attention is given to the concept of relating the level 
of investment which is required if the objectives of a demonstration pro­
ject are to have at least a 0.5 probability of being detected. The results 
of a case study in a large urban area are discussed in detail. 

This study demonstrates that transportation improvements in an area, in 
order to reduce unemployment, should be carefully evaluated. It was dis­
covered that minimal improvements are not likely to succeed since they are 
usually associated with a high probability of no detection. According to 
the authors, substantial public subsidies are required in order to reduce 
unemployment among low-skilled workers since improvements cannot be 
financed through the fare box. However, these improvements appear to be 
economically justified because they tend to reduce the total costs of 
public subsidy to the unskilled worker. 

Improved transportation accessibility can reduce the unemployment rate 
in the case study area from 19.6% to 14.7%, which still does not bring 
unemployment down to average levels. The worth of the unemployment accessi­
bility model for planning purposes rests primarily on its ability to 
estimate a more realistic expected level of improvement, avoiding pitfalls 
encountered in recent demonstrations. It serves as a guide to the planner 
so that he might select an improvement plan which most nearly meets his 
objectives and will help him to eliminate proposals which would not reduce 
unemployment to a level which would at least cover the costs of improvement. 

A list of references is included. 
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This study presents some empirical evidence on the manner in which trans­
portation service to job sites influences the employment potential of low­
income workers living in the inner city. In addition, it describes an 
employment-accessibility model which considers the direct relationship of 
transportation service to employment characteristics and permits quanti­
fication of the expected benefits in umemployment reduction through a pro­
posed improvement in transportation accessibility. 

This report, according to the authors, has demonstrated the feasibility 
of obtaining estimates of unemployment reduction attributed to proposed 
accessibility improvements prior to the implementation of a demonstration 
program. 

The implications of these findings may be of significant importance in 
evaluating the worth of a capital or operating expenditure for improving 
transportation accessibility, because they may lead to more efficient 
utilization of resources in the quest for "optimum" transportation 
irnJrovements. 

The report was originally presented at the Highway Research Board 52nd 
Annual Meeting, January 1973. 

A list of references is included. 
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The scope of this report includes an examination of general freight pick­
up and delivery shipments ranging f-rom one to 5000 pounds flowing into 
and out of the Columbus, Ohio CBD as performed by private and for-hire 
carriers stationed outside the CBD. Organizations that specialize in 
small shipment distribution were excluded from the study. 

The following vehicle characteristics were examined to determine current 
conditions on a given business day in the Columbus CBD: (1) number 
and types of vehicles involved; (2) vehicle capacity utilization; 
(3) distance traveled and the air pollutants emitted within the CBD; 
(4) aggregated daily transit time, unloading and loading time, queueing 
time prior to loading or unloading within the CBD; and (5) the economic 
pick-up and delivery costs, as measured by applying hourly cost to the 
total vehicle time within the CBD. 

The report looked at the impact that routing the measured daily demand 
through a consolidated terminal would have on the above vehicle 
characteristics. The experimental technique of simulation was used to 
make this determination. 

The authors conclude.among other things, that the societal benefits 
to be derived from a consolidated urban terminal would include a 
significant reduction in commercial vehicle traffic within the CBD 
as well as significant savings in fuel consumption. 

Illustrations, tables, a glossary of terms and a bibliography are 
furnished. A related report is "An Analysis of the Economic Costs of 
Constructing and Operating an Urban Goods Consolidation Terminal" 
(PB 239-854). 
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The primary purpose of this report was to estimate the cost of an urban 
goods small shipment consolidation terminal for Columbus, Ohio. These 
costs are compared against the potential economic ~nd social benefits 
which could be realized by the adoption of the consolidat terminal 
concept for the pick-up and delivery of shipments in the Columbus CBD. 

More specifically, the study deals with: (1) investment requirements 
for the initial structure of a consolidated urban goods terminal and 
its materials handling system; (2) timing and size of future investments 
in the terminal's structure and/or its materials handling system; and 
(3) the operating expenses throughout the terminal's planning horizon. 

The answer to each of the above questions is dependent upon the design of 
the terminal. Depending upon the level of automation, alternate terminal 
designs require different investments in construction, materials han<lling 
equipment and manpower. Therefore, the above questions are investigated 
in terms of four alternate terminal designs. In order of decreasing 
materials handling automation, the four facility designs studied are: 
a tilt-slat or sorting conveyor, a towveyor with non-powered bump off 
spurs, a towveyor without spurs, and a manual four wheel cart system. 

Illustrations, tables and a bibliography are furnished. A related 
report is "The Economic Feasibility and Social Desirability of an 
Urban Goods Consolidation Terminal" (PB 239-853). 
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This study is concerned with disaggregate selection choice models developed 
for the access mode and for access station selections. In each of these 
models there are at least two alternatives from which an individual traveler 
is allowed to make a choice. 

The mathematical model used in this study is the multi-nominal logit model 
based on the axiom of the "independence of irrelevant alternatives 11

• It 
basically assumes that the odds of choosing one alternative over the other 
in a system containing both are independent of the presence of a third altern­
ative in the system. 

Two methods of approach concerning the traveler's decision making processes 
are used in constructing the mode and station choice models. The first is 
the simultaneous approach which assumes that the access mode and station 
choices are made at the same time. The second is the sequential approach 
which assumes that the individual traveler may make the access mode and sta­
tion choice decisions in one of two sequences. Where the sequential assump­
tion is adopted, the choices of the access mode and the access station are 
modeled separately. 

The results of this study suggest that the mode choice is preceded by the 
station choice. Walking and bus modes are preferred to the auto, and 
accessibility has the greatest influence over the traveler's train station 
selection decision. 

A bibliography is included. 
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The function of the model developed in this report is to provide transit 
managers and transportation planners with a more rational framework 
for comparison of costs of alternative plans or operating policies 
than is being used at present. Also, the model provides for the 
calculation of marginal cost fares, by route. This type of pricing, 
according to the authors, will insure that the transit company 
covers its costs at any particular level of service. 

The cost model was developed to calculate total variable cost, by 
route, for a bus system. The model was designed to predict the total 
variable cost, by route, as a function of three variables: (1) vehicles; 
(2) vehicle-miles; and (3) operator days. The financial statements of 
the system under study were analyzed and the various costs allocated to 
the variable with which they vary. 

Chapters address the background of the report, the route cost model, 
and the cost function. An example is given. 

Given the state of supply ride analysis in the transit industry, the 
authors feel that this study can be termed very successful. If for 
any reason the use of marginal cost pricing is unacceptable, the 
model still enables transit managers and transportation planners to 
evaluate and compare the real economic costs of alternative plans on a 
more rational basis than methods currently in use. 

Tables, illustrations and references are provided. 
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The importance of vehicle detection and communication in mass transportation 
systems is discussed in this report, together with the advantages of track 
guided systems and the use of automation. 

Present and proposed methods of tracked vehicle detection are reviewed: 
fixed and moving block systems, use of crossover wires, choice of signalling 
frequencies and the advantages of using high frequencies and electromagnetic 
surface waves. 

An innovative method is proposed for detecting or communicating with tracked 
vehicles in which the track is used as an open waveguide. The character­
istics of a rail as a communication channel are determined and suggestions 
for analyzing other parts of the system are discussed. 

A method of analyzing wavelengths of arbitrary shape and consisting of lossy 
materials was required. The problem of distinguishing the desired modes 
from non-physical spurious and other modes is discussed and the complete set 
of programs is listed and described. 

The history, definitions and applications of electromagnetic surface waves 
are reviewed and the behavior of two types of surface waves are discussed in 
order that the results may be more easily understood. 

In order to verify the above procedure, determine the limitations and gain 
further insight into the behavior of surface waves along structure similar 
to that of interest in the rail problem, relatively simple structures are 
considered for which some analytical results are available. 

The numerical procedure was applied to a steel rail augmented by a strip of 
dielectric material, resting directly on the ground. The results indicate 
that the proposed method is technically feasible for vehicle detection. 
Suggestions are made for further study. 

References are furnished. Tables and figures are numerous. Appendices in~ 
elude program listings. 

NTIS ORDER NO.: PB 2 35-72 7 / AS 

269 
$7.00 



TITLE: DEVELOPMENT AND APPLICATION OF RELATIVE OPPORTUNITY INDICES FOR 
TRANSIT MOBILITY EVALUATION 

AUTHOR: Carnegie Mellon University, Transportation Research Institute 
(Robert Jay Popper) 

OATL October 1973 PROJECT NO .. PA-11-0007 
~EYWOR0S: 

1. Benefit -Cost Analysis 
2. Computer Applications 
3. Access, planning and control 
4. Models and Modeling 

Much confusion and controversy have been generated over the notion of "pro­
vision of mobility" through transportation policy. An analysis and classi­
fication of previous studies of transport mobility lead to the formulation 
of relative opportunity indices to measure transit mobility impacts. The 
indices are used in a comparison of relative zonal access to a set of 
opportunities by existing and modified transit service. As mobility indi­
cators, they capture both the level and zonal distribution of accessibility 
implications for a proposed transit project. 

The development of a computer model to analyze the relative opportunity dis­
tributions is discussed. Application of the model to real data for the 
Pittsburgh East Corridor indicates, according to the author, that the level 
of mobility improvement realized througn a typical transit corridor 
project is small. Furthermore, the accessibility impacts are generally 
limited to those uptown and suburban zones adjacent to the right-of-way. 
Therefore, this quantitative evaluation of the expected accessibility/ 
mobility impacts indicates that only low levels of actual benefit seem 
attainable. Implications suggest that benefit-cost ratios should not 
be promoted on the basis of these expected, but usually unquantified, 
accessibility/mobility impacts. Use of the relative opportunity indices, 
through the computer program, is suggested as secondary criteria for 
transit line evaluation. 
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This report presents the development of a mathematical model designed to 
describe the flow of passengers through a rapid transit station. The model 
is a key element in the development of a rational approach to the design of 
transportation interface facilities. The movement of pedestrians is depicted· 
as sequential flows of people across individual station components. Stoch­
astic elements of the model design include the magnitude and distribution of 
passenger demand, and the modal split of arrivals. The basic processing al­
gorithm for passenger flow is deterministic. The model incorporates the use 
of empirically derived functions of pedestrian flow through specific station 
components. 

The model is designed to serve as an aid to the station designer by simulat­
ing the movement of passengers on a digital computer. Examples are provided 
to demonstrate the program's flexibility and its application to access mode 
analysis, transit scheduling, and the testing of alternative station layouts. 

A user's manual and a bibliography are both included. 
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The ability of a bus system to provide satisfactory service to the community 
has often been thwarted by the fact that current service is commonly under­
utilized resulting in economic loss for the operator. This study 
proposes to demonstrate that with a small- or medium-sized community's given 
hardware system this need not always be the case. Instead, by assessing the 
present ridership rates and route characteristics, analyses can be performed 
which will suggest a system that is both acceptable to passengers and econ­
omically viable to the bus operator. To verify this approach, ridership 
rates and route characteristics were studied and analyzed to develop planning 
techniques that would yield an economically sound system. 

Frequency of service was used as the indicator of the relative quality or 
level of service. An attempt was nade, there-fore, to demonstrate the 
use of a methodological technique to aid transit operators in adjustinp 
bus service using the financial resources available. 

The specific objectives of the study were: (1) to test the service speci 
fication concept as a means for determining the economic conditions of bus 
transit operators; and (2) to establish a correlation between economically 
viable ridership rates and route characteristics. Secondary objectives in­
clude the development of ridership profiles which may prove beneficial to 
operators and the development of an economic scheme for use by small commun­
ities in analyzin~ bus transit operatinr, strategies. Conclusions are 
presented. 

A bibliography is furnished. Appendices include an example of the 
questionnaire used to obtain data and suMmary statistics for linear 
regressions performed in the development of the study analysis. 
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The primary purpose of this project was to identify and evaluate policies, 
practices and other conditions relating to the supply of managerial personnel 
in the urban mass transit industry. The study, conducted during 1972-73, 
sought to provide information concerning each of the following: (1) an in­
ventory of management, technical, and supervisory personnel in the industry; 
(2) a current profile of management and technical personnel; (3) a summary 
of personnel practices and training methods now being used in the industry; 
(4) an assessment of manpower demand and supply in the industry by adminis­
trative levels; and (5) a review of the roles which UMTA, universities and 
the industry could play in improving the training of personnel in the transit 
industry with respect to such matters as training methods, course contents, 
and level of support for trainees. 

Questionnaires supplemented by personal interviews with transit property 
officials were used to obtain data. Ten Canadian and thirty-one U.S. proper­
ties were polled. The survey was designed to permit statistical inferences 
to be drawn for the industry as a whole. 

According to the author, relatively little formal organization and planning 
concerning the development and utilization of human managerial resources were 
found to exist within the U.S. urban transit industry. Most training and 
development of supervisory and managerial personnel has been abandoned. 
Another critical factor is that the vast majority of professionally trained 
industry leaders will retire within the next decade. The average age of 
middle and supervisory management is, in many transit systems, higher than 
that of top management. 

According to the authors, urgent action is needed to prevent the deteriora­
tion of the industry's management structure. Major training and development 
programs rely on: (1) a large effort to upgrade executive skills of selected 
individuals; and, (2) transit systems' understanding of benefits and needs 
of formal procedures for personnel planning, particularly along the avenues 
of redefinition of job specifications and implementation of more systemized 
means for recruiting employees. 

Data are presented throughout the report. Appendixes are Transit Interview 
Format, Marketing Practices in Transit Industry, Transit Employee Question­
naires, Confidential Manpower Report, Study Participants, and Selected Job 
Descriptions within Urban Mass Transit. References are furnished. 
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In 1962, Dr. Lewis M. Schneider collected data on the marketing practices 
of 12 U.S. transit systems (Marketing Urban Mass Transit, Harvard University 
Press, Boston, 1965). This 1g74 report is an update of the marketing 
progress that has been made in the 10 years since Dr. Schneider's study. 
Forty-one transit systems are examined in this study. 

Eighteen of the 41 systems polled now have formal departments of marketing 
and the vast majority of marketing officers are considered members of the 
top management team. The decision to create or expand the marketing role in 
urban mass transportation has occurred more frequently in medium and a few 
small transit systems. Marketing expenditures are difficult to assess since 
transit systems c~n usually ascertain how much is spent for advertising but 
not for the other elements of a marketing strategy. It was found, however, 
that the average expenditure by a transit system was not different from that 
determined by Schneider. Most programs concentrate on only one aspect of 
marketing, that of promotion. Smaller transit systems appear to lead the 
shift from a product to a market-oriented transit industry. In terms of 
marketing personnel it was found that while the average age of the marketing 
officers was 46, there is a preponderance of youth in the medium and smaller 
companies. 

The internal problems of urban transit marketers are: (1) problems in gain­
ing acceptance of the marketing role and function by others; (2) line versus 
staff conflicts; (3) necessity of considering the urban environment; and 
(4) lack of a complete marketing strategy. 

Transit marketers need aid in applying effective marketing strategies, which 
first requires changes in the image of mass transit. This necessitates a 
change in our present auto-oriented life style. A new 11 urban mobility 
market 11 will emerge along with a strategy geared toward it. 

Tables and figures support the text. Appendices are "Marketing Practices 
in Transit Industry" auestionnaire and worksheet of results of the survey. 
References are included. 
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The purpose of this study was to investigate U.S. and Canadian transit 
systems on a comparative basis. It was proposed that this investigation 
be confined to the study of the three conceptual variables of organizational 
structure and personnel profiles, personnel processes, and marketing 
strategies. 

The basic objective of the study was to provide knowledge that would 
be of use in establishing and implementing policies concerning the 
basis or rationale for investment in the development of U.S. transit 
personnel and the marketing of transit services. 

A major problem of those wishing to recommend investment in the develop­
ment of human resources is the demonstration of tangible results. The 
management of Canadian public transit properties have demonstrated an 
ability to increase both service and patronage in the last decade. Thus, 
by examination of these transit systems, it may be possible to suggest 
what investments, if any, should be made in the human resources development 
of U.S. transit systems. Similar arguments could be made in managerial 
development and marketing strategies. If no significant differences 
were found, it could be suggested that public ownership~~ as in 
Canada does not result in organizational, personnel or marketing policy 
differences from private transit operations, suggesting instead that 
operational performance differences were due largely to external environ­
mental influences rather than internal influences. 

It is the authors belief that internal development of U.S. transit 
personnel and their policies is the most expedient route to revitalizing 
public transit in U.S. cities. The quality of individuals who serve in 
transit's managerial, technical, and supervisory positions is a leading 
(if not the single-most important) determinant of the extent to which mass 
transit will be improved. 

A bibliography is included. Among the appendices are the transit inter­
view format, transit employee questionnaire, marketing practices in 
transit industry, and personnel process and marketing strategy work 
sheets. 
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This report is an overall analysis of collective bargaining and manpower 
problems in the urban transit industry since the late 1930's. The effects 
of transfer from private to public ownership are discussed in the collective 
bargaining structure and productivity of the system. Also the effects and 
prospects of increased governmental support for the transit industry are 
analyzed. 

Topics considered in this paper include: industrial background and research 
to date, relationships between industry and government, financial trends, 
technological changes, manpower trends and unionization, collective bargain­
ing with emphasis on sources of organizational power, union goals, manage­
ment goals and bargaining structure, a history of collective bargaining, 
public systems versus private systems, the impact on the collective bargain­
ing process of the shift from private to public ownership, and the effect of 
public ownership on manpower including a study on productivity. 

There is an extensive bibliography which includes books, court cases and laws, 
dissertations, government publications, m~gazines, newspapers, reports and 
speeches. There is also a glossary of terms with page references to the 
text. 

Specific findings of the report include: out of over 1000 operating com­
panies, the four largest systems account for almost half the total employ­
ment; public systems tend to employ more people than private systems and 
most of the largest systems are publicly owned including all of the rapid 
rail systems; most systems are monopolies in that they are limited to one 
metropolitan area and do not compete with other transit systems; and, 
fares have been rising and ridership has been declining. 

Recommendations for further research are included. 
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This study has three primary purposes: (1) to define a methodology for the 
design of outlying rapid transit stations so that designers can utilize it 
in actual planning and design procedures, (2) to collect and systematically 
present basic principles and standards of design for outlying stations; and 
(3) to present actual solutions for the design of the individual components 
of stations including the basic flow patterns, relationships of functional 
areas, geometric dimensions of roadways, surface transit stops, parking areas, 
and so on. A complete design of an outlying station is presented. The pro­
cedure of evaluation and finalization of the design is also discussed. The 
report presents an ideal station design and several examples of very success­
ful designs which have been built in several cities. 

Other relevent matters discussed include pedestrians, bicyclists, feeder 
transit, kiss-and-ride, taxis, and park-and-ride. There are numerous charts 
and tables and a bibliography. 
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The purpose of this study was to forecast and describe some of the physical 
planning implications of implementing innovative types of public transporta­
tion in the Dallas-Fort Worth region. In this context, the authors have 
sought to document conclusions about some of the physical implications of 
the use of rapid transit to structure new forms of urban development and to 
depict, in words and images, impressions of the increased quality of life 
possible in these transit-structured communities. 

The study approach consisted of developing generalized concepts for structur­
ing new urban growth based upon transit and then particularizing these con­
cepts by applying them to specific parts of the Dallas-Fort Worth region. 
The initiation of this process involved gathering an extensive inventory of 
physical, economic and demographic data on the geographic area chosen as the 
focus of the study. The spatial and temporal scopes of the project were 
established so that planning proposals refined data assessments of the vari­
ables of population, spatial needs and economic expectations for the area. 

The organization of the report roughly parallels the phases of the investi­
gative process. The introduction sets forth the scope of the study and 
describes the basic objectives and methodology. Background conditions of 
transportation problems in the region and an historical perspective on the 
interaction of physical urban and movement systems of all kinds are discussed. 
A summary of the goals and design objectives formulated for the linear city 
are presented. Strategy is delineated. 

A bibliography is furnished and graphics support text material. 
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Trip generation and modal split analyses use similar factors to explain and 
predict travel demand patterns. Therefore, it may be possible and bene 
ficial to combine these two steps into one and determine travel demand by 
mode. 

It was the first objective of this study, then, to determine the effect of 
characteristics of the transportation system on travel demand. Secondly, 
the feasibility of combining trip generation and modal split into one step 
was investigated. 

Models which directly generate trips by mode were developed and calibrated 
using 1965 trip data for Roanoke, Virginia. Only the auto driver and bus 
passenger were used. The models developed were not intended to be used for 
prediction of future travel demand. In the models, number and mode of trips 
were related to socio-economic, land use, demographic, and modal accessi­
bility measures. Accessibility measures were developed and analyzed for 
their importance in explaining variations in the number of trips by mode. 

The direct generation models were developed using linear, least-squares 
multiple regression analysis, available trip data and explanatory variables, 
and simple measures of accessibility. These models were examined for 
validity, accuracy, and sensitivity to changes in accessibility. A descrip­
tion of the model development and a discussion of the usefulness of the 
models chosen are included. 

The authors conclude that the significant t-values and the standardized 
regression coefficients indicate that measures of accessibility, in terms 
of service quality, are significant factors in explaining variations in 
trip rates stratified by mode. Trip rates using the automobile appear not 
only to be sensitive to the accessibility provided by the thoroughfare sys­
tem, but also to be sensitive, though somewhat less, to the accessibility 
provided by the bus system. 

References are furnished. 
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This report addresses the issue of developing a model which would provide a 
methodological approach to multi-modal transportation planning in coordina­
tion with land-use planning. The research focuses on the task of integrating 
multi-modal considerations into a land-use allocation technique called 
TOPAZ (Technique for the Optimum Placement of Activities in Zones), a com­
puter process originally developed for use in Melbourne, Australia to provide 
a workable tool to aid in sketch-plan generation and analysis. 

The complications caused by the traditional focus on highway concerns have 
led to the following problems: (1) paving over congested urban areas with 
concrete; (2) diminishing the amount of taxable land; (3) diminishing the 
amount of open space; (4) polluting the cities in areas of high population; 
(5) displacing people who benefit little from highways; (6) reinforcing a 
favorable environment for automobiles to the detriment of nublic transporta­
tion systems; and (7) reducing the level of public transportation service 
to those with the greatest need. 

In order to solve the above problems, the planning of an optimal locational 
arrangement of land-use involves consideration of: health and safety 
hazards, proximity of modes, compatibility of modes, economic feasibility 
concerning land values and costs, practicality from a cost-revenue 
point of view, and livability and general attractiveness. 

The technical application of the TOPAZ program is discussed in detail. The 
technique is also modified and applied specifically to the city of 
Blacksburg, Virginia. 
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QUADATT II (Quick and Dirty Analysis Technique for Transportation - Second 
Version) is a computerized transportation planning model which attacks the 
problems stemming from the high cost of data collection and computer time and 
the difficulties in interpreting and translating model output by simplifying 
data collection and the outputs of the model. 

QUADATT II requires comparably little input data which may be obtained from 
readily available sources such as the Census Bureau, planning agencies, and 
highway departments. No calibration costs are incurred since it is assumed 
that most of the unique characteristics of metropolitan areas have already 
been discovered in previous planning studies. Costs are also decreased by 
gauging the computer execution time in seconds rather than hours. The under­
standing of the user is facilitated by presenting the output in a highly 
documented, tabular form. 

For forecasting purposes, relative indicators are provided which will be even 
more valuable when planners and decision-makers place more faith in computer 
models, and when the causal factors of the urban system are better under­
stood. 

The principal purposes of this computerized model are to restore credibility 
to computer-aided transportation planning models, to assist in metropolitan 
policy formulation, to increase understanding of the urban system, and to 
prepare an atmosphere for developing more sophisticated planning models. 

The program content includes: path procedures; division of ridership by popu­
lation, families, income, and employment; land use; trip production; and 
models for trip distribution and trip-interchange. 

QUADATT II is applied to thirty transportation zones in the metropolitan 
area of Roanoke, Virginia. Five transit configurations were designed as 
input and the resultant impacts are evaluated. Based on the results of this 
application, it was determined that QUADATT II provides reasonable trends in 
activity distributions and transportation characteristics related to a given 
set of alternative transportation plans, and does so at a much reduced level 
of cost and time than that of typical large scale studies. 

A bibliography is included. 
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The purpose of this report is to define some guidelines for the design of 
urban bus rapid transit systems which will serve commuter demands from a 
large urban corridor to a single major activity center. 

An interactive graphic system, the Urban Regional Transportation Analysis 
System (UTRANS) is used in an experimental mode to discover general relation­
ships between alternative sets of external conditions, bus rapid transit 
system designs, and their associated performance characteristics. Twenty­
four cases are examined and 637 design solutions are evaluated. The data 
generated from these experiments are used to formulate several sets of guide­
lines which begin to point the way toward the formulation of a bus rapid 
transit system design. 

Most notable of the findings, according to the authors, is the existence of 
an envelope curve which appears to define the limit of possible transit oper­
ations in terms of profit/deficit and patronage share within a given set of 
external circumstances. The shape of this curve indicates that bus rapid 
transit can be profitable only in cases where its share of the local demand 
for trip-making is quite low (less than 30%). For patronage shares in excess 
of this amount, deficits appear to rise sharply. Other guidelines relate to 
the size and location of park-ride lots, route structure, fare levels, and 
the general nature of the influence of typical environmental constraints on 
the design of a bus rapid transit system. 

A list of references is included. 
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In order to develop a strategy for estimating the demand for park-ride 
facilities, it may be helpful to understand the behavior and attitudes of 
the park-rider today. The purposes of this report are to review past experi 
ence with bus transit change-of-mode facilities and to add to the growing 
body of information concerning the locational aspects of these facilities 
while providing a foundation for general guidelines along which further de­
tailed research might be conducted. 

This report reviews and synthesizes previous experiences with locating and 
operating park-ride lots throughout the country. The data included represent 
the experience of several municipalities including: Seattle, Washington; 
Washington, D.C.; New Brunswick, New Jersey; Milwaukee, Wisconsin; and, the 
Northeast Corridor in general. Approximately 4500 park-ride spaces in 13 
park-ride lots serving as change-of-mode facilities for bus transit were ex­
amined. 

The characteristics of park-ride users were investigated. Data were analyzed 
to determine the characteristics of trip lengths and trip times as well as 
the trip purpose, type of employment, trip origin and mode to bus. Further 
considerations included mode of travel to work prior to the establishment of 
park-ride lots and environmental impact factors. 

From the analysis of data gathered, some preliminary and general planning 
guidelines relevant to the location and sizing of a park-ride facilities in 
an urban transportation corridor were developed. 

References are furnished. 
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Little attention has been given ta investigating the potential for gradually 
restructuring the city so as to reduce its built-in requirements for trans­
portation. 

This report investigates this potential by analyzing the transportation re­
quirements of some alternative urban spatial structures. The effort here is 
to deal with what are perceived to be the basic causes of urban transporta­
tion problems, instead of examining only the symptoms of these problems. 

A computer-directed search procedure was developed and tested using two 
simple urban structures. These experiments form the basis for an investiga­
tion of a larger urban structure based on the 1970 urban pattern of the 
western part of King County, Washington. This study has demonstrated that a 
simple search algorithm can be a useful tool for finding spatial structures 
that have desired characteristics. 

The results for these investigation indicated that by moving about one-third 
to one-half of the people and about one-third of the jobs to other locations, 
very substantial reduction (50% or more) in travel requirements could be 
obtained while also improving overall access levels. 

While structural changes of this magnitude are not feasible in the near 
future, many cities may be growing by this much in the next 20 to 30 years. 
The potential for non-transportation solutions (i.e., changes in urban 
spatial structure) to transportation problems appears to be a significant 
but neglected area for policy-oriented research investigations. What appears 
to be most needed at this time, according to the author, is a way of identi­
fying those particular locations where it would be most beneficial to en­
courage new people and/or jobs to locate. If such locations could be identi 
fied, public programs and policies could then be oriented to encouraging 
growth to occur in locations where the associated transportation requirements 
would be minimal. 

Figures and table complement the text. References are furnished. 

NTISORDERNO.: PB 232-317/AS $3.75 
284 



TITLE: THE URBAN-REGION TRANSIT ANALYSIS SYSTEM (UTRANS) 
Volume I: Documentation 

AUTHO~ The University of Washington - Seattle, Urban Transportation 
Program 
(Claus Dieter Gehner and James Wilson Clark) 

DATE: August 1973 PROJECTNO.: WA-11-0003 
KEYWORDS: 

1. Computer, programming 
2. Computer, applications 
3. Planning, tools 
4. Models and Modeling 

The purpose of this study is to provide detailed documentation of the Urban­
Region Transit Analysis System (UTRANS) and to make available to potential 
users of this tool a comprehensive set of guidelines and instructions for the 
operation of the computer model. The study is divided into two volumes aimed 
at two different audiences: Volume I addresses those who have a computer 
background and wish to adapt UTRANS to a specific application or to a differ­
ent computer hardware environment; and Volume II (PB-226-237) contains a 
comprehensive set of instructions aimed at those with no previous experience 
in computer programming who still wish to have a description of the computer 
simulation. 

Sections I through VI are in Volume I. Section I presents an overview of 
both reports. Section II is a brief overview of the structure, operation and 
capabilities of UTRANS. Section III presents a brief description of the com­
puter hardware environment at the Urban System Research Center. General con­
cepts of data structure and the specific features used for UTRANS are dis­
cussed in Section IV. The "Disk File Structure," introduced in Section IV, 
is more fully described in Section V. Section VI presents a short synopsis 
of the salient features of each program, an operational description and a 
listing of the FORTRAN code, including a flow chart of the program. Sections 
VII and VIII are included in Volume II. 

A list of references is included. 
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The purpose of this study is to provide detailed documentation of the Urban­
Region Transit Analysis System (UTRANS) and to make available to potential 
users of this tool a comprehensive set of guidelines and instructions on the 
operation of the computer models. The study is divided into two volumes 
aimed at two different audiences: Volume I (PB-226-233/AS) addresses those 
who have a computer background and may wish to adapt UTRANS to a specific 
application or to a different computer hardware environment; and Volume II 
presents a comprehensive set of instructions aimed at those with no previous 
experience in computer programming who still wish to have a description of 
the computer simulation. 

Volume II consists of two sections; Section VII, the basic description of 
the computer simulation and Section VIII, which contains information on error 
handling. Sections I through VI are contained in Volume I. 

A complete index and a list of references is contained in each Volume, but 
Volume I contains the complete synopsis for both volumes. 
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The objective of this study was to analy:ze the effects of freeways with 
respect to property taxpayers within a municipal area. The city of 
Milwaukee, Wisconsin was examined. 

It was found that right-of-way takings for the freeway system in 
Milwaukee resulted in the removal of real estate property of an assessed 
value cif approximately $33 million from the City's tax base. This was 
approximately 1.5% of the assessed valuation of all real estate property 
in the City in 1970. 

Based on a hypothetical assumption that the burden of the lost tax 
dollars was passed on to other taxpayers, the increase in property tax 
for an average taxpayer was estimated to be $107.56 for the period 
1953 to 1970. However, a number of identifiable benefits to city 
residents were attributed to construction of the freeway, such as: 
increased traffic safety, resulting in a reduction in the number of 
accidents; and, savings in travel time and vehicle operating costs. 
Also, it was estimated that requirements for the City's capital improve­
ment fund for the period of 1962 to 1970 were reduced by approximately 
$3 million due to the construction of the freeway system as opposed 
to regular arterial streets. Thus, from the standpoint of the average 
property taxpayer the quantified benefits were nearly twice as great 
as the increased tax burden. 

The scope of the analysis was limited to quantifiable items for which 
data were available. A conservative approach was taken to ensure that 
benefits were not overestimated.* 

The authors concluded that the loss in property tax to the City of 
Milwaukee due to freeway right-of-way takings was amply compensated 
for by other benefits directly or indirectly attributable to the 
freeways. 

*The environmental impact of the freeway on real estate development 
patterns and property values was not included in the analysis. 
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The success of long range transit studies in small and medium sized urban 
areas is closely related to the quality and capability of the mode choice 
models that are used for predicting future transit usage. This report 
analyzes the traditional approach for model calibration, which relies en­
tirely on existing data, and finds it inappropriate for developing mode 
choice models for the smaller cities, particularly those which are expected 
to change significantly in the future. 

This report discusses three different approaches for the mode choice analysis 
for small and medium sized urban areas. The traditional approach is examined 
as one of the alternatives and it is concluded that it may be accepted as 
valid only if a significant change is not expected or desired by the commu- · 
nity. The other extreme alternative is the radical approach that sets a de­
sired level of transit usage and concentrates on the means of achieving the 
goal. The third alternative is the compromise approach, the objective of 
which is to evaluate the various possibilities about the future transit usage 
and develop a model that would reflect each possibility in proportion to its 
merit and/or liklihood. 

Many of the recent transit studies reflect the use of the compromise approach 
and this report analyzes the techniques of mode choice analyses used in these 
studies. According to the authors, none of the existing techniques are fully 
satisfactory since they lack a rigorous, and yet flexible, analytical basis. 

An approach based on the principles of Bayesian statistics is recommended 
for developing mode choice models for small and medium size urban areas. 
The Bayesian techniques, which explicitly recognize the uncertaintly associ­
ated with an estimate, can be used to combine information from various 
sources and also provide the scope of continued surveillance as well as the 
revision of a model as new information becomes available. The application 
of the Bayesian approach in developing a mode choice model is demonstrated. 

References are furnished. 
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Study of current practices in the management of bus main­
tenance reveals that preventive maintenance schedules and 
procedures are based initially upon previous experience, then 
reviewed and adjusted according to feedback regarding the cost 
of maintenance and the reliability of performance of a bus 
fleet. Maintenance management would normally institute changes 
in the maintenance periods and in the procedures followed in an 
attempt to shift the system toward a better balance between cost 
of maintenance and reliability of service. 

The method proposed in this report takes a formal approach 
toward the determination of bus maintenance schedules. This 
approach is based upon the evolutionary process used by main­
tenance management. A cost function which takes into account 
the sum of maintenance and associated costs has been developed. 
The total costs consist of the cost of periodic preventive main­
tenance, and the cost of failures and unscheduled repairs. 
Costs are expressed in terms of various cost elements and 
probabilities of failure for dif rent systems on the bus. 
A computer method is used to derive the least cost maintenance 
schedule. 

Practical application of the proposed approach and further 
improvements in the computer method are suggested to develop 
the proposed method into a useful scheduling technique. 

Appendices contain the detailed flow diagram and listings 
of the computer problem. References are furnished. 
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The area of transportation planning examined in this report involves the 
scheduling of transit service. Scheduling includes the determination of the 
frequency of service or headways and the assignment of vehicles and oper­
ators. This particular report concentrates on the problem of headway deter­
mination, the first step in the scheduling process. 

The objective of this report is to develop a practical procedure for deter­
mining optimal headways, recognizing all of the relevant factors. Based on 
an optimization approach, a chance constrained programming model is developed. 
The scope of using vehicles of different sizes and operating costs is built 
into the model which attempts to minimize the total operating cost. 

The uncertainty associated with demand forecasts is expressed as a chance 
constraint that specifies the desired level of reliability with respect to 
the satisfaction of demand. The model also includes a constraint related to 
the management policy regarding the minimum service to be provided on a tran­
sit route. The deterministic equivalent of the model is solved by linear 
programming. Its application is demonstrated by an example problew. 

The authors conclude that the model is simple in concept, and practical, and 
that the procedure is applicable to both conventional bus and rapid 
transit systems. The input data are realistic and usually available 
or can be obtained without any difficulty. Although this model does 
not actually schedule vehicles, its results are used in developing 
headway tables and subsequently vehicle and operator assignments. 
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This study investigates the relationship between the decrease in transit 
passengers and the effect of experiences and beliefs of riders and potential 
riders relative to incidents of on-bus crime and vandalism. An attempt is 
also made to identify a relationship between such beliefs and experiences on 
passenger usage as related to the socioeconomic background of the respondents. 

The study procedure includes two questionnaire forms which were designed, 
pretested and revised prior to executing the final survey of the riders and 
the non-riders who lived adjacent to the route. Both questionnaires con­
tained five questions pertaining to crime, vandalism, and personal security 
and eleven questions referring to transit service characteristics. Rider 
questionnaires were identified with their point of distribution by a number 
and the mail out questionnaires were identified by a number assigned to their 
address. Questionnaire responses were coded, data cards were punched and 
programs were written which tabulated answers to each question and to spe­
cific combinations of questions chosen to evaluate the impact of crime and 
vandalism on respondents by zones preselected on the basis of socioeconomic 
differences, experiences and beliefs, frequency of bus usage, age, and sex. 

The investigation revealed that transit crime and vandalism have an adverse 
effect on passenger usage, and that the effect becomes more pronounced as 
the distance from the position on the route decreases relative to the cen­
tral city. However, it was found that service factors such as frequency of 
service, fare level, convenience of route, and travel time proved to be more 
critical for transit usage than personal security. 

A list of references and sample questionnaires are included. 
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This report investigated the sample size requirements for specific levels of 
reliability at both trip distribution and traffic assignment stages and also 
examined the concepts of individual and simultaneous reliability. The 
accuracy of the widely used travel forecasting procedure using the three 
steps of trip generation, trip distribution and traffic assignment is closely 
related to the reliability of origin-destination (0-D) data which is used to 
calibrate the simulation models. The reliability of 0-D data,is dependent 
on sample size and is therefore important for transportation 
planning. 

The sample size for 0-D surveys in urban areas is usually based on guide­
lines recommended by the Federal Highway Administration (FHWA). According 
to the authors, the FHWA sample sizes, however, are not explicitly re­
lated to the reliability of either the trip interchange values, or the 
assigned link volumes that are the basic indices of travel de~and. 

The Jrocedure for deriving an optimal sample size that was developed on 
the basis of the reliability at the traffic assignment stage was analyzed 
and found to be impractical from the standpoint of its data requirements 
and associated costs. Further investigations revealed that the reli 
ability at the trip distribution stage is most appropriate for Jeriving 
an optimal sample size due to its simplicity and because the non-route 
specific desire lines, directly related to OD data, are the fundamental 
basis of transportation planning. Alternative ways of expressing the 
accuracy of trip interchange values were examined and it was concluded 
that the error at the trip distribution stage should be expressed in 
terms of an absolute amount instead of on a percentage basis. 

The recommended formula for optimal sample size based on the simultaneous 
reliability of all zone to zone trip interchange values is presented. A 
sensitivity analysis was performed to show the relationship of the areawide 
sample size with various independent variables. A comparison with the FHWA 
sample sizes was made. The recommended formula was considered conservative 
in estimating sample sizes. According to the authors, in most practical 
cases with a large number of traffic zones, the sample size derived with 
the formula would be more than adequate for the specified level of relia­
bility. 
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Traffic congestion and extensive parking needs for the immediate area of 
special traffic generators (i.e., airports, universities, shopping centers, 
hospitals) create access and egress problems of major proportions. Diffi­
culties are compounded by the fact that these generators are often located 
in established residential areas which preclude, by their very nature, the 
securing of additional land to handle increased spatial demands for parking. 
A review of the literature is offered to demonstrate the need for research 
in this area. 

The objective of this study is to identify the role of alternative transporta­
tion systems in providing access to special generators. The alternatives 
under study include: (1) highway-oriented travel on freeways and arterial 
streets; (2) transit service operating within a transit service area; 
(3) provision of remote parking lots and express shuttle service directly to 
the special generator; and, (4) encouragement of car pooling. 

A computerized model was developed to test alternative access systems. This 
model was applied to a sample special generator, an urban university, located 
within a hypothetical city. Traffic flows were simulated and quantitative 
analysis was used to determine the level of demand and service at which one 
alternative dominated over others. Topics discussed include alternative sys­
tem configurations, preliminary tests of the alternatives, costs and benefits 
at peak hours, changes in value of time, off-peak hour concerns, variable 
Renerator size and institutional and operating considerations. 

Results indicate that efficient, frequent and low cost service will encourage 
increased patronage by the model university community. To alleviate the ex­
pense of providing costly service additions to the entire regional transit 
system, specialized transit services might be instituted. An example of such 
specialized service would be the provision of express shuttle bus service 
directly to a generator from outlying parking lots. 

Findings show that when shuttle buses operate from remote lots at a premium 
fare or at costs similar to base transit service, there is a decline in 
ridership. Furthermore, the study noted that parking demands at a generator 
can be controlled by the imposition of parking fees or the limitation of park~ 
ing availability. Most of the economic tradeoff analysis depends on the 
amount of subsidy provided by the generator. 
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This study considers transportation to be a major influence in determining 
urban form. Although transportation has a great effect on adjacent land use, 
few studies have explored this relationship. Much of the growth of urban 
areas is reflected in changing land use patterns. To provide access and ser­
vice to these urban land uses, approximately 25% to 30% of developed land is 
required for transportation right of-way. 

Given that little is known about the character and use of streets for any­
thing but moving traffic, the authors are interested in developing a more 
comprehensive approach to analyzing public right-of-way. Their long-range 
objective is to pursue studies which relate to the alternative utilization 
of transportation right-of-ways for public transit. How can existing rights­
of-way be incorporated into future mass transit planning? This report pro­
poses a methodology for evaluating the relationship of existing rights-of-way 
and their adjacent land uses, so such considerations can be made. 

The investigative procedure is outlined. Primary steps include attempts at 
classification of typical public rights-of-way by type, adjacent land uses, 
and special features of the urban landscape. The question initially con­
fronted was: What makes one right-of-way different from another? 

Shadow Determinance Charts (indicating the heights, in feet, of buildings, 
trees, poles, signs, billboards, etc., located in close proximity to 
where a profile is taken) are presented. 

Right-of-way perspective is examined from the vista view, traffic flow, 
right-of-way pattern, boulevard development and speed limit aspects. 
Adjacent land uses in terms of parking status, lighting system, crosswalks, 
pedestrian traffic, curb way services, access to right of-wa~ advertisement 
signs, curb cuts, road surface and traffic lane constraints are discussed. 
A land use map and a zoning map are included, as well as traffic flow con­
straints. 

The authors conclude that a systematic method of collecting and comparing 
data can be useful in defining the type and character of a right-of-way. 
Furthermore, a great array of techniques will need to be developed to incor­
porate mass transit facilities into existing public rights-of-way. There­
fore,the methodology proposed here is best used as a tool to develop guide­
lines for specific situations. 
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One of the primary obstacles to the development of behavioral models of 
mode-choice is the definition of relevant parameters for the models. Recent 
resr.~rch has identified reliability, comfort, convenience, time and cost as 
the most important factors in choice of transportation modes. Two problems 
have been encountered with the use of comfort and convenience factors: the 
definition of these qualitative variables in quantifiable terms; and whether 
to use real, measured values of the variables, or users' perceptions of the 
variables in the behavioral models. 

In this study~ the comfort and convenience factors were defined by sets of 
modal attributes based on previous research. A self-administered, mail back 
questionnaire was developed to gather data necessary to test the factor 
definitions in a recently developed behavioral mode split model and to ex­
amine relationships between traveler's attitudes toward modes, their percep­
tions of modal attributes and actual travel behavior. A small, carefully 
defined sample was selected to develop a body of data from a homogeneous 
group of people making similar work trips by two competing modes of trans 
portation. 

The comparison of socio-economic characteristics of the sample populations 
with those of the city population showed that the desired population had been 
sampled. Analysis of the relationships between attitudes, perceptions, and 
behavior showed that travelers with favorable attitudes toward a particular 
mode of transportation were more likely to have unrealistically favorable 
perceptions of the characteristics of that mode than were those who had un­
favorable attitudes toward the mode; thus indicating a need to account for 
travelers' attitudes in models attempting to simulate actual mode-choice be­
havior. The use of the definitions in an experimental behavioral model indi 
cated that the definitions were able to quantify comfort and convenience 
factors for such models. 

The development of the measurement device to record the attitudes and per 
ceptions of travelers provided a tool which would be valuable as a guide for 
transit marketing efforts. The ability to measure qualitative factors such 
as travelers' perceptions of modal convenience and the theory of the mode­
choice decision process as a form of learning behavior could open the door 
to the development of potentially more powerful models of mode-choice which 
actually simulate individual decision behavior. 
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The fragmentation of jurisdiction over the transportation system among vari­
ous political units has served to impede the development of an efficient 
transport network. Contributing to this situation has been the lack of any 
single revenue source or set of sources that could be utilized to achieve 
such efficiency. Complicating the situation further is the desire on the 
part of many public officials to utilize the pricing mechanism in transporta­
tion to effect income transfers to certain segments of the population. This 
report examines and evaluates alternative sources of revenue that will answer 
these needs for the Milwaukee urban area. 

Revenue sources are considered on the basis of whether their origin is Fed­
eral, state or local. Revenue sources are evaluated on the basis of four 
criteria: how much revenue is provided by the source; how well the source 
encourages people to conserve transportation resources; how equitably the 
source allocates burdens; and,the extent to which the source provides demand 
signals for the adjustment of the scale of the transport system. 

The study concludes that: 

1) At the Federal level, the most effective source of revenue is the fund­
ing provision of the Urban Mass Transportation Act. 

2) At the state level, the two most effective revenue sources are increases 
in the excise tax on gasoline, and increases in vehicle registration fees. 

3) At the local level, the two most effective sources of revenue are a sur­
charge on all-day parking and an ad valorem tax on automobiles registered 
in the Milwaukee urban area. -
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This report deals with the amount and intensity of transportation systems 
noise generation along with efforts used to lessen the impact of noise. An 
introductory discussion of the physics of noise and noise measurement is 
given to help the reader in understanding how the noise impact is analyzed. 

Transportation planners and designers must be aware of the noise assault any 
proposed system will have on the environment. The mandate for this stems 
from the National Environmental Policy Act of 1969 and the Federal-Aid High­
way Act of 1970; the first requires an assessment of all Federally funded 
projects to determine any adverse impacts they may have on the environment 
and the second, aimed at highways that are Federally funded, requires noise 
assessment of any proposed road that has not received approval before July 
1, 1972. 

This report covers three major topics. The first section deals with a gen­
eral overview of the physical phenomena associated with noise as sound energy, 
the physiological effects of noise. The second deals with the psychological 
effects of noise. 

The third topic considers various major transportation systems (with a pri­
mary emphasis given to highway networks) and the noise they generate. Also 
considered are methods that can be used to abate transportation generated 
noise. 

Among the various noise sources discussed are noise from rubber tire vehi­
cles, traffic noise, noise and vibration in rail transportation, and aircraft 
noise and sonic boom. 

Conclusions are presented and references are furnished. Appendices include: 
"Federal Highway Administration Policy and Procedures Memorandum 90-2"; 
"Federal Department of Housing & Urban Development Departmental Policy: 
Noise Abatement and Control"; and, "FHWA Computer Simulation." 
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The purpose of this research report is to provide information on the taxicab 
as a form of urban public transportation in Wisconsin. The first objective 
of this study was to perform an inventory of the taxicab operations in Wis­
consin. This inventory included an identification of all taxicab operations 
in cities over 7000 population and a survey of their mode of operation, fare 
structures, and regulatory conditions. The second objective was to examine 
questions of regulatory policy with an emphasis on market entry restrictions; 
and, the third objective was to examine subsidies and promotion as they might 
be used in the taxicab industry. 

The results of the survey indicated that the taxicab is an important and 
economically viable means of urban transportation in the state. This is 
especially true in some of the smaller cities where the taxi provides the 
only form of public transportation. The study found that the average taxi­
cab operation has been in business for over 25 years and operates at a 
profit. The most common fare system is a zone fare system with costs of 
licenses and fees varying widely. 

The results of the examination of regulatory policies indicate a need for 
regulations on vehicle safety and reliability, driver ability, and owner's 
responsibility. Other regulations such as market entry and multiple pickup 
restrictions were felt to be generally unwarranted. Some suggestions for 
innovative regulations are given. The report further recommends inclusion 
of taxicabs in legislation relative to urban mass transit including granting 
waivers to fuel taxis. Finally a system of maintaining a statewide inventory 
of taxicab service is suggested. 

References are included. Appendices are "Waukesha Taxicab Ordinance" and 
"Wisconsin Department of Transportation Bus Data." 
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A. C. Motors: See Propulsion Systems, electric 

ACCESS, PLANNING AND CONTROL 
pp . 16 9 , 2 6 3 , Z 64 , 2 6 S , 2 6 7 , 2 7 0 , 2 9 3 

Accidents: See Safety 

ACCOUNTS AND ACC:OUNTING: See also Financing Mass Transportation, 
inclusive 

pp. 115, 116, 117, 118, 119 

Acoustics: See Noise an<l Noise Control 

Acquisition: See Public Ownership; see Land acquisition 

Adhesion: See Tracks and Trackage 

Administration: See Management, inclusive; see Government, inclusive 

ADVFRTISING AND PROMOTION: See also Information Aids 
pp. 4, 8, 28, 36, 45, 56, 86, 87, 98, 246, 247, 252, 274 

AERODYNAMICS 
pp. 70, 71, 73, 74, 7S, 77 

Age: See Elderly 

Air Flow: See Aerodynamics 

AIRPORTS, ACCESS 
pp. 169, 2rJ4, 293 

AIR POLLUTION: See also Environment and Environmental Control 
pp. 60, 99, 104, 187, 241 

ALGORITHMS 
pp. 158, 216, 222, 228, 284 

Alternating Current Motors: See Propulsion Systems, electric 

Anti-Pollution Devices: See Air Pollution; See EnvironMent ana 
Environmental Control 
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Attitudes: See Ridership; see Surveys 

Automatic Headway Sensing: See Headways 

Automatic Vehicle Monitoring: See Vehicles, monitoring 

k1tomohiles: See Private Transportation, automobiles 

BAY AREA RAPID TRANSIT (nART) 
pp. 3, 57, 58, 59, 7fl, 71, 105, 100 

BENEFIT-COST ANALYSIS 
pp. 26, 122, 123, 124, l"l2, 162, 164, 207, 223, 248, 201, 264, 

270, 287 

BI-~roDAL SYSTEMS: See also Interfaces; see also Dual Mode Systems 
p. 206 

BIBLIOGRAPHIES 
pp. 130, 136, 254 

BRAKES AND BRAKING 
p. 18 7 

BUDGETS AND BUDGET PLANNING: See also Financing Hass Transportation 
p. 239 

BUS 
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69, 95, 121, 129, 186, 192, 193, 194, 195, 196, 197, 
198, 201, 203, 221, 237, 246, 247 

BUS, BlJSWAY: See also Guideways 
pp. 23, 30, 31, 230 

BUS, COMMUTER 
pp. 90, 1()0, 101, 102, 126, 127, 169, 27>3, 282, 283 

Bus, computer scheduling: See Computer Applications; see Schedules 
and Scheduling 

BUS, COST 
pp. s, 103, 268 
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Bus, crime: See Crime and Crime Prevention 

Bus, demand responsive: See Demand Responsive Systems, inclusive 

RUS, ~ESIGN: See also Vehicle, design 
pp. 99, 187, 282 

BUS, DRIVER: See also Manpower and Personnel 
pp. 171, 173, 199 

Bus, exhaust control: See Air Pollution; see Environment and 
Environmental Control 

BUS, EXPRESS: See also Lane, reserved 
pp. 90, 96, 97, 101, 102, 21'.1, 214 

Bus, fares: See Fares, inclusive 

BUS, FEEDER 
pp. 3, 61, 67,, 238 

Bus, information: See Information Aids 

BUS, INTERCITY 
pp. 13, 35, 103 

BUS, INTRACITY 
pp. S, 27, 32, 33, 34, 4.S, 49, 51, 52, 84, 86, 87 

BUS, JITNEY: See also Bus, Shuttle 
pp. 45, 61, 62 

Bus Lanes: See Bus, priorities; see Lane, reserved 

Bus, maintenance: See Maintenance, inclusive 

BUS, MINIBIJS 
pp. 61, 62, 84, 261 

BUS 
2 

PRIORITIES: See al so Bus, express; see also Lane, reservet'l 
pp. 13, 90, 10n, 101, 203, 213, 230 

Bus, propulsion systems: See Propulsion Systems, inclusive 
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BUS, RAPID TRANSIT 
pp. 8, 11, 13, 19, 30, 35, 40, 41, 43, 44, 46, 47, 213, 214, 

244, 282, 283 

Bus Routes: See Routes and Routing 

Bus, schedules: See Schedules and Scheduling 

BUS, SCHOOL BUS 
p. 18 S 

BUS SHUTTLE 
pp. 1, 2, 13, 69, 93, 293 

BUS, STATIONS AND SHELTF.RS 
pp. 13, 265, 266, 277 

BUS, TRANSBllS 
pp. 103, 104 

Buspools: See Para-Transit 

Business Districts: See Center City; see Suburbs, business districts 

Busways: See Bus, busway 

Captive Riders: See specific groups (elderly, handicapped); 
See Transportation Disadvantaged 

Cargo, damage and loss: See Freight Movement 

Carpools: See Private Transportation, carpools 

Catalytic Converters: See Air Pollution; see Environment and 
Environmental Control 

CFNTER CITY 
pp. 16, 26, 83, 84, 126, 261, 265, 266 

Central Business Districts: See Center City; see Suburbs, business 
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Citizen Participation: See Community Response 

City Government: See Govern~ent, urban 

City Planning: See Urban Development and Planning 
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CODES AND CODING: See also Computer Programming 
pp. 3 3, 218 

Collective Bargaining: See Industrial and Labor Relations 

Comfort: See Vehicle, design 

Commercial Vehicles: See Freight Movement 

co~,4UNICATIONS: See also Advertising and Promotion; see also 
Information Aids 

pp. 4, 79, 80, 95, 130, 145, 165, 166, 212, 226, 227, 269 

Community Development: See Urban Development and Planning 

COMMUNITY RESPONSE 
pp. 4, 49, 53, 82, 86, 87, 215, 262, 291 

Commuter Bus: See Bus, commuter 

Commuter Rail raod: See Rail, commuter 

Consolidation: See Public Ownership 

Conversion Devices: See Propulsion Systems, inclusive 

COMPUTER APPLICATIONS 
pp. 33, 70, 71, 76, 95, 107, 120, 122, 123, 124, 

166, 177, 181, 19 8, 199, 210, 21 6, 21 7, 218, 
225, 226, 2 27, 232, 24 O, 258, 259, 270, 271, 
284, 28 5, 28 6, 289 

COMPUTER PROGRAMMING 
pp. 165, 199, 218, 285, 286 

Congestion: See Traffic, congestion; see Land Use 

CONSTRUCTIONi COSTS 
pp. 38, 44 

Core City: See Center City 

CORRIDORS 
p. 282 

130, 
219, 
280, 

Cost Effectiveness Analysis: See Benefit-Cost Analysis 
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Counties and County Government: See Government, county 

Crashworthiness: See Safety 

CRIME AND CRIME PREVENTION 
17, 78, 251, 291 

Credit Cards: See Fares, collection 

Cybernetics: See Computer, inclusive 

Damping: See Noise and Noise Control 

Dashaveyor Transit System: See People Movers, Dashaveyor 

Data Analysis: See Quantitative Analysis 

Data Processing: See Computer, inclusive 

Delay Time: See Headways 

Delivery Service: See Freight Movement 

DEP~ND RESPONSIVE SYSTEMS: See also Personal Rapid Transit; see 
also Para-Transit 

pp. 54, 55, 69, 90, 92, 168, 205, 207, 298 

DEMAND RESPONSIVE SYSTEMS, DIAL-A-RIDE 
pp. 3, 61, 62, 160, 170, 171, 172, 173, 174, 175, 176, 177, 

178, 179, 180, 205, 208, 209, 210, 223, 225, 238, 255 

DEMOGRAPHY 
pp. 208, 225, 281, 284 

Destination: Trip Generation 

Dial-A-Ride: See neman<l Responsive Systems, Dial-A-Ride 

Diesel Engines: See Propulsion Systems, diesel 

Direct Current Motors: See Propulsion Systems, electric 

Disadvantaged: See Transportation Disanvantaged 

Disasters: See Emergency Vehicles and Services 

Discriminate Analysis: See Quantitative Analysis 
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DRAG: See also Aerodynamics 
pp. 7 3, 7 5 

DUAL MODE SYSTEMS 
pp. 64, 65, 66, 67, 68, 144, 145, 168, 205, 206, 256. 

Ecology: See Environment and Environmental Control 

Economic Analysis: See Quantitative Analysis; see Financing 
Mass Transportation 

Education: See Universities; see Management, training techniques 

ELDERLY 
pp. 81, 85, 91, 92, 159, 160, 161, 238, 262 

Electric Locomotives: See Rail, rolling stock; see Propulsion 
Systems, electric 

Electric Propulsion: See Propulsion Systems, electric 

ELECTRIC VEHICLE GUIDANCE: See also Guides and Guideways; see 
also Headways 

pp. 188, 189 

EMERGENCY VEHICLES AND SERVICES 
p. 191 

EMPLOYMENT 
p. 263, 264 

ENERGY COSSERVATION 
pp. 128, 129, 250 

Engines: See Propulsion Systems, inclusive 

ENVIRONMENT AND ENVIRONMENTAL CONTROL: See also Air Pollution; 
see also Noise and Noise Control 
pp. 42, 60, 72, 74, 76, 99, 128, 186, 196, 200, 230, 241, 

245, 250, 297 

Environ~ental Improvement Program (E.I.P.): See Air Pollution 

Exclusive Aus Lanes: See Fus, Priorities; see Lane, reserved 
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Exhaust Gases: See Air Pollution 

Express Bus: See Bus, express 

Express Lanes: See Bus, priorities; see Lane, reserved 

External Combustion Engine: See Propulsion Systems, external 
combustion 

Factor Analysis: See Quantitative Analysis 

FARES: See also Financing Mass Transportation 
p. 249 

FARES, COLLECTION 
p. S7, 221 

FARES, COST DETERMINATION 
p. 207, 215, 229, 268, 272 

FARES, PASSES 
pp. 90, 2S2 

FARES, RF.DUCTION 
p. 229, 246, 261 

Federal Government: See Government, Federal 

FERRIES 
pp. 23, 192, 193, 194, 19:i 

FINANCING MASS TRANSPORTATION 
pp. 8, 10, 25, 3S, 48, 51, 52, 91, 98, 110, 111, 112, 113, 

114, 115, 116, 117, 118, 119, 229, 239, 243, 244 

FINANCING MASS TRANSPORTATION, SOURCF.S 
pp. 11 , 19, 2 7, 4 4 , 4 5, 4 7, 2 3 S, 2 9 6 

Fire Prevention: See Safety 

Free Transit Systems: See Fares, passes; see Fares, reduction 

FREIGHT MOVEMENT 
pp. 234, 26S, 266 
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Frequencies, radio: See Communications 

Frequencies, scheduling: See Headways; see Schedules and Scheduling 

FUEL 
p. 186 

Fumes: See Air Pollution 

Garages: See Parking, facilities; see Maintenance, facilities 

Ghetto: See Inner City 

Glossaries: See Bibliographies 

GOVERNMENT 
pp. 192, 193, 194, 195 

GOVERNMENT, COUNTY 
p. 4 

GOVERNMENT, FEDERAL 
pp. 235, 241, 242, 249 

GOVERNMENT, INTERGOVERNMENTAL RELATIONS 
pp. 10, 35, 85,191,241,296 

GOVERNMENT, STATE 
pp. 2 3 5, 24 3 

GOVERNMENT, TAXATION 
p. 23 5 

GOVERNMENT, URBAN 
pp. 235, 243, 254 

GTJIDEWAYS 
pp. 13, 25, 43, 65, 66, 168, 188, 189, 259 

HANDICAPPED 
pp. 81, 8S, 92, 159, 160, 161, 238, 262 
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HEADWAYS 
pp. 132, 165, 217, 260, 290 

High Speed Ground Transportation: See People Movers, inclusive; 
see Rail, inclusive 

HIGHWAY 
pp. 220, 230, 287 

Highway Congestion: See Traffic, congestion 

Highway, express lanes: See Bus, priorities; see Lane, reserved 

HIGmvAY PLANNING 
p. 50 

Hospitals: See Medical Centers 

INDUSTRIAL AND LABOR RELATIONS: See also Manpower and Personnel 
pp. 190, 276 

INFORMATION AIDS 
pp. 4, 16, 36, 79, 80, 110, 158, 198, 219, 227, 247 

Information Retrieval: See Computer, inclusive 

INNER CITY: See also Transportation Disadvantaged 
pp. 54, 55, 82, 93, 169, 263, 264 

Innovations: See Bus, design; see Vehicle design; see specific 
systems (Lane, reserved; People Movers; etc.); 
see Planning; see Ridership, attraction 

INSTRUMENTATION 
p. 140 

INTERCITY TRANSPORTATION: See al so Rus, intercity 
p. 41 

INTERFACES 
pp. 192, 193, 194, 195, 271 

INTERMODAL INTEGRATION 
pp. 192, 193, 194, 195, 205, 2015 
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INTERNATIONAL 
pp. 192, 193, 194, 195, 203, 204, 205, 206 

Interviews and Interviewing: See Surveys 

Jitney Bus: See Bus, jitney 

KISS AND RIDE 
pp. 23, 277 

Labor Unions: See Industrial and Labor Relations 

LAND, ACQUISITION 
p. 236 

LAND USE 
p. 24, so, 200, 225, 243, 245, 278, 280, 294 

LANE, RESERVED 
pp • 1 01 , 1 0 2 , 1 2 7 , 2 0 3 , 2 3 0 

Law Enforcement: See Crime and Crime Prevention 

LOCiISTICS 
pp. 244, 26 7 

MAINTENANCE, COSTS 
pp. 198, 289 

MAINTENANCF., EQUIPMENT 
p. 38 

MAINTENANCE, FACILITIES 
pp. 38, 139, 231 

MAINTENANCE, PERSONNEL 
p. 197 

MANAGEMENT 
pp. 111, 112, 113, 114, 158 
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MANAGEMENT, OPERATIONS AND TECHNIQUES 
pp. 37, 48, 58, 59, 98, 110, 117, 118, 131, 198, 199, 201, 

203, 206, 221, 273, 275, 276, 289 

MANAGfl.fRNT • PLANNING AND ANALYSIS 
pp. 10, 32, 34, 37, 39, 40, 41, 42, 43, 44, 4fi, 47, 79, 190, 263 

MANAGEMENT, TRAININC, TECHNIQUES 
pp. 170, 171, 172, 173, 174, 197, 273 

MANPOWER AND PERSONNEL 
pp. 170, 171, 172, 173, 174, 178, 180, 197, 227, 273, 275, 

276 

MAPS AND MAPPING 
p. 232 

MARKET RESEARCH 
pp. 36, 56, 79, 80, 86, 87, 98, 103, 215, 224, 247, 252, 

274, 275 

Marketing: See Market Research; see Advertising and Promotion 

Mathematical Analysis: See Quantitative Analysis 

MEDICAL CENTERS 
p. 293 

Metropolitan Areas: See lTrban Development 

Minibus: See Bus, minibus 

Minority Groups: See Inner City; see Transportation Disadvantaged 

Mobility: See Access, planning and control; see Transportation 
Disadvantaged; see Social Benefits and Costs 

MODAL SPLIT 
pp. 67, 68, 121, 255, 267, 279, 280, 288, 295, 296 

MODE CHOICF. 
pp. 100, 288 
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MODELS AND MODELING: See also Computer, inclusive 
pp. SO, 67, 68, 72, lf)O, 122, 123, 124, 12S, 131, 166, 220, 

222, 231, 248, 255, 256, 257, 267, 268, 270, 271, 279, 
281, 285, 286, 288, 290, 295 

Monitoring: See Vehicle, monitoring 

Motors: See Propulsion Systems, inclusive 

Moving Sidewalks: See People Movers 

Mufflers: See Noise and Noise Control; see Environment and 
Fnvironmental Control 

Municipal Government: See Government, urban 

Municipal Ownership: See Public Ownership 

Networks: See Routes and Routing 

NOISE AND NOISE CONTROL 
pp. 99, 137, 138, 141, 142, 143, 187, 297 

Nonuser Benefits: See Social Benefits and Costs 

OFF-PEAK TRAFFIC 
p. 24 6 

Operating Costs: See Financing Mass Transportation, requirements; 
see Bus, cost; see Rail, cost 

Origin - Destination Studies: See Trip Generation; see Surveys 

P. R. T.: See Personal Rapid Transit 

PARA-TRANSIT 
pp. 61, 62, 129, 192, 193, 194, 195, 233, 298 

Park and Ride: See Parking, park and ride 

PARKING, CAPACITY AND DEMAND 
pp. 83, 293 

PARKING, FACILITIFS 
p. 83 
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PARKING, PARK AND RIDE 
p. 16, 23, 101, 102, 213, 21.1, 2:n, 277, 283 

PARKING, PLANNING 
p. 83 

Passengers: See Ridership 

PEDESTRIANS 
pp. 94, 253 

PEOPLE MOVERS: Specific systems by brand name; see al so Personal 
Rapid Transit 

pp. 25, 26, 146, 151, 152, 157, 253 

PEOPLE MOVERS, DA_SHAVEYOR 
pp. 14 7, 153, 16 3 

PEOPLE MOVERS, FORD 
pp. 148, 154, 163 

PEOPLE MOVERS, ROHR MONOCAB 
pp. 149,155,163 

PEOPLE MOVERS, TRANSIT EXPRESSWAY 
pp. 188, 189, 204 

PEOPLE MOVERS, TRANSPORTATION Tf:CHNOLOGY, INC. 
pp. 150, 156, 163 

PERSONAL RAPID TRANSIT 
pp. 7, 143, 146, 147, 148, 149, 150, 151, 152, 153, 154, 

155, 156, 157, 158, 162, 165, 167, 192, 193, 194, 
195, 205, 217, 256, 257, 258, 259, 260 

Personnel: See Manpower ann Personnel 

Personnel, training: See Management, training techniques 

PLANNING: See also Rail, systems planning and design; see also 
Urban Development and Planning 

pp. 1, 2, 3, 5, 7, 8, 9, 10, 15, 18, 20, 21, 22, 28, 29, 30, 
31, 35, 39, 43, 44, 46, 48, 128, 207, 215, 216, 218, 248, 
254, 278, 280 
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PLANNING, TOOLS 
pp. 11, 12, 40, 91, 121, 122, 123, 124, 128, 216, 232, 245, 

272, 281, 285, 286, 290 

PNEUMATICS 
pp. 18 8, 189 

Pollution: See Air Pollution; see Noise and Noise Control 

Policy: See Government, inclusive 

Population: See Demography 

Poverty: See Inner City; see Transportation Disadvantaged 

PRIVATE TRANSPORTATION 
pp. 192,193,194,195 

PRIVATE TRANSPORTATION, AUTOMOBILE 
pp. 16, 121 

PRIVATF. TRANSPORTATION, CARPOOLS 
pp. 61, 62, 129, 230 

PRIVATE TRANSPORTATION, TAXICARS 
pp. 18, 298 

Programming: See Computer Programming 

PROPULSION SYSTEMS 
pp. 181, 182, 183, 187 

PROPULSION SYSTEMS, DIESEL 
pp. 60, 104, 186, 250 

PROPULSION SYSTEMS, ELECTRIC 
pp. 107, 184 

PROPULSION SYSTEMS, EXTERNAL COMBUSTION 
p. 196 

PROPULSION SYSTEMS, TURBINE 
p. 104 
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Public Administration: See Government, inclusive 

Public Opinion: See Surveys; see Community Response 

PUBLIC OWNERSHIP 
pp. 19, 22, 23, 27, 37, 39, 42, 45, 47, 51, 276 

Public Relations: See Advertising and Pro~otion 

QUALITATIVE ANALYSIS 
pp. 14, 25, 110, 131, 139, 175, 176, 177, 201, 202, 203, 

204, 205, 206, 208, 209, 223, 224, 260, 272, 279, 295 

QUALITY CONTROL 
pp. 190, 256 

QUANTITATIVE ANALYSIS 
pp. 1 2, 14 , 2 5, 7 7, 1 64 , 1 7 5, 176, 177, 2 0 2 , 2 2 3, 2 24, 2 2 5, 

228, 248, 260, 292, 295 

Questionnaires: See Surveys 

Race: See Transportation Disadvantaged 

RAIL 
pp. 88, 89, 121, 135, 136, 137, 138, 141, 142, 192, 193, 

194, 195, 197, 269 

RAIL, ATTTOMATIC CONTROL 
pp. 109, 256, 259 

Rail-Bus: See Dual Mode Systems 

RAIL, COMMUTER 
pp. 6, 18, 24, 41, 58, 59, 94, 105, 109, 111, 118, 119 

190, 204, 244, 249, 250 

RAIL, COST 
pp. 239, 250 

Rail, fasteners: See Tracks and Trackage 

345 



RAIL,MATERIALS 
pp. 106, 133, 134 

RAIL, ROLLING STOCK 
pp • 5 8 , 5 9 , 14 0 , 1 81 , 1 8 2 , 1 8 3 

RAIL, STATIONS AND TEPJfINALS 
pp. 24, 77, 94, l:i8, 204, 258. 265, 266, 267, 271, 277 

RAIL, SYSTEMS PLANNING AND DESIGN 
pp. 30, 31, 58, 59, 73, 74, 75, 76, 105, 106, 107, 108, 

109, 133, 139, 140, 141, 143, 159, 184, 190, 201, 204, 
236 

Rail, ties: See Tracks and Trackage 

Rail, tracks: See Tracks and Trackage 

Rapid Transit: See Bus, rapid transit; see Rail, inclusive 

Real Estate: See Land Use; see Land, acquisition 

Regional Planning: See Hrban Development and Planning; see 
Land Use; see Planning 

Regulations: See Government, inclusive 

Remote Sensing: See Vehicle, monitoring 

Repairs: See Maintenance, inclusive 

RESEARCH OPERATIONS 
pp. 96, 97, 108, 111, 112, 113, 114, 120, 131, 134, 135, 

140, 141, 147, 154, 155, 156, 157, un, 190, 196, 201, 
202, 242, 245 

Revenue: See Financing Mass Transportation, inclusive 

Ride Quality: Sec Vehicle, design; see Quality Control 

RIDERSHIP· 
pp. 164, 249, 255, 272 

RIDERSHIP, ATTRACTION 
pp. 27, 94, 126, 213, 214, 2"'11., 246, 247, 252, 291 
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RIDERSBIP, PROFILF.S 
p. 34 

RIDERSHIP, VOLUME 
p. 226, 232 

RI GI-IT-0 F-WAY 
pp. 28 7, 294 

Robberies and Assualts: See Crime and Crime Prevention 

ROUTF.S AND ROUTING: See also Schedules and Scheduling 
pp. 5, 26, 32, S2, 21S, 219, 228, 257, 258, 268, 272 

RUCUS (Run Cutting and Scheduling): See Schedules and Scheduling 

SAFETY: See also Crime and Crime Prevention 
pp. 17, 88, 89, 95, 141, 146, 147, 148, 149, 150, 151, 152, 

153, 154, 155, 156, 157, 159, 237, 2S1, 260 

SCHEDULES AND SCHEDULING: 
pp. 177, 199, 210, 211, 212, 227, 259, 290 

School Bus: See Bus, school bus 

Security: See Crime and Crime Prevention 

Sensors: See Vehicle, monitoring 

Shelters: See Bus, stations and shelters; see Rail, stations 
and terminals 

Shirley Highway: See Bus, priorities; see Lane, reserved 

Shuttle Buses: See Bus, feeder; see Bus, shuttle 

Simulation: See Computer Applications; see ModeJs and Modeling 

Skybus: See People Movers, Transit Expressway 

Slab: See Tracks and Trackage 

SMALL CITIES 
pp. 20, 28, 29, 47, 69, 98, 185, 215, 247, 272, 288 
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S.O.A.C. (State-of-the-Art Car): See Rail, systems planning and 
design; see Rail, rolling stock 

SOCIAL BENEFITS AND COSTS 
pp. 49, 78, 131, 164, 239 

SOCIO-ECONOMIC ANALYSIS 
pp. 14, 207, 209, 240, 295 

Software: See Computers, inclusive 

State Government: See Government, State 

Subscription Bus Services: See Demand Responsive Transportation 

Subsidies: See Government, inclusive; see Financing Mass Transportation 

SUBURBS 
p. 24 

SUBURBS, BUSINESS DISTRICTS 
pp. 34, 250 

Subways: See Rail, inclusive 

Surveillance: See Crime and Crime Prevention; see Vehicle, monitoring 

SURVEYS 
pp. 12, 14, 24, 27, 33, 34, 36, 40, 52, 93, 102, 226, 246, 7.6?., 263 

SysteJlls Analysis: See Quantitative Analysis; see Qualitative 
Analysis 

Taxes and Taxation: See Government, taxation 

Taxis: See Private Transportation, taxicabs 

THRRMODYNAMI CS 
pp. 70, 71, 76 

TRACKS AND TRACKAGF. 
pp. 133, 134, 135, 136, 139, 141, 269 

TRAFFIC ANALYSIS 
pp. so, 203, 220, 222, 230 
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TRAFFIC CONGESTION 
pp. 222, 230, 253 

Traffic, off-peak; see Off-Peak Traffic 

Traffic Safety: See Safety 

Training Programs: See Management, training techniques; see 
Manpower and Personnel 

Trains: See Rail, inclusive 

Transbus: See Bus, Transbus 

Transit Expressway: See People Movers, Transit Expressway 

TRANSPORTATION DISADVANTAGED: See also Inner City; see also 
spec if ic groups (Elderly, Handicapped) 

pp~ 49, 69, 81, 82, 85, 86, 87, 91, 92,129,159,160,161, 
169, 185, 205, 262, 263, 264 

TRAVEL DEMAND: 
pp. 63, 122, 123, 124, 125, 226, 232, 279, 292 

Travel Forecasting: See Trip Generation 

TRIP GENERATION 
pp. 14, so, 67, 68, 122, 123, 124, 125, 220, 225, 226, 232, 

279, 292 

TUNNELS AND TllmIELING 
pp • 7 O , 71 , 7 2 , 7 3 , 7 5 , 141 

UNDERGROND STRUCTlfRFS 
pp. 72, 236 

Unions: See Industrial and Labor Relations 

UNIVERSITIES 
pp. 1, 82, 85, 242, 293 

URBAN DEVELOPMENT AND PLANNING 
pp. 42, 50, 162, 200, 240, 243, 2~5, 278, 284, 294 

Vandalism: See Crime and Crime Prevention 
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VEHICLE DESIGN: See also specific modes 
pp. 58, 59, 105, 106, 162, 188, 189, 260 

VEHICLE, MONITORING 
pp. 95, 121), 130, 132, 166, 167, 188, 189, 211, 212, 269 

VIBRATIONS 
pp. 138, 143, 297 

WEATHER EFFECTS 
p. 200 

YOUTH 
p. 8 5 

Zoning: See Land Use 
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