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My 20, 1975

The Honorable John L. MCellan

Chai r man
Conmittee on Appropriate ions
U. S. Senate

Washington, D. C 20510
Dear M, Chairman:

On behalf of the Technol ogy Assessnment Board, we are
pleased to forward to you the follow ng report on Auto-
mated Guideway Transit: An Assessnent of PRT and O her
New Systems. This report was prepared by the Office of
Technol ogy Assessnent and is based upon the findings of
five panels established to explore major topics. The
report distinguishes three classes of Automated Cuideway
Transit and discusses the major institutional, technical,
economi ¢ and social inplications of each class.

This report is being made available to your Committee
imaccordance with Public Law 92-484, with appreciation
and thanks to the many panelists who gave so generously
of their time and energy.

Sincerely,

Chairman
Technol ogy Assessnent Board Technol o~y Assessnent Board
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May 16, 1975

The Honorabl e Olin E. Teague
Chairman of the Board

Office of Technology Assessnent
United States Congress
Washington, D. C. 20510

Dear Mr. Chairman:

In response to the letter of September 27, 1974, from Senator John L.
McClellan, Chairman, Senate Committee on Appropriations, the Office

of Technology Assessment is pleased to forward this report, Automated
Guideway Transit: AnAssessnent of Personal Rapid Transit (PRT) and
O her New Systens.

This assessment was conducted by OTA’S Transportation Group, headed
by Dr. Gretchen S. Kolsrud. The assessment was undertaken by five
panels of experts who addressed the following five areas:

Current Developments in the United States
International Developments

Operations and Technology

Social Acceptability

Economic Considerations

| am pleased to submit this report to you and to express my apprecia-
tion to all of the participants who contributed to it.

Sing, ly,
. \
\
it .

EMILIO Q. DADDARIO
Director
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The Honorable Edward M. Kennedy
Chairman

Technology Assessment Board
Washington, D. C. 20510

Dear Mr. Chairman:

On behalf of Senator Robert C. Byrd, Chairman
of the Transportation Subcommittee, and Senator Clifford
P. Case, the Subcommittee’s Ranking Minority Member,
| am transmitting an attached suggested revision to the
Mass Transit Assessments you presently have underway.

With kindest personal regards, | am

Sincerely,

n L. Mc an
Chairman
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Honorable John L. McClellan
Chairman

Committee on Appropriations
United States Senate
Washington, D. C. 20510

Dear Mr. Chairman:

We would like to enlist your support for an increase in the
scope of the urban mass transportation assessments currently being con-
ducted for the Committee by the Office of Technology Assessment. As you
will recall, one of these assessments is concerned with the question of
the degree of automation which is technically feasible, economically
justifiable or otherwise appropriate to rail rapid transit. The second
assessment addresses the process by which communities select, plan and
implement a new transit system or modernize an existing one.

While the need for these studies of conventional rail transit
remains unchanged, there have been significant developments since the
date of our original request to the Office of Technology Assessment which
cijr)dical_e that the coverage of the assessments should be expanded in two

irections.

--First, it seems clear that we will be required to deal
with the issue of “personal rapid transit” and related
high technology projects earlier and in greater depth
than had been anticipated.

--Second, the increasingly serious condition of the
economy suggests that these assessments should be
expanded to consider the development and potential of
urban mass transit under conditions in which federal
funding may be severely decreased -- or greatly in-
creased in the event that unemployment becomes an
overriding problem.

To expand on the first point, communities (such as Minneapolis and
Las Vegas) are showing increasing interest in new types of fixed guideway
systems. Personal rapid transit (PRT) systems are increasingly discussed
as alternatives to more conventional rail transit. Implementation of
new technologies may be proposed such as magnetically levitated vehicles.
The considerable effort underway in other countries to advance the state
of the art in fixed guideway systems should be further investigated. The
current assessments do address some of these issues. However, if addressed

TN ATE COMMITTEE ON APPROPP JATIOM -
SEP 2o w7
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they lie at the boundaries of the ongoing assessments rather than being
fully included in the scope of work.

Concerning the second suggestion for expanding the assessments
already underway, the economic picture has changed greatly since these
assessments were initiated. As you know, a major purpose of a technology
assessment is to identify policy alternatives and quantify the probable
effects of such alternatives. Certainly, these assessments should address
the full range of contingencies affecting policy alternatives and their

impacts. Examples of varying economic outlooks that should be considered
are as follows:

1. A revived fuel shortage leading to greatly increased
(and funds for) mass transit. How much of the
additional funds should be spent for fixed guideway transit,
including personal rapid transit? How would R and D be
affected? Would private industry have the capacity to
support increased demands upon it?

2. A severe recession or actual depression. Should major

On the other hand, if funds for major transit projects
were severely curtailed, how quickly could communities
Jow planning or building new transit systems alter their
plans? What are the probabilities associated with such
a future? Are they sufficiently high that communities
should be encouraged to place more emphasis on staging
the development of new transit systems so that working
subsystems are obtained if development of the entire
system is interrupted?

To summarize, we feel the needs of the Committee will be best

served by extending the current assessment efforts. These extensions
would

--increase the range of technologies under assessment; and,

--permit assessment of the interrelationships between alternate
economic futures and a variety of mass transit policy
alternatives.

hppreciate your assistance in transmitting this request to the
the Tgthnology Assessment Bogfd.

</ Sincerely,

Robert”C. Byrd, U.§)S Clifford P. Case, U.S.S.
Chairman, Transpor~ation Ranking Minority Member
Appropriations Subcommittee Transportation  Appropriations
Subcommittee
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Preface

This assessment of Personal Rapid Transit and other forms of
Automated Guideway Transportation has been prepared in response to
a request from the United States Senate Committee on Appropriations
on behalf of the Transportation Subcommittee.

The scope of this assessment complements two other studies con-
ducted by the Office of Technology Assessment (OTA). The subjects
of these other assessments are:

. The degree of automation which is technically feasible, eco-
nomically justifiable, or otherwise appropriate to rail rapid
transit; and

. The process by which communities plan, select or reject, and
implement rail rapid transit systems in conjunction with other
modes of transit.

The objectives of this assessment are threefold:

+ To provide the Senate Appropriations Committee with infor-
mation on the current status and the social and economic
aspects of Automated Guideway Transit (AGT) developments,

+ To assess the key problems associated with Automated Guide-
way Transit as perceived by potential riders, the communities,
and the transit industry; and

+ To identify major policy issues and automated guide~way
transit program alternatives, and to explore their implications.

Dual-mode systems, moving walkways, and continuous flow sys-
tems are beyond the scope of this study. Other urban transportation
options (e.g., electric automobiles? that might contribute to over-
commg some of our current difficulties are covered, but only briefly.

The assessment was accomplished during a four-month period by a
s ecial team of experts in the field representing divergent views on
tEe subject. Study panels were organized to examine the current
status of development and implementation. Consideration was given
to the economic, social, and technical aspects of Automated Guideway
Transit in the United States and foreign countries. The panels con-
sulted with other interested and knowledgeable individuals, including
representatives of urban planning organizations, transit operators,
industry, and other groups who could make a significant contribution.
The panel on social acceptability- invited a representative of organized
labor to participate in discussions on the impact of automation.

Members of the assessment team made visits to important Auto-
mated Guideway Transit installations in the United States. Meetings
were helcl with the urban Mass T'ransportation Administration.
Advocates and opponents of Automated Guideway Transit presented
their views to the assessment team. Research reports and technical
data were obtained from a variety of domestic and foreign sources.

This report has been prepared b}~ the C)TA Transportation Assess-
ments Group, based upon the fin&ngs and conclusions of the study
panels and other information developed independently. The panel
reports are included in this volume.

Xnn



Chapter 1: Summary

This report is a technology assessment of Automated Guideway
Transit s stems, undertaken b The Office of Technology Assess-
ment at {e request of the U.S. 8gnate Committee on Appropriations,
Transportation Subcommittee. Detailed findings are presented in
Chapters 2 through 5. Major findings and conclusions are summarized
in this chapter, which is organized as follows. The first section con-
tains definitions and brief descriptions of Automated Guideway
Transit systems. The definitions are followed by a summary of the
major technical, economic, social, and institutional issues associated
with Automated Guideway Transit. Next is a review of current R & D
programs, with emphasis on those sponsored by the Urban Mass
Transportation Administration (UMTA). 1n the last section, four
options are outlined for research and development activities by UMTA
in the coming fiscal year.

DEFINITIONS

Automated Guideway Transit (AGT) is a class of transportation
systems in which unmanned vehicles are operated on fixed guideways
along an exclusive right of way. The capacity of the vehicfes ranges
from one or two up to 100 passengers.dngle units or trains may be
operated. Speeds are from 10 to +10 miles per hour. Headway (the
time interval between vehicles moving along a main route) varies from
one or two seconds to a minute. There mayke a single route or branch-
ing and interconnecting lines.

This definition covers systems with a broad range of characteristics
and includes many types of technology. To provide an organizing
structure for the assessment, three major categories of AGT systems
have been distinguished:

Shuttle-Loop Transit (SLT).
Group Rapid Transit (GRT).
Personal Rapid Transit (PRT).

Definitions and descriptions are given on page 3, with an illustration
of each category on the facing age.

In selecting the terms empFreyed here, care was taken to use those
which have already become established in the technical vocabulary.
Automated Guideway Transit, Group Rapid Transit, and their
acronyms are in general use b the Department of Transportation and
the professional community. Personal Rapid Transit is also a common
term, but it causes confusion because PRT is sometimes used in a
sense that is loosely synonymous with the whole AGT class. Re-
stricting PRT in this report to mean a particular category of AGT is a
return to the original definition, given in Tomorrow’s Transportation:
New Systems for the Urban Future, where the term was first used.
Shuttle-Loop Transit is a new term, adopted here to describe a type of
AGT system for which there is no generally accepted designation

(1)
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CLASSES OF AUTOMATED GUIDEWAY TRANSIT

Shuttle-Loog Transit
. simplest technology
. vehicle size varies
. little or no switching
. long headway-

seconds or more

%roup_Ralpid Transit
. more thansix riders
. switching to shorten en route

. dela}frs] .
. intermediate nheadway—three to
60 seconds

Personal Rapid Transit
. one to six riders
.Nno en route delays or transfers
. short headway—Iless than three
seconds

Cabinentaxi-Hagen, W. Germany



Shuttle-Loop Transit (SLT).—(Example: Tampa International
Airport.) This is the simplest type of AGT system. Vehicles move
along fixed paths with few or no switches, The vehicles of a simple
shuttle system move back and forth on a single guideway, the hori-
zontal equivalent of an automatic elevator. They may or may not
make intermediate stops. Vehicles in a loop system move around a
closed path, stopping at any number of stations. In both shuttle and
loop systems, the vehicles may vary considerably in size and may
travel singly or coupled together in trains.

Group Rapid Transit (GRT).—(Example: AIRTRANS, Dallas/Fort
Worth Airport,) These systems serve groups of people with similar
origins and destinations, The principal differences between GRT and
the simpler SLT are that GRT ten & to have shorter headways and a
more extensive use of switching. GRT stations may be located on
sidings off the main guideway, permitting through traffic to bypass.
GRT guideways may merge or divide into branch lines to provide
service on a variety- of routes. Vehicles with a capacity of 10 to 50
passengers may” be operated singly or in trains. Headways range from
3 to 60 seconds.

Personal Rapid Transit (PRT).—(Example: Cabinentaxi in Ger-
many is a prototype.; there are no systems in passenger service,) The
term PRT, as used in this study, is restricted to systems with small
vehicles carrying either one person or groups of up to six usually
traveling together by choice. Plans for B T systems typically include
off-line stations connected by a guideway’ network. Under computer
control, vehicles switch at guideway intersections so as to follow the
shortest uncontested path from origin to destination without inter-
mediate stops, Most proposed PRT systems call for vehicles to be
operated at headways of three seconds or less.

54-3T0H O - 75 - 2
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SHUTTLE-Loor TRANsSIT (SLT)

STATUS

In the United States there are nine SLT systems in operation and
six more under construction. Two SLTs stems are operating abroad—
one in Japan and the other in France. Five companies in the United
States have been involved in producing vehicles for SLT systems.
Westinghouse Electric and Ford Motor Company build fairly large
vehicles (20 to 100 passengers each). Rohr and Universal Mobility
build smaller and slower vehicles in the eight to 12 passenger range
whch operate in trains of varying length. A fifth company, Stanray -
Pacific, built one system for Baniff International at Love Field in
Dallas, Texas.

None of these initial SLT systems serves the general public in the
urban environment. All are found in airports, recreational centers,
and private commercial establishments. However, SLT has several
potential applications as an urban transportation system:

. Circulation in central business districts and other areas where
surface congestion impedes movement;

. Collection and distribution of passengers from transit and
commuter railway stations;

. Movement of people between remote parking facilities and
centers of activity, such as terminals, central business districts
or university campuses;

. Connection of two or more major activities, such o.a hotel
and a convention center;

. Intermediate capacity corridor service, where transfers are
acceptable and no switching is involved.

ISSUES

Technical. The SLT systems operating in the United States have
provided highly satisfactory service. They have carried a proximately
200 million passengers with only one serious accident. The experience
accumulate $n building and operating the present systems has served
to eliminate most of the technical problems. However, all systems
developed so far have been used in special situation:, and there are
some basic questions that must be addressed in considering SLT for
deployment m an urban setting.



TYPICAL SLT SYSTEMS

Ford Motor Company

Vehicle for .
Bradley International
Airpor

Universal Mobility
Hershey Amusement Park
Hershey, Pennsylvania

Rohr Industries
Monotrain at Houston
Intercontinental Airport
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. ga_llr][?inexpensive and aesthetically pleasing guideways and stations be
UlIt?

® Can operatio_nal_lqroblems due to snow and ice be overcome inexpensively?

How can reliability of components_be improved at reasonable cost?

What level of ride quality is required, and what is the trade-off between
Guideway roughness and”vehicle suspension? .

how is the evacuation of stalled vehicles best accomplished?

Economic.-SLT systems have been in operation long enough to

enerat.e significant quantities of capital and operating cost data.

However, because most existing installations are not intended to

produce revenue, there has been little effort on the part of operators

to keep detailed statistics. UMTA has only recently started to compile

these data.

Preliminary indications are encouraging but not conclusive. SLT
systems can operate with a total workforce (operational, maintenance,
and administrative personnel) equivalent to one person or less. Con-
ventional transit bus operations require about two persons per vehicle
and specialty bus operations offering 24 hour service,as SLT does,
could require as many as three to five persons per vehicle.

The tradeoffs between SLT and manned rail transit systems are
less clear. A study conducted by the Port Authority of Allegheny
County in Pittsburgh compared manpower requirements for a driver-
less SLT system with those for a manned trolley system. They SLT
system was projected to achieve only a small reduction in manpower
(12 positions in a workforce of about 225). Savings in manpower
achieved by eliminating the on-board operator were largely offset by a
requirement to provide station atten'ants for the automated SLT
line.

Capital costs are heavily dependent upon the amount of exclusive
guideway to be constructed. However, to put this cost in perspective,
It shouldbe noted SLT guideway costs appear to be competitive with
the construction of exclusive busways.

There are two major economic issues associated with SLT.

. What are the ranges of capital and operating costs for SLT?

. For what applications, and under what conditions, is SLT a
cost-effective mode of urban transit compared to other transit
options?

Social.-Patronage of existing SLT systems is high, suggesting good
public acceptance. However, existing installations serve a captive
clientele and do not face the same requirements as public transit.
The controlled environment of an airport or a recreation park is far
different from an urban center, where passenger security, suscepti-
bility to vandalism and security of right of way are much greater
problems.

The SLT guideway may be a visual intrusion in an urban area.
Some SLT vehicles are large and heavy and require guideways of
approximately eight to ten feet in width. he design of elevated guide-
ways must be carefully considered, keeping mind that even small
structures could be objectionable. On the other hand, there may be
opportunities for enhancing neighborhoods through good urban design.
Careful attention to the architectural features of guideways, intro-
duction of linear parks, and urban development in the area of stations
could create a positive and appealing environment.
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It appears that further data on public acceptance in urban situa-
tions can best be gained from an urban demonstration project, perhap s
in an activity center or downtown district. The basic issues toge
addressed include:

. The acceptability of ride and service characteristics,
. Effects o lunmanned operation on passnger security,
. Aesthetics of guideway and station design.

InStitutional.— UMTA has not issued performance standards or
criteria which would assist in qualifying the simple SLT systems for
capital grants. Without such standards or adequate data for evaluat-
ing the economic and social characteristics of SLT, it is difficult to
determine cost-effectiveness in relation to other transportation modes,
and those reviewing grant applications will continue to be skeptical
of their worth. Because UM A requires that system planners sub-
stantiate the cost-effectiveness of the mode selected in order to
qgualify for capital assistance grants, SLT system are placed at a dis-
tinct disadvantage.

As a comparatively new technology, SLT is under a second dis-
advantage. Product engineering and tooling form a large part of the
manufacturer’s initial costs. These costs must be recovered in the first
project or two because a long-term market has not been established.

SLT system research and development to date has been largely
financed by private industry. However, there is little incentive for
industry to spend additional funds for follow-on development, testing
and Product improvement without positive inducement in view of
UMTA’s negative attitude regarding capital grants for new systems.
The government's R & D program also offers little encouragement to
pursue SLT since most of the budget is devoted to the more complex
classes of AGT.

FINDINGS

e SLT systems appear worthy of careful consideration as transportation
alternatives for many specialized urban transportation problems. "

¢ UMTA'S research and development program does not emphasize_improve-
ment of technical operating characteriStics and reduction of SLT system

costs.

e UMTA'S technological R & D is not matched by acorresponding program
to develop a better understanding of problems in the area of economics
and public acceptance. SLT systems should receive emphasis in such a

rogram.

. E\ngurban demonstration project for SLT appears justified. Such a project
should concentrate on gathering economic and acceptance data and on
improving the technical operation of the system. )

® Thereis a lack of criteria for qualifyinir SLT systems for capital grant
funding. There is no apparent m-echanisfi within UMTA for the trafisfer
of R & D results to implementation under the capital grant program.

GRroupr RAPID TRANSIT (GRT)

STATUS

Two AGT s stems have been built in the United States—one at
Morgantown, West Virginia, and the other at the Dallas/Fort Worth
Airport. There are no operational GRT systems overseas. Three are
under construction in Japan, and one was started in Canada but has
been temporarily halted.
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The Morgantown project is significant because it represents the
most ambitious effort thus far to build a full-scale system capable
of providing service on demand from origin to destination and to
o crate vehicles on 15-second headways in a real life environment.
‘1he rime contractor, Boeing Aerospace Corporation, has delivered
18 Or the 45 vehicles required under the contract and expects to
complete the prescribed acceptance testing in mid-1975.

Vehicle and Guideway in Morgantown, West Virginia

The AIRTRANS system, built by the LTV Aeros ace Corporation
at the Dallas/Fort Worth Airport, is the largest AGT project yet
undertaken. It consists of 13 miles of guideways, 55 stations, 51
passenger vehicles and 17 utility vehicles. The system was designed
to handle airline passengers, employees, interline baggage, supplies,
airmail, and trash. It was opened to the public in January 1974 and
is currently providing inter-terminal passenger and supply service.
Most of the non-passenger movements are stall handled by alternate
means.

Two major studies in the United States are noteworthy. The Twin
Cities Area Metropolitan Transit Commission has recommended
AGT as one of three transportation alternatives to be selected for
detailed planning . In Denver, the Regional Transportation District
has selected GRT as the preferred system for regional deployment.
Significant planning for the installation of GRT systems is also
taking lace in Japan and Europe.

UMTA is seeking funds in fiscal ear 1976 to start construction of
a prototype test facility which will carry forward the work accom-
plished ‘at Morgantown and at Dallas/Fort Worth. This reject,
designated by UMTA as "High Performance Personal Rapid Transit”
("HPPRT™), involves 12-passenger vehicles and is really an ad-
vanced version of GRT. Contracts for preliminary enginneering have
been awarded to Boeing, Rohr and Otis-TTD. UMTA’s current
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plan is to select one of the system concepts developed by these con-
tractors for full-scale testing. A two-mile test track, five prototype
vehicles and a sophisticated control system capable of achieving
three-second headways will be built and evaluated over a four-year
period.

Although the two GRT systems in place serve special transportation
situations (an airport and a university), GRT is technically capable
of providing basic urban transportation for low- to medium-density
traffic. With headways of 15 seconds and capacities of 20 passengers
per vehicle such systems could move a maximum of 4800 people
per hour.

Along more heavily traveled routes, capacity can be increased by
using larger vehicles, coupling two or more vehicles together, or by
reducing headways. GRT Is thus viewed as an intermediate capacity
system, i.e., less capacity than rail rapid transit but more than
typical bus operations. In this sense, GRT is much like light rail
transit.

The potential for evolution to greater capacity and versatility
through technological advances is an important consideration. A
relatively simple GRT system can be instaled at the outset and later
expanded with off-line stations and shorter headways—using the same
technology and without redesigning the basic guideway network.

ISSUES

Technical.-Both the Morgantown project and the AIRTRANS
system have experienced numerous technical problems. In the case of
Morgantown, a complete redesign has recently been completed.
AIRTRANS has not yet been finally accepted by the airport. Of
course, problems should always be anticipated in the development
and introduction of new technologies, but GRT has suffered from a
lack of research and development prior to deployment, the restrictions
of fixed rice contracts, and management problems.

The éheral Accounting Office has recently completed a detailed
review of the cost, schedule and performance characteristics of the
Morgantown Project. Since the GAO staff study has been transmitted
separately to the Congress, it is unnecessary to cover the same ground
in this report. It is sufficient to note that an ambitious R & D effort
was attempted in an urban setting and subjected to unrealistic dead-
lines and flesign criteria. All these factors contributed significantly to
the high cost of the Morgantown project.

During the first year of operation, AIRTRANS was plagued by
equipment failures and frequent service interruptions. In recent
months, however, reliability has improved significantly; and LTV has
been able to cut the maintenance force in half. Nevertheless, the
airport management keeps buses in standby status for use when
service interruptions exceed 15 minutes. In the first three months of
1975 the buses were called out five times because of AIRTRANS
failures.

The safety record of the system has been good. Reliability has
steadily improved, with system availability at 100 percent during a
recent six-week period. Originally, a maintenance force of 90 was
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anticipated for the project; but 120 are currently employed, down from
a peak of about 250.

B asic technical issues cited earlier for SLT applv to GRT as well.
There are also the following issues specific to GRT'~

* Does greater system complexity contribute to a more difficult
reliability problem?

* Are there alternative engineering concepts that can reduce the
cost of GRT systems?

* Can ride quality (particularly freedom from sway and jerk) be
improved over that of Al RTRANS and Morgantown?

The advanced GRT program being undertaken by UMTA
("HPPRT™) raises two additional technical concerns. *

. Reduced headways require demonstration of the feasibility of
command and control systems.

. Software must be developed for managing a larger fleet of
vehicles.

Economic.-The two GRT systems constructed have been expensive.
AIRTRANS, originally projected at $35 million, is now reported to
have cost over $53 million. The cost of the Morgantown system was
initially estimated at $18 million by West Virginia University in 1970.
The detailed estimate by the Jet Propulsion Laboratory in 1971
was $37 million. So far the project has cost $64 million for a system
half as large as Initially contemplated. Even allowing a generous
amount for one-time R & D charges, these systems have proved very
costly for the amount of service that they can provide.

Conclusive data on operations and maintenance costs of GRT
systems are not available. The first year of AIRTRANS has been a
shake-down phase with costs substantially higher than could be
expected for normal operation. At current manning levels, AIRTRANS
averages about 2.5 people per vehicle, or 25 percent more than the
Washington Metropolitan Area Transit Authority METROBUS
operation.

The economic issues are straightforward.

+ Is there a market for GRT systems or a transit “need” which
they would serve?

« Assuming they fill a need, are GRT systems cost-effective com-
petitors in the urban transit market?

+ can the Morgantown and AIRTRANS projects be used by
UMTA to gather data on GRT operating and maintenance
costs?

« Is there any justification for hardware R & D (i.e., the
“HPPRT” program) before first gathering economic data such
as that described above?

Soctial.-GRT requires large, elevated, exclusive guideways that
present the same problems of visual intrusion as SLT and offer the
same opportunities for urban improvement. Because GRT is more
complex than SLT, problems of safety- and security are accentuated.

The AIRTRANS experience suggests that automated systems,
because of the inherent inflexibility of machine operations, require a
higher degree of passenger understanding and cooperation than do
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manned systems. Airport employees and other AIRTRANS patrons
have at times disrupted operations by opening doors, or holding them
open, thereby causing the system to shut down. Also, the system
lacks good human engineering. Information is so poorly conveyed
that patrons become confused and frustrated. To compensate, it
has been necessary to add attendants in stations.

Experience with Morgantown and AIRTRANS indicates the
following needs.

. These two systems should be carefully monitored to obtain data
relating to public acceptance.

. Human engineering principles must be applied to facilitate the
patrons’ use of the system.

1nstitutional.-UMTA has put nearly all of the total $95 million
spent on AGT research and development into GRT. However, it
has concentrated on technical hardware development with little
consideration of social needs and economic considerations. As a result,
understanding of the potential role of GRT is incomplete. UMTA
does not have a demonstration program for GRT systems in an urban
situation. This should be corrected, articularly if further investment
in GRT system R & D is made. T f discussion of the issues under
SLT applies to GRT as well.

FINDINGS

« A number of localMes across the country have shown interest in installing
GRT systems, 7 _ _ .

+ Serious technical problems have arisen in the first two installations and
neither is yet operating as planned. These technical problems have been
exacer bated by unrealistic deadlines and management problems.

+ UMTA's R & D Program does not include market and economic research
sufficient to evaluate the need for GRT and Its cost-effectiveness as a
solutjon to urban transportation 'ﬁroblems. .

« Monitoring efforts for AIRTRANS and Morgantown are required to gb-
tain data useful in evaluating GRT. UMTA could perform this service
and hasinitiated such aprogram for AIRTRANS. o

+ Until the Morgantown system has been proved in actual operation, it
would be premature to commit funds to expand the system. Additional
funding does seem justified to complete the engineering work which is
necessary to develop realistic cost estimates. Federal assistance for this
interim operating period may be appropriate if the partial system Plac&: a

reater financial burden on the university than the full system would have.

* No clear urban transportation need is apparent for the short three-second
headway Performance ?mecified for the “HPPRT” mogram. The mogram
sl;lould ereviewed to ~ee whether modifications wo~ld not incr_eas= its
value.

PoTENTIAL RoLE oF PERsoNAL RAPID TRANSIT (PRT)
STATUS

Since the term “Personal Rapid Transit” tit entered the transit
vocabula~ in 1968, this high] innovative conce t has fascinated
many transportation planners. $ RT offers personaYized service with
small vehicles which rovide non-stop transportation from origin to
destination at short feadways. To date, no systems which can be
classfied as PRT are in revenue service or under construction in the
United States, but several test traclc installations have been built in
Europe and in Japan.
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Proponents of PRT view this concept as a reasonable supplement
to the private automobile in high density urban areas *and cyaim that
PRT can provide a very much higher level of service than other
modes of public transportation. Thus, it is argued that PRT systems
would attract a signifdant percentage of the rides now being made in
private automobiles and offer obvious benefits:

. less traffic congestion in urban areas.

. less land and fewer facilities used for automobile storage.
. reduced travel time under more comfortable Circumstance=.

. less noise and air pollution. .
. reduction in consumption of petroleum-derived fuels.
. reduction in requirements for new arterial roads and urban freeways.

It is contended that PRT would provide greater mobility for the
transportation disadvantaged, i.e., the young, the elderly, the poor,
and te handicapped.

Proponents admit that the area-wide networks with closely spaced
stations and large numbers of vehicles would be expensive to build
and, perhaps, to operate. The initial capital cost might equal that of
rail rapid transit systems, but levels a service are envisaged to be
much igher than with conventional modes, except perhaps taxicabs.
Proponents claim the higher service levels will attract significantly
greater patronage than conventional transit. Automation is expected
to allow the high service level to be delivered at a cost the pWlic is
willing to pay.

PRT capacity depends upon short headways, Except in downtown
areas, headways need not be closer than those of GR%‘ systems (i.e.,
three seconds). In downtown areas, headways on the order of %
second would be needed to move 10,000 people per hour over a single
PRT guideway at an average occupancy of 1.4 people per vehicle.
This is roughly equivalent to the number of people moved on four
freeway lanes.

Advocates of PRT estimated that there are 10,000 square miles of
urban areas in the United States where PRT service might be appro-
priate. This would require about 20,000 miles of one-way guideways
and about three million PRT vehicles.

ISSUES

Because there are no operating systems, there is no empirical evi-
dence on PRT. Many o}) the studies reviewed were motivated by
attempts to sell or reject the concept and were based u_on largely
arbitrary assumptions. Therefore, there are many detailed issues for
which objective data are needed.

Technical.—With few exceptions, the engineers and manufacturers
who have made serious studies of the PRT concept find that there are
numerous technical problems that must be solved before PRT sys-
tems can be deployed. Technical solutions have been proposed but
not validated, and a large program of development, testing and demon-
stration would be needed to implement a I?RT system. Estimates of
time and money required to achieve market-ready systems vary
widely. However, there appears to be general agreement that at least
10 years would be required depending upon the level of funding
provided.

I Greater than 3,000 people per square mile.
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ARAIMI~Orly Airport, Paris, France
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The following technical problems need to be solved.

* Computer control systems must be developed to exercise com-
mand and surveillance over thousands of vehicles traveling
between hundreds of stations at fractional-second headways.
Vehicle management (particularly the storage of empty vehicles
and their redistribution to satisfy changes in demand) further
complicates this problem.

* Advanced control and braking systems must be perfected to
insure that vehicles can be operated safely at very close
intervals.

* Major improvements in reliability—far beyond those levels
which have been achieved for any transit equipment in opera-

finn—_ara rannirad Enoinsarmne tashnianas fram athar fialde
tlon—are required. Lngineering iecnniques irom ouiaer IieidGs

may be applicable to this problem.
* Crash survivability should be demonstrated for PRT, possibly
using techniques similar to those required for automobiles by
the National Highway Traffic Safety Administration. Means
for emergency evacuation should be provided to insure passen-
ger safety in the event of a failure.

tudy of alternative engineering approaches is required to
develop cost-effective systems and components.

Economic.—The economic characteristics of PRT are so unclear
that meaningful analysis is difficult. Several analyses have been
attempted, including one by the Aerospace Corporation for the Los
Angeles area, a general study by theDOT Transportation Systems
Center (TSC), and one of the Twin Cities area by De Leuw Cather.
Cost assumptions vary reatly. Proponents’ estimates for PRT
vehicles, for example, are Based upon large production runs, and the
estimated cost per unit presumably goes down with increased pro-
duction. As another example, costs are related to solutions to potential
social problems. If passenger security considerations require the in-
stallation of closed circuit T.V. throughout the system, including
vehicles, then the ccsts would rise appreciably. Costs for operation
and maintenance also vary. Proponents’ estimates assume maintenance
levels that are unrealistically low for transit.

. The major economic’issue is whether research, without hard-
ware development and urban demonstration, can answer the
economic questions, or whether hardware development is neces-
sary to assess the economic characteristics of FET systems.

Social.—Public acceptance of PRT is open to question. Despite the
many potential advantages of PRT in comparison to other transit
modes, there is serious question that the associated proliferation of
elevated guideways and stations would be acceptable to the public,
particularly in residential neighborhoods. Also, the safety and security
aspects of unattended small vehicles require careful evaluation.

Advocates contend that PRT should duplicate as closely as po_ss‘lble
the service characteristics of the }E)rivate automobile. 1he wisdom
of attempting to provide such a high level of service at public expense
is open to question. Whether the benefits of such a system would
only accrue to the well-to-do, or whether they would also provide
for the needs of the transit disadvantaged is worthy of exploration.
An annual expenditure equal to the debt service on the capital cost
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of such a high technology system, when combined with traffic manage-
ment systems designed to enhance conventional transit, might provide
better service at lower cost over a larger service area than IgR . These
observations may be equally true for other capital intensive systems.
Such tradeoff studies should be undertaken and clear urban transit
goals articulated by UMTA before the agency embarks on new sys-
tems for their own sake.
The major social issues of PRT are summarized below.
* What urban objectives will be served by a PRT system?
* What is the overall social acceptability of PRT, and what les-
sons can be learned from less sophisticated AGT systems?
®* Can PRT systems offer adequate passenger security, particu-
larly in numerous unattended stations?
* What environmental impact will guideways and stations have
on the neighborhood?

Institutional.—Groups in Germany, Japan and France are actively
engaged in PRT research and development. The possibility of cooper-
ative arrangements between United States firms or the United States
Government and their overseas counterparts thus exists. Such efforts,
building upon United States experience and accomplishments in SLT
and GRT and overseas researcg in PRT, could lead to stronger and
more cost-effective development programs. On the other hand, the
United States has pioneered much of the work in new transportation
systems and could develop the technology if a need exists for PRT.

The effect on U.S. balance of payments must be considered if equip-

ment licenses or rovaltv navments for the nse of foreion natents are
) or the use ot re
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required. Such payments, however, will be only a small part of the
costs for building a system because most transit system costs are for
construction. Thus, potential foreign exchange savings are too small
to justify a large investment in domestic R. & D.
RT poses major institutional issues.
. Sgoul‘(?i PRT systems be a substantial part of UMTA’s R & D
effort
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and deployment?

* To what extent is international cooperation possible and benefi-

cial?
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FINDINGS

¢ Before major commitments of funds are made for detailed simulations
or hardware developments, research is required to resolve the many
uncertainties concerning the proper role of PRT systems, their social
acceptability and their economic feasibility. These preliminary studies
may involve expenditures of $4 to $6 million.

® There are possibilities for cooperation with foreign governments or overseas
suppliers in research and development of PRT. UMTA has recognized
these possibilities in starting negotiations with the West German
Government.

U.S. GoverRNMENT REsEARCH AND DEVELOPMENT oF AGT SysTEMS
R & D PROGRAMS

Since 1962, UMTA has SB\?M about $95 million for R & D on AGT
systems. Two-thirds of the Westinghouse Transit Expressway demon-
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stration project was government-financed from 1963 onward. Federal
R & D funds (about $4.5 million) assisted developments which ulti-
mately led to installation of four SLT systems. The most expensive
project undertaken by UMTA during this period was the Morgantown
GRT demonstration project which has cost $64 million. Other signifi-
cant undertakings were development of two prototype vehicles for
the Dallas/Fort %Vorth Airport at about $1 million and demonstration
and evaluation of four Transpo-72 peoplemover systems involvin
almost $10 million. Considering the substantial amounts expende
since the establishment of UM%‘A, accomplishments in the form of
fully developed systems in revenue service have been limited. Most
of the systems now in operation did not receive direct federal R & D
funding. Indirectly, however, the federal R & D program has stimu-
lated major manufacturers to develop and demonstrate AGT systems.

In the budget request for fiscal year 1976, UMTA is seeking $14
million in R & D funds for AGT systems (about 40 percent of the
total R & D budget of $37 million).

® $10 million is requested for detailed engineering, urban deployability
studies, and the first phase of construction of a new prototype test and
evaluation facility. This project, called ‘High Performance Personal
Rapid Transit (HPPRT)”, deals with an advanced form of Group Rapid
Transit. The total cost for five prototype vehicles, the test facility, and a
comprehensive evaluation program is estimated by UMTA at somewhat
more than $30 million over a four year period.

® 34 million is requested for the “Automated Guideway Transit Technology

Program’’. (To this will be added $4.4 million of reprogrammed FY 1975
funds, making a total of $8.4 million.) Unlike the “HPPRT" project,
which deals with a specific new system, this program will provide for
selective R & D on components and special problems which are common
to a number of AGT systems.
Considering the substantial amount of transportation hardware
beinﬁ purchased under the capital grant Yrogram, the funds allocated
for R & D to perfect alternative new solutions to urban trants?)orta-
tion problems are small. In FY 1975, R & D expenditures b%z MTA
amounted to only 1.9 percent of total expenditures. For Y 1976,
the $37 million requested is 2.1 percent of the projected total. In
contrast, the total budget of the United States for F'Y 1976 allocates
5.7 percent of all federal spending to R & D. It is clear that UMTA
lags well behind the government average. R & D for urban mass
transportation amounts to only about 7 percent of all federally
sponsored R & D for transportation, yet 76 percent of all passenger
trips are in urban areas.

UMTA needs to clarify the scope and objectives of the AGT
Technology Program. Solving all the problems posed by AGT would
require several multiples of the {)roposed budget. Priorities have to
be established to give proper balance to solvmghnea_r-term technical
problems in conventional transit modes and the simpler forms of
AGT, while laymgrthe groundwork necessary for advancing the basic
technology of AGT.

RELATIONSHIP OF (GOVERNMENT AND INDUSTRY R & D

Major manufacturers report aggregate expenditures from company
funds of about $100 million for AGT research and development. In-
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dustry was willing to make this investment in anticipation of a sub-
stantial market for AGT equipment. However, no such market has
developed, and most of the manufacturers are pessimistic about the
future. Two major manufacturers, Bendix and Pullman, have with-
drawn; and others are considering termination of their AGT programs.
In this atmosphere it is unrealistic to expect that industry will make
further substantial investments for product development and
improvement.

Federally sponsored R & D has not included a coordinated program
for conversion of successful products into operational systems. This
may be partially due to uncertainty about the value of new systems.
Another reason may be the complex requirements surrounding govern-
ment-sponsored research. Finally, institutional failures may have
hindered implementation. If broad application of AGT systems is
desired, there are other mechanisms that could be employed.

® The provincial government of Ontario, has established the
Urban Transportation Development Corporation (UTDC) to
aggregate the market for system installations, license foreign
developments, test prototypes, and market new urban trans-

ortation systems.
* In France, system suppliers are selected early in the plannin

In France, system suppliers are d early in the pla

c ing
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process and work closely with public officials in planning and
developing a system installation.

* System development in Japan is accomplished through a

business-government cartel. Fixed facilities constructed on
public streets are financed by gasoline taxes; other costs are

chcaand hee b o nmd it ot
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* In the United States, the Communications Satellite Act of 1962
established a corporation (COMSAT) to develop, implement,
and operate a telecommunications satellite system.

* Also in the United States, the Transit Development Corpora-
tion (TDC) has been formed as the scientific and educational
agency of the transit industry. It could function much as the
President’s Conference Committee did in the 1930’s in bringing
operators and suppliers together on new developments.

FINDINGS

s UMTA's R & D programs for new systems have emphasized advancing
the state of technology but have neglected near-term system improve-
ments to perfect and apply simpler approaches to correct transit problems.

» Better results might be achieved from cooperative arrangements between
government and industry.

®» The scope and objectives of UMTA’s AGT Technology Program need to
be clarified. o ) o 7 ) )

» Transit research and development is receiving a disproportionately small
share of federal R & D funds.

BUDGET ALTERNATIVES FOR FiscaL YEAR 1976
BACKGROUND
Automated Guideway Transit has a variety of potential applica-

tions for urban transportation that are worth pursuing. The SLT
systems are in a more advanced state of development than other
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classes of AGT systems. They are especially appropriate for activity
centers and as circulation systems for downtown areas.

The GRT systems are less developed than the SLT systems. The
two installations in Dallas/Ft. Worth Airport and Morgantown have
been marred by technical and managerial problems. However,
valuable experience can be obtained from both of these programs.
The more advanced GRT systems, under development by UMTA
through the “HPPRT’ program, have potentially higher service
levels than the AIRTRANS-Morgantown equipment, but their
economic and technical feasibility remains to be demonstrated.

PRT has the highest potential service level and may have the high-
est patronage level of aﬁ AGT systems. However, it poses the most
difficult technical problems and requires both hardware development
and study concerning service level, patronage and economic feasibility.

Application of resources for the development of all three types of
AG'IB is warranted. The distribution of funding among them, however,
is a matter of debate. Four budget alternatives for the coming fiscal
year are outlined below.

ANALYSIS OF BUDGET ALTERNATIVES

The budget submitted by UMTA for FY 1976 contains provisions
for a program of AGT research and development totaling $18.4
million, of which $14 million is new (NOA) funding and $4.4 million
is carry-over funds. The proposed R & D program has two major
elements: the “HPPRT” program ($10 million) and AGT Technology
($8.4 million). The program concentrates heavily on development
of technology and feasibility demonstrations. Almost no effort is
allocated to study the social and economic aspects of AGT.

Four courses of action on the program budgeted for FY 1976 are

worthy of consideration by the Congress. They are listed below and
summarized in tabular form. An analysis of each alternative is pre-
sented afterward.
Alternative A—Approve the program as submitted.
Alternative B—Provide no new funding and use carry-over
funds for a reduced program of data gathering and analysis.
Alternative C—Approve the level of funding requested by
UMTA but restructure the program.
Alternative D—Increase the level of funding and expand

the scope of the proposed program.
Funding Alternatives Fiscal Year 1976

[In millions of dollars]

No Restruc-
change Reduce ture Expand
A ®) () (D)
HPPRT. . 100 . ...... ... 6.0 15.0

AGT technology:

New funds ?/NOA) ....................... 40......... 12.0
Carryover. . . ... 44 4.4 Tl 4.4
Social/leconomic impact studies. . . ....... ... . 2.0 3.0

Total funding level (NOA and carry-
(017= ) 18.4 4.4 18.4 34.4

54-370 O - 75 - 3
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ALTERNATIVE A—APPROVE THE PROGRAM AS SUBMITTED

This alternative would provide a total funding level of $18.4
million (including $4.4 million of -over t‘un:ins% of which $10
million would be allocated to the “HPPRT"’ program and $8.4 million
to AGT Technology. This action would:

® Continue the current emphasis on high technology R & D,
notably “HPPRT”.

* Leave to private enterprise most of the cost of product im-
provement for near-term applications of SLT and GRT in urban
environments.

* Require continuing appropriations to complete the “HPPRT"’
test program and to achieve market-ready status.

® Leave unresolved the social and economic issues relating to
AGT systems, particularly PRT.

ALTERNATIVE B—PROVIDE NO NEW FUNDING AND USE CARRY-OVER
FUNDS FOR A REDUCED PROGRAM

This alternative would provide no new funding for AGT research
and development and would restrict the bud%et to carry-over funds
from FY 1975 and %rior years. Carry-over funds would support a
program of data gathering and analysis for existing AGT systems
(SLT and GRT). This action would have the following consequences:

* o Curtail the development of AGT technology and limit the

gtions available to urban transportation planners.

e Cause more companies to restrict or abandon further AGT
development.

e Make the United States dependent on foreign technology and
manufacturers for new AGT systems.

¢ Give priority to analysis of data on existing systems before
proceeding further with new technology development.

ALTERNATIVE C—APPROVE THE REQUESTED LEVEL OF FUNDING BUT
RESTRUCTURE THE PROGRAM

This alternative would approve the $18.4 million level of funding
requested by UMTA ($14 million NOA, $4.4 million carry-over),
but with restructuring of the R & D program. Funding for the
“HPPRT” program would be reduced from the proposed $10 million
to $6 million. 'Ig}ll.e AGT Technology program would receive increased
funding ($6 million NOA, $4.4 carry-over) to permit greater emphasis
on evaﬁuating AGT technologies. Two million dollars would be allo-
cated for the study of social and economic factors, an area that has
been neglected in UMTA R & D programs up to now. The restructur-
ing of the program would:

* Redirect the emphasis of R & D toward exploiting existing
technology.

* Involve ngTA in product development and improvement,
which have traditionally been private industry activities.

® Provide data to further an understanding of the social and
economic implications of AGT.



Entail a commitment to continue substantial R & D funding for
AGT systems.
Require substantial expansion and improvement of R & D
management capability in UMTA.
Continue active participation by three manufacturers through
the completion of the “HPPRT" prototype testing phase to
facilitate urban applications.
Require better coordination between the R & D and capital
%rants programs.

ncourage industry to bear pre-production engineering and
tooling costs.
Probably stimulate more requests for capital assistance to plan
and install AGT systems.
Give adequate attention to the heretofore neglected social and
economic impacts of AGT.



Chapter 2: The Status and Potential of Automated Guideway
Transit in Urban Areas

THE CURRENT STATUS OF URBAN PASSENGER TRANSPORTATION

Urban transportation service and the location of urban activities
are intimately related. Changing locations of people and jobs in urban
areas, particularly in recent decades, has had significant effects on the
supply and mix of urban transport services. Population within Stand-
ard Metropolitan Statistical Areas (SMSA) increased nearly 17 percent
between 1960 and 1970, yet only 0.1 percent of the increase occurred
within the central cities of those SMSAs. Urbanized areas outside of
central cities, the suburbs, experienced a 33.1 percent increase in
population in that decade.

One result of these population trends is a greater homogeneity of
population density throughout a metropolitan area, with & concomi-
tant greater dispersal in the location of economic activities, over ever
larger urbanized areas.

Job locations have migrated outward from the central cities as
well, causing a substantial loss in numbers of central city jobs in
recent years. In SMSAs with a population over 250,000, for example,
there were 41 million jobs in 1970, but only 23 million of these were
in the central cities of those metropolitan areas. The rest were located
in surrounding suburbs.

Such diffusion trends have had major impacts on the daily journey
to work in metropolitan areas. Considering only SMSAs of a million
or more population, the number of daily work trips with both origin
and destination in the central city declined by 1.2 million between
1960 and 1970. Work trips into the central city from surrounding
areas increased by nearly a million, as did the ‘“‘reverse commute’
work trip from the central city to the suburban ring. Work trips with
both origins and destinations in the suburbs, however, irips which
avoided the central city entirely, increased most of all, by 3.6 million
daily trips. Thus, not only has total trip-making increased significantly
in United States metropolitan areas, the origins and destinations have
spread diffusely over a larger land area within larger metropolitan

araagq
arcas,

Diffuse trip patterns represent precisely the kinds of urban travel
demand most difficult to serve effectively with conventional public
transit systems. Transit service shortcomings, together with the trends
toward more separated locations of economic activity and diffuse
travel behavior, have together tended to reinforce, in the aggregate,
dependence on the private automobile for the great majority of
urban trips, even work trips. Yet the private automobile, too, has
critical deficiencies in meeting demand for urban travel.

(23)
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THE AUTOMOBILE

Use of the automobile has contributed to the changes in urban form
already described. It has allowed the diffusion of each type of activity
to continue throughout the urban area. Traditional central business
district functions lgmve become more diffusd and, in some cases, have
been replaced by suburban shopping and business centers.

The private automobile has encouraged an urban structure which
favors individualized or small group transportation. Unfortunately,
as more and more families have found it necessary to own one or
more automobiles, the disadvantages of dependency on automobile
transportation have increased. These disadvantages inciude increased
traffic congestion, greater amounts of valuable urban space required
for movement and parking, air pollution (50 percent or more of total
air pollution is attibuted to the automobile), and high energy consump-
tion (about 50 percent of the nation’s petroleum is consumed by the

automobile). The problems of the young, old, physically handicapped

and other disadvantaged persons who cannot drive or do not own an
automobile have also become increasingly apparent.

PUBLIC TRANSPORTATION

In comparison with the automobile, public transportation has not
provided an attractive alternative. The transit industry reports a
steady decline in transit patronage over the past 30 years, despite
a rapid increase in total urban travel demand. (See Figure 1 below.)
Because trip origins and destinations are increasingly scattered
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throughout the urban area, the attractiveness of fixed route multi-
passenger public transportation is not likely to increase. Scattering
of origins and destinations militates against large vehicle mass trans-
portation service on fixed routes. This inadequacy in serving diverse
origin and destinations is particularly apparent in off-peak hours.

ail rapid transit systems provide the highest capacities and are
useful in high-density corridors linking common orgins and desti-
nations. They are also the least flexible in their coverage. Besides high
capacity, rapid rail systems have other indirect advantages over
automobiles: less pollution, lower petroleum fuel consumption per

nassencer. and less diversion of land to trananortation-related nuse,

assenger, and less diversion of land to trensportation-related us
{Infortbunate]y,- the number of metropolitan ‘areas with sufficient
concentration of trip origins and destinations is limited. The high
capital cost for new rapid rail systems now under construction, or
being planned, indicates that their direct cost per passenger may be
higher than the comparable costs of highway construction. Thus,
ratl rapid transit systems are a limited alternative to automobiles.
Buses operating on exclusive or reserved rights-of-way have been
successful. Bus riding is not considered an attractive alternative to
automobiles when sharing highways with other traffic. They suffer
from auto-induced traffic congestion, loading and unloading delays,
route inflexibility, infrequency of service, and slow speed. Even total
trig‘ times on express buses tend to be longer than for automobiles.
wo other urban transportation services in general use—taxicabs
and demand-responsive, Dial-a-Ride systems—have limitations other

than the qualit‘y of service they provide. Taxicabs are expensive for
sinele riders. Also. institutional problems and reculations protecting

SiiigaT 1ARATIS. JAISU, AliSvavuvaViiair PR ULITALS Wik aTUpleaduallaas paUuviuiiin

other interests prevent altering taxi service to meet public trans-
portation needs in most cities. Dial-a-Ride systems provide service
of a quality somewhere between scheduled buses and taxicabs, but
initial experimenting with such programs indicates they require
large public subsidies to attract an(r keep riders.

ALTERNATIVE APPROACHES To MEETING URBAN TRANSPORTATION
NEEDS

In the previous section, it has been indicated that the transporta-
tion needs of urban communities are not being met in a satisfactory
manner by private automobiles or by existing public transportation
modes. This has prompted a search for new approaches into two direc-
tions. The first is reducing or redistributing the urban transportation
demand. The second is trying to meet current and projected levels of
urban transportation needs with new forms of transportation.

Approaches to reducing or redistributing urban transportation
demand include:

+ Changes in land use patterns so that employment and activity centers are
located near residences so as to reduce travel.

. {Sta gered work hours to reduce peak hour demands on existing transport
acilities.

+ Clustering of activities, such as shopping, recreation, living and education,
to encourage walking and to provide ready access to public transit.

+ Creative use of transport facilities to guide urban development, iqcludin§
the acquisition of contiguous real property to integrate the design and
development of stations and surrounding neighborhoods.

+ Parking restrictions and toll charges which discourage auto loadings of one
person per vehicle and the unnecessary use of large family-sized auto-
mobiles with their excessive need for space.
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This list is not exhaustive. However, it does suggest the kind of
changes that could reduce or redistribute the demand for transporta-
tion. In addition to what can be done to reduce or redistribute trans-
portation demand, technology may be used to produce innovative
solutions to transportation problems. While there are a variety of
approaches, one approach which has received considerable attention
in recent years is the use of small vehicle fixed guideway systems which
require no human operator, that is AGT. Such systems could be used
alone or combined with conventional line-haul modes such as rapid
rail or fixed route buses.

Impetus for development of AGT systems in the United States was
K}'ovided in 1966 by the Reuss-Tydings Amendments to the Urban

ass Transportation Act of 1964. These amendments required the
Secretary of Housing and Urban Development to:

“. . . undertake a project to study and prepare a program of
research, development, and demonstration o}) new systems of
urban transportation that will carry people and goods within
metropolitan areas speedily, safely, without polluting the air,
and in a manner that will contribute to sound city planning. The
program shall (1) concern itself with all aspects of new systems of
urban transportation for metropolitan areas of various sizes,
including technological, financial, economic, governmental, and
social aspects; (2) take into account the most advanced available
technologies and materials; and (3) provide national leadership
to efforts of States, localities, private industry, universities, and
foundations.”

Since passage of the Reuss-Tydings Amendments, many studies
have been undertaken of the potential for AGT systems, in meeting
transportation needs and a number of research, development and
demonstration programs.

Although this assessment is concerned with a particular approach
to urban transportation problems, it should be noted that there is
probably no single solution. Some combination of approaches involving
ways to reduce demand and utilization of new technology will probably
be necessary.

CHARACTERIsTICS AND CURRENT APPLICATIONs OF AGT SysTEMs

Automated guideway transit systems have two distinguishing
features:

® Vehicles are automated, that is, they can carry passengers
without an operator on board.

® They have their own roadways, which are usually called exclusive
guideways. These may be on elevated structures, at ground
level, or underground.

AGT systems vary greatly. Any classification scheme is somewhat
arbitrary, but three categories have been defined in the course of this
study:

Shuttle-Loop Transit (SLT).
Group Rapid Transit (GRT).
Personal Rapid Transit (PRT).

The three categories differ in degree of technical sophistication,
service attributes, vehicle operations, and readiness for use. These
differences are summarized in the accompanying table.



Characteristics of AGT Systems

SLT

GRT

PRT

Technical sophistication

Service attributes. . ____

Vehicle operations--- --

Readiness-- - _ _

--- _- Simple. Needs some refinement.

_________ En route delays and transfers
are necessary.

Vehicles follow unvarying paths.

_ - _--Availaple. Many. sg/stems in
specialized service, none In
urban centers.

Intermediate, Problems in ap- Complex. Partially demonstrated.

plication.

Waiting time for proper vchicle.
In group travel, transfers
may be necessary.

Vehicles follow multiple paths.
Switches required.

Emerging. 1 revenue system
exists and 1 is in construction.

Travel alone or with people by
choice. Minimum en route de-
lays, no transfers.

Vehicle follows path tailored to
needs of traveler.

Conceptual. No system in use or
construction. Testing abroad.
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SLT SYSTEMS

(Characteristics.—Shuttle-loo transit systems have a single essential
characteristic. The vehicles folow unvarying paths and make little or
no use of switches. Vehicles may be of any size and may be used alone
or coupled together in trains. Headways are 60 seconds or more.
Capacities vary depending on vehicle size. Speeds range from 8 to 30

I n a shuttle system, the vehicles move back and forth on a simple
guidewa , without front or rear orientation. Shuttles have stations at
oth en s of the run and may also have intermediate stations.

In a Zoo system, the veh]cles move continuously around a closed
path whichmay contain any number of stations. Stations are on the
main line. Possible variations of SLT include double guideway lines
with switches at the end and single guideway lines with multiple cars
and a by-pass near the midpoint of the line.

Combinations of shuttles and loops can be constructed.

U.S. SLT Application.—In the U. S., 15 SLT systems have been
built or are under construction. Nine are in service.

The nine systems in revenue operation are at:

. Tampa International Airort, Florida.
. Houston Intercontinental Airport, Texas.
. Seattle-Tacoma International Airport, Washington.
. Love Field, Dallas, Texas (inactive at present).
. California Exposition and State Fair, Sacramento.
. Hershey Amusement Park, Hershey, Pennsylvania.
. Magic Mountain, Valencia, California.
. Carowinds, Charlotte, North Carolina.
. Kings Island, Kin s Mill, Ohio.
Six SLT s ystems now urder construction are at:
10. Kings Dominion, Ashland, Virgnia.
11. Pearl Ridge, Honolulu, Hawaii.
12. Bradley Field, Hartford, Connecticut.
13. Fairlane Town Center, Dearborn, Michigan.
14. Miami International Airport, Florida.
15. Busch Gardens, Williamsburg, Virginia.

Characteristics of these systems vary greatly. Examples of a
shuttle, a 100, and a shuttle-loop combination are briefly described
to illustrate ® characteristics. For additional information, see the
Panel Report on Current Developments in the United States.

An example of a shuttle system is the SLT at the Tampa Airport
where there are two shuttles on parallel guideways connectm edb of
four satellite or “Air-side” terminal buildings with the h Main or
“Land-side” terminal. The longest run is 1,000 feet. Vehicle capacity
is 100 passengers. The maximum speed is 30-35 mph. The capacity is
5,000 passenger per hour in each direction—the same capacity as
two freeway hnes for automobile traffic.

A loop s stem has been installed at the Houston Intercontinental
Airport. This eight-station system has 6,200 feet of guideway. At

resent, up to six trains, each three cars lon , can run with an average

headway of three minutes. Maximum speelis 8 mph with a capaclty
of 720 passengers hour in each direction. The fleet can be en&rged
to 18 trains. At kadways of 60 seconds, capacity will reach 2,160
passengers per hour in each direction.

O©CONONPWNE
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Figure 2.—Passenger Shuttle System Layout
Tampa Airport

The Seattle-Tacoma Air ort has a shuttle-loop combination.
Referred to as the Satellitefransit System, it includes two loops and
a shuttle which provide transportation between the main terminal

Figure 3.-Satellite Transit System Layout (Note: two loops and a shuttle.)
Seattle-Tacoma International AirporL

and two satellites. Nine vehicles are in service and three more are on
order. Maximum loop capacities are 14,400 passengers per hour.
Maximum speed is 27 mph.

Foreign SLT Application~.—There are only two AGT installations
in actual revenue service outside the United States. Both are SLT
s stems. One is a simple loop system which has been built at the
Y atsu Amusement PaiEin Chiba Prefecture near Tokyo, Jap an. Two
30 passenger VONA vehicles operate on a 1300-foot traE at two
minute headways. The other installation is the VEC system which
connects a department store in raris with @ renote parking garage
about 1,000 feet distant.
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Potential SLT Applications.—To date, SLT systems have been in-
stalled to accomplish three kinds of specific trip purposes: travel be-
tween two major activity centers, travel within a single defined activity
center such as a park or recreation area, or travel from parking areas to
a specified destination such as an air terminal. There are a number of
additional applications for SLT which could be tested. These would
provide data on the utility of the systems outside the rather specialized
and/or novelty situations in which they have been used. Thus, SLT
systems may have high potential for use in conjunction with con-
ventional rail rapid transit as a collector or distributor at stations
located near major activity centers, Another potential application is
the use of elevated SLT systems to provide circulation in central
business districts and other places where surface congestion impedes
movement.

GRT SYSTEMS

Characteristtis.—Group rapid transit systems are designed with
branching routes and serve groups traveling with similar origins and
destinations. GRT vehicles may e of various sizes, thou h 10 to 50
passenger vehicles are likely to be most common. Vehicles may be
coupled together in trains.

GRT systems are likely to have stations located off the main line,
allowing vehicles to pass a station while other vehicles are stopped
there.

Switching capability allows the GRT s stem to provide service on
a variety of routes much like bus service but without the delays from
traffic congestion. The traveler using a GRT system, must be careful
to board the correct car. Also, GRT passengers making relatively
long trips in metropolitan-scale systems may find it necessary to make
one or more transfers. Thus, there may be significant waiting time
involved.

GRT systems maybe designed too crate at headway s ranging from
60 seconds. to as low as three seconds or very advance versions. Since
line capaclty is a direct function of vehicle capacity and headway, a
GRT line with average headways of 30 seconds and average vehicle
loads of 20 people would carry 2,400 people per direction—about the
same as a reeway lane. Line capacity can be readily increased by
coupling vehicles together into trains or reducing headways. However
the system complexity increases significant as headways are reduced.

U.S. GRT Applications.-Because GRT is more complex, fewer
systems have been built than SLT systems. Of the two United States
systems, one is AIRTRANS which is located at Dallas/Ft. Worth
Airport and the other is the system at Morgantown, West Virginia.
Only AIRTRANS is operational. AIRTRANS includes 13 miles of
guideway linking 55 stations. There are 51 passenger vehicles and 17
utility vehicles. Maximum speed is 17 mph. The guideway network
permits 17 different service routes with a system capacity (over all
routes combined) of 9,000 passengers, 6,000 pieces of luggage and
70,000 pounds of mail per hour. (No single part of the system would
carry this total.)

Foreign GRT Applications.—No GRT systems are operational in
other countries. i owever, three systems are under construction in
Japan and one in Canada.



31
AIRTRANS SYSTEM AT THE DALLAS/FT. WORTH AIRPORT
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Figure 4.—Schematjc System Layout

Some of the 51 Passenger Vehicles One of the 17 Utility Vehicles

Potential (GRT .4pplicatiow.-GRT systems could provide a broad
range of services in major activity centers such as central business
districts. These services include a variety of schedules for peak period
use and on-demand service a times of low activity. With automatic
coupling of vehicles, a technique which is currently being perfected,
vary-ing route densities can be accommodated by selective coupling of
vehicles as they converge onto heavily traveled corridors from outlying
areas. This technique would permit a downtown loop to be fed by
several radials connecting the CBD to suburban areas. As vehicles
enter the central loop they could be automatic coupled together
into two- to four-car trains, depending on the volume of traffic. When
ready to depart the downtown area, the: could be uncoupled, pref-
erable- in a station, to help passengers board the correct vehicle for
the outbound trip.

An important consideration is the potential of GRT to evolve in
both capacity and versatility. A relatively simple sytem, or segment
system, could be installed and later expanded. With proper planning,
off-line stations could be added and headways reduce , without major
alterations to the basic guideway network.
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MORGANTOWN GRT DEMONSTRATION PROJECI’

Vehicle at Engineering Station

Vehicle Operating in Downtown
M organtown

Central Control Console Assembly of Vehicles at Boeing
Aerospace Company Plant
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PRT SYSTEMS

Characteristics.-The basic features of the personal rapid transit
concept are small vehicles (up to six passengers) designed to carry one
person, or a small group of people traveling together, non-stop from
origin to destination over an extensive network of guideways con-
necting many stations. To provide convenient access Dr a maximum
number of people, guideway grids have been proposed with spacings
close enough to limit walking distances to mile or less.

The salient feature of PR&is provision of maximum convenience
and flexibility. The result would be a level of service that is truly
competitive with the private automobile. Thus, vehicles would move
to any location throughout an extensive guideway network without
enroute delays or transfers. Strangers could elect to ride together in a
PRT vehicle if the happened to get on at the same time and were
going to the same estimation.

Because of the lower vehicle capacity in PRT s stems, achieving
the same line ca acities possible mth the less compex GRT systems
requires that PhT vehicles operate at very short headways. For
example, to move 2,500 people per hour at the average occupancy
level of the private auto (1.4 people per vehicle) would require 1,800
vehicles per hour, or one every two seconds. Intersections would be
equipped with switches enabling vehicles to make turns or continue
in the original direction of travel much like automobiles at street
intersections.

United States Preapplications.—There are no PRT developments
or planned applications in the United States.

Foreign PFT Applications.—Prototype systems have been con-
structed in Japan, Germany and France. The Japanese CVS system
is installed near Tokyo and includes a 4.8 km. test track, a sophisti-
cated control system and 60 vehicles. These have operated at head-
ways of six seconds and speeds of 30—40 km/h. A key objective of the
test program is achieving safe operation at one-second headways..

CVS Project Experimental Center, Higashimurayama Tokyo, Japan
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The German system, Cabinentaxi, includes five, three-passenger
vehicles operating on a 1136 meter test track. Headways of .5 second
have been achieved in the laboratory, and passenger carrying demon-
strations under manual supervision have been conducted at one-
second headways. The ARAMIS system in France which merges
individual vehicles into groups has been tested on a one-km. test
track with three vehicles operating at headways of 0.2 seconds be-
tween Yehicles and 60 seconds between grou s. This test track is no
longer m existence, but a new one will be buiYt soon.

Cabinentaxi—Hagen, West Germany

Potential PRT Applicatioms.—The PRT concept was stimulated
partly b” the desire to develop a public transportation s~"stcm which
would provide an attractive alternative to the automobile. Thus,
application is envisaged in well populated areas with area-wide net-
works, numerous stations at close intervals and large numbers of
vehicles. The Aerospace Corporation estimates that some 10,000
square miles of urban area in the United States may be approriate
for PRT service. Serving this area would require 30,000 miles @ one-
way guideway and three million PRT vehicles. In this same area,
PRT would compete with other transportation systems,

AGT INSTALLATIONS STUDIED IN THE UNITED STATES

A survey of public agencies and firms with major interest in instal-
lations of AGT systems identified 36 instances of substantial studies
completed for future AGT systems. The survey is only suggestive
and Is not intended to be complete. Some of the planned AGT’ instal-
lations may be, or may recently have been, rejected or deferred.
However, because of the sizeable planning work and expense involved
in each case, they are included to indicate the level of interest and
activity in AGT development.
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These planned systems have not been grouped by system class
(SLT, GRT or PRT) because more than one class has been proposed
for some locations. (For example, all three types of AGT technology
have been studied for potential application m Minneapolis.) Instead,
this listing is organized by the type of location for which the system
has been proposed.

METROPOLITAN NETWORKS AND CORRIDORS (6)

Denver Region, Colorado.

Twin Cities Area, Minnesota.

San Diego Region, California.

Santa Clara County, California.
Pittsburgh, Pennsylvania.

El Paso, Texas—Juarez, Chi., Mexico.

AIRPORTS (9)
Atlanta, Georgia.
Boston, Massachusetts.
Chicago, lllinois (O'Hare).
Detro]t, Michigan (Metropolitan).
Los Angeles, California (International).
Oakland, California.
San Francisco, California.
New York, New York (J. F. Kennedy).
Newark, New Jersey (International).

CBD/CENTRAL CITY (9)

Ann Arbor, Michigan.

Detroit, Michigan.

Las Vegas, Nevada.

Long Beach, California.

Minneapolis, Minnesota.

Mid Manhattan, New York, New York.
Lower hlanhattan, New York, New York.
Norfolk, Virginia.

San Diego, California.

MULTIPLE PURPOSE DEVELOPMENTS (8)

Crown City, Kansas.

Echelon, New Jersey.

Cameron, Alexandria, Virginia.
Plaza del Ore, Houston, Texas.
Post Oak, Houston, Texas.
Southfield, Michi an.

Interama, Dade8ounty, Florida.
Crystal City, Arlington, Virginia.

31EDIC!,41,CENTERS (4)

Detroit Medical Center Corp., Detroit, Nlichigan.

Duke Universit~' Medical Center, Durham, North Carolina.
The Universit Health Center of Pittsburgh, Pittsburgh, Pa.
Texas MedicdCenter Inc., Houston, Texas.

14
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As can be seen from the above, planning studies ,of AGT cover a
variety of applications. The proposed plans for medical centers, pro-
vision of transportation in central city areas, and provision of
metropolitan network and corridor transportation are new applications.

Some of the plans under evaluation are ambitious. For examplet
there are four studies in metropolitan areas involving SLT or G T
networks. A total of about 380 miles of dual guideways and almost
the same number of stati~ns are being considered. T [ese would be
built in stages at a total estimated cost of $6.7 billion. For comparison,
there are now about 500 miles of rail rapid transit routes in the United
States and the Washington METRO system will add about 100 miles
at a cost of about $4.5 Hillion.

To illustrate some of the reposed applications, a system plan
under consideration in each o the three AGT classes is summarized

below.
SLT

A “people mover” system to serve the C oastal City complex in
Arlington, Va. is the subject of a current U TA-fianced technical
study. A simple loop system with several on-line stations has been

ro osed to provide convenient transportation to and from the
E i $TRO station (under construction), to facilitate access to remote
parking and for internal circulation within this office-cornmercial-
residential development.

PROPOSED MINNEAPOLIS-ST. PAUL GRT SYSTEM
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Metrapolitan Area Network (Dots indicate station location.)
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GRT

The Twin Cities Area Metropolitan Transit Commission, based
upon detailed studies by a team of consultants led by Do Leuw Cather
and Company, Inc. has determined that a GRT system would provide
a satisfactory solution to transportation needs in the Minnea polis-St.
Paul region. One plan which has been recommended proposestuilding
circulation systems in the two metro centers. Later extensions would
provide lines into fully developed suburbs as indicated by the map
on the preceding page.

A final decision on the system to be built awaits further detailed
engineering studies in which GRT concepts will be compared with
alternatives such as light rail.

PRT

The Aerospace Corporation, one of the strongest advocates of the
PRT concept in the United States, in a study of the Los Angeles
area, reposed 638 one-way miles of guideway, 1084 stations and 64,000
vehicres, as shown below.
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The Aerosp ace Corporation compared its proposal to a conventional
rail and excl usive busway system recommended by another group
to the Southern Califorma Rapid Transit District, That system is
reported to include 116 miles of rail, 24 miles of elevated busways
and 62 stations. The Aerospace Corporation contends the PRT
system could be built at about half the cost and provide better service.

Further descriptive information about some of the applications
proposed are contained in the Report of the Panel on Current Develop-
ments in the United States.

SuppLiErs oFf AGT Svystewms

The number of existing systems and even greater number of plans
for new ones indicates the high level of interest which AGT develop-
ment has generated. Six different firms have installed the existing
systems. Nine others have invested their own resources in develop-
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SELECTED VEHICLE SYSTEMS WHICH HAVE FOUND NO MARKET
(Post-Transpo 72)

Astroglide .
PRT Systems Corporation

R.omag
Monocab, Inc.
Rohr Industries

Palomino
Aerial Transit
Pullman, Inc.
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ment efforts but have not received a contract for a revenue installation.
Clearly, many firms have believed in a market potential for AGT.
The 17 AGT systems now in existence in the United States have
been supplied by six firms who remain in the business and one group
formed for a single reject, Braniff International’s Jet-rail system for
Love Field, Dallas, Exas. The firms are:

.~ Number of

installations

. Westinghouse Electric Corparation, Pittsburgh, Pa_. ------------ 4
Universal Mobility , Inc. Salt Lake City, Utah ----=----------- —- 6
. Rohr Industries ¢ oNotrain) Chula Vista, Calif - ----------- 2
. Ford Motor Company, Dearborn, .Mich - =-—-—---meeees —— 2
. LTV Aerospace orp?/ ration, Dallas, Tex- ------------eeeeeeem - 1
. Boeing Aerospace Company, Seattle, Wash- -------------------- {

Firms which have spent considerable time, effort and money on the
development of full-scale test tracks and vehicles, prototype systems
or temporary demonstration projects, such as Trans o 72, but have
not yet sold a revenue passenger system in the United States include:

. Otis Elevator Company, Inc., Transportation Technology Division,
Denver, Colorado.

Rohr Industries, Inc. SMonocab , Chula Vista, California, . .
. General Motors Corporation, Transportation Systems Division, Warren,

Michigan. . . . . . -
. pPRT _§ysg,ems Corporation (associated with Braniff), Chicago, Illinois.
« Mobilit~ Systems and Equipment Compa@/, Los Angeles, California.
. Alden Self-Transjt Systems Corporation, Bedford, Massachusetts.
. Bendix Corporation (Dashaveyor), Ann Arbor, Michigan.
«Pullman, Inc. (Aerial Transit), Las Vegas, Nevada.
. Uniflo Systems Company, Minneapolis, Minnesota.

It is estimated that privately financed AGT development costs
incurred by the 15 companies listed above total about $100 million.
Lack of sales and unfavorable market conditions have caused some
firms to curtail their programs or withdraw entirely. Others are con-
sidering abandonin their AGT programs. Certainly the number of
suppliers exceeds%current market. One reason is that UMTA
actively promoted AGT development in the late 1960’s and early
1970's. Firms without prior transit experience, especially aerospace
fires, perceived AGT as a potential new market to fill the gap of
declining aerospace business. It was hoped by UMTA and these firms
that aerospace knowledge could enable significant advances in AGT
development. These factors contributed to the large number of sup-
pliers relative to the present market.



Chapter 3: Major Problems in Automated Guideway Transit

Them are many significant issues in the development and imple-
mentation of AGT systems. These are discussed under four broad
headings: Institutional, Technical, Economic, and Social.

INSTITUTIONAL

Compared with many other areas of entrepreneurial endeavor, the
environment for innovation in transportation should be favorable.
Urban transportation needs are extensive. Production of transporta-
tion hardware is dominated by relatively large and well en owed
companies with much experience in the research and development
process. Given these conditions, one would expect the state of the art
of urban transportation technology to be highly advanced. The actual
situation, however, is quite the opposite.

Urban transportation technology has advanced at such a slow pace
that prevailing systems are almost indistinguishable from their
counterparts of four to six decades ago (aside from some relatively
minor cosmetic changes). However, the lack of progress is not a result
of failure to advance technology. Much advanced transportation
technology exists. Rather, it is a failure to devise effective ways to
introduce the technology into urban transportation.

This failure stems from a lack of understanding by UMTA of the
capabilities of the private sector and local transportation authorities
and UMTA'S underestimation of the difficulties inherent in developing
and implementing reliable and cost effective new systems. In retro-
spect, tle new systems efforts have served not to stimulate interest in
new technology but to discourage already reluctant local transit
operators from considering it. The lessons of BART, Morgantown and
AIRTRANS have not been lost on UMTA'S capital grants office
which is now, understandably, reluctant to consider forms of AGT for
capital grants funding. In addition to this limitation of the market,
certain practices of the Federal government further discourage
initiative within the supply industry

There are two areas in which the £deral government could move to
eliminate existing barriers to AGT innovation: contractual practices
and capital grant procedures. Additionally, some of the institutional
arrangements for system development adopted abroad are worthy of
serious consideration in this country.

CONTRACTUAL PRACTICES

Many accepted Federal government research and development
practices impose negative incentives on manufacturers and reduce
Benefits from UMTA contracts:
Patent Rights (TMe).—Whenever any invention, improvement or
discovery is made or conceived, or for the first time is actually reduced

(a)
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to practice, the contractor must notify the government Contracting
Officer. The Secretary of DOT has the sole and exclusive power to de-
termine whether patent applications shall be filed and whether the
government shall acquire the patent rights. The contractor may be
given a free license to such patents, but if not used during three years,
the license may be withdrawn.

Background Patents (License).—After a determination that the prod-
uct is required by the public in the interest of public health, safety or
welfare, the Secretary can require the contractor to license others on
reasonable terms to produce items under any background patent
necessary for the production, sale or use of the end product.

Rights in Datu (Title—All recorded information first produced in
performance of the contract becomes the sole property of the govern-
ment. Furthermore, the contractor must grant the government a
royalty-free, nonexclusive and irrevocable license to pulish or otherw-
ise use any and all data, not first produced or composed in the per-
formance of the contract, but which is incorporated in work furnished
under the contract.

—Current Office of Management and Budget (OMB)
guidelines require up to 50 percent cost sharing in developmental
contracts where there is a substantial commercial market.

Fixed Ceiling Limitations.—While written as cost reimbursable
contracts (with or without fees), fixed ceiling limitations on R & D
contracts make them fixed rice contracts, with an almost open-ended
scope of work. For examp le, the four system suppliers who partici-
pated in the AGT demonstration at Transpo 72 were offered cost-
reimbursable contracts with a ceiling of $1.5 million each. However,
each contractor exceeded this ceiling b amounts reported to be from
$1 million to, more than $2 million. Each of the three contractors
participatmg m the first phase of the Dual-Mode Program had cost-
reimbursable contracts with a ceiling of $500,000. Actual expenditures
were reported from $600,000 to more than $2 million. This project
was cancelled at the end of phase I.

Recovery of Developmental Costs.—Depending on what is negotiated
as a fair, reasonable and equitable amount, the contractor is required
to pay the government up to five percent of sales or leases of any rod-
uct substantially the same as that developed under the contract. b e is
also required to pay up to 33 percent of tinds received from technical
agreements enabling others to sell, lease or use the product. Sales or
leases of the product to the government, or its agencies, must be at a
price reduce by the equivalent of the recoverable costs. The costs
recovered under this provision are limited to the amounts paid by the
government to the contractor for the development.

The implications of the foregoing practices may be summarized as
follows.

. There is no incentive to make patentable discoveries because
rights to resulting patents are acquired by the government.
The contractor must assume the burden of protecting the
discoveries and applying for the patents.

. The contractor risks disclosure and licensing of background
patents to competitors.

* Proprietary data, even though originally prepared at company
expense, may be released to competitors, If reported m ac-
cordmce with contract requirements.
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. Cost sharing is an invitation to spend corporate funds in the
expectation of future returns on the investment. However,
where programs are canceled, as in the case of the Dual-mode
project, or where UMTA'S practice is to discourage capital
assistance for deployment of systems, there is no opportunity
for a return on tfe non-reimbursed costs.

. In return for a private investment which may exceed the
federal share of the project cost, a company is obliged to
relinquish nearly all proprietary rights,

CAPITAL GRANT PROCEDURES

With support from a coalition of major cities, organized labor, the
transit industry, commuter railroads and equipment manufacturers,
the Urban Mass Transportation Act of 1964 provided funds for capital
improvements. This act made possible the preservation of bankrupt
existing systems and gave aid to public agencies and, indirectly, to
private operators for modernization and replacement of facilities and
equipment. The 1966 amendments authorized the expenditure of funds
for technical studies to plan, engineer, design and evaluate mass transit
projects. These projects would be included in a unified or officially co-
ordinated urban transportation system as a part of the comprehen-
sively planned development of the urban area.

The implementation of the capital improvement and planning pro-
grams has not facilitated the application of new systems to urban
needs. In particular, UMTA has failed to link its ambitious R & D
programs to the capital grant program. In the absence of a carefully
planned staged development of new systems from R & D, throug~
demonstration to depbyment, new systems get little support for
capital grant funding because they are considered untried and un-
proven concepts. It ias been the position of the UMTA staff that
capital grant support is appropriate only for the purchase of proven
hardware or ful y operational systems suitable for revenue service.
There have been only two exceptions to this practice of discouraging
capital grants for advanced systems (AIRTRANS and the Pittsburgh
Transit Expressway Revenue Line) but neither has resulted in an
urban insta lation.

UMTA'S philosophy is that R & D is necessary to develop advanced
systems but that improvements to existing systems and urban de-
ployment of simple AGT systems should be handled throu h the ri-
vate marketplace and the capital grants process. However M T A[as
been reluctant to establish equipment standards or criteria that would
gualify advanced systems for procurement throug h the capital grant
program. Without such standards there is no clear-cut method for
communities to seek capital assistance for AGT systems, and there is
little incentive for industry to continue to invest in systems that cannot
be deployed.

There is a critical need for UMTA to develop a sound approach to
the management of new systems technology from concept through
deployment,. The half measures in force today do not provide any
guarantees that the taxpayers dollars are well spenton R & D. The
purpose of the program should not be to develop test track hardware,
but to solve urban transportation problems.

A new UXITA requirement calls for an analysis of alternative
transportation solutions to substantiate selection of a particular sys-
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tem for Federal capital assistance. Cost-benefitt analyses tend to
be unfavorable to new systems because they will have higher fist
costs for production engineering, tooling and federal-share develop-
ment repayments than do systems which have been deployed. Careful
evaluation of service benefits and clear UMTA criteria for qualifica-
tion of new systems for capital grants will be necessary to insure
consideration of AGT and other new systems.

FOREIGN [INSTITUTIONAL ARRANGEMENTS

In a number of foreign countries novel arrangements between cen-
tral and local governments and industry have been established to
foster the devdopment and ultimate deployment of AGT systems.
Certain of these are worthy of consideration.

R&D Organization.—In Germany and Japan, research and techni-
cal development of AGT systems usually is not handled by the agen-
cies having responsibilit for construction and operation of revenue

functilsnivisiosof mdtinantageous in that it tends to

PRT RESEARCH AND DEVELOPMENT IN JAPAN

Aerial View of CVS Test Track-Higashimurayama Tokyo, Japan
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insure longer-term continuity of development by avoiding competition
for resources to solve immediate transportation problems. A disad-
vantage, however, is that system devalpment tends to be isolated
from the realities of urban deployment.

Gvernrnent-hdwstry Cooperation.—Consortia of several industries
are sometimes fostered by national governments (e.g. Germany and
Japan) to develop a particular concept. For example, in Japan a con-
sortium of eight private industries, a trade association, the University
of Tokyo and the Ministry of International Trade and Industry are
cooperating on the development and the test facilities for the Com-

uter-controlled Vehicle System (CVS). (See illustration, page 44.)
L private capital may sponsor research and development through the
concept stage. If the concept is found attractive, tie government can
offer many incentives for prototype development and testing, includ-
ing cost sharing with a 50~,cash advance, and company retention of
proprietary rights for commercialization with payment of modest
royalties.

Government financial support for a local development and demon-
stration project virtually insures the company against losses for invest-
ments in production facilities and engineering. This insurance ]s a
strong incentive for a system developer to exploit his system commer-
cially. Successful commercialization is an advantage to the Government
since royalties are paid to the government until the initial cash ad-
vances, with interest, are fully repaid. Thus, the government is moti-
vated to encourage adoption of new systems to secure a return of the
investment in the initid development.

Cooperation between systetem manufacturers and local vernmenti.—
In both Germany and Japan, the system developers have been in-
volved in planning the actual installation and operation of the system.
In France, AGT development has generally been initiated by local
governments in conjunction with a hardware supplier. This arr~e-
ment leads to early decisions as to the type of system to be incorporated
in the local transportation im rovement program. If the planned
development is deemed to be o hational interest, financial assistance
can be made available from various ministries having co “Zance of
land use, regional development, transportation and pu Yic works.
Representatives of local and regional planning and th~ operat@-~
agencies, in addition to representatives from these ministmes, partici-
pate in management of the project.

An advant~e of this arrangement is that lanning tends to h
more pragmatic with early, more intense invoYvement of a specific
system supplier. Another advantage is that market uncertainties tend
to be reduced throu h commitments to a su plier so that his system
if any, will be instalfed. Once the hardwarefecision is made, wastefui
com etition is eliminated.

T~e French procedure also has some disadvantages. System selec-
tion may be based mostly on entrepreneurial prowess or influence.
Absence of price competition may result in more costly installations.
It is too early to judge whether this French management procedure
offers a better solutlon to technical or implementation problems
associated with AGT systems.

Government Cor oration.—The Ontario rovincial government has
established an 6 rban Transportation b envelopment Cor ration
(UTDC). The Canadiin Federal government, as well as otrer pro-
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vincial governments, are expected to participate in the development
programs.

Establishment of the UTDC required the government to appro-
priate u $6-million working fund and to delegate authority to enter
into specific kinds of contracts. Once established, the UTDC is ex-
pected to proceed with developing and marketing of systems such
as AGT, depending upon the cash flow from these operations to pre-
clude the need for extensive additional government aid. This in-
dependence provides continuity Jo development programs since they
are not subject to fluctuations m annual appropriations. )

Contractual Advantages.—Foreign develo ers enjoy certain ad-
vantages that are not availablo to United tates systems suppliers.
Procedures differ slightly among countries, but common provisions
are summarized below.

. Proprietary rights to the system are retained by the developer.

. Thepgovern)("ne t must waity12 months before relfgasing data to third parties,
and longer if the data are company-confidential.

. Prototype hardware and software belong to the company, but may revert
to the government if the company fails to achieve commercial success.

. Development contracts are cost-shared, based on an estimate of the total
project cost. The government share may range from 50 to 80 percent, with
cash advances made at predetermined rates. o

. These cash ad~'ances are later refunded to the government, with interest,
in the form of royalties from commercial sales. The government m:ty re-
duce the royalty rate, if a reduction would help the company win m export
sale in competition. . . o o

. To stimulate company investments in production facilities, conmlercializa-
tion and marketing acti~.ities, the government insures ag:]Jimt losscs. The
de~'eloper is guaranteed a minimum financial return sufficient to cover the
differences between the company’s actual sales and its Ixenk-even costs.

EXAMPLES OF U.S. TECHNOLOGY U'SED IN JAPAN

\“\\'«Qﬁ‘fz‘f
\ wm»

Test Track built by LTV Licensees, Niigata Engineering Co. and
Sumitomo Shoji Kaisha, Ltd.
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Kobe Rapid Transit (KRT) System for Expo '75 on Okinawa
Built by Kobe Steel, Ltd. in cooperation with Boeing Aerospace Co.

BIULTINATIONAL LICENSING AGREEMENT

Interest in AGT systems has produced several international licens-
ing arrangements. Three United States companies have licensing and
cooperative agreements with Japanese organizations: LTV Aerospace
Corporation, the Boeing Compan~' and the Bendix Aerospace Corpora-
tion. The otis Transportation Technology Division has an under-
standing with SOCEA, an engineering and construction subsidiary of
Saint Govain-Pent ~ Mousson to collaborate on planning an AGT
system in hTancy, France, However, political and financial obstacles
have caused uncertainties about the future of this ~roject.

Krauss-Maffei of Munich, Germany, still has a hcensing agreement
with the UTDC in Toronto, Canada, despite cancellation of the
project to build r magnetically levitated demonstration system on the
Canadian National Exposition ground. This contract was terminated
when the German Government withdraw support from the Krauss
Maffei system.

Whether the AGT market will materialize sufficiently to make these
licenses profitable is not yet known. These multi-national agreements
among suppliers of AGT systems and hardware refute to some extent
arguments that continued United States government support of AGT
development would help protect the United States balance of pay-
ments. Under a typical hcensing agreement orlly a small amount of the
money spent to build a project would fmd its way overseas to the
organization which licensed the technology. Most of the materials and
labor required to build a given project would normally be obtained
domestically.
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TECHNICAL

COMMON DEVELOPMENT REQUIREMENTS

There are tichnical problems to be resolved for all three classes of
AGT systems. These problems become more severe as system com-
plexity increases.

The major remaining development requirements common to all
AGTs terns are discussed below.

Control System Automation Development of computer pro-
grams for fully automating control functions!aa received considerable
attention, although only for theoretical operating conditions. (In

resent s stems, automation of central control functions is limited.
Advance GRT and PRT systems will require such automation.) The
most advanced work of this kind of the United States has been done
by the Aeros ace Corporation, the A plied Physics Laboratory, and
in Japan by VS. Development of reaY-time communications, com u-
tation and display hardware for vehicle and traffic managementEas
received little attention. The biggest difficult is that commercial
available technology allows rates of failures in t ese components whic{
are much too high for transit systems. Military and space hardware
that could achieve the required reliability is available, but at much
higher costs. Development is needed toievise real-time vehicle and
traffic management systems which tolerate individual component
faults and also can maintain some operations while the fault is being
corrected.

Headway Coni'rol.—If the full projected potential of AGT s stems
is to be realized, means must be found to reduce the relative{y con-
servative headways between vehicles now used by the mass transit
industry. Further development is necessary to:

. Im rove the quality of emergency braking s stems so that
hig[er deceleration rates can be reliably and sa?ely provided.

. Develop emergency braking systems which rovide constant
deceleration rates with variable forces, de~en8ing upon vehicle
weight and loads, grades, windage and guldeway conditions.

. Develop vehicle separation sensing systems of higher resolu-
tion than are currently available to permit vehicles to operate
at separations closer to the actual braking distance.

flystem reZidMty.—"System reliability” to the desi n en ineer
becomes “system dependability” for the transit patron. T e protabil-
ity of a system failure increases with the number of operating compo-
nents in a vehicle and in the system. It also increases with the number
of vehicles on the track between the traveler and his destination.

To improve reliability for AGT systems, the following must receive
more attention.

* Procedures need to be developed for analyzing the potential
failures in extensive networks with large numbers oi vehicles.

* Additional research is required on the levgl of dependability
acceptable to the riding public.

* Development is required to achieve a satisfactory level of
service dependability, including identification of critical
components, establishing allowable failure and restoration
rates, and monitoring test results.
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Mathematical modeling alone will not improve system reliability.
Models can identify critical areas which must\e given special analysis,
but a combination of design procedures, modeling, praduction quality
control, and testing is necessary to gain increased system reliability
in actual public service.

Guideway cost.—Guideway costs represent 50 to 70 percent of the
total cost of an AGT system installation. The cost of tunneling such
systems could be three or more times the cost of an elevated guideway.

Areas where development work is required are itemized below:

+ Standardization of design and uniform loading criteria could
promote greater use of assembly line production techniques,
with resulting cost savings.

* Studies are necessary to define an acceptable level of ride
comfort and to establish trade-offs between guideway roughness
and vehicle suspension systems.

* Development is required to minimize the disruption and
hazards caused by snow and ice on guideways.

* There are applications where an AQ system would be inap-
propriate ground. An underground installation would
require expensive tunneling and station construction. More
work needs to be done on improving the efficiency of under-
ground construction and on the trade-offs between aerial and
underground guideways.

System integration. —System integration is necessary to insure that
careful control is exercised over system design in order for performance
requirements and design objectives to be met. This integration can be
accomplished least expensively by first simulating system performance
with computer assistance. After correcting errors in design, system
integration can be effected through ext(mslve testing of components,
subsystems, and finally the whole system. Work is needed in develop-
ing the computer simulations and preparing the related test programs
for an AG7Tsystem with an extensive network and large number of
vehicles.

Test jacility.—Because the problems described above are common to
all AGT s sterns, private industry research and development to solve
them would likely be redundant and hence wasteful of resources. A
properly managed federal research program could address these com-
mon problems while clarifying the issues concerning ultimate urban
de loyment of AGT systems. Part of such a rogram would be an
A('T system test facility. Such a facility could\e available for:

. Testing critical aspects of system designs.

. Establishing design and operational standards.

. Testing alternative desi n approaches and components for
comparison with standarfs.

. ldentifying and defining engineering trade-offs.

. Limited ‘(check-out” of systems prior to urban deployment.

The “HPPRT” Pro~ram reposed by UMTA provides the essential
elements of such a facdity, ! ut only for a sin le manufacturer’s con-
cept. With some additional expenditure, the% PPRT” facility could
satisfy the requirements outlined above for several systems.
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SHUTTLE-LOOP TRANSIT SYSTEMS (SLT)

The greatest remaining technical and cost challenges involve product
improvements necessary to reduce capital, operating and maintenance
costs. Product improvements are also necessary to increase operational
reliability, including:

. Door operating mechanisms.’

. Communications systems.

. Automated control systems.

. Improved passenger information systems.

GrRoUP RAPID TRANSIT sysTEm (GRT)

Technological improvements required for GRT systems are
described in two categories: those currently developed (headways
greater than 15 seconds) and the advanced GRT systems still being
developed (headways less than 15 seconds).

Though two GRT systems have been deployed in the United States
(Morgantown and AIRTRANS), they can be regarded as still in
engineering development. The basic technology has been proven and
components have been assembled in a workable system; but additional
engineering is required to improve performance and reliability, to
reduce costs and to prepare the systems for larger scale production.

Further specific engineering developments required are:

. Achievement of a level of system reliability exceeding that of
current transit systems at an economical cost.

Reduction in weight of vehicles and guideways.

. Development of automatic vehicle coupling for assembling
trains in stations.

. Development of techniques for detecting obstacles that may
affect passenger safety or cause damage to a vehicle.

. Development of computer software for managing the vehicle
fleet and for accommodating system failures.

Advanced GRT systems.-These systems are characterized by
headways from about three to 15 seconds. The technical development
requirements are similar to those for the current GRT systems. The
shorter headways, however, require more attention to the following:

. Improvements in the responsiveness and accuracy of the
longitudinal control system, including detection of separated
vehicles and wayside communication.

. Development of an emergency braking system providing con-
stant deceleration independent of vehicle loading, grades,
windage and guideway condition while meeting established
safety and reliability criteria.

. Careful integration of system hardware and software in order
to meet development objectives.

Current planning for the “HPPRT” project includes most of this
work.

tNote that foreign practice reguires transit gatrons to activate the opening or closlnff:
of doors. Re%r doors on United Sates transit buses are similarly opened by Tiders, Life
cycles could be extended by patron-cperated doors because these'doors are operated only

when needed, rather than repeatedly a all stops.
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PERSONAL RAPID TRANSIT SYSTEMS (PRT)

PRT systems are now in the exploratory development stage. Two
critical issues that are the most challenging and require the greatest
attention are:

. Sustaining high levels of service dependability with shorter
headways and more vehicles than GRT systems have, and

. Developing computer software to manage a fleet of thousands
of small vehicles safely and efficiently.

Other PRT development areas which must be addressed are:

. Basic PRT system requirements to conform to changes in
regional topography” and meet urban travel needs, defined in
terms of patronage, service, operations, network geometry, and
facilities.

. Demonstration of the feasibility of longitudinal control systems
for very short operational headways (0.5 to 2,0 seconds),

. Development of a constant deceleration emergency braking
system (in contrast to fixed brakes currently used).

. Determining requirements imposed on the vehicle and other
parts of the system in case of collisions,

. Vehicle crash-worthiness studies.

Progress toward resolving some of these issues could be made
through development of the SLT and GRT systems. Nevertheless,
a decision to initiate development and implementation of a PRT
system must recognize that deployment would be perhaps 10-15
~rears away. The problems of management, financing, and risk would
exceed those of any other development program undertaken by the
Urban Mass Transportation Administration. Careful long-range
planning and a long-term commitment to such a program are essential
If a PRT system is to be put into service.

EcoNnowmI C

BETTER COST DATA NEEDED

One of the major problems facing those attempting to analyze the
merits of AGT in relation to alternative transit modes is the Jaucity
of meaningful data, Further, the limited information availble is
interpreted differently by consultants, public agencies and manufac-
turers. As a result, many conflicting estimates have been made and
there is general confusion on the validity of the resulting cost-benefit
analyses.

SLT.-There are enough SLT systems in operation and under
construction to warrant a concerted effort to accumulate and interpret
information on operation and maintenance costs as well as initial
capital costs, This should, of course, be a continuing process as new
data is taken into consideration. The tabulation on the following page
summarizes the pertinent data which are currently available on the
six SLT systems which involve relatively large vehicles.

As shown, there is a wide variation in the cost of construction. Some
of this must be attributed to different guideway requirements (i.e., at
grade, elevated, or tunnel). In general it should be noted that capital
costs per mile for SLT systems are not large in comparison with other

14-37( 1 -T7H-5
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systems using exclusive guideway s. Operation and maintenance, ex-
elusive of capital costs per vehicte mile vary from 72 cents to $2.08.
This would compare to $1.45 for the Lindenwold Rail Rapid Transit
Line (1974 figures), $1.75 for the Washington, D.C. Metrobus opera-
tion, and $1.70 for the bus fleet operated by the Chicago Transit
Authority. Because SLT systems provide a lower capacity service
than rail rapid transit, the per-passenger costs seem hig and indicate
a need for technical researg and development to reduce them.

RZ'.-The only two GRT systems, at the Dallas/Ft. Worth Air-
port and at Morgantown, have both experienced major capital cost
overruns. It is difficult to derive any useful conclusions from ex-
perience to date because neither system has been in operation long
enough to establish a sound basis for projectin operation and main-
tenance costs. For example, after 16 months o operation, LTV was
using about 120 maintenance employees to keep the AIRTRANS
system operating—almost two per vehicle. Also, 36 station attendants,
not contemplated in the original project plan, have proved necessary
to compensate for the poor quality of information available to pas-
sengers in the system.

As more experience is gained and equipment reliability is further
improved, LTV hopes to reduce the maintenance force towards the
originally projected goal of 90. Moreover, with improvements in pas-
senger information, systems design and station facilities, the need
for station attendants can be eliminated or drastically reduced.

Cost Data for SLT Systems | nvol ving Large Vehicles

Fai+~#:
Sea Tac Miami Busch Bradley
R, % Airport Airport  Gardens Center Airport

Length of single lane

guideway—in feet. . . .. 7,100 9,050 2,800 7,000 3,400 4,400
Number of stations. . . . . 8 6 2 2 2 3
Number of vehicles. . . .. 58 128 s $61§ $41(2) . 42% §
Capital cost—millions... .25 Ve S 90. . . e

pYeialr completed. - ... 1671 & B HR B
Annual O. & M. costr4

thousands . ............ $275 $540 3$300 NA  °$250  3$250
Passengers per year, s .

millions ............... 12.5 57 3.1 NA 3.0 1.0
Vehicle-miles per year, s

thoui'sands .I. e 380 430 NA NA 120 s 230
Capital cost per lane-

0L+ ovn per e, $1,150 $1,550 $2,400  $600 $1,300 1,000
0. &M. cost per passen-

g€l ononen. ... $0.02 $0.09 3%0.06 NA 3$0.08 5 $0.25
0.& M. cost per vehicle-

MIlE, e $0.72  $1.26 NA NA s $2.08 3$1.09

| Westinghouse Electric vehicles—90 to 100-passenger capacity.
Z Ford Motor Co. vehicles—24- to 30-passenger capacity.

$ Pro”ected. .

t Exc{usive of capital cost.



53

In general, operating and maintenance costs of GRT will be highly
sensitive to the number of maintenance personnel and the presence
or absence of station attendants.

The Morgantown system is not yet in operation and consequently
there are no actual operating data available. Boeing estimated that
42 people will be required to operate the system and maintain the
equipment. Judging from LTV’s experience at Dallas/Ft. Worth,
where initial operations required three times as many staff people
as originally estimated, it can be expected that during the break-in
period appreciably more people will be needed.

Both AIRTRANS an Morgantown offer excellent opportunities
to develop very useful information about the operating and mainte-
nance costs of GRT systems. It is important that they be monitored
carefully and that data be collected in a comprehensive and coordi-
nated fashion.

PRT-There are not enough data available on these more complex
systems to form the basis for reliable estimates of capital and O & M
costs. Automobiles cost in the order of $1 to $2 per pound. Aerospace
system hardware costs much more—for example, the 747 averages
about $65 per pound. PRT vehicles can be expected to cost somew-
here in between, probably in the range of $10 to $20 per pound,
depending upon quantities produced and other factors.

Estimating the probable costs of PRT systems is a particularly
perplexing problem. For example, the Aerospace Corporation has
prepared a study which indicates that a PRT installation in the Los
Angeles area would be cost-effective. They recommend 64,000 very
small vehicles and conclude they can be produced in volume at a cost
of $10,000 each. Manufacturers contacted by De Leuw Cather and
Company, in connection with a detailed study of small vehicle systems
for the Twin Cities Area Metropolitan Transit Commission, indicated
that the on-board control equipment, alone, would cost well in excess
of this amount.

Such differences in opinion on probable costs are not surprising
because no PRT systems have been built, aside from overseas test
tracks. Research is needed to assemble the best information available
and, after thorough analysis, to make data available to those who are
interested. The extensive test track installations in Germany and
Japan could provide the basis for mutually beneficial international
information exchanges.

THE INFLUENCE OF AUTOMATION

AGT transit systems which involve relatively small vehicles must
be automated in order to be economically viable. Experience in recent
years with urban bus operations indicates that the cost of providing
drivers for individual vehicles the size of a city bus or smaller has
nearly reached the limit of support from the fare box. The strong
thrusts in the past 10 to 15 years to develop systems that are less
labor intensive recognize this factor. The successful introduction of
automatic elevators is often cited as evidence that automation can
provide better service at substantial savings.
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Experience to date with Automated Guideway Transit systems,
however, indicates that dramatic economies, through the substitution
of computers and electronic equipment for operating personnel, are
unlikely in the foreseeable future. To provide frequency, comfortable,
reliable, and safe service without human operators requires much com-
plex electronic and mechanical equipment that must be monitored
and maintained by skilled technicians.. As the complexity of such
systems increases, opportunities for equipment malfunction increase
correspondingly, necessitating additional specialized personnel. For
example, at the Tampa International Ai.rport the eight Westinghouse
shuttf'e vehicles are maintained by a crew of four full-time and two

art-time employees, fewer than one per vehicle. At the Dallas/Ft.
h Worth Airport, however, where a much more complex system is in
operation, about 120 maintenance employees are currently required to
kee 68 vehicles in operation.

The tabulation below illustrates how various levels of auto-
mation are related to manpower requirements. As noted in the
table, even after the AIRTRANS system shakes down and a number

Manpower Requirements for Alternative Transit Modes

. Fully

Conven- Semi- auto-

tional Auto- mated

bus mated GRT

Metro- Al RTRANS

bus PATCO Dallas/

Washing- Linden- Fort

ton, DC wold, NJ Worth

Number of vehicles. ........... ... ... ... . . . 2,175 75 68
Number of personnel:

Administrative. .. ... 117 28 3

OPErating. . ..o oot 3,311 2117 458

MainteNanCe... , ..o ot 1793 3131 120

TOtAl . et 4,221 276 §181

Number of employees per vehicle *................... 1.9 3.7 2.6

! Bus maintenance only, 726 people.

2 Includes a plice forcé of 20 people. o

% Includes 7épeople in rail shops and 55 for way, power, and facilities. o .

¢ Includes 36 passenger service employees required to assist passengers in finding their
way around the airport. ) ) .

#"The maintenance manpower should decrease to 100 or less as more experience is gained.
Also the need for passenger service employees should diminish once better graphics are
installed. Thus, a total manninglevel of about 125 people for both operations and mainte-
nance may be anticipated, whichvould amount to about 1.8 employees per vehicle, or about
the same as a bus fleet. . . . .

¢ The ratio of emplo?ees per hicle is only one of several bases for comparing different
systems_and modes. AIRTRANS is a very compiex system. At the other extreme, the Tampa
Airport Shuttle System requires only .75eamloyees” per vehicle.
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of improvements and refinements have been completed, the number
of people per vehicle required to maintain and operate It will be only
slightly less than for a typical bus system. Thus, GRT must offer a
significantly higher level of service and comfort if it is to operate as a
cost-effective mode because capital costs will prove far greater than
for buses on a highway.

A major unknown in the potential deployment of PRT systems,
which have much more sophisticated controrand vehicle equipment,
is the amount of manpower required to keep such systems working
safel~~ and satisfactorily. Budt-in redundancy and other means can
improve PRT reliability and reduce manpower requirements. It is
unclear however, whether this reliability can be achieved at reasonable
cost, and whether maintenance requirements can truly be reduced.

THE RELATIONSHIP OF AGT TO OTHER TRANSPORTATION MODES

Not only must AGT systems compete with all other transit modes
for scarce capital, operating and maintenance funds, they must vie
for trips which are now being made in private automobiles. Conven-
tional rail and bus systems have been steadily losing ground. At the
least, innovative applications are needed to reverse this trend.

AGT systems are a. most ambitious new alternative for public
transportation but at the same time involve great risks. These systems
will compete with the private automobile, for which drivers are ‘ifree”
and many other true costs are well subsidized. Among these costs are
traffic policemen; land consumed for roads, parking lots and service
stations; pollution; excessive travel time due to congestion; inefficient
use of energy; and urban s rawl.

Although SLT and GR?are otentially more attractive than other
transit modes, they will probabry gain ridership in response to meas-
ures to discourage use of the private automobile. However, their
potential for influencing the modals lit should be carefully evaluated.
I?RT, if realizable, would undoubtelly have many attractive features
that place it in a different class from conventional transit modes. In
an~. serious consideration of PRT, which represents the most ambitious
concept yet proposed for urban mobility, three fundamental questions
arise.

. Is PRT technically feasible to build and operate at acceptable
levels of service and reliability?

. Will the public find PRT socially acceptable and will people
use it for a significant percentage of trips?

. Can the substantial capital and O & M costs be economically
justified in relation to the resulting benefits, many of which are
not readily quantified?

This last question is probably the most difficult because little hard
datti me available. Some contend that the best way to develop mean-
ingful cost estimates is to invest heavily in test track and demonstra-
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tion facilities. Certainly, this approach would provide much better
information than is currently available, and it would help answer the
first two questions. However, a test track program would cost a great
deal—probably well in excess of $50 million. Before making such a
substantial investment, comprehensive research is needed to develop
pertinent data. Analyses should be made with sufficient detail to pro-
vide firm answers to two basic questions:

. Would the potential use and benefit of PRT systems in the
United States warrant the cost of development, testing and
demonstration?

. Can a PRT system be built and operated at costs which riders
can afford or which local and federal agencies are willing to
subsidize?

Until more research has been completed on the social and economic
problems involved in PRT, expenditures for hardware development
should be limited to those necessary to support the findings of these
analyses.

SociAaL

Current studies of AGT systems indicate that planning and decision-
making at the local level on the use of automated systems is an ex-
ceptionally difficult process. Achieving an acceptable plan involving
massive capital investment, uncertain operating costs, educated
guesses about impacts on transportation, the environment, and urban
form, and serious risks of technological feasibility is a formidable task.
The process must involve not only a complete analysis of realistic
alternative approaches to transit, it must also be responsive to a
broad range of community interest groups.

Major social issues are present. They are briefly summarized below.

Lund Use.—Urban transit systems affect land use, property values
and the character of neighborhoods they serve. The full impacts are
not well known, though the effect of urban highways are considerable.
By coupling transit and land use plannin , many of the harmful effects
could be lessened. Applying this princifd e to planning AGT installa-
tions could enhance the nature of the areas served.

In general, the land use impacts of transportation are poorly handled
in our society. Laws do not allow the optimum use of potential transit
benefits. For example, the rise in property values adjacent to transit
stations is allowed to accrue to private speculators or developers.
This can inflate housing prices and deny both housing and transit
service to the lower and middle income roups it was intended to
accommodate. The increase in values, as we7l as the increased property
tax revenues, could be recaptured for public pur oses such as paying
the costs transit construction and operation. A@ systems may have
the potential to ameliorate many such land use problems, but this
potential cannot be realized without supportive legislation and in-
telligent urban planning that recognizes the possibilities.

~ervice.-AGT systems demonstrate superior potential service
attributes. Automated vehicles can be scheduled more frequently to
provide much higher levels of service than manned bus or rail rapid
transit. Demand service vehicles would add a further dimension, and
direct origin-to-destination service would be even more convenient.
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At the same time, the benefits of service must be distributed among
the various populations that comprise an urban area. If maintaining
service in high crime areas is a problem, it would be difficult to dis-
tribute GRT or PRT system benefits evenly among all groups; thus,
the benefits might accrue primarily to the affluent surburban com-
muters. Such concerns are often voiced on rail rapid transit systems
developed in the traditional hub and spoke fashion. Service charac-
teristics deserve careful study for capital intensive transit systems.

Safety.-+LT systems have been operatin with good safety records
which seem well established. AIRTEANS as likewise fared well in
this regard. Thus, AGT systems can compare favorably with con-
ventional transit in the safety area. However, emergency procedures
and evacuation methods must be further developed.

PRT safety requires detailed investigation.for fractional second
headways to be implemented, the “brick wall” criterion for transit
safety must be replaced, That is, under certain situations, it may not
be possible for a vehicle to be operated in such a manner as to allow it
to stop before it hits the car in front of it. Passenger safety in controlled
collisions between crashworthy vehicles could be high, or it could be
significantly lower than conventional transit.

security.—Vehicle operators, conductors and station attendants all
contribute to a feeling of security among the passengers. In high
crime areas special transit police forces are employed to enhance
system security. AGT systems, to be economically competitive, must
reduce labor costs substantially over conventional modes to justify
hi her capital costs. Current SLT and GRT deployments in non-
uri an settings do not reveal much about security aspects.

Authorities have indicated that security functions can be automated
to some degree. Closed circuit T.V. and two-way voice communica-
tions can provide a great measure of personal security when coupled
with a quick-response police force and a system enforcement plan.
However, problems of security increase with increasing numbers of
stations. Mforeover, technological fixes to problems of security can
raise costs.

Automated systems must be carefully designed to reduce vandalism
and malicious mischief that will be difficuf t to handle without an
on-board operator. The early warning of intrusion on the guideway
provided b~" operators will be missing. If vandals discover that system
disruption can be caused with ease and with little chance of detection,
they will be tempted to harass the system, causing inconvenience
and danger to patrons and increasing the cost of operation.

System Design.—AGT systems must concentrate design efforts on
the passenger-system interface. Automated systems lack flexibility.
The variety of information a station attendant or driver can provide
will be missing. k system Complexity increases, the need for better
information increases because travel becomes more complicated.
While such human factors design is achievable, it should receive
priority particularly in light of the failure in this regard at AIRTRANS.

Elevated Guideways and Stations.-SLT and GRT systems rely on
relatively large and heavy vehicles which impose significant strength
requirements on the guideways. Guideway width varies from 8 to
10 feet with significant depth, The guideways must be elevated to
provide exclusivity without incurring the cost penalties of underground
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construction. These guideways and their associated stations will
produce a major visual impact. However, they are unlikely to be
located in resiiential areas where the most serious objections might be
expected.

PRT systems will require much smaller guideways since the vehicles
themselves are much smaller and lighter than other AGT systems.
However, the advantage of PRT is direct origin to destination service
which will require a proliferation of guideways over an urban area.
While they may be less intrusive visually than the guideways of the
larger AGT classes, their extensiveness may cause similar objections
on aesthetic grounds, particularly in residential areas.

These guideways do not have to be obtrusive however. Sound
urban design which addresses all facets of the area being served by a
new transit system can help improve the environment. Guideways and
stations can be incorporated into the cityscape in ways that could help
make the area attractive. Reducing dependence on automobiles can
eliminate many of their unsightly consequences—street congestion,
parking lots, gasoline stations, and air pollution—thus making possible
urban life styles with more amenities.

Pollution and Energy.—AGT systems are non-polluting in that the
vehicles are electrically powered. However; the electricity generating
plants will pollute at the source. The pollutlon problems may be ac-
centuated if coal is used as the fuel.

AGT systems are presumed more energy efficient than automobiles
and competitive with conventional transit. The use of coal or nuclear
power would save scarce petroleum.

To the extent that higler service levels involve increased energy
consumption (i.e., fewer patrons per mile or more empty shuttle
traffic), savings will be decreased. System construction will also involve
energy and pollution costs which have seldom been taken into account
in transit or highway construction.

AGT in Non-passenger Roles.—AGT systems could be used to move
goods and to provide urban services such as trash hauling under some
conditions. Whether this is feasible or not should be studied because
multipurpose service should be incorporated in earlys stem planning.
Experience at AIRTRANS indicates that it may be di cult to achieve
muYtipurpose service, and urban environments would seem less suited
to A8 systems than special purpose environments like airports.

The above summary 1s by no means complete, but it does indicate
the range of important questions of social acceptance for automated
systems which must be answered before these systems can be consid-
ered market-ready. The breadth of these questions indicates the serious
need for research in these areas as well as hardware. Urban demonstra-
tion of systems beyond the test track stage is an extremely logical ap-
proach to answering these questions.

Finally, an important but frequently overlooked art of urban dem-
onstration and grarming for transit is the need toxevelop more com-
munity involvement in plaming and to provide for a multi-disciplinary
approach to design and im act assessment. Transportation is not
an isolated element, the excrusive realm of technical experts, but a
basic art of the urban fabric and community life. More efforts are
needel to involve local communities in helping to set priorities for
research and investment decisions, particularly when so many un-
known effects on the total community are involved.



Chapter 4: Assessment of AGT Research and Development

THE FEDERAL PROGRAM

The HUD new systems study of urban transportation, submitted
to the Congress by the President in 1968, stated that the Federal
role should be to address the broad problems of social welfare raised
by urban transportation—equal access to service, reduction in urban
lad areas consumed, elimination of noise and air pollution, and
improved urban mobility. While application of some available tech-
nology could help address these problems in urban areas, more in-
tensive, longer-range efforts were considered necessary to develop
technology capable of meeting future demands for urban
transportation.

1t was apparent that no local public agencies at the time, had the
interest, capability or resources to sponsor and manage the research
and development pro rams required to bring new transportation
systems into being.  or did private enterprise have the incentive
or the experience to grapple with the complex issues of transit user
needs and social costs. Without clearly identifiable market opportuni-
ties, large scale private investment in transit research could not be
expected. Hence, it was concluded that the Federal Government
should assume the role of a “catalyst)’ both in stimulating research
and development activities and in encouraging implementation of
the results of such R & D by state and local governments. This
philosophy has formed the basis for the research, development and
demonstration programs undertaken by UMTA during the past
seven years.

THE FEDERAL ROLE

In the area of urban mass transportation, the Federal Government
is not the final consumer of hardware produced as a result of federally
funded R & D programs, as is the case for defense and space hardware.
On the contrary, the ultimate recipients of transit equipment are the
local public agencies and private organizations providing transporta-
tion services, complicating the problems of deciding what R & D
programs will contribute the most toward achieving long term trans-
portation goals.

It has been UMTA'S olicy in the past several years to concentrate
its R & D effort on hig{ risk areas, on the assumption that private
industry will make the required investments for product improvement
and pre-production engineering. Thus,in the new systems area, which
includes Automated Guideway Transit, the emphasis has been placed
on the development of increasingly sophisticated systems such as
hlorgantown and its successor the “HPPRT” project. Basic problems
such as how to design cost effective unobtrusive guideways, how to
insure continuous operation in ice and snow, and how to improve the

(59)
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reliability of mechanisms have received little attention. Institutional
problems, such as how to implement AGT in the urban environment,
have also been neglected.
FUNDING

As indicated by the following tabulation, amounts allocated for
research and development constitute a small percentage of UMTA'S
budget.

[Amounts in millions; fiscal years]

1974 11975 . 1976

Research and development actual estimated  estimated

Bus transit technology ................. ... ... $13,0 $4.8 $3.6
Rail transit .. ... 16.0 13.0 16.4
New systems and automation,., ................ 23.4 7.9 16.0
Special Projects .. ... .6 .8 1.0
TotalR&D.ooo oo 53.0 26.5 37.0

Total UMTAfunding. .. ...t 984.6 1,445.5 1,724.2
R & D as a percentage of total funding ........ 5.4 1.8 2.1

By contrast, 10.6 percent of the Department of Defense budget for
FY 76 is for R & D activity. Of the total Federal budget, R & D ac-
tivity comprises 5.7 percent. Thus, in com arisen with other national
programs, the current R & D funding leveYin the area of urban mass
transportation is modest.

From fiscal year 1962 through fiscal year 1975, nearly $128.5 million
has been allocated by UMTA to new systems development, phased
over the years as indicated in the figure below.

UNTA R&D FUNDING BY PROGRAM AREA
1962-1976

70 70

60 [ Special Projects F‘ 60

8 Pl

— x
8o - . ) ) B " » ) ) T s0 =
= 1 _ ' i £
E: ; 2
: 40 et 40 5
g g
2 2
E p
g 30 30 o

i o N

i
10 . ‘ 10
0t ﬁ_ || / ‘ ‘
70 L 2 13 76 °

‘62 '63 ‘64 '65 '66 67 '68 ‘69

Source:  OM2A Fiscal 1976 Budget Estimates



61

Of this, a total of $95 million (including $64 million for Morgantown)
has been spent on AGT systems development. To put this amount in
perspective, $113 million was spent closing out the Supersonic Trans-
port Program in the four years since its cancellation by the Congress.

| NDUSTRY

Of the nine Shuttle-Loop Transit Systems currently serving the
public in airports and recreational facihties, only two have benefited
from any significant investment of research and development funds
from the federal government.

The two Westinghouse systems at the Tampa and Seattle-Tacoma
airports can be directly traced to significant government involvement.
Westinghouse built on their experience with the Transit Expressway
development program which was initiated in 1963 with a two-thirds
R & D grant from the Urban Transportation Administration of HUD,
the forerunner of UMTA. Westinghouse reports that in the past twelve
years they have s ent about $35 million of company funds on the
follow-on Transit Expressway development. In addition, the Federal
Government and local public agencies in the Pittsburgh area have
spent about $7.5 million on this program.

The only GRT system thus far in revenue service is the AIRTRANS
system at the Dallas/Fort Worth Airport. The system supplier,
LTV Aerospace, entered the AGT field in 1971 after test tracks,
funded in part by UMTA, had been built by VARO, Monocab and
Dashaveyor. Thus, to all practical purposes, the AIRTRANS system,
which was selected on the basis of competitive biddin , did not
benefit from any Federal involvement. The system whi exists at
the airport is essentially the result of industry efforts.

TRANSPO STIMULATED ACTION BY INDUSTRY

Of the six SLT systems which are now under construction, the
two being built by the Ford Motor Company at Fairlane in Dear-
born, Michigan, (see illustration, next page) and at Bradley Airport,
Hartford, Connecticut, are direct outqowths of the demonstration
facility built at Dunes International Awport for Transpo 72. UMTA
awarded four contracts to selected system suppliers m amounts of
$1.5 million each. Ford and the other manufacturers—Bendix-Dasha-
ve or, Rohr-Monocab and Otis-Transportation Technology-con-
trituted substantial com any funds to supplement the federal R & D
investment. Thereafter, ! ord built its own test track at Cherry Hill,
west of Dearborn, to test and evaluate follow-on designs.
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FAIRLANE TOWN CENTER PROJECT, DEARBORN, MICHIGAN

Pea Cn G dewa Fairlane and Transpo’72 Prototype
Und Cn ucet n Vehicles on Cherry Hill Test Track

Two of the three other manufacturers that participated in Transpo-
72 have also built test tracks near their plant facilities and continued
an aggressive development program. Rohr-Monocab has developed
a magnetically levitated version (ROMAG) of their suspended mono-
rail system and Otis-Transportation Technology Division is actively
advancing its technological capabilities, including evaluation of alter-
natives to air cushion suspension. Only Bendix-Dashaveyor has
decided to withdraw from active competltion for the AGT systems
market. Before this decision was read ed, however, Bendix devoted
much effort and in-house funding to im roving the hardware system
which was demonstrated at Transpo-72fhey are currently completing



63

TORONTO ZOO ANIMAL DOMAIN RIDE

Bendix-Dashaveyor

Forty-Passenger Vehicle
Operateson Test Track
at Ann Arbor, Michigan
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24 vehicles for transport service at the Toronto Zoo. (Seeillustration,
page 63.) A guide rides each vehicle to describe the activities of the
animals along the way. Because he also doubles as an operator, full
automation is not necessary in this system.

MARKET UNCERTAINTY INH BITS | N TIATIVE

Most of the manufacturers contacted during the course of this
assessment reported uncertainty about the market for AGT systems.
Whereas there are a number of airports, recreational facilities and
commercial centers where SLT systems are being given serious con-
sideration, current prospects for urban application are at best uncer-
tain. There are several reasons for this situation.

« UMTA has thus far given little encouragement to communities
interested in applying for capital grants for AGT systems.

« The requirement that the transit mode selected be demon-
strated to be the most cost-effective places AGT alternatives
at a disadvantage. This is because significant development costs
incurred by manufacturers must be spread over the first few

rejects.

- Unfavorable publicity on a few conspicuous projects involving
automation, notably BART, Morgantown and AIRTRAh-~S,
has prompted a wait-and-see attitude on the part of potential
buyers of Automated Guideway Transit systems.

- R;alistic cost estimates are difficult to make in lixht of the
major cost overruns experienced on several project~ Further-
more, no generally accepted formula has been developed to
quantify such benefits as lower pollution, less congestion, better
service, etc.

The manufacturers which have been active in the development of
AGT systems report that they have spent company funds totalling
ap~roximately $100 million on R & D thus far, Although muck of
this private R & D investment can be attributed to UhITA’s spending
‘fseed money,” most of these companies have indicated a reluctance
to invest additional funds on development until the present uncertain-
ties about the potential market are resolved.

COMMENTARY

Unfortunately, the Federal AGT R & D program to date has not
produced the chrect results which could reasonably be expected from
an ex enditure of $95 million. One measure of the effectiveness of
this 2 & D effort is the number of AGT revenue systems that have

_ ant assistance. On this basis, results have been
cojro1.°? 'Hé Fransit Expressway Revenue Line has received
capital ant fundin for right of way acquisition and engineering
design. Bowever, enteavors to implement this project in Pittsburgh
with federal capital assistance have met with considerable local
opposition and the final outcome of these discussions is uncertain.
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The Dallas/Ft. Worth Airport also received capital assistance of
about $7.5 million for construction of the AIRTRANS system.
This installation is having difficulty satisfying airline requirements.
In short, despite seven years of effort and the expenditure of $95
million in Federal R & D funds, supplemented by $100 million
from private industry, there is at present not one AGT system in
revenue service in an urban setting.

To identify some of the factors which have contributed to this
lack, it is perhaps advisable to begin by distinguishing basic and
applied research. Basic research exists for its own sake, mostly
unfettered by considerations of need or application. Applied research
is closel~" coupled to development and real-world applications.
Although all organizations which do research generally do some of
each of these types, an agency can be characterized as primarily
supporting basic or primarily supporting applied research. Because
UMTA is organized to deal with mass transportation problems,
its orientation must necessarily’ be to applied research. In developing
new urban mass transportation systems and technology, the systems
must be evaluated in the urban environment. If they prove effective
solutions, some means for fostering their implementation should
be found. Thus an important step in the evolution of innovative
transit hardware is operational evaluation through real-life demon-
strations. It is not enough to build a sophisticated system at a test
facility and run the hardware under controlled conditions. Before
volume production or large-scale urban deployment are undertaken,
an operational demonstration under typical urban conditions is
essential, Such a demonstration should evaluate the overall public
acceptance of the system and provide for the identification and
correction of its faults and shortcomings, It also would serve to reassure
city officials and transit operators that the full system will perform
as planned.

Besides the lack of attention to urban application, another charac-
teristic of the UMTA program is its orientation toward high tech-
nology, new sy’stems. Thus, many socio-economic issues remain
unresolved, as do many immediate hardware problems.

It is clear from the above that a number of questions remain to be
resolved.

« How much support should UMTA give to urban demonstration
of new systems and what should be the source of funds for any
support provided (the New Systems R & D Program, Service
and Methods Demonstrations, or the capital Facilities and
Formula Grants Pro ares)?

. Within the UMTA & D program, what is the proper mix of
(1) high technology, long-range, hardware-oriented work, (2)
solution of immediate hardware problems and (3) conduct of
studies in such soft areas as public acceptance and cost-benefit
analysis?

. What is the relationship between AGT and other solutions to
urban transit problem?

To assist in the resolution of these issues,the im lications of some
courses of action and some alternatives are indicatd in the remainder
of this chapter.



66

SCENARIOS FOR DEVELOPING M ARKET-READY SYSTEMS

As indicated, there is resently no generally accepted procedure for
converting the results 0 R& D tomarket-ready systems. If it were
decided that a major commitment to develop market-ready systems
should be made, a number of steps would be required. To illustrate
these steps, the time frame and approximate cost, three scenarios are
set forth, one for each of the three classes of AGT discussed in this
report.

SCENARIO FOR DEPLOYING SLT SYSTEMS IN URBAN ACTIVITY CENTERS

As has been pointed out, five manufacturers have built SLT sys-
tems at 15 locations in the United States. None are in service in urban
communities and no clear procedure exists for achieving urban de-
ployment of cost-effective systems. To correct this problem, while at
the same time accomplishing product improvement, reduced system
costs, and a sufficient number of competitive suppliers, the following
steps might be considered.

. In consultation with SLT system owners, manufacturers, urban
communities and consultants, UMTA initiates a program of
near-term development and product improvement to reduce
costs and improve reliability. This development can be ac-
complished in conjunction with a demonstration installation in
an urban activity center.

. Criteria are developed and standards are set by UMTA, possi-
bly supported by APTA, which qualify SLT systems for capital
grant funding. These standards would include the extent of
operational testing of actual hardware necessary to insure that

erformance specifications can be met.

- kconomies in production are achieved through standardization
of performance criteria, vehicle sizes (possibly two or three
sizes to. suit different applications) and guideway shape.

. Guidehnes are issued covering cost-effectiveness analyses and
other procedures which public agencies must follow in justif ying
a ca~ltal grant project covering an SLT system.

. Apphcations for capital grants are submitted, processed, and,
if found acceptable, approved. Contracts would be awarded,
based on competitive bidding, for procurement and installation
of SLT systems.

It is estimated that this scenario would require from two to four
years and would cost about $10 million. The costs of product engi-
neering, product improvement and tooling would be shared by private
industry.

SCENARIO FOR DEVELOPING AND DEPLOYING GRT SYSTEMS IN
METROPOLITAN AREAS

This scenario begins with the technology available from Morgan-
town and AIRTRANS, and extends the state of the art of GRT
systems. For purposes of this example, the UMTA “HPPRT” program
is the point of departure.
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. Test vehicles, a control system, guideway and supporting facili-
ties are build on a government site as proposed in the
“HPPRT” program. A case can be made for continuing more
than one candidate system through the prototype testing phase,
but this scenario assumes that only one hardware concept will
emerge from the proving-ground phase. Parallel urban de-
ployment studies define the control system logic and method-
ology necessary for simulating an urban installation.

. To determine public acceptance and assess how well GRT
meets urban transportation needs. UMTA arranges a demon-
stration project in a willing city. The site should be one in
which planmng suggests a full revenue system could eventually
be worthwhile.

. A 100 vehicle demonstration system with 10 to 15 miles of one-
way guideway is built with costs shared among participants.
The design of the guideway and other fixed facilities would over-
lap the final phase of prototype testing. Construction would be
b~: competitive bidding. The previously selected vehicle sup-
pher would incorporate all changes and improvements resulting
from prototype testing in the vehicles supplied. He would serve
as demonstration system manager and would be required to use
competitive procurement to the maximum extent feasible for all
subsystems.

. The demonstration system would be operated for three years
with meticulous records kept on all aspects of performance,
safety, reliability, maintainability, and costs as well as social
consequences. Transit operators, planners, city administrators,
legislators, and the general public would be afforded an op-
portunity to use the s}:stem with thorough records kept of their
attitudes towards possible use of the system in their communi-
ties.

. At the end of the demonstration, under UMTA'S supervision
the system manager incorporates all design changes and im-
provements into a comprehensive set of performance and sys-
tem specifications which competent suppliers could respond to.
The local public agency could apply to extend the demonstrated
s~'stem under provisions of the capital grant program.

s Thereafter, local public agencies could decide whether to apply
to install the demonstrated system in their communities under
provisions of the UMTA capital grant program.

This scenario will take eight to 10 years to accomplish and is esti-
mated to cost about $150 million to complete. These costs include a
two-phase prototype design and test program, an urban demonstra-
tion, and preproduction engineering, tooling and product improve-
ment for a revenue installation. Private industry could be expected
to share the cost of this work.

SCENARIO FOR DEVELOPING AND DEPLOYING PRT SYSTEMS IN
METROPOLITAN AREAS

This scenario assumes a long-range commitment to PRT with
intermediate check points such that development can be stopped if
progress slips, costs are drastically overrun, analyses indicate there

MB7C 1 () - i .4
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are no apreciable benefits, or if development does not prove techni-
cally feasitle. Based on these assumptions, several scenarios are possi-
ble but one approach is outlined below.

. Establish an in-house project team or select a s ~tem develop-
ment contractor from among the non-hardware, L gh technology
organizations to manage the project.

. Conduct two iterative analyses:

Systems analyses to formulate representative networks,
estimate performance characteristics, establish ran es of
modal sphts, estimate patronage and fare levels, ah con-
duct sensitivity analysls on hypothetical systems.

Market analyses to estimate potential applications, esti-
mate cost effectiveness, verify usefulness of performance
characteristics identified in the systems analysis, and test
the hypothetical systems.

. If the prior analyses warrant, proceed with preliminary design
studies. These studies would include: alternative methods of
suspension, guidance, control and propulsion; evaluation of
available components or improvements needed; development of
necessary components; synthesis of the best design elements;
and preparation of a preliminary systems design.

. Design and develop a prototype system including the vehicles,
guideway, stations, controls, and other supporting features;

. On government test facilities, construct a test track with
vehicles and su porting features to permit the test, evaluation,
redesign, retrazt, and stabilization of the system design;

. Deplo a small demonstration system in an urban area. The
proce ures are comparable to those discussed above for demon-
strating a GRT system.

. Estabhsh uidelines and criteria governing both the standardi-
zation of RT system performance and the conditions under
which federal financial assistance would be available for revenue
installations.

. Process planning and capital grants which meet the guidelines
and. are gtherwise eligible. Execute grant contracts for planning,
engmeermg and procuring PRT systems.

This scenario could take from 10 to 15 years to complete and is
estimated to cost about $250 million.

ALTERNATIVE INSTITUTIONAL ARRANGEMENTS

The limited accomplishments of government, industry and transit
operators since 1968 in devising effective ways to develop and deploy
new urban transportation systems su gest that current roles and re-
sponsibilities should be reexamined. A ether a government bureauc-
racy is an appropriate mechanism for achieving improvements in
urban mass transportation through innovation is open to question.
As has been pointed out, funding for R & D programs has not kept
pace with. the growth of UMTA'S resources for capital, operating,
and planmng assistance funds. However, even if funding levels for
R & D are increased to a level commensurate with the need to de-
velop better solutions, the results will not contribute significantly to
urban mobility unless a corresponding effort is made to devise ef-
fective means of applying the results of the R &D.
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It appears appropriate at this time to reassess the federal role in
urban transportation, particularly as regards the development and
deployment of AGT systems, To this end, three possible alternative
institutional arrangements are proposed for consideration.

GOVERNMENT CORPORATI ON

There are at least two relevant examples of government corpora-
tions established for conducting R & D and managing the applica-
tion of results.

In the United States, the Communications Satellite Act of 1962
created a corporation for profit, not an agency of the United States
Government, to develop and Implement a commercial communica-
tions satellite system. Tle corporation is authorized to:

* Plan, initiate, construct, own, manage and operate by itself or in conjunc-
tion with foreign governments or business entities a commercial com-
munications satellite system.

* Furnish, for hire, channels of communication to United States communica-
tions common carriers and to other authorized entities, foreign and do-
mestic.

* Own and operate satellite terminal stations when licensed.

* Conduct or contract for research and development related to its mission.

+ Acquire the physical facilities, equipment and devices necessary to its
operations? including communications satellites and associated equipment
and facilities, whether by construction, purchase, or gift.

* Purchase satellite launch and related services from the United States
Government.

* Contract with authorized users, including the United States Government,
for the services of the communications satellite system.

+ Develop plans for the technical specifications of all elements of the com-
munica~i&s satellite system. -

In Canada, the Province of Ontario established the Urban Trans-
portation Development Corporation in 1973. Other provinces and the
Canadian federal government are expected to become share holders
in this corporation.

The objectives of the Corporation are to:

* Acquire, develop, adapt, use and license patents, inventions, designs and
systems for all or any part of transit systems related to pubhc transporta-
tion and rights and interests therein or thereto.

* Encourage and assist in the creation, development and diversification of
Canadian businesses, resources, properties and research facilities related
to public transportation.

* Undertake the design, development, construction, testing, operation, man-
ufacture and sale of all or any part of transit systems related to public
transportation.

» Test or operate and provide services and facilities for all or any part of
transit systems related to public transportation and in connection there-
with build, establish, maintain and operate, in Ontario or elsewhere, alone
or in conjunction with others, either on its own behalf or as agent for others,
all services and facilities expedient or useful for such purposes, using and
adapting any improvement or invention for any means of public
transportation.

* Manufacture vehicles and control, propulsion and guideway systems and
their appurtenances and other instruments and plant used in connection
with transit systems related to public transportation as the Corporation
may consider advisable and acquire, purchase, sell, license or lease the
same and rights relating thereto, and build, establish, construct, acquire,
lease, maintain, operate, sell or let all or any part of transit systems re-
lated to public transportation in Ontario or elsewhere.

* Carry on any other trade or business that, in the opinion of the Board, can
be carried on advantageously by the Corporation in connection with Or as
chiIIary to the carrying out of the objectives of the Corporation set out
apove.
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Both of these examples suggest means by which innovative trans-
portation development anddeployment could be achieved in the
United States. Congressional action could establish a private, for
profit corporation to undertake the development and installation of
AGT systems.

TRANSIT DEVELOPMENT CORPORATION

One frequently heard complaint is that the operators, collectively,
have had Yttle to say about what research and development is con-
ducted to meet their needs., When originally conceivé , the UMTA
demonstration program was intend~d to help transit operators experi-
ment with their own ideas of service and equipment improvements.
Over the years, demonstrations have largely become structured and
directed by the Federal Government.

The Transit Development Corporation (TDC) was established in
October, 1972 by the major transit operating agencies of the United
States and Canada. TDC is registered as a non-profit, scientific and
educational organization whose purpose is to pursue and foster research
and development projec.ts relatlve to urban mass transportation sys-
tems and the commumtles they serve. TDC'S purpose is also to make
its findings and information available to the ~ublic, governmental
bodies, and the industry. Specifically, TDC is intended to:

« Focus on the research needs of the industry today to improve reliability

and performance of public transport. . ]
. Sponsor research and development of use to the transit operators for public

benefit.

. Mobilize the talent in the industry to help conduct and supervise such
research and development.

« Develop industry-wide support of such research and development, both
directly through financial contributions and indirectly through the furnish-
ing of materials, plant and personnel for research and experimentation.

« Channel and coordinate demands made upon individual pro erties and
groups of properties for agency personnel and agency services for research
and development activities.

« Insure the dissemination of research and experimental findings and opera-
tional experiences among the transit operators, governmental agencies and
the public.

The transit operators participating in this corporation are having
difficulty financing TDC'S major activities. A recent administrative
ruling b-y DOT makes TDC ineligible for sole-source, R & D grant
contracts. Reconsideration of this ruling, or identification of other
sources of financing, could enable this representative of the transit
industry to help develop and implement AGT systems. Procedures
used in funding the National Cooperative Highway Research Program
or independent research and development under defense and h'ASA
contracts could be considered.

GOVERNMENT- | NDUSTRY  CONSORTI UM

While unprecedented in the United States, government-industry
consortia are widely used throughout Europe and Japan as a means to
accomplish research and development and to penetrate the commer-
cial market. The arrangement has several advantages.

. The best talent of industry specialties can be concentrated on
a particular development project.
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* Scarce resources, including personnel, capital and facilities, can
be conserved by avoiding competition between participants.

+ Government expenditures are reduced through cost sharing
with inclustry.

« Because the government is a participant, there is mutual in-
terest in commercialization of the product. Both the govern-
ment and industry stand to get a return on the initial invest-
ment.

+ To strengthen the price advantage of the consortium in an
initial foreign competition, the government can waive the re-
covery of cost provisions for the industry participants.

These advantages, available to foreign AGT system developers, have
placed United States manufacturers at a competitive disadvantage.

The above alternfitive institutional arrangements offer opportunities
to improve the efficiency of transit R & D and to accelerate the rate
of transit innovation and improvement.

O THER TRANSPORTATION ALTERNATIVES

There are other transportation options which are worthy of atten-
tion in addition to Automated Guideway Transit but which do not
truly fall within the scope of this study. Some of the possible options
for solving the variety of problems confronting urban communities,
including pollution, congestion, mobility for the disadvantaged and
energy conservation, are briefly described below.

BATTERY POWERED VEHICLES

Several versions of small automobiles powered by rechargeable
batteries have been developed in the U.S. and abroad. In Washing-
ton, D. C,, the CitiCar is being marketed at a cost of approximately
$3,000 for a 2-passenger vehicle which can travel about 4o miles at
speeds of 35 miles per hour before requiring a recharge. The cost of
electricity for recharging batteries is estimated at less than 1 per mile.

In Monchengladbach, Germany, the transit system uses battery-
powered buses. Operating costs are reported comparable to those for
diesel engines.

Battery powered vehicles offer several attractive advantages. They
do not pollute the atmosphere, they do not consume petroleum fuels,
though they would require more nuclear, coal or hydroelectric power
sources if used in large numbers. Because of their restricted range and
speeds, they are special purpose vehicles, limited to such uses as com-
muting and short neigborhood trips. This should not present a
problem in urban areas where 90% of all trips are less than 10 miles
long. However most of them have one serious drawback—the time
required to recharge their batteries.

VEHI CLES ADAPTED TO DENSE URBAN AREAS

In addition to energy and pollution, the size of the average auto-
mobile causes serious problems both in the form of congestion on the
streets and the space required for parking when not in use. Encourag-
ing the use of small vehicles in cities and towns and for commutmg to
built up areas from suburbia has been recommended by planners and
consultants. The value of land in most urban areas is such that the
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cost of structural and underground parking is about $3,500 and $5,000
respectively for a standard automobile parking space. Thus, there are
significant economic advantages in reducing t e size of vehicles by a
factor of 2 or 3. Conversely, the occupants of small vehicles are not
as safe as those riding in big cars. Statistics indicate that, in mixed
traffic, the risk and seriousness of injury increases as the weight of
the vehicle decreases.

For most urban uses, low performance vehicles would be entirely
satisfactory. They could use batteries or other low-power propulsion
systems.

BATTERY POWERED VEHICLES

CitiCar
Manufactured by
Sebring Van-
uard, Inc.
ring, Florida

. -
. - i
+

Electric Bus
M onchengladbach,
Germany

(Note the trailer
for battery and the
recharging station, in
background.)

These vehicles will not fill the role of a family car on long trips. Such
a car could be rented, or other forms of transportation used on such
occasions. Neither will these small urban cars provide transportation
for those who cannot afford or do not care to buy one, or who are un-
able to drive.
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SPECI AL RENTAL VEHI CLES

To obtain better utilization and to minimize storage problems, the
rental of special small vehicles has been proposed. A variety of options
are available, but essentially the vehicles would be rented by indivi-
duals from a private company or public agency for single trips or ex-
tended periods of time. Such an arrangement is in operation in Am-
sterdam, where one may rent at 4¢ per minute, small,! battery-powered
vehicles not unlike golf carts, for transportation to various places
within the city. Special parking places are set aside for these vehicles
at recharging stations near major attractions. By the end of 1975, it is
planned to have 15 stations and 125 cars in service.

A similar operation can be visualized as a demonstration in Washing-
ton, D. C., for transportation between the many tourist attractions
along the Mall and elsewhere in the heart of the city. Remote parking
for full-sized family cars could be provided at locations such as RF
Stadium and the Pentagon (on weekends). Small vehicle rental and
storage facilities available at these locations, selected metro stations,
and the Visitor's Center at Union Station could provide a personal
transportation service.

OTHER TRANSI T SERVI CE PGSSI BI LI TI ES

Among other applications which offer interesting possibilities is the
Company Van-Poo!, organized and operated by t e 3M Corporation
in Minneapolis, Minnesota. The company purchased 67 twelve-pas-
senger vans and made them availabre to volunteer employees who
drive them to and from work, stopping along the way for door-to-door
service for fellow employees. A modest fare is charged, with an incen-
tive arrangement for the driver which permits him to make money if
he gets more than eight passengers.

After two years of operation the 3M program is reported to be very
successful, averaging about 11 passengers per van. The average round
trip is about 50 miles. Other companies m the Twin Cities area are
considering instituting similar service. Among the benefits resulting
from such programs are:

. Less congestion on the roads.
. Less gasoline used and less pollution.
. Less employee parking space required.

Less cost to employees for home to work transportation. . .
« N. government involvement, but privately financed transportation with

cost shared by company and employees.

Shared use of taxi cabs also warrants consideration as an alternative
for home to work transportation. Because of the cost of downtown

parking and the cost of operating private cars, pooled taxi service is
becoming increasinly popular, with groups of three or four people
arranging to be ic €d up at their homes each morning by the same
cab driver. In suturban San Diego, shared rides are subsidized by the
cit .

T he foregoing is but a partial listing of transportation o options which
deserve continuing attention along with Automated GuiXeway Tran-
sit. While this list suggests alternatives to the large, family-owned
automobile, it does not adequately address the needs of the transporta-
tion disadvantaged. Some modes, notably the private automobile,
have created serious problems which commarx urgent attention.
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Better urban mobility is likely only to be achieved through the
judicious blending of a broad range of techniques. Conventional modes
of transportation no longer adequately satisfy the growing require-
ments in some commumties. The Federal Government, through a
balanced program of R & D and financial assistance, can provide the
leadership and the incentive? for innovation needed for improving

urban moblhty without adding to the problems created by past
solutions.



Chapter 5. The Fiscal Year 1976 Program—Alternative Courses
of Action

The major issues raised in the last chapter provide a frame of
reference within which UMTA’'s FY 1976 budget request for Auto-
mated Guideway Transit research and development should be con-
sidered. Many of these issues have far reaching implications and are
deserving of careful study by the Congress.

This chapter presents four possible alternative courses of action on
the FY 76 hid et for research and development of Automated Guide-
way Transit. f or each of these alternatives, the points in favor and
arguments against are summarized under the headings ‘Pro” and
“©n”. Consequences of each action are also discussed.

ALTERNATIVE A

Approve the AGT R & D program as submitted. Provide $10
million for the ‘High Performance Personal Rapid Transit (HPPRT)”

Program and $4 million for the “Automated Guideway Transit
Technology” program, which will also receive $4.4 million in repro-
grammed or carry-over funds.

PRO

. The Automated Guideway Transit Technology program will
contribute to AGT systems at all three levels o technology:
shuttle and loop transit, group transit and personal rapid
transit. This program will accomplish needed work on theory;
research, development and testing of components and sub-
systems; and preparation of standards and criteria for system
acceptance.

. The “HPPRT” program will push forward the frontiers of
technology in AGT. It will continue UMTA's thrust toward
the development of automated guideway transit systems at the
high-technology end of the spectrum—well beyond the capa-
bifity of AIRTRANS and Morgantown.

. “HPPRT” will result in a test facility which can be used for
further testing and evaluation.

. “HPPRT”, through its Urban Deployability Studies, will
develop simulations and generate data that, with the actual
hardware, will be of assistance to urban communities which
are considering or planning advanced GRT systems.

. A modest beginning on P& concept evaluation will be made.

CON

. SLT systems receive minimal attention. No actions which would
lead to a demonstration of this technology in an urban activity
center are indicated.

(75)
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. It may be too soon to embark on another GRT system develop-
ment. The results of Morgantown and Dallas-1 Fort Worth are
not yet in. Once these results have been thoroughly assessed, a
new program could be better structured.

. The three system concepts selected for initial appraisal in
Phase | of the “HPPRT” project are very different. It will be
most difficult to determine which approach is worthy of full
development before actual hardware isbuilt and tested. Also,
selection of a single supplier may inhibit multiple source com-
petition for full-scale production if a significant market

. The “HPPRT” project does not address a known requirement
for such systems. No urban communities have made plans for
highly sophisticated GRT s stems involving 12-passenger
ve “c es moving at 3 second i eadways with a 7 to 10 year
development lead time.

. The program does not provide for R & D effort in the social and
economic areas.

. The AGT program as currently structured does not place
sufficient emphasis on such problems common to all systems,
such as guideway improvements, passenger safety and security,
and door mechanisms.

CONSEQUENCES

Approval of the program as submitted:

. Continues the policy of funding R & D for systems of increasing com-
plexiiy, \Wiknronppaas A i g ntesbiiialagy .

o Leaves to private enterprise most of the task of product improvement for
Shaiikcte i man dunidveenm wpplcations,

* Requires continuing appropriations in three subsequent years to complete
the “HPPRT” test program and 3 to 6 years thereafter to achieve market-
ready status witn multipie suppliers, . .

® Leaves unresolved most of the important social and economic considera-
tions bearing on the potential role of PRT.

ALTERNATIVE B

Provide no funds for Automated Guideway Transit Research and
Development. Use carry-over funds for data gathering and analysis.

PRO

. Delay in funding R & D starts will allow time to assimilate
information on installations already made at Morgantown and
Dallas-Fort Worth. Also, more time will be available to review
the need for GRT and PRT, including factors affecting social
acceptability and economics.

. Industry will not look to UMTA for leadership in R & D and
will thus be more inclined to undertake proprietary develop-
ments more responsive to the needs of the market place.

. Rejection by t ¢ Congress of proposals to proceed with the
development of sophisticated systems will focus the interests
of urban communities on conventional transit modes supple-
mented by shuttle and loop systems which are more nearly
available.
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CON

. Disapproval of further R & D funding will halt further regress
in the United States toward the development and deployment
of new urban transportation systems because industry has little
incentive to spend its own resources on systems the Federal
Government has rejected. State and local governments are not
likely to expend resources without Federal participation in
such programs.

. The possibility of perfecting a broader range of market-ready
SLT systems from experience accumulated to date is
diminished.

. Foreign exploitation of any potential United States market is
invited with possible effects on balance of payments and
United States dependence on foreign technology.

CONSEQUENCES

If no funds are provided, the following results can be expected:

+ The United States will become increasingly degendent on foreign sources
for high technology improvements to urban moi |I|tP(._

+ Companies which have developed R & D capabilities for AGT systems
may abandon this line of business, thus reducing the number of available
suppliers and dissipating the expertise they have accgmed. o ]

« The primary transportation options available to urban communities will
remain limited to bus and rail, supplemented by SLT systems.

« It will be possible to acquire useful data on the performance of the systems
ingtalled at Morjzantown and Dallas. Ft. Worth, if carry over funds are
sufficient and are-applied to this purpose.

ALTERNATIVE C

Approve the level of funding requested by UMTA for AGT, but
restructure the program to provide:

A?nount8
“HPPRT" .
Continue detailed engineering work by the 3 selected manufacturers ..- $3.0
A & E and initial construction on test facility infrastructure and sup-
port facilities -------- e e e e 3.0

AGT technology:
Common development requirements, i.e., guideways, doors, brakes,

etc----- e e mmmmmmmemseeeeeeeeoe il oo o 3.4
SLT—refinements and product improvements to facilitate an urban
demonstration ----- —-coooe eooe e - - 2.0
GRT—analysis and operation of Morgantown system and surveillance
of Airtrans operation -------- -- -- ememion eeeeen R 3.0
PRT—feasibility studies and simulations ------- ----- --- SRCTEEEEEE 2.0
AGT social and economic studies and analysis_ ----- ---z----x —oees - 20
Total, including $4.4 million of carryover funds-_ --------------- 18.4
PRO

. This restructured program provides improved balance in urban
transit research between short-term improvements in capa-
bilities and long range development of innovative new alterna-
tives. It permits a start on the next logical stage in the develop-
ment of advanced AGT systems, the “HPPRT” project. It
recognizes the need for intensive work on social and economic
issues which have heretofore been neglected.
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. The program provides for follow-on detailed engineering by the
three manufacturers selected for the ~HPPR “ project. This
avoids the necessity to select a sin le concept for further
development on the basis of paper stu “es only.

. Allocation of R & D funds to perfecting and monitoring SLT
systems will facilitate the deployment of such systems by
documenting unproved performance and costs. It. will also
encourage supphers stay in business, thus preserving oppor-
tunities for competition and more options for urban considera-
tion. Successful initial efforts could lead to a federally funded
demonstration project in an urban area.

. Industry should be stimulated to fund product improvement
work.

. The benefits of earlier GRT programs are maximized, while
the forward momentum of the program is maintained.

CON

. The time required to design, build, test and evaluate advanced
technology s stems would be stretched out.

. UMTA wouldrbe in the business of financing development and
engineering , a responsibility previously allocated to industry.

. SignificantY increasing the number o[ subjects to be addressed
in the AGT R & D program may cause administration and
coordination problems.

CONSEQUENCES

Redirecting the emphasis to near-term solutions:

. Shifts the balance of new systems R ~ D from exploring distance Possibilities
toward exploiting eX|st|n(}:;1 technology. )

. Involves government in the process of product development which has
been considered b}/ UMTA to be the function of industry. .

. Delays the possibility Of installing the more advanced ‘AGT systems in
United States cities. In some cases, stretching out the development period
may promﬁt Iocetle?%ena?esto abandon such programs.

« Recaognizes the PO | of simpler SLT systems as useful supplements

to conventional transit es which are currentl ilable.

. ,6_\ckno\\$vei1eI ges {RaT tﬂ]g(iong range potc_entna?pfy PRT warrants a modest
investment of R & D funds for economic studies, market analyses, social
acceptability studies and limited operational simulations.

ALTERNATIVE D

Increase the scope and funding for AGT R & D as follows:

Amounts
in millions
“HPPRT” .  Detailed engineering and hardware work by the 3 selected
manufacturers, plus a start on construction of the test facility .--. _. -- $15.0
AGT technology:
Common development requirements. ---- -—-----mmmmmmmioiiooaon oo 5.4
SLT—refinements and product improvements and support of urban
demonstration project ------------mmmn mmmmiee -- 3.0
GRT—analysis and improvement of Morgantown and Airtrans
systems- -------- R T T B LR nE e e L PP
PRT—feasibility and urban deployability studies and simulations- - o
AGT social and economic studies and analysis -------------men —oemmeen 3.0

Total, including $4.4 million of carryover funds ---------------- 34+ 4
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PRO

. Increasing the AGT funding level to $34.4 million, by rovid-
ing $30.0 million in new fiiscal Year 1976 funds, wi bring
UMTA’'S R & D budget to a level more in keeping with other
government gograms.

. The probabi ity of making a good decision on the selection of
a preferred “HPPRT” concept will be improved if it is based
on the evaluation of operational hardware rather than paper
design concepts, as is currently planned. The three manufac-
turers selected for Phase | are designing three very different
approaches: a suspended monorail with magnetic levitation,
an air cushion suspension and linear motor propulsion, and
rubber tires with conventional traction motors. Final selection
of the concept to be demonstrated in urban use will be difficult
even after extensive test track operations.

The increased cost of carrying three hardware concepts through
the prototype testing stage can be minimized by the use of com-
mon facilities, such as:

A multi- purpose guideway, wayside power supply “and
control cabring system to serve the two bottom-supported
systems; and

Central control computer, shop and support facilities to
serve all three test programs.

. A significant increase in funding for R & D of components and
common development requirements, as well as a stepped-u~
effort to learn from the Morgantown and AIRTRANSB experi-
ences, will maximize the possibility that AGT systems will
become cost-effective alternatives for urban transit.

. Such action will demonstrate interest by the government in
finding better ways to provide urban mobility through techno-
logical innovation.

. It will stimulate innovation by manufacturers, particularly in
the area of product improvements, and will allow industry to
plan on a continuing Federal commitment.

. With more money available, it will be appropriate to make a
significant start toward determining the technical, operational,
and economic feasibility for PRT systems.

CON

. Any large increase in funding for AGT systems is inapproriate
until the need for such systems has been more clearly estaldished
and the national potential market has been assessed.

. Additional time and funds will be required to meet the
“HPPRT” program goals through testing three prototype sys-
tems. Even with maximum use of common facilities, a total
program cost on the order of $50 million (in lieu of UMTA'S
estimate of $34.5 million for the current proposal) should be
anticipated.

. Management of the “HPPRT” program will be complicated
by testing three prototype systems concurrently through the
use of common support services.
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.UMTA may not have the management capacity and organi-
zational structure to handle an expanded R & D program so as
to insure that the funds are spent where they wi do the most

ood.

s Aere is no point in stepping up R & D efforts until better
procedures are developed to prepare for delivery of the results
of R & D to the marketplace.

CONSEQUENCES

A significant increase in funds implies the following:

¢ There will be a need to continue the significant increase in R & D funding
over a period of several years.

¢ A substantial increase in UMTA’s R & D program will require a cor-
responding expansion and improvement of R & D management capability.

e An expanded R & D program will increase employment in this business
sector and will sustain employment in at least two companies which are
likely otherwise to be forced to curtail or abandon this line of business.

¢ Emphasis on SLT and GRT concepts in this program will generate re-
quests for Federal funds to plan and install such systems in urban areas.

e Actual installation of systems will be dependent not only on success of
R & D but also on linking R & D to capital grant programs.
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APPENDIX A

ORGANIZATION AND PROCEDURE FOR CONDUCTING THE
ASSESSMENT

APPROACH

This assessment was conducted by the Office of Technology Assessment
(OTA) Transportation Assessments Group. The OTA staff was augmented by two
consultants who served as prﬂect principals. Mr. Frederick AT F. Cooké was
the Program Director and Mr. H, William Merritt was Deputy Program Director.
Both have had broad experience with PRT and other forms of Automated Guide-
way Transit. They were assisted in framing the assessment and directing the
Service by Dr. Leon M. Cole of the Library of Congress, Congressional Research

At the outset of the study, the subjects to be examined were grouped in five
general categories:

Current Developments in the United States.
Economics.

Social Acceptability.

Operations and Technology.

International Developments.

Detdailed topics within each of these categories are listed at the end of this
appendix.

ive study panels were organized, one for each of the general areas. Panels
were drawn from public transportation agencies, nonprofit organizations and
associations, manufacturers, transit planning organizations, educational and
research institutions, consulting firms and citizen organizations. A special effort
was made to have a \(ariet_}i of Bojnts of view represented on each panel, i.e.,
enthusiasts and skeptics alike. (Brief biographies of panel members are provided
at the end of this appendix.) . . . . .

The work of each panel was organized and directed by its Chairman with the
support and assistance of the Program Director. The panels met in Washington
several times to discuss findings, issues and conclusions. Eachor)anel chairman
submitted a report. Abstracts of the five panel reports are attached as Appendix B.

During the course of this assessment, most of the Federal and local govern-
ment officials concerned with the planning and implementation of Automated
Guideway Transit projects were contacted by members of the study team, as
were a majority of the significant s stem suppliers. About 20 members of the
team were briefed in detail by UMTA Administrator, Frank C. Herringer and
members of his staff. In addition, there have been many segarate meetings
with UMTA and DOT personnel. Special briefings were made by Dr. J. Edward
Anderson, of the University of Minnesota, and Messrs Harry Bernstein and C. L.
Olson of the Aerospace Corporation. Members of the team visited the Morgan-
town project in January and April and the AIRTRANS project at Dallas/Ft.
Worth in February.

DATa BAse

During the course of this assessment, the Program Director, Deputy Program
Director, and the Panel Chairmen reviewed numerous reports, studies, professional
papers and general material on the subject of Automated Guideway Transit.
Additionally, the views of many people of diverse backgrounds were solicited.
This material forms the data base for this assessment report. It is maintained
on file for ready reference in OTA'S Transportation Assessments Group. The
bibliography which is attached as Appendix C lists material of general interest.
Eaoh panel report also includes a listing of reference material which is available on
file.

($3)
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A CKNOWLEDGEMENTS

This assessment was made possible by the capable and enthusiastic support of
the panel members, a majority of whom were made available to OTA at no cost
by their Parent_ organizations. In addition to_the panel members, many other
individuals participated in this effort by attending panel meetings and by prepar-
ing thoughtful responses to detailed questions. Specific acknowledgements are
contained in the reports prepared by the Panel Chairman.

Topics AssIGNED TO Stupy PANELS

The following pages outline in greater detail the topics assigned for investigation
by each of the five panels:

1. CURRENT DEVELOPMENTS I N THE UNI TED STATES

« Identification of strong points as well as deficiencies.
. Levels of reliability which have been achieved.
. Safety record and analysis of causes of major accidents.
Extent of public acceptance.
. Capital as well as operating and maintenance cost. Effect of varying
degrees of system sophistication on such costs.
. How can experience to date be applied to new systems being planned?

II. ECONOMICS

Cost-benefit analysis of AGT in relation to other transportation modes:
. As an alternative to buses as feeders to conventional rail transit system.
. As a means of linking remote automobile parking facilities with activity
centers.
. As circulation systems in congested downtown areas, airports, commercial
developments, universities and other major activity centers.
. As a reasonable alternative to the private automobile in urban areas.
Economic aspects of short headway systems, ranging from three seconds to
th%.fﬁactional second headways required to achieve high capacity with very small
vehicles;
. Effect of large volume production on vehicle costs,
. Projected guideway network and station costs. ]
. Effect on capital as well as O & M costs of increasing levels of control
sophistication. . . o
. Measures required to achieve required levels of reliability and cost
implications. . . . .
Projection of extent to which personalized service can be expected to in-

crease ridership. .
111. SOCIAL Acceptability

Safety and Security
Passenger safety:

« identification of major hazards.

. Evaluation of risks and determination of acceptable probability levels for
accidents and injuries.

. Revriew of safety criteria being used as a basis of current designs for
adequacy and uniformity.

. Emergency escape and rescue capabilities.

Safety of the general public:

« Review of measures being used to keep people off the guide ways.

. Evaluation of alternatice means of preventing injuries or damage to
property resulting from vehicles running off or falling from guideways
unto city streets.

. 1s further federal action required to insure that adequate safety measures
are uniformly observed?

Passenger security:

« Risks to passengers—especially women traveling alone at night on station
platforms and in unattended vehicles.

. Evaluation of alternative techniques to insure security, such as TV n~on-
itors, emergency communication, roving patrols, etc.

« How can public be convinced that adequate security is being provided?
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System security:
® Measures required to minimize opportunities for vandalism rind/or sabotage.
® Equipment design to reduce cost of repair. what further action is in-
dicated?
Environmental Impacts and Aesthetics

® maximum alowable noise levels both inside and outside vehicles.

® Visual impact of elevated guidewny systems and station structures.

® measures required to insure architectural compatibility with existing
surroundings. How can public acceptance be assured?

e Effect on adjacent land values of overhead systems.

® Arc current revulations governing environmental impact studies effective?
Do PRTs warrant special treatment?

~Social Implications

Offsetting economic costs, how can AGT enhance the overall quality of urban
life by:
« Reducing air pollution and noise levels?
. Easing traffic congestion and reducing travel and commuting time?
« Providing increased mobility for the disadvantaged, the elderly and the
handicapped?
How can these benefits be evaluated or quantified?
To what extent can the social benefits of AGT bc expected to foster public
acceptance, i.e.
« Willingness to approve bond issues to pay for first costs and to cover
possible operating~-deficits?
« Reducing reliance on the private automobile?
Under what circumstances can a case be made for providing free PRT service
as is universally. accepted in the case of elevators in buildings?

1V. OPERATIONS AND TECHNOLOGY
Lev.el of Service

What is the optimum level of service which must be provided if PRT is to
become a viable alternativ’e to the private automobile?
« How far arc people willing to walk under varying circumstances?
« How long arc they willing to wait?
« How important is travel time in relation to comfort?
« What is the minimum acceptable interval between stops?
Can meaningful conclusions be drawn from actual experience with existing
automated \-chicle systems and other transportation modes?
« Are current planning criteria based on fact or theory?
How important is it to provide point-to-point, non-stop service?
« Will ridership fall off as intermediate stops are made and to what extent?
Under what circumstances are people willing to transfer from one vehicle to
another enroute?
. To what extent will transfer affect ridership?

Ride Quality and Comfort

W'hat criteria are being used for acceleration,/deceleration rates, jerk rates,
sound levels, smoothness of ride, air conditioning and heating, etc?
. Is there a need to establish uniform criteria for specific types of service?
. To what extent have design objectives been met in existlng systems?
. Can any meaningful conclusions be drawn as to public acceptance of
varying level~ of comfort? How rough a ride is acceptable?

How long arc people willing to ride standing versus seated?

. what has been the basis for determining number of seats versus space for
standees?
« How much crowding is acceptable and safe?

To achieve an acceptable level of comfort should emphasis be placed on build-
ing guideways to precise smoothness and tolerances or on \.chicle suspension
systems?

« What conclusion can be drawn from experience to date?
« What further study is indicated?
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Energy Considerations

Energy consumption for varying levels of service, vehicle sizes, means of
propulsion. . . .
omparison with amounts of energy consumed by conventional rail systems,
buses and automobiles. o . ] )
Effect on ridership of continuing gasoline price escalation or shortage of

supplies.
PP Reliability

r\(\_/hatggllablhty criteria have been used to date and what results have been
achieved:
. Are uniform criteria being established for similar systems? ]
. Are criteria consistent with experience with othér transportation modes
and other industries? . o
What cost-benefit studies have been made in determining;
Extent to which hi h reliability components are used?
. Use of_redundadw8¥ . . —_
. providin ra_ﬁ)_l agnostic and repair cabilities?
How does reliability affect public acceptance . o
. What level of occasional breakdown will the public accept willingly?
To what extent does the current state of the art it the degree of complexity
and sophistication which can reasonably be incorporated into PRT systems?
What further work needs to be done?

V. | NTERNATI ONAL DEVELOPMENTS

Appraisal of PRT developments abroad:
.To whz%t extent has foreign technolo%y advanced be}qond ours?
. Howare foreign governments stimulating development and fostering export
of technology and hardware to the United States and the world at large?
. How successful have foreign companijes been in penetrating the United
States’ market for PRTs? What licensing agreements have beén made with
United States industry? and i
s What can we learn from PRT developments and actual experiences abroad
in the areas of technology and public acceptance?
What is the extent of the intérnational market for PRTs? . .
. What is_the competitive posture of the United States engineering and
industrial community? and . .
. What steps are being taken b¥ the United States Government to insure a
fair share of foreign projects for United States intereats?

Future Directions

Does the promise of PRT as a cost effective new mode of transportation warrant
a continuing investment of substantial government funds for research develop-
ment and demonstration, and if so:
. In what areas?
. At what financial levels? and
. On what time schedule?
All Panels considered these questions.

PRrRoJECT TEAM

The team assembled to conduct this assessment, under the overall direction
of Dr. Gretchen S, Kolsrud and V. Rodger Digilio of the Transportation Projects
staff of OTA, was composed of the following people:

ASseMENT PROGRAM DI RECTI ON

Frederick A. F. Cooke, Program Director
Consulting Engineer
On Contract with OTA

Since 1968 Mr. Cooke has been active in planning and implementing AGT
systems. Earlier he directed highway and semi-metro designs in Europe. As
ice President of the Dashaveyor Company, which became a Bendix subsidiary,
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he conducted numerous studies of potential applications for innovative systems.
He supervised the construction, installation and testing of the Bendix-Dashaveyor
TRASPO-72 demonstration at Dulles Airport.

H. Wm. Merritt, Deputy Program Director
Transportation Consultant
On contract with OTA

H. Wm. Merritt directed the Study of New Systems of Urban Transportation
for HUD in 1967-1968. Until 1973 he was the Associate Administrator for
Research and the Director, Special Projects, in UMTA. Since 1973, he has
consulted on urban transportation planning, engineering, and energy conser-
vation. Mr. Merritt chairs a task force of the National Academy of Sciences
which publishes a Newsletter on New Concepts of Urban Transportation.

Dr. Leon M. Cole
Congressional Research Service
The Library of Congress
Consultant to OTA

_Active in teaching, research and consulting in urban transportation and lan-
ning for fifteen years, Dr. Cole was co-author and editor of Tomorrow’s ram-
poriation: New systern.s for the Urban Future, published in 1968. As a former
commissioner of the Texas Urban Development Commission and chairman of
the City of Austin Board of Natural Resources and Environmental Quality,
he has helped develop state and local governmental policies in transportation
matters as well as Federal legislation. Dr. Cole also serves as a group council
member of Transportation Research Board, National Academy of Sciences—
National Research Council.

Panel on Current Developments in the United States

Clark Henderson, Chairman
Staff Scientist

Stanford Research Institute
Menlo Park, California

Mr. Henderson has conducted research on transportation since 1953 and
has specialized in urban public transportation systems durmgsthe past decade.
He was the principal author of Future Urban Transportation Systems prepared
for the Federal government in 1968. He has conducted studies for local and
regional transit agencies and for suppliers of transit systems.

John K. Howell
Transportation Consultant
Gerald D. Hines Interests
Houston, Texas

Mr. Howell was project manager of the Westinghouse Electric Transit Express-
way Demonstration Project and directed the Tampa and Sea-Tac Transit Ex-
pressway projects. In consulting practice since 1970 he has completed more than
50 transit studies involving planning, engineering, specifications and proposals,
economic estimates and evaluations.

John R. Jamieson

Director of Transit Development

Twin Cities Area Metropolitan Transit Commission
St. Paul, Minnesota

Mr. Jamieson has occupied his present position for five years. He has conducted
a number of long range planning studies including technology assessment, opti-
mum systems, and most recently a detailed study of small vehicle fixed guldeway
systems. Previous experiences included Deputy Federal Highway Administrator,
Minnesota Commissioner of Highways and fifteen years in industry in various
assignments ranging from field engineering to product development.
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Thomas A. Lancaster
Manager of Market Analysis
Rohr Industries, Inc.

Chula Vista, California

Mr. Lancaster is responsible for long-range forecasting, planning and detailed
analysis of transit trends at Rohr. Earlier he was engaged in product development
and engineering work with the Bendix Corporation. In 1971-1972 he participated
in the President's Commission on Personnel Interchange and served as Deputy
Director-Special Projects in UMTA. He is a professional engineer.

Roy Lobosco

Supervisor, Facilities Planning

Port Authority of New York and New Jersey
New York, New York

Since 1965, Mr. Lobosco has been responsible for a program directed toward
installation and operation of an AGT system serving Newark International Airport
and connecting the terminal with a proposed PATH extension. He has super~'ised
internal planning and the work of consultants and has negotiated with four poten-
tial suppliers regarding all technical and operational features of their proposed
systems.

Panel on Economics

Dr. Lyle C. Fitch, Chairman
President, Institute of Public Administration
Washington, D.C.

Lyle C. Fitch is president of the Institute of Public Administration, the nation’s
oldest nonprofit govrnmental research and consulting organization, He has held
numerous municipal, state and federal offices, including City Administrator of
New' York City. He holds a Ph.D. in economics from Columbia University and has
taught at Columbia, City University of New York, Wesleym Univcrsit}’, and
clse~~'here. In 1961 he directed a study of federal urban transportation policy,
commissioned by HHFA and the Bureau of Public Roads, which provided impor-
tant inputs to the first federal urban mass transportation act.

Dr. J. Edward Anderson
Regional Transportation District
Denver, Colorado

. Edward. And ,, PhD, P. E., is a professor of Mechanical Engineering,
chi- SR AR on lea~c a+ coﬂsultant to Regional Transportation
Distric\, )en\'er, Colorado. Ilis ncad('mic expcri('nces includes BSIIE, lowa
State L nit.ersity, 1949; hISNIE, Uni\'crsit~" of Jlinnwotil, 1955; and Phl~, hlassn-
chusctts Institute of Technology, 1962. Ilc is (3encr:il Chairman of the interna-
tional Conference on Personal Rapid Transit and Editor, Personal Rapid Transit.
Personal Rapid Transit II.

Thomas B. Deen

Vice President

Alan M. Voorhees and Associates, Inc.
McLean, Virginia

Mr. Thomas B. l)eel~ has ser~red as principal-in-charge of comprehensi~'e
transit and Urban Transportation Studies in many principle cities of the world
including \\Ishington, D. C., Atlanta, Baltimore, Caracas, 1 lonolulu, and Rio
Paulo. He formerly was director of planning for the federal agency which devel-
oped plans for the \\'ashington Metro now under construction. His writings ha~'e
been published in most of the professional journals in the urban transportation
field.

Dr. Paul K. Dygert

Senior Consultant

Peat, lJlarwick, Mitchell & Company
J\rashington, 1). C.

Dr. D?rgert has cngnged in teaching, rcse:lrch, and Cons[liting in transportation
economics and financing for a number of J-cars. I{ecentl~’ he undertook a financial
feasibility anal~"sis for a proposed personal ru])id transit system, and conducted
~Study OF L’rban .Vass Transportation Needs and Financing which the Secretar~'
of Transportation transmitted to the Congress in July, 1974. He has also under-
taken transportation studies for international, state, and local agencies.
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Dr. Aaron J. Gellman

President

Gelhman Research Associates, Inc.
Jenkintown, Pennsylvania

Dr. Gellman, since 1972, has been president of his own research consulting firm
and is concurrently an adjunct professor in the Transportation and Regional
Science Division of the Wharton School of Business, University of Pennsylvania.
Before forming the consulting firm, Dr. Gellman was vice president for planning
at the Budd Company, , Philadelphia, where he was responsible for all economic
planning activties of the company. His formal education took place at the Uni-
versity of Virginia (B.A.- Economics), the University of Chicago (M.B.A.-Trans-
portation) and M.L.T. (Ph. D.-Economics).

Charles Hickox

Director of Ground Transportation Marketing
LTV Aerospace Corporation

Dallas, Texas

Mr. Hickox has been responsible for market planning and development for
ground transportation since the inception of his company’'s commitment to this
field of business. He has been closely associated with the development of the
AIRTRAN'S system at the Dallas/Ft. Worth Airport and the licensing of this
technology in both Japan and France. He has lectured extensively on automated
transit.

Douglas B. Lee
Office of Comprehensive Planning
Fairfax County
Fairfax, Virginia

Dr. Lee recently left the University of California, Berkeley, where he was
teaching in city planning and conducting research in the comparative costs of
urban transportation modes. After spending a yearworking in Fairfax County’s
land use planning program, he will join the faculty at the University of lowa.

Sumner Myers

Director Urban System Studies
Institute of Public Administration
Washington, D.C.

Sumner Myrers, a graduate of M.I.T., is a director of Urban Systems Studies for
the Institute of Public Administration in Washington, D.C. and the author of
numerous publications on technological innovation and transportation. He was a
participant in H.U.D.'s study of transportation technology and an editorial ad-
visor for its final report, Tomorrow's Transportation: New Systems for the Urban
Future.

Panel on Social Acceptability

Jacquelyn A. Ingersoll, Chairman
Citizen Advisor on Urban and Transportation Planning
St. Louis Park, Minnesota

Mrs. Ingersoll has been very active in civic planning and transportation matters
in the Twin Cities for several years. She is past chairman of the St. Louis Park
Planning Commission which serves a community of 50,000 people. She also serves
as a membcr of the Citizens Advisory. Committee on Transit of the Twin Cities
Metropolitan Transit Commission.

Ralph Jackson

Director of Planning

Regional Transportation District
Den\'er, Colorado

Mr. Jackson returned to his home town of Denver in September, 1970 to accept
the position as director of planning for the Regional Transportation District
(RTD). Previously, he was a senior associate engineer with Barton-Aschman
Associates, Inc. of Chicago, where he participated in transit planning and traffic
engineering studies in over 20 cities. Prior to his employment at Barton-Aschman
Associates, hr. Jackson was a research associate with the Departmemt of Urban
Studies, University of Illinois at Chicago.
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Alain L. Kornhauser . . .
Assistant Professor, of Civil and Geological Engineering
Princeton University

Princeton, N.J.

_ Professor Kornhauser has taught courses and conducted research on transporta-
tion for the past five years, SﬁECIB_JIZII’I in automated forms of mass transportation.
He isco-editor of Pérsonal Rapid Transit | and author of journal publications on
design of automatic control systems, network design and analysis methodologies,
energy impacts and attitudinal considerations in predicting the demand for new
technologies.

Rodney K. Lay

Group Leader, Transportation Systems Planning
The MITRE Corporation

McLean, Virginia

Dr. Lay has conducted and supervised the evaluation of a broad range of
ground transportation systems as a member of MITRE'’s consultant systems
engineering staff supporting the USDOT Urban Mass Transportation and
Federal Rail R,D & Programs. He has directed a recent technology review and
an assessment of the state of the art of personal rapid and dual mode transit
systems.

John B. Schnell

Manager-Research . L
American Public Transit Association
Washington, D.C.

Mr. Schnell has served in this position with APTA for five years and specializes
in all of the technical maintenance and operation aspects of urban mass_transpor-
tation and automobile transportation with the Institute of Traffic Engineers and
the Keystone Automobile Club. He has been a county engineer and a township
engineer.

Reed H. Winslow

Department Head .
Transportation Systems Planning
The MITRE Corporation

Mr. Winslow's experience includes twenty years of progressive development in
transportation management, planning, and engineering. Under a contract with
the Urban Mass Transportation Administration, Mr. Winslow has been involved
in research and development projects for demand responsive transportation, bus
propulsion systems, methods for granting priority to transit buses in traffic, auto-
matic vehicle location and monitoring systems, urban transportation planning,
and software and advanced technology for rapid transit systems.

George V. Wickstrom

Director, Office of Technical Studies
Metropolitan Washington

Council of Governments
Washington, D.C.

Mr. Wickstrom has been actively engaged in the practice of urban transporta-
tion planning for over 20 years. He has served as director of several large-scale
urban transportation studies in Philadelphia, Delaware and Washington, D.C.
A registered professional engineer, he is also active in transportation research,
and has authorized over 20 published articles on land use and traffic planning.

Panel on Operations and Technology

Robert A. Makofski, Chairman

Manager, Urban Transportation Programs
Aplied Physi CS Laboratory

The Johns Hopkins University

Silver Spring, Maryland

Mr. Makofski has been involved in the research and development of automated
transit systems since 1968. This work has covered a broad spectrum of technology
in automated systems with emphasis on the command and control aspects of
these systems. He is also a Senior Research Associate of the Center for Metro-
politan Planning and Research of the Johns Hopkins University.
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Richard H. Donlon

Director of Operations L
Transportation Technology Division
Otis Elevator Company

Denver, Colorado

Mr. Donlon has 24 %ears of experience in a wide range of advanced technologies
with emphasis on technical program maneé?ement, engineering and research. He
has devoted the last seven years to the development of advanced automated
\Ilehicle transit systems. Mr. Donlon was a founder of Transportation Technology,

nc.
Eugene Jones
Senior Vice President
Frederic R. Harris, Inc.
Stamford, Connecticut

Mr. Jones has been involved in the planning and design of transportation
facilities for over 25 years. He serves on the Board of Directors of = Northeast
Utilities, the State National Bank of Connecticut and the Stamford Area Com-
merce and Industry Association. He was Chairman of the Committee on New
Towns and Urban Development for the Consulting Engineers Council,

Thomas McGean
De Leuw, Cather and Company
Washington, D.C.

Mr. McGean provides technology and system engineering support on a na-
tionwide basis—most recently in studies of transit alternatives for the Twin
Cities, Denver and Santa Clara. Prior to joining De Leuw, Cather he was in-
volved in numerous major Federal transportation programs including tracked
air cushion vehicle research, the TRANSPO '72 People Movers, Dual-Mode,
the Rapid Rail Research Program and the HPPRT program.

David R. Phelps

Director of Systems Technology
Transit Development Corporation, Inc.
Washington, D.C.

Mr. Phelps is responsible for the management of funded programs and offers
technical direction in providing work scope for proposed programs. He was pre-
viously with GE where he was Manager of Development Engineering and Systems
Engineering. He was responsible for advanced preliminary design and proposal
activity on transit and commuter rail car design. He received a BSEE with honors
from Lehigh University and is a registered professional engineer.

Stanley A. Spinwebber

The Port Authority of New York and New Jersey
ONE World Trade Center

New York, New York

Mr. Spinwebber has served as Supervisor of the Ground Transportation Projects
Section since 1972. He has a BS Degree from Pennsylvania State University, MS
Degree from Stevens Institute of Technology, and is a licensed Professional
Engineer and Planner. He is responsible for planning, developing, and implementa-
tion of all ground transportation projects for Kennedy and La Guardia Airports,
including rail access, bus programs, and automated passenger and baggage han-
dling systems.

Dr. Vukan Vuchic

Department of Civil and Urban Engineering
University of Pennsylvania

Philadelphia, Pennsylvania

Dr. Vuchic holds a diploma from the University of Belgrade, Master’s and Ph.D.
degrees from the University of California (Berkeley). In addition to his academic
work he has been consultant to many firms and to the U.S. Department of Trans-
portation. He has lectured at a number of universities, professional and public
forums and published over 30 professional papers here and in Europe. His special-
ties are urban transportation systems; public transportation; urban and national
transportation policy.
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Panel on International Developments

H. Wm. Merritt, Chairman

Transportation Consultant

Arlington, Virginia

(See biography on page 87.)

Robert A. Burco

President Public Policy Research Associates
Berkeley, California

Robert A. 13urco specializes in urban transportation system evaluation, insti-
tutional aspects of planning and public policy and technology assessment. In
1971-1972 he assessed innovations in urban transit in Europe, North America,
and Japan for OECD. Mr. Burco authored the 1968 SRI report on impacts of
future urban transportation systems. He is a member of the OTA Urban Mass
Transit Advisory Panel and the NAS Transportation Research Board.

Thomas H. Floyd, Jr.
Vice President DGA International
Washington, D.C.

Mr. Floyd is currently involved in the transfer of European technology and
industrial innovations to the United States, specializing in ground transportation.
Prior to his association with DGA International in 1969, Mr. Floyd was the
director of research project management in the Urban Mass Transportation
Administration. In this capacity, he was responsible for the planning and manage-
ment of research, development and demonstration programs.

Howard R. Ross
Transportation Consultant
Menlo Park, California

Mr. Ross has worked in the urban transportation field for over ten years, and
has specialized in problems of advanced technology systems. Since 1971, he has
headed a consulting firm dealing with system design and analysis, technology
forecasting, transportation planning, financial studies and economic analyses for
urban transit systems. Mr. Ross was a founder of Transportation Technology
Incorporated in 1968, and prior to that was at Stanford Research Institute.
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A BSTRACT OF THE REPORT OF THE PANEL ON
CURRENT DEVELOPMENTS IN THE UNITED STATES

This report describes the development and current status of Automated Guide-
way Transit (AGT) systems in the U.S. It is based on information from a wide
variety of sources, including the major suppliers of equipment for the 17 AGT sys-
tems now being built or in operation in this country and public agencies which are
considering future systems.

The anel examined seven questiom+ as follows:

(1) #hy AGT? This section Is a recitation of the arguments which proponents
of AGT systems put forward.

(2) What distinguishes three AGT system t(E)eS from one another? Shuttle-Loop
Transit (SLT), Group Rapid Transit e/RT), and Personal Rapid Transit
(PRT), are described in terms of their use and particular attributes.

(3) Who owns AGT? The 17 existing systems are described in detail. Fifteen of
them are SLT systems, representing private investment of $75 million. The other
two are GRT systems, representing private investment of about $46 million and
federal investment of about $72 million. Of the 17 systems, 10 are in service, one is
idle, and six are in advanced stages of construction.

The systems, in general, have operated very safely. There has been one injurious
accident in about 150 million passenger trips. The ability of these systems to pro-
vide continuous service varies a great deal, depending on the reliability of compo-
nent hardware and on system layout and vulnerability to complete shut down as
a consequence of a single failure.

(4) Who warks AGT? This section examines data from studies of possible AGT
application in 36 localities. The studies represent perhaps one-third to one-half
the planning that has been done on potential deployment of AGT. Four of the
studies are for metropolitan networks at a cost of $6.7 billion. Two are for corridor
systems in urban areas at a cost of about $250 million. The remaining 30 plans are
for business districts, airports, and other major activity centers at costs totaling
about $1 billion.

Most of the studies are on simple SLT systems but some include low technology
GRT features. Several studies for large, metropolitan systems have considered
high technology GRT or PRT systems and then rejected them because of un-
certainty about whether certain technical features are sufficiently developed for
everyday use, Prospective buyers appear to be more interested in proven systems
which could be quickly installed rather than in more sophisticated systems which
may require R & D. Thus, prospective buyers seem to have little interest in
systems more sophisticated than the low technology GRT level.

(5) Who supplzes AGTand what are their probknzs? Six firms in the AGT business
have supplied all but one of the 17 AGT systems. A Iarrger number of companies
are prepared to sell systems if they can find a market. Reliable estimates su gest
that these firms have invested $100 million corporate funds in develo ing GT
capability. However, the market has become increasingly uncertain.Jome firms
have already discontinued their AGI programs and others are considering similar
action.

(6) What has UMZ'A done? Federal agencies, mainly the Urban Mass Trans-
portation Administration, have spent more than $100 million on AGT installa-
tions and development programs. The two GRT systems—AIRTRANS at the
Dallas/Ft. Worth Alrloort and the Morgantown project—received about 70Y0
of the federal funds. All other A GT efforts, including $10 million spent on demon-
stration of four systems at Transpo '72, absorbed the remaining 30Y,,.

(7) What actions would encourage greater exploitation of AGT? The panel sought
the views of suppliers on this question and found their responses varied. Recom-
mendations ranged from minimal government involvement to extensive govern-
ment involvement both in financial support and product control.

(95)
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The suppliers agreed that UMTA must clarify the level of funding which will
be available for capital grants for AGT and the conditions that a supplier must
meet to qualify his product for capital funds.

Suppliers also said a clearer definition of the part the federal government
intends to play in research and development is needed.

Finally, they asked that the federal government specify what financial aid or
assurance of markets it can provide industry in order to encourage investments
which, the suppliers say, me necessary to get technically advanced systems into
production.

From the information before it, the panel on current developments in the U.S.
concludes that UMTA has the authority to establish conditions for the qualifica-
tion of new products for capital grants and needs only to act, if it chooses to do so.
Likewise, the role of UMTA in developing and selecting hardware-systems,
subsystems and components—could be redefined by administrative action, backed
by the necessary appropriation of funds.

ABSTRACT orF THE ReEporT oF THE PaneEL oN INTERNATIONAL DEVELOPMENTS

This report discusses recent international developments in Automated Guideway
Transit systems. The research and development efforts underway in Germany,
France and Japan on PRT and the institutional arrangements for developing and
deploying new systems are highlighted.

The stimulus for automated systems in foreign cities is that these cities adapt
poorly to large numbers of automobiles. Some older urban areas have suffered
physical, environmental and aesthetic damage from excessive automobile use.
As a result, many foreign governments are taking steps to arrest further automobile
intrusions.

The remedies include preservation and improvement of traditional transit
service including tram and bus lines. In addition, the cities are considering AGT
systems where transit service is insufficient or nonexistent. In some cities, these
remedies are coupled with the creation of auto-free zones. Only walking and
transit are permitted in these zones. Sheffield, England, and Grenoble, France serve
as examples.

Lower technology AGT systems have not proliferated in Europe and Japan as
fast as they have in the United States. One SLT system is in operation in Paris and
one in Japan. Also in Japan, three GRT systems are under construction.

Despite lower levels of application than in the U. S., foreign technical research
and development is more ambitious. PRT systems are in prototype testing in
Japan, Germany and France. If present plans are followed, they will have sur-
passed United States technological developments in this field in two to four years.

If PRT systems are of interest to United States cities, this country has three
options:

« To begin a catch-up program of research and development.

. To attempt to negotiate cooperative development and licensing agreements
with foreign governments or companies.

« To import the technology when it becomes available.

Foreign AGT system development, in general, is proceeding relatively faster
than it is domestically, in part, because of official attitudes. In the first place, the
purpose of AGT installations overseas is primarily to solve urban transportation
problems; not to perform limited, special tasks, as it is in the U.S. In addition,
uncertainty about the economics of a system (particularly the high technology
systems) is not considered serious enough to halt research and development.

With these attitudes have come institutional advantages to the developers of
foreign systems that are not available to U.S. manufacturers:

France.—A supplier is selected early in the planning process, He details his
design and engineering work for the specific installation, instead of universalizing
the product for general sale. He concentrates his efforts, with the cost of competi-
tion eliminated. Developers are also advanced “front-end” funds which are paid
back from the resulting commercial installations; thus the government also has an
incentivre in seeing that the eventual revenue operation is successful.

Germany.-Suppliers arc funded up to 80% of project costs by the Ministry of
Research and  Technology. The Ministry finances only those projects which
industry considers most viable. The 20% industry share is an inducement to build
a profitable system, The developer may retain all patents, rights to data and rights
for commercial exploitation.

Japan.—As in other areas, Japanese transportation development involves
cooperative government- |ndustry cartels. Development of the CVS has involved
eight industries, partially funded through the Japan Society for the Promotion of
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Machine Industry. CVS is managed by a team from the Ministry of International
Trade and Industry and the University of Tokyo. The Japanese Dual-Mode Bus
Program involves a consortium of 17 industrial parties.

One particular interesting institutional arrangement is the Urban Transportation
Development Corporation in Ontario, Canada. The corporation encourages the
participation of other provinces and the federal government in its research and
development efforts, thereby aggregating a large enough market to undertake
large-scale development, license imported technology, and market the various
systems. Sales royalties are used to offset costs of the operation.

In conclusion, a review of foreign programs suggests that there are many
institutional arrangements which the U.S. might consider in developing and
deploying AGT systems. Foreign installations are not as extensive as those in the
U. S., but development programs are more ambitious. The status of technology is
comparable, at present, but if present plans are successfully completed overseas,
foreign technology will surpass that in the U.S. in two to four years.

A BSTRACT OF THE RePorT oF THE PANEL on Econowmics

This panel examines the reasons for the scanty AGT market that now exists’
briefly discusses the probable economics of AGT compared with other transit
modes, and recommends an accelerated UMTA research and development pro-
gram to assess the utility of AGT systems in urban environments.

Properly timed research and development of AGT systems can be expected to
yield two results: improved hardware systems and an understanding of the poten-
tial of AGT for competing with auto transportation in cities. To the extent that
the need for urban arterial highways is reduced, there will be a direct return on the
research and development investment. A savings in energy cost over rapid rail will
occur if AGT system technology can produce a reduction m the weight of vehicles
per passenger. At present AGT hardware is not an improvement over rapid rail
with respect to energy cost.

One indication of the size of potential economies of AGT systems lies in the
fact that AGT capital costs are projected by UMTA at half the cost of rail transit
systems, if both are constructed above ground. More research is needed to test
whether the potential AGT cost can be achieved in practice. Research is also
needed on the technical and social implications of deploying AGI in already
developed areas.

No form of existing transit meets the random access needs of the millions of
suburban residents as efficiently as the personal automobile. Once the consumer
owns an automobile, use of that auto versus use of mass transit is determined by
perceived cost, even though the social costs of urban auto use are undoubtedly
much higher.

Therefore, a shift to mass transit could best be achieved by raising the cost of
driving a car in congestion-prone areas. Several reputable studies indicate that
raising the out-of-pocket cost s of auto trips is a more effective method than doing
the reverse, that is, lowering transit fares. Political and public opposition, however,
have so far made raising auto costs impractical.

The remaining option is to subsidize competing transit modes as heavily as the
automobile is being subsidized.

Because of their economic situations, states and localities will not be inclined in
the near future to make heavy, additional expenditures for new transit services.
If a community or metropolitan area perceives the level of federal transit assistance
to be low, the demand for building or improving mass transit will also be slight;
the more federal money available, the greater will be the public demand for transit.

The panel finds that the potential benefits nationwide of AGT technology are
great enough to justify the high risk investment which AGT research and develop-
ment will require.

The panel recommends that Federal research and develoment should remain at
least as high as five percent of the mass transit budget. In the decade 1963-73,
R & D was about seven percent of the total UMTA program; in 1974 the level was
about five percent, and in 1975 and 1976 it dropped to about two percent.

R & D programs should include demonstrations of systems in actual usc. Such
systems should be built in incremental stages, beginning with small applications of
promising technologies and, if these are successful, continuing with progressively
larger applications,

The panel recommends that research and development of AGT systems be
accclerated so that it does not fall behind in the general UMTA mass transit pro-
gram and so that the technology can be applied during the period of urban growth
expected to end circa 1995.
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A critical question is the manpower savings that can be achieved by automa-
tion. Depending on the levels of wages and interest rates, the amount that can be
economically spent on automation may range up from $100,000 per job saved.
However automated systems have yet to demonstrate significant manpower
savings in practice. Any savings in operating personnel are largely offset by in-
creased maintenance manpower requirements.

The current UMTA program lacks long-term objectives for AGT. It also lacks
hardware specifications and criteria for evaluating AGT systems.

The panel has four major concerns on the current federal AGT research and
development program:

e With regard to the “HPPRT” project, selection of one of three quite
different technologies before each Is demonstrated could result in selection of
a less than optimal technology and prevent development of alternatives.

® With regard to the “HPPRT" project, selection of a single company to
build the prototype AGT project could reduce future competition in the
transit supply field, because of the enormous competitive advantage of the
chosen firm.

® Conduct of research and development without application tends to make
R & D a dead-end exercise.

® Use of research and development projects for corporate or government
public relations purposes tends to destroy much that could be learned from
the projects.

A BSTRACT OF THE REPORT OF THE PANEL ON SoCIAL A CCEPTABILITY

This report examines potential attitudes of a spectrum of interest groups re
garding whether or not to introduce an AGT system in a metropolitan com
munity.

The panel found five areas of significant public concern, summarized as follows:

Quality of service.—The acceptability of transit service is clearly dependent on
quality. The level of availability, area coverage, safety and dependability that are
proposed for public AGT systems determine, to a large extent, the social accepta-
bility of the systems.

Relationship to Automobile Use.—Whether AGT is Derceived as an alternative
form of transportation for specialized trips, or perceived as a general transporta-
tion system will influence acceptability. The manner in which the relationship
between AGT and automobile use either evolves naturally, or is regulated, is of
public concern.

Cost.—Present knowledge of cost is inadequate. Construction, operation and
maintenance costs for AGT are often generalized and Preliminary. First system
implementation costs and capital and ‘operational financing arraangements have
received little analysis, though financing will directly affect public acceptance.

Aesthetic and Land Value Impact. The total physical impact of AGT systems,
both the appearance and the effect on land values m both business and residential
districts, is poorly understood.

Effect on Development Patterns. Undoubtedly fixed transit guideways and the
travel patterns they create will influence development patterns. However, the
extent of influence and the benefits and liabilities which might accompany
poorly defined patterns are even less well understood than the four effects already
discussed.

The panel makes four recommendations about federal R & D activities:

. Re-evaluate the concept of deriving system performance criteria for
PRT directly from the automobile. The current presumption that auto-
mated transit must copy the good features of the automobile in order to
attract people from their cars may be mistaken. This presumption requires
that AGT research and development progress toward pure PRT forms.
Instead, the federal government should develop national goals for AGT
that match its service characteristics with services not being adequately
performed by automobiles. Commuting in critical corridors and access
to and circulation within major activity centers are examples.

. initiate a major research effort into the social, political, financial and
operational effects of installing AGT systems which are matched with
specific, existing transportation needs.

. Establish measures of the benefits and liabilities of AGT to a community
so that the value of the system can be weighed by the public during planning
stages.
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« Develop guidelines for superimposing fixed guideway systems on urban
master plans, just as guidelines are developed for adopting major thorough-
fare plans or urban development plans and superimposing them on the
master plan.

The panel concluded that the general public will support improved transit,
particularly as the cost of private transportation rises. The majority of non-
transit users, however, are not likely to ‘convert to transit without special in-
centives. If installation of automated transit is accompanied by economic penalties
or disincentives to drivers of automobiles, the rising costs could cause this tax-
paying majority to balk at transit expenditures, particularly if transit is viewed
as “welfare” program. A national commitment to mass transit, the panel
concludes, must be accompanied by guarantees of federal financial aid sufficiently
large to reassure the local taxpayer that the commitment will be met. Otherwise
the taxpayer, who pays added sales tax or whose home is being assessed for the
local share of transit projects, will object to the increased taxation.

In conclusion, the panel urges that Federal R & d policy include a program
to put several SLT and less sophisticated GRT systems into operation in cities.
The panel rejects the contention that SLT and medium- to large-vehicle GRT
is ready for use whereVer needed. It is the opinion of the panel that UMTA's
present approach neglects the near term need of local communities, and that
concentrating solely on the small vehicle GRT type commonly called “HPPRT’
will unnecessarily delay putting automated systems into use.

ABSTRACT OF THE REPORT OF THE PANEL ON OPERATIONS AND TECHNOLOGY

This report describes the technological advances necessary to improve upon
present installations or to develop more sophisticated types of Automated Guide-
way Transit systems. The panel began by identifying potential system applica-
tions and then developed technological requirements.

The four unanimous findings of the Panel were as follows:

. The moderate headway Group Rapid Transit concept (headways of 15
seconds or more and \'chicle capacities of 15 passengers or more) can
provide a technologically feasible and useful transit service at a capacity
between that provided by buses and rail rapid transit. GRT line-haul and
collection/distribution services combined with other modes are feasible.
The present need is to develop the concept to a fully automated operational
status, to improve reliability and performance, and to reduce cost and
weight of the vehicles and guideway. A small scale urban installation of an
improved system is essential to establish design and performance standards,
cost data, and the size of the potential market.

. The development of a technological baseline for the Group Rapid Transit
concept should be pursued along with the initial staging of a federally owned
test facility. The baseline can be used to: 1) provide data on performance,
cost, reliability, and safety; 2) formulate specifications for deployable
systems 3) examine performance and cost trade-offs; and 4) examine
options in operational mode. The proposed UMTA “HPPRT” program,
with reorientation, could provide this development to support and permit
expansion of initial simple deployments of group rapid transit technology.
The “HPPRT” test facility can also be employed for continued develop-
ment and testing of various automated transit systems and their components.

. The case for or against the Personal Rapid Transit system concept has not
been adequately established. The panel is skeptical regarding the eventual
deployment of these systems because of the long-term development require-
ments, possible lack of economic viability, and the intrusive nature of the
fine-grid network of guideways. How-ever, limited funding is justified to
clarify the advantages and disadvantages of the PRT concept.

. Because the requirements for development of new technology are dependent
on the application, the federal government should interact more strongly
with transit authorities in urban areas to consolidate and to define the
public transit needs of these areas and the relationship of automated
vehicle transit systems to those needs. This interaction is necessary to
identify which AGT systems combined with which other modes will most
economically meet transportation needs.

H4-370 O - 75 - 8
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The panel concluded that certain development requirements are common to all
Automated Guideway Transit systems, regardless of type. These include:

Automation.— Improvements to performance and reliability of certain critical
subsystems such as wayside and vehicle control systems and wayside-to-vehicle
communications; development of software techniques to manage vehicle fleets;
and development of methods to accommodate failures.

Short headway operation will require improvement in vehicle detection, faster
responding equipment, increased accuracy in speed and position control, and
development of controlled deceleration profile emergency braking.

Reliability.— Improved definition of reliability goals, improvement in reliability
of critical subsystems and components, and development of techniques to minimize
the time to restore service in the event of failure. Establishment of a reliability
data bank is recommended.

Guideway Cost and Intrusion.-Guideways represent about one-half the system
capital cost which warrants effort to develop procedures, designs, and erection
techniques to reduce cost. Improved ride quality standards are also required,

System Integration.—Integration of subsystems is necessary to insure that design
objectives are achieved. This process requires computer simulation of systems and
testing of subsystems and components.

The panel concluded that certain technological development requirements are
specific to the different classes of automated systems, as follows:

Shuttle-Loop Transit.—The technology for this class is essentially developed and
available for limited operation in urban areas. Systems still require product
improvement and production engineering, especially in reliability.

Moderate-Headway Group Rapid Transit (greater than 15 seconds) .—The feasi-
bility of this concept has been demonstrated. Improvement is required in reliabil-
ity, software development for system management, cost and weight reduction of
vehicles and guideway. Vehicle suspension technology trade-offs need to be
examined to determine effects on guideway size, cost, foul weather operation, and
lateral guidance and switching.

Short-Headway Group Rapid Transit (three to 15 seconds).—This class requires
a test facility for integrated system prototype testing with specific attention to
improving the responsiveness and accuracy of longitudinal control systems and to
the development of a controlled deceleration profile emergency braking system.
The potential application of this concept including safety and economic features,
needs to be clarified.

Personal Rapid Transit.—Development requirements for PRT include such
initial steps as establishing the basic system goals: performance, cost, reliability,
service level and development objectives.
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I ntroduction

The Panel on Current Developments in the United States was
asked to examine the background and current status of automatic
guideway transit in the United States. Attention was devoted to each
of the following questions:

. Why AGT? How do the advocates of AGT argue their case? .

. What are the AGT system types? How do personal rapid transit, group
rapid transit, and shuttle-loop transit differ from one another? .

. Who owns AGT _slystems? What systems are in service and in construction?

. Who wants AGT? What %g>enC|es have studied possible applications?
What do they have in mind? ]

. Who supplies AGT? What are the problems of suppliers?

. What have Federal agencies done?

. What are the obstacles to progress? What actions would encourage early,
effective and general exploitation of AGT?

The panel includes five individuals with extensive experience in the
field of urban public transportation. Brief biographies of the panel
members are included in Appendix A. The panel members have
performed this work for OTA within a period of three months while
attending to their regular jobs. Only one meeting of the entire panel
was held—in Washington, D.C. on February 18 and 19, 1975. Four
panel members attended a meeting with UMTA officials on February
14. Some six or eight additional meetings were held when two members
of the panel could et together.

Many sources of data have been used by the panel. Formal docu-
mentation of the field is not yet well established. Much of the data
contained in the report was gathered by correspondence, telephone
interviews, and conferences with specialists and leaders in the field.
Although some information expresses the considered positions of
these specialists and their firms the panel has attempted to compile
and report on as factual a basis as possible.

The panel has had valuable assistance from many individuals,
firms, and agencies. The assistance of the following individuals was
especially valuable:

Dennis Elliott, Dallas-Fort Worth Airport.

Phillip E. Gillespie, Westinghouse Electric Co.

James G. Harlow, West Virginia University.

Charles Hickox, LTV Aerospace Corporation.

Arthur E. Hitsman, Boeing Aerospace Co.

Eino Latvalla and Richard Donlon, Otis—Transportation
Technology Division.

Hendrik Pater, Universal Mobility Inc.

Farrel L. Schell, Kaiser Engineers.

A. J. Sobey, General Motors.

Russell Thielman, Ford Motor Company.

W. J. Holt, Rohr Industries, Inc.
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Chapter 1: Why AGT?
NEED FOR M oBILITY

People congregate in cities to obtain access to opportunities for
housing, jobs, education, recreation, purchase of goods and services,
medical care and so on. Mobility is the principal means of gaining ac-
cess to such opportunities. The means for achieving mobility are far
from ideal, and consequently there are strong incentives to improve
transportation services. A review of the characteristics of existing
modes reveals limitations and deficiencies that cannot be easily re-
moved. Therefore the promises of improvements made by advocates
of entirely new automated guideway transit systems warrant careful
study.

W ALKING

Walking is the most nearly universal means of achieving mobility
and is used to some extent by all but the severely handicapped. Meas-
ures are being taken in some communities to increase the effective-
ness and the usage of walking as a mode of urban travel. Among these
are land use patterns that promote closer spatial rouping of urban
structures; better walking surfaces and shelters; eYimination of bar-
riers; installation of mechanical aids such as elevators, escalators and
conveyors; and the elimination of competition between pedestrians
and vehicular traffic. Howeve~, even if all possible encouragement and
assistance is given to pedestrian travel, most urban residents will re-
main heavily dependent upon vehicles and other mechanical aids.

PRI VATE VEHI CLES

Automobiles, motorcycles, and bicycles provide the greater part of
urban transportation and will continue to do so for a long time. How-
ever, the automobile is too costly for the poor and is not directly usable
by many, including the more affluent, who are unable to drive because
of youth, old age, physical limitations and lack of skill.

Even those who own and operate automobiles are being pressed
by circumstances to re-evaluate their customary practice and to con-
sider alternatives. The main forces at work are all too familiar:

« Environmental programs.

« Energy shortage.

. Traffic safety.

. Congestion.

¢ Resistance to urban sprawl.

. Desire for transportation efficiency.

Today urban sprawl and the lack of public transit forces many
families to own and operate two or more automobiles at considerable
expense. Future growth in urban population and in affluence will ag-
gravate present auto-related problems and will accentuate the need
for alternatives.

(117)
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Bicycles are extensively used, especially by the young, and their use
should be encouraged. However, like walking, bicycling will not be
used enough to make everyone mobile. Motorcycles are probably a
negligible factor although they offer advantages over the automobile
in most respects other than safety and comfort.

CONVENTIONAL URBAN PuBLIC TRANSPORTATION

The conventional public transportation modes now serving urban
America are:
. Transit:
Scheduled Buses.
Rail Rapid Transit—Subways.
Street Cars—Light Rail Vehicles.
Trolley Coaches—Electric Buses.

T(é‘gﬂg%]ué%rsggll Trains.
. Taxis.

These systems provided about 12.5 billion rides in 1971 for outlays
totaling about $5 billion. These outlays were about 5 percent as great
as the amount spent on the private automobile in the same year. Transit
in typical urban areas provides 3—-10 percent of all trips, 15-30 per-
cent of all peak-hour tmps and 30-50 percent of peak-hour trips to the
central area.

The programs of UMTA and earlier agencies have focused on the
four transit modes and commuter rail. These programs began mod-
estly in the early 1960's and have increased greatly both in scope and
in funding levels. Yet a decade of federal support passed before the
decline of transit patronage was stopped and regrowth has been small.

The characteristics of the two principal conventional modes of
transit are ill-suited for universal application in all urban situations.

. Rail systems are capital-intensive and are difficult to justify except where
their high capacities can be utilized.
. Buses are labor intensive and, in most cases, slow. Frequent service is

usually provided only on heavily traveled routes and only during peak
hours of travel.

Rail and bus systems appear incapable of providing service of good
guality throughout metropolitan areas at all times of day and at
acceptable costs. Even 100 percent or 200 percent increases in outlays
for rail and bus service would leave most of the problem of urban
mobility unsolved.

The level of public expenditure necessary to extend rail and bus
service to all urban areas and to raise the quality of transit services
to the level enjo~-ed by auto travelers would almost certainly be un-
acceptable. Therefore, compelling reasons exist for a search for new
modes of transportation that will be more effective and less costly.

Both public and private agencies are making innovative uses of
conventional vehicles in providing para-transit services. Among
these are:

Dial-a-Bus.

Shared ride taxis.

Employer or developer supplied van pools.
Subscription bus pools.

Matching schemes for car pools.
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These systems undoubtedly provide valuable services and may en-
joy considerable growth. However, some are costly and others are
mainly suitable for work trips to major employers. They offer aid but
are not full solutions.

ADVANCED SYSTEMS

Since the early 1960's there has been growing interest in the pos-
sibility that advanced urban public transportation systems can be
explolted to overcome existing deficiencies and to satisfy other
broadly defined urban goals. Advanced systems include accelerating
pedestrian conveyors, continuous capacity or moving way vehicle
systems, fast urban transit links, and dual-mode transit as well as
several types of automated guideway transit systems (AGT).'The
latter class is the subject assigned to this panel.

A major incentive for U.S. development of AGT systems was pro-
vided in 1966 by the Reuss-Tydings Amendments to the Urban
Mass Transportation Act of 1964. These amendments required the
Secreta}{y of Housing and Urban Development to:

. . . undertake a project to study and prepare a program
of research, development, and demonstration of new systems of
urban transportation that will carry people and goods within
metropolitan areas speedily, safely, without polluting the air,
and in a manner that will contribute to sound city planning. The
program shall (1) concern itself with all aspects of new systems
of urban transportation for metropolitan areas of various sizes,
including technological, financial, economic, governmental, and
social aspects; (2) take into account the most advanced available
technologies and materials; and (3) provide national leadership
to efforts of States, localities, private industry, universities, and
foundations. ”

The resulting report, Tomorrow's Transportation, New Systems for the
Urban Future, was submitted by the President to the Congress in
May, 1968. This report and the related backup stuclies are credited
with prompting interest in government and industrial development of
AGT systems in the U.S. and abroad.

Various types of AGT systems have been envisioned for use in
conjunction with one another and as complements and supplements to
conventional modes. A single, all-purpose AGT system is not likely to
emerge in the foreseeable future. hfore likelJ”, multi-modal mixes of
conventional and advanced systems till be used.

Automated guidewa~r s~wtems are used and have been studied in a
variety of settings. Among these are relativel~’ small applications in
major activity centers such as airports and business district?, large
networks to serve entire metropolitan areas, and installations in
heavily traveled corridors. If AGT systems can be widely exploited,
as many authorities envision, they may prove to be the most valuable
of all urban public transportation modes in terms of the amount and
qgualit~r of service rendered, the economy of capital and operational
costs, and in contributions to social goals. However, widespread use
will also require enormous capital outlays.

Automated guidewa~r transit systems have a remarkable ability to
capture the imagination, and a considerable number of advocates has

See p. 129 for definitions of AGT types and settings.
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emerged. Included are scientists, engineers, transportation specialists
from various fields, university professors, public officials, inventors,
consultants, manufacturers and citizens-at-large.

The advantages claimed for automated guideway transit are sum-
marized below. Some of the advantages are available, to varyin
degrees, from other modes. Also, various AGT system types wi 1
undoubtedly differ from one another in their abilities to dehver the
advantages claimed.

More Routes and Stations.—It is argued that AGT systems can
economically serve a large number of routes and many closely spaced
stations, thus they can make service more nearly universally acces-
sible than is possible with conventional modes and para-transit. This
attribute is especially valuable to travelers with limited mobility via
automobile.

Travel Tirne.—AGT will allow passengers to save travel time. They
will board vehicles with shorter waiting times and proceed to their
destination at higher average speeds than with conventional modes.

Ofl-Peak Service.—Furthermore, it is claimed that AGT systems
can maintain a uniformly high level of service at all times of the day
and night whereas conventional modes almost universally cut back
service to save on labor.

&'ajety.-It is claimed that automated guideway systems will be
safer than manually controlled vehicles to passengers and non-
travelers as well.

Costs to Operators. -1t is argued that certain types of AGT systems
can provide a high level of service with less capital cost than is required
for rail systems, especially on routes requiring intermediate or low
capacities. Current costs of entire rail rapid transit systems are in the
range of $20-$50 million per mile for capacities of about 30,000
passengers per hour per direction. Underground lines cost as much as
$100 million er mile.

It is also ¢¥aimed that AGT can provide more service per unit of
labor cost than buses and taxis. Relying on these claims, it is argued
that the life-cycle costs of AGT systems can be lower than conven-
tional systems for prescribed conditions and levels of service, and that
AGT systems can have superior cost-effectiveness characteristics on
many routes.

Resources.—For a given set of conditions it is claimed that AGT
systems will save land, material, energy and the time and effort of
travelers. Furthermore, urban development plans geared to the use of
AGT s~stems will enlarge those savin s.

Enmronment.— It is claimed that1GT systems will reduce air and
water pollution, noise, aesthetic offenses, and damage to biotic com-
munities while providing an improved environment to users in terms
of ride quality, comfor~, visual impact and convenience.

Employers.—It is clalmed that employers—public and private-will
gain from an enlarged labor market, more regular attendance and less
need for employee parking lots.

Merchants.-It 1s claimed that some merchants will gain from an
enlarged market and from less need for parking lots.

S'chools.-It is claimed that AGT systems can relieve school dis-
tricts of a substantial part of the burden of transporting students.

Luhor.-It is claimed that the construction and operation of AGT
systems will create employment opportunities of value to labor.
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Suppliers.—It is claimed that the development, manufacture and
installation of AGT systems will provide valuable business o por-
tunities, will exploit United States developed technology, an will
promote a favorable balance of trade.

Land Owners.-It is claimed that AGT systems will increase the
value of land and floor space, reduce the total cost of land develo men~,
and speed the development of land in areas near stations. A us, It
would contribute toward im roved efficiency of operations.

Land Use Patterns and §ban Form.—It is clalmed that new fixed
guideway systems will encourage clustered development in land use
rather than continued costly development of urban sprawl where costs
of public service are exceptionally high.

Tazpayers.—It is claimed that AGT systems will enjoy higher
patronage and lower unit costs than conventional modes and that the
need for subsidies will be less per passenger served. Where subsidies
are required they will be amply rewarded by savings in travel time,
increased productivity, and the like.

NEED FOR VALIDATION

The claims made by the advocates of AGT systems require close
study and evaluation. It is natural to expect that results will differ
greatly among system types and application sites; thus requiring
detailed analyses and comparisons of life-cycle costs, revenues,
operating and service attributes, environmental impacts, and con-
tributions to social goals.



Chapter 2: What are the AGT Systems Types?

Terms for automated guideway transit systems and related subjects
have not yet been completely standardized. Consequentl~’, the vocab-
ulary of this report contains a number of new terms. The names of
system types and other specialized terminology are italicized where
defined or explained.

The following names and acronyms are used:

Automtited Guideway Transit (AGT).
Personal Rapid Transit (PRT).
Group Rapid Transit (GRT).
Shuttle-Loop Transit (SLT).

Automated guideway transit systems have two distinguishing features:

. The?” have their own roadwa~w which are usually called ex-
clwnve guideways. Guideways may be elevated, at or near
ground level, or underground.

. Vehicles are automafed—Thatt is, they can carry passengers
without a driver on board although a staff of employees is
used to monitor operations, assist and provide security for
passengers, collect fares, maintain and service equipment,
and perform administration. Attendants may be assigned to
vehicles or trains on occasion.

AGT Svstems

AGT systems can differ from one another in ~ great many ways and
any scheme of sub-classification is necessarily somewhat arbitrary.

~1’hrec sub-classes are defined below. ‘rhe~~ differ with respect to
technical sophistication, service attributes, operations and availability
or readiness for applications by local transit agencies. These differ-
ences are summarized in the tabulation entitled Attributes of AGT
Systems. A representative concept of each is shown on the next page.
Further pictures and diagrams of AGT are contained in Chapter 3 of
of this report.

(123)
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CLASSESOF AUTOMATED GUIDEWAY TRANSIT

Shuttle-Loop Transit

. simplest technology

. little or no switching

. vehicle size varies

. long headway-60
seconds or more

Group Rapid Transit

e switching to shorten en route
delays

® more than six riders

e intermediate headway-three to
60 seconds

AIRTRANS-Dallas/Fort Worth
Airport

Personal Rapid Transit

.onet O SI X riders

.noenf OUt & delays ortransfers

. short headway—Iless than two
seconds

Cabinentaxi—Hagen, W. Germany



Attributes of AGT Systems

PRT

GRT

SLT

Availability for use  -----

Operations.. - _

Service- _ _ ---_ _ - _ _ _ -

Guideway configuration----

Technical sophistication----

Future:

No revenue system, no system
in construction, no systems
planned.

Vehicles follow paths tailored
to personal needs of traveler.

Traveler will ride alone or
with his own travel party
in one vehicle from origin to
destination with minimum
en route delays and no
transfers.

Network of single or double
QU:;;;a::W;rm;;;a@ ~

decelerating and accelerat-
ing guideways at off-line
stations—switching exten-
sively used.

Complex. Only partly demon-
strated.

Emerging:

1 revenue system exists and 1
system is in construction.
Others are in the planning
st age.

Vehicles or trains follow mul-
tiple paths.

Traveler must wait for right
vehicle and ride with group.
Traveler will bypass some
or all en route stations and
will make few transfers.

Single and double guideway,
trunk, and branching lines,
stations on-line or off-line,
switching commonly used.

Intermediate. Not yet per-
fected in application.

Current:

Many systems are in service,
in construction, and in plan-
ning stage.

Vehicles or trains follow un-
varying paths.
Traveler will board first ve-

hicle, will be delayed at en ~
route stations, if any, and @

will transfer from route to
route.

Single and double guideway
shuttles and loops, on-line
stations, switching used
sparingly.

Simple. Requires refinement.
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It is not always easy to draw sharp boundaries between classes and
efforts to do so are tedious and impractical. Consequently, the follow-
ing definitions deal with middle-of-class examples.

PRT SYSTEMS

The term personal rapid transit or PRT entered the technical vo-
cabulary in 1968 when It was used in "Tomorrow’s Transportation”
to identify a conceptual system that would use automobile scale
vehicles (two to six seats). Each vehicle would carry one person or a
small group traveling together by choice—a single travel party. Vehicles
would operate over a network or grid of guideways having many sta-
tions and intersecting lines. The intersections of lines would provide
each vehicle with alternative paths. Switches (or the equivalent) would
allow vehicles to make turns or to continue in the original direction of
travel just like autos at street intersections and freeway interchanges.
These intersections of routes are called nodes, and the ability of vehicles
to continue or to change directions at nodes is called coupling. PRT
systems are fully coupled at the nodes.

Nothing would prevent strangers from riding together in a PRT
vehicle if they chose to do so. However, in a PRT network containing
dozens or hundreds of stations, there will be few occasions when op-
portunities for ride sharing occur by chance. For example, one traveler
about to board a vehicle at station number 1 bound for station number
99 is unlikely to encounter a stranger going to the same place. Further-
more, it can be shown that the first rider would usually suffer an in-
tolerable delay if he were required to wait for another person going to
the same place.

PRT vehicles will carry loads comparable to private automobiles
and therefore must follow one another very. closely to achieve accept-
able line capacities. The time interval between vehicles is called
headway. Transit experts agree that close spacing or short headway is
necessary to make PRT systems attractive for metropolitan networks.
For example, an average headway of about two seconds will be needed
to give a PRT line a capacity equal to one lane of auto traffic on a
freeway—about 1800 vehicles carrying average loads of 1.4 passengers,
or 2,500 passengers per hour per direction. An average headway of
about one-half second will be needed to give a PRT line the same ca-
pacity as auto traffic on a four-lane freeway-—about 10,000 passengers
per hour per direction.

PRT systems must have stations located on sidings rather than on
the main line--i.e. off-line platforms. This feature allows some vehicles
to pass a station while others stop. The most severe technological
challenges that face developers of PRT systems are to achieve close
headways safely, reliably, and economically, and to manage thee empty
vehicle fleet. No PRT system exists, and no urban application is m
early prospect.

While some PRT proponents feel the social benefits of private party
service will provide superior public transit, others feel the environ-
mental issues far surpass the severity of the technological issues men-
tioned above. Aerial guideways in residential areas; the large number
of lines (both main lines and sidings) ; the size and number of stations
needed in downtown areas; and large number of vehicles in motion
represent visual intrusion issues yet to be considered.
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GRT SYSTEMS

Group rapid transit systems are designed to serve travel groups
having similar origins and destinations rather than single travel
parties. GRT vehicles may be of any size although van-scale and
bus-scale vehicles (ten to fifty passengers) are likely to be most
common. Trains may be used.

GRT systems may have on-line stations on lightly traveled route
and off-line stations on main routes. GRT routes may divide into
branching-lines and may remerge, butthey do not have fully coupled
3-way or 4-way nodes. The combination of branches and off-line
stations allows the system to provide service on a variety of routes,
thus the traveler using a GR'T system must be careful to board the
correct car and may have to wait while other cars pass. (See Figure 3
below). Also, GR'T passengers making relatively long trips in a
metropolitan-scale system will probably find it necessary to make one
or a few transfers from one vehicle to another.

GRT headways can be relatively long in comparison with PRT.
For example,a ‘line with average headways of about 15 seconds—
vs. 2—and average vehicle loads of about 10 persons—vs. 1.4—would
carry as many passengers as one freeway land devoted to auto traffic—
2,500 passengers per hour per direction. Vehicle loads of 40 would
increase line capacity to 10,000 passengers per hour per direction with
single vehicles or 20,000 passengers per hour per direction with
two-vehicle trains.

Group rapid transit systems exjst at, Dallas/Ft. Worth Airport.
Texas, and in Morgantown, West Virginia and on the West Virginia
University campus. These systems represent two quite different tech-
nical approaches. The Dallas/Ft. Worth system has been in service for
more than a year. The Morgantown systemis scheduled for operational
testing by mid-1975. 130th have experienced considerable difficulty
but offer valuable opportunities for learning. Substantial effort can be
profitably expended on the perfection of those two systemsand on the
design of alternatives suitable for other applications.

sLT SYSTEMS

Shuttle-loop transit systemsare the simplest of the three sub-systems
and by far the best understood. SLL'T systems have a single essential
characteristic: their vehicles follow unvarying paths and make little
or no use of switches. Vehicles may be of any size, and trains may be
used .

The vehicles of a shuttle system move back and forth on a simple
guideway—t he horizont al equivalent of an automat ed elevator. Shut t les
have stations at both ends of the run and may have intermediate
sta t ions as we]]. (See Figure 1 below).

The vehicles of a loop system move round and round a closed path
which may include any number of stations. Stations are on the main
line. Headways are limited to about 60 seconds. (See Figure 2, below.)

Variations of the S1.’1’ make limited use of switches. Double guide-
way lines may use crossover switches rather than turnaround tracks at
the ends. Single guideway lines use switches to allow two cars or trains
to bypass near the midpoint of the line.
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Capacity and speeds of SLT systems can vary over a wide range.
For example, one application has two shuttles on parallel guideways in
each route. The run is 1,000 feet long, the vehicle capacity is 100 pas-
sengers, the maximum speed is 30-35 mph, and the capacity of each
shuttle is 2,500 passengers per hour per direction—equal to the capa-
cit of one freeway land devoted to auto traffic.

1LT systems are becoming relatively common in the United States.
There are 15 installations, counting those in construction, from four
suppliers.



Chapter 3: Who Owns AGT Systems?

The panel has identified and obtained data on seventeen AGT
installations presently in existence in the United States. Fifteen are

of t
Six

he shuttle and loop transit type: of these, nine are operating and
are in construction with completion scheduled for mid-1975.

There are no personal rapid transit systems in service or in construc-
tion. The installations are:

SHUTTLE AND LOOP TRANSIT

Operating

1
2

3
4
5
6.
7
8
9

. Tampa International Airport, Florida, 8 Shuttles.

. Houston Intercontinental Airport, Texas, 1 Loop.
. Seattle-Tacoma International Airport, Washington, 2 Loops,
1 Shuttle.

. Love Field, Dallas, Texas, 1 Loop.

. California Exposition and State Fair, Sacramento, 1 Loop.
Hershey Amusement Park, Hershey, Pa., 1 Loop.

. Magic Mountain, Valencia, Calif., 1 Loop.

. Carowinds, Charlotte, N". C., 1 Loop.

. Kings Island, Kings Mill, Ohio, 1 Loop.

In Construction
10. Kings Dominion, Ashland, Va., 1 Loop.

11. Pearl Ridge, Honolulu, Hawaii, 1 Shuttle.
12. Bradley International Airport, Hartford, Corm., 1 Shuttle, by-

ass.

13. Fairlane Town Center, Dearborn, Mich., 1 Shuttle, bypass.
14. Miami International Airport, Florida, 2 Shuttles.

1

5. Busch Garden, Williamsburg, Va., 1 Loop.

GROUP RAPID TRANSIT

Operating (partial)

1

6. Dallas/Ft. Worth Regional Airport, Texas, 17 Overlapping
Loops.

In Construction
17. Morgantown, West Virginia, 3 Stations with demand responsive

routing and scheduling.
(129)
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TAMPA AIRPORT COMPLEX

Airside D

783 Ft.In

7 N 779FL In

/)7 Landside
/,’ Terminal A, k.

Alrside E 4 Building \“‘ Airside B

’
Q
Future Leg 8‘\ fFulun Leg1t

Figure I.—Shuttle System Layout

(2) Passengers Boarding

(b) Vehicles on Double Guideway
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TampA INTERNATIONAL AIRPORT

In April, 1971 the Hillsborough County Aviation Authority, after
a nine-year program of study and construction, opened a new air
terminal of pioneering design. Among other features it included eight
guideways and driverless shuttle vehicles. This installation is the
largest and most not able example of the use of shuttles.

The design objective for the new terminal complex was to limit the
walking distances of air travelers to a maximum of 700 feet—a dis-
tance considered tolerable to virtually everyone. The same terminal
design without the shuttles would have imposed walks in the range of
about 1,500 to 2,500 feet. Although the designers observed the im-
position of much longer walks at other airports they considered dis-
tances greater than 1,300 feet to be burdensome to almost all travelers
and unacceptable to some.

The terminal complex includes a central building and four satellites.
Space is reserved for two more satellites (See Fig. 1). Each satellite is
linked to the central building by an elevated structure about 1,000
feet long containing two guideways and a walkway for emergency use.
Each guideway carries a single passenger vehicle which operates as a
shuttle between two stations. (See Fig. Ib). The system is the hori-
zontal equivalent of an automated express elevator.

Each ~-chicle carries 100 passengers normally (125 with crowding).
The \-chicle dwells-stands idle to unload and reload—about so seconds
at each station. Travel time is about 40 seconds at a maximum com-
manded speed of so to 35 mph, Each vehicle can make about 25 round
trips per hour. Thus the capacity of each shuttle is about 2,500 pas-
sengers per hour both to and from the central building. Each two-
shuttle route can carry about 5,000 passengers per hour in both direc-
tions—about the same as a four-lane freeway devoted to auto traffic.

The average trip time, counting waiting and riding, is about 1.25
minutes for a 1,000-foot trip. This is equivalent to a constant speed
of about 9 miles per hour, or about three times as fast as walking.

The equipment w-as produced b?- Westinghouse Electric Corpora-
tion. It is the second in a series of five installations by that firm. The
first was the Port Authority of Alleghany County Demonstration
Project at South Park, Pa. The airport estimates that the total cost
of the system was $8.25 million; $4.5 million for engineering and tran-
sit hardware; and $3.75 million for structures, stations, utilities and
the like. operating costs are now about $275,000 per year-only
$6,000 of that is for electric power. A work force of 6 is required to
keep the 8-car system in 24-hour service.

The Tampa shuttles have carried about 50,000,000 passengers in
slightly less than four years of operation. At present the system
averages about 37,000 passengers per day.

No fare is collected. The cost of supplying the service is about 7
cents a ride, including capital and interest as well as operations.

The system is able to provide service on each route almost con-
stantly-99.96 percent of the time in 1973. When stoppages occur,
the system fails gracefully’. Individual vehicles arc stopped involun-
tarily about once every 20 hours on the average—usually for very
minor incidents. They are restored to service with an average delay
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of less than 7 minutes. The stoppage of one vehicle does not impede
the vehicle on the parallel path and passengers are usually able to
change cars after a brief delay. In the rare case when both vehicles
are out of service—about once a week on each line—travelers simply
leave the stopped car—which is always possible—and finish the trip
on foot on the walkway. The walk requires less than 4 minutes.

There have been no accidents in which vehicles were damaged. In
one case power was reversed on a moving car, and two passengers
suffered significant injuries. There have been reports of minor injuries
and a few claims. As a whole, the injuries and claims have been
substantially lower, on a comparable basis, than those encountered
on the facility’s elevators and escalators.

Each vehicle runs about 48,000 miles per year-comparable to a
New York City subway car. Vehicle travel totals about 1,500,000
miles to date.

HousTON INTERCONTINENTAL AIRPORT

In 1969, the City of Houston opened up one of the largest com-
mercial airports that had ever been planned and built from bare
ground. The program had started in 1960. The terminal design was
innovative in arrangement and in its dependence upon driverless
vehicles operating on a simple closed loop.

Monotrain at Houston—Rohr Industries

The objective was to limit walking distances to about 600 feet for
most air ‘travelers. The terminal c¢;mplex is being built in stages
and when complete, will include four terminal buildings and a hotel
complex. The units stand in a straight line and are separated from
one another by more than M mile. The entire complex will be longer
than one mile. Two terminals were built in the initial phase and the
hotel was recently completed.
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The guideway and a median walkway are underground in tunnels
beneath parking lots and in the basements of buildings. The route
is about 3,000 feet long with 6,20( | feet of guideway. There are eight
stations: one in the hotel, two in the terminals and five in the parking
lots. There is also a separate maintenance and storage area and
switches for moving trains to and from passenger service.

Each train includes three cars and has a total capacity of up to
36 passengers—half seated and half standing. At present average
headwa~'s can be as low as 3 minutes, when all 6 trains are used,
and the highest capacit~" is about 720 passengers per hour per direction.
With a larger fleet-18 trains in service—the system would reach its
limiting headways of 60 seconds and its maximum capacity of about
2,160 passengers per hour per direction.

Vehicles operate at a maximum speed of 8 mph but stop at every
station and slow for short-radius turns. Average speed of travel is
about 400 ft. per minute—only about 50 percent better than walking.
Average waiting time for a vehicle is now about 2 minutes but may
eventually be as low as 30 seconds. While the system does not save
much time for the average traveler it is a basic convenience. It is
usually agreed that time spent riding is more tolerable than equal time
spent walking, for most travelers, and also that the ability to ride
is especiall~~ valuable for travelers encumbered with luggage, parcels
or small chddren. Thus the system provides valuable services without
greatly shortening travel time.

The system originally installed was replaced in 1972 by a system
purchased from Westinghouse Air Brake Corporation (WABCO).
That product line was later sold to Rohr Industries, and Rohr has
provided aid in perfecting the design and maintaining the system.
The Houston installation is the first of two revenue systems of this
design. (See Pearl I{idge below.) A test track was established at
Cape May, New Jersey during product development and remains in
service.

Total capital cost of the system has not been estimated. Cost of
the replacement hardware was reported to be $815,000. Total operat-
ing costs are not available. A fare is not charged and data on patronage
are not available.

The system is reported to have experienced many technical dif-
ficulties that caused frequent interruption of services at the outset.
Many of these problems are reported to have been worked out.
However, data are not available on the mean time between failures
and mean time to restore service,

The layout of the Houston airport system does not lend itself to
partial operation when trouble develops—it does not fail gracefully.
A defect on one train or at one point on the guideway will block the
loop and stop the entire system within a short time. h-o provision
has been made to reverse trains so that serviceable trains can provide
a shuttle service. Neither is it possible to cross over to the other
track or to turn back at an intermediate point to maintain partial
service.

‘I'he s~'stem has an excellent safet~’ record. There has been one case
of damage to a vehicle while under manual control but no accident of
consequence involving passengers.

The six trains in this s~wtem accumulate more than 34,000 miles of
travel each year.
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SEATTLE- TACOMA INTERNATIONAL AIRPORT

In mid-1973 the Port of Seattle opened two major new satellite
facilities at Sea-Tac and began operation of an SLT system. It in-
cludes about 8,800 feet of route in three elements: one shuttle and
two loops (See below). A single vehicle type is used. Cars are shifted
from one element to another and to the storage and maintenance
area by three transfer tables.

All routes are below ground level and the loops are located beneath
aircraft taxiways and aprons over much of their length. The objective
of this system was to provide the sole means of passenger access for
the two satellites that are several hundred feet away from the build-
ings of the central terminal complex. This design eliminated the need
for finger piers or other connections above ground and conserved scarce
land for the movement and parking of aircraft.

The shuttle is located beneath the main terminal complex. It has
a single track ancl operates one vehicle between two stations almost
1,000 feet apart. Each of the two loops has a single track and three
stations: one in the new satellite terminal, one interfacing with a
shuttle station and one at the outer end of a concourse which is an
extremity of the central terminal complex. The loops are about 3,700
and 4,100 feet long.

Figure 2.—Sea-Tac Satellite Transit System Layout

The vehicles normally carry 102 passengers with 12 seated and 90
standing (see below). When fully equipped the system will have 25
vehicles. At present there are 9 vehic]es in service and 3 on order. When
9 vehicles are in use four are assigned to each loop and one to the
shuttle. Capacities are about 1,800 passengers per hour per direction
on the shuttle and about 4,800 passengers per hour in the one direction
of travel on the loops. Loop capacities can be increased to 14,400 pas-
sengers per hour. Vehicles receive ma~inllin~ spe~d~ con~man.d of 27
mph. Average trip times, including both the wmt and the ride, me
about 1.8 mmutes on the shuttle and about 3,3 minutes on the loop.

The Sea-Tac system was supplied by Westinghouse Electric
Corporation and is the second revenue system from that source. The
capital cost of the initial 9-vehicle system has been estimated by the
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airport to be $14 million including $5.3 mi lion for the transit hardware
and its installation and $8.7 million for tunnels, stations and other
elements. The annual operating cost has been estimated at $540.000
per }-ear. Total cost pe~ airline”’passenger is estimated at almost 274:
about 9# for operation and about 18f for capital recovery with interest.

No fare is collected. Patronage has been estimated to be about
6,000,000 riders per ~'ear.

The system enjo~-s a high degree of reliability. The mean time be-
tween failures for a vehicle is almost a week, The mean time to restore
service is 6 minutes. Service is available within two minutes at all
stations 99.9~ of the time.

The system is designed to limit the consequences of failures when
they occur. Personnel at a console in a central control room can use
remote controls to restart vehicles, push or pull defective vehicles,
form and separate trains, and operate transfer tables to add or remove
vehicles from service. When a vehicle is stalled between stations on one
of the loops, all other vehicles on the loop can be operated in a shuttle
mode and all stations can be served. Passengers in a stalled vehicle can
always evacuate to a parallel walkway and walk to the next station.

There have been no accidents of consequence.

It is estimated that each vehicle will average 47,000 miles of travel
per year.

Vehicle in Tunnel Vehicle Interior

Westinghouse Electric Satellite Transit System
Seattle-Tacoma Airport
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Loop System Designed for Braniff
International Airline at Love Field,
Dallas, Texas-now idle due to
Braniff service shut down.

BRANIFF- STANRAY CORPORATION
LOVE FIELD

Early in 1970, Braniff International inaugurated a new transit
service at Love Field, Dallas, Texas. It connected their portion of the
air terminal and a parking lot located some 4,200 feet away from the
terminal. The objective was to exploit parking space far beyond
tolerable walking distance and also to make access to Braniff more
attractive than other air lines. The system has been idle since Braniff
ended commercial services at Love Field.

The system employs a single closed loop. Switches and sidings are
incorporated at both ends of the loop for empty vehicle storage and at
one end for maintenance and cleaning. One terminal of the route is at a
building in the pinking lot and the other is in the terminal near the
aircraft loading gates. A single intermediate station is located on the
line to the parking lot at a point near the former baggage retrieval
urea. The .guideway is mn overhead monorail about 8,400 feet in length
located some 20 feet above grade in double guideway configuration
with loops at each end.

Vehicles normall~ carry up to 10 passengers with six seated and four
standing md up to 14 with crowding. Minimum headway was reported
to be 20 seconds and maximum capacity was said to be 2,000 passengers
per hour per direction. However, the fleet contained only 10 vehicles
(rather than a full complement of 20) and it appears likely that actual
capacity was about 600 passengers per hour per direction.
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Maximum speed is about 15-17 mph with an average near 13 mph.
Waiting was usually brief and total travel time is about 4-5 minutes.
The overall speed is at least equivalent to three times walking speed.

The system was tailored to the needs of the owner—Braniff Inter-
national. It was developed and installed by a team including the
airline, Stanray Corporation, and American Crane Corporation. The
system at Love Field is the only one of its type. It is reported to be
usable and available for sale. At present the monorails and one vehicle
are being used by PRT Systems, Inc. as a test facility for an advanced
version of the system.

The cost of stations is not known but costs of equipment and struc-
tures have been reported to be about $925,000 including losses born
by the contractors. Annual operating costs have been reported to be
about $240,000 per year including about $10,000 for power. Operating
costs were reported to be 45¢ per vehicle mile.

Fares were not charged but it was estimated that patronage was at
least 1.5 million riders in the last year of service and at least 5,000,000
in the entire period of service.

Estimates have not been prepared of the mean time between failures
or of the mean time to restore service. However, the owner expressed
pleasure regarding the reliability of the system during the last half of
the 4-year service period. Five employees were required to maintain
the system. Two employees were always available for emergencies but
they- performed other duties unless called.

Evacuation of stalled vehicles presented a difficult problem since
the passengers were some 15 feet above ground level. Fortunately,
evacuations became infrequent as reliability improved and did not
pose a severe problem.

The safety record of the system was very good. One accident
occurred under manual control and caused damage to an empty car.
there were no accidents of consequence involving passengers.

Based on data reported from the project, it can be inferred that the
entire fleet accumullated about 500,000 vehicle miles per year and that
individual vehicles traveled about 50,000 miles per year.

This system is considered successful by the owners.

CALIFORNIA EXPOSITION AND SIMIL.4R SYSTEMS

,Six loop systems from one supplier-Universal mobility, Inc.—have
been installed in recreational facilities in the U.S. T'hree installations
of the same type were used at EXPO 67 in Montreal, Quebec, Canada,
and others are used abroad. Some of these systems serve transporta-
tion purposes primarily and some have only an entertainment purpose.
Some use open vehicles while others are enclosed and air conditioned.
All are automated but some, carry attendants, observers or narrators.
The system are included in this discussion because they are undoubt-
edly~"applicable in a variety of non-recreational uses. Experience
gamed in their use is valuable

The California Exposition system was first installed in about 1968
but was removed for a time and then replaced for the 1974 Exposition
and Fair. It rani~under automatic control in 1974 but with a monitor
on board. It is expected to operate unattended in 1975.
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The main purposes of the system is to transport passengers between
the main gate and a major attraction on the opposite side of the
grounds. The entertainment value of the ride is secondary’. The route
is 1.7 miles long and links two stations. A plan has been made to add
4 miles of dual guideway to serve a second recreation park some dis-
tance from the fair grounds.

The system employs four trains. Each train includes 8 vehicles and
carries 50 to 60 passengers. Trains are reported to have maximum
speeds of about 10 mph nnd make about 4 or 5 round trips per hour.
Capacity is about 1,500 to 2,000 passengers per hour per direction.

The capital cost of the system is not known although one report
places it at about $2.5 million. operating cost is estimated to be
$40,000 per year with most costs incurred during a 23-day season.
operating cost is about 27¢ per ride. A 50¢ fare is charged. In 1974,
revenue of $75,000 was received from 150,000 riders. The 1975 season’s
patronage is expected to be higher.

Safety has not been a problem. Reliability statistics are not avail-
able. However. significant delays are rare.

The other U. S.”insta]lations “of this type are listed here:

« Hershey Amusement Park
Hershey, Pennsylvania
In service since 1969.

* Magic Mountain
Valencia, California
In service since 1971

. Carowinds
Charlotte, N,C.

In service since 1972.

« Kings Island
Kings Mill, Ohio
In service since 1974

+ Kings Dominion
Ash~and, Virginia
ToO enter service in 1975.

A representative of the supplier reports that 6 U.S. and 3 Canadian
installations represent a total capital cost of about $30 million and
that the systems have carried 125 million passengers wthout serious
injuries or fatalities.

PEARL RIDGE

During 1975 a shuttle system will be installed in Pearl Ridge,
Honolulu, Hawaii, by private interests to link two shopping centers
separated by about 1,000 feet. Service is scheduled to begin in Sep-
tember. The elevated route contains a single guideway and two stations
plus track for storage and maintenance of vehicles. The system will
employ one train made up of four vehicles.

The supplier is Rohr Industries and the car design is a derivative of
the design used at the Houston airport. Capital cost is reported to be
$1.1 million. Operating cost is not available.

Normal train capacity is 48 passengers with half seated and half
standing. The train will make about 25-30 round trips per hour.
Maximum capacity will be about 1,200-1 ,500 passengers per hour per
direction.
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The service will be free. Estimates of patronage are not available.
Specifications call for the system to be out of service no more than
60 hours per year and no longer than 12 hours at any one time.

BRADLEY INTERNATIONAL AIRPORT

In November, 1975, the Connecticut Department of Transportation
is scheduled to begin demonstrating a new shuttle transit system at
Bradley Field near Hartforcl, Connecticut. The system will link the
air terminal with a parking lot and serve a motel at an intermediate
station. The primary purpose of the .systcm is to improve the airport
with respect to appearance, congestion, comfort and convenience. A
second purpose is to demonstrate automated guideway transit for the
benefit of other potential users in Connecticut.

The end-to-end length is 3,700 feet with 3 stations: one at each end
and one near the center. The guiclew~~~- is a single path shuttle except
for a 700-foot b~-pass section ne~~r tl~e mid-point. This cJ1ows the
guidewa~' to accommodate two vehicles without incurring the full
cost of a clouble path.

J“ehicle speed is 30 mph. Nominal capacity is 24 (six seated and 18
stancling) or 30 with crowding (See below). Each vehicle will make about
11 round trips per hour. Without crowding the total capacity of the
2-vehicle system is ubout 545 passengers per hour per direction.

VEHICLE FOR BRADLEY INTERNATIONAL AIRPORT
(Ford Motor Company)

Exterior View
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Interior View

Average time for the longest trip—waiting, riding, and dwell—is
3.5 minutes. From the traveler’s view this is equivalent to a constant
speed of 12 miles per hour or 4 times walking speed.

Ford Motor Company is the supplier. This will be their first revenue
system. However, an earlier model was demonstrated successfully at
TRANSPO 72, and the current model is being tested extensively at
the company’s test track near Dearborn, Michigan, and at Bradley
before the start of passenger service.

Capital cost of the system is reported to be $4.5 million. Operating
costs are estimated to be $250,000 per year. Patronage is estimated at
one million passengers per year.

Safety features, reliability, availability and maintainability are
specified in detail but experience data remain to be generated. Portions
of the guideway will be heated to avoid problems from snow and ice.
The system can operate at half capacity with one vehicle out of service
provided it is not stalled somewhere on the single path guideway.
Disabled vehicles can be towed to the shop.

There are no firm plans to extend the Bradley installation but the
design permits expansion if that should become desirable.

FAIRLANE TOWN CENTER

In March, 1976, the Ford .Motor Land Development Corporation.
in partnership with other private interests, plans to begin public
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operation of a shuttle system at Fairlane Town Center. Opening the
transit system has been delayed by other conditions. The purposes of
the system are to serve as a major attraction and transportation
service in a multi-purpose commercial development, The system will
operate between the Hyatt Regency Hotel and the Shopping Center.

The end-to-end length is 2,600 feet and is a single path except for an
800-foot by-pass section near the mid-point. There are two stations at
the ends of the line. Vehicles are similar to those described for Bradley
except that 10 passengers can be seated while 14 will stand. Each
vehicle can make up to 18 round trips per hour. With two vehicles in
service maximum capacity is about 860 passengers per hour per
direction.

Total trip time will average about 2 minutes including waiting.
Equivalent constant speed, for the traveler, is about 15 mph or five
times walking speed.

Ford Motor Corn any is the sup lier. This will be the second
revenue installation [or their second & model. The capital cost is
reported to be $4.5 million and operating cost is reported at $250,000
per year.

The service will be free. Patronage has been estimated at 3 million
riders per year. The system will operate 11 hours per day. The com-
ments on safety and reliability for Bradley a ply here.

Fairlane Town Center is the initial phase ¢ a much larger develop-
ment called the Fairlane NTew Town. The SLT system has been
designed with a view toward expansion to serve other parts of the
project.

hIIAII INTERNATIONAL AIRPORT

Metropolitan Dade County Aviation Authority is presently engaged
in the installation of two shuttles at .Miami International Airport. The
start of services is scheduled for 1976 having been delayed by other
construction. The purpose of the system Is to exploit otherwise
unusable land. The shuttles will connect the main air terminal struc-
ture with a new international terminal located in a satellite beyond
acceptable walking distance.

The installation will employ an elevated structure containing two
guidewa~w. Each guidewa~" will carr~” a two-vehicle train. The system
is comphcated by the fact that one vehicle must be “free” and the
other ‘[sterile” in the vernacular of customs officials. That is, one
vehicle must be reserved for the exclusive use of international pas-
sengers who have not yet completed entry procedures.

The two guideways will be parallel and about 1,400 feet long. Each
will carry a two-vehicle train and each train will accommodate 200
passengers, all standing, during peak periods.

Train speeds commanded are 28 mph, maximum. Dwell time is 15
to 20 seconds and travel time is 62 seconds. Each train will make
about 22 round trips per hour and the entire system will carry about
9,000 passengers per hour per direction. overall trip time is about
80 seconds on the average. Equivalent speed is about 10.5 miles per
hour or 3.5 times walking speed.

Transit hardware is being supplied by Westinghouse Electric Corpo-
ration under a $3.5 million contract. This will be their fourth revenue
system and also represents the fourth model of their design. Construc-
tion is being procured locally. Total capital cost of the system is
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estimated at $6.7 million. Operating costs have been forecast at
$300,000 per year.

Patronage is forecast to be 5.1 million in 1980. A fare will not be
charged. Operating cost will average about 6¢ per ride. Total costs
of capital, interest and operation are not available but would prob-
ably be about 15¢ per ride.

Safety and reliability specifications exist but experience with this
design “is lacking. The commendable record achieved by Sea-Tac
should be equalled or surpassed.

BUSCH GARDENS

Anheuser-Busch is installing a loop transit system at Busch Gar-
dens, Williamsburg, Va., with a planned opening in June 1975.
The system will provide transportation services as well as an overview
of the park. The single loop will be 7,000 feet long and will contain
two stations.

Westinghouse Electric Corporation is the supplier. This is their
third revenue system. The system will employ a single two-vehicle
train similar to those at Miami International. Normal capacity will be
180 passengers per train—24 seated and 156 standing. Maximum
commanded train speed will be 30 mph. With one train, system capaci-
ties will be 2000 passengers per hour in the one direction served,
Seven vehicles could be added to increase capacity to 9,000 passengers
per hour per direction.

The cost has been reported to be $4 million.

DALLASFT. WORTH AIRPORT

In January 1974, the Dallas/Ft. Worth Regional Airport Board
opened an entirely new airport which is the largest and most innovative
ever developed. The Airtrans intra-airport transit system is an integral
part of the aiport design and operations. It links the numerous
widely separatelT elements of the airport to transport passengers and
material of various types.

The Urban Mass Transportation Administration has made im-
portant financial contributions to the project. In 1970 a grant of
about $1 million was made to the airport to support studies and to
finance test tracks by the two competing suppliers who were then
favored: Dashaveyer and Varo. Later, in 1972, UMTA made a capital
grant of $7.6 million to the airport to aid in the installation of Airtrans
by LTV Aerospace Corporation.

Airtrans employs vehicles of two types—passenger and utility.
When fully operational passenger vehicles will be used to serve airport
employees separately from air travelers and airport visitors. The
utility vehicles will provide several material transport functions using
containers of various types.

Vehicles will operate over 17 distinctly different service loops as
follows :

5 passenger loops:
2 between terminals and remote parking.
3 among terminals.
2 employee loops between terminals and remote parking lots.
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2 Air Mail Facility loops.

4 interline baggage and mail transfer loops.

4 supply and solid waste loops which will operate only on slack
period.

The Airtrans system includes the following major elements:

13 miles of one-way guideway (65,000 feet).
55 station stops:
14 passenger.
14 employee.
27 material and other.
68 vehicles:
51 passenger.
17 utility.
74 switches.

Airtrans exploits switches for two purposes: to direct vehicles from
the main line to off-line stations and to branch and remerge the main
lines, These features allow the vehicles of various service loops to
share a common guldeway network and allow some vehicles to by-pass
en route stations while others stop to discharge and reload. Passengers
must wait to board the correct vehicle but they proceed to their

AIRTRANS SYSTEM DALLAS/FT. WORTH AIRPORT
(LTV Aerospace Corporation)

Vehicle Train on Passenger Service Route
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destination without transfers, in almost all cases, and with few station
delays. These technical and operating features make Airtrans out-
standing in size and complexity in comparison with all systems
discussed above.

A schematic diagram of the guideway and the system’s 17 distinct
service loops is shown below.
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Schematic Guideway Layout at Dallas/Ft. Worth
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Figure 3.—Schematic Guideway Layout of AIRTRANS, Dallas/Ft. Worth
Airport, LTV Aerospace Corporation



145

The design of the airport makes walking distances short enough to
be satisfactory for most air travelers and airport visitors. However,
distances for trips to remote parking lots and to other airlines are so
great that walking is not feasible and walkways have not even been
provided. Vehicular service is, therefore, essential for some intra-
airport travel as well as for all goods movements. When Airtrans is
out of service, it is necessary to use buses, trucks, and other auto-
motive vehicles.

Airtrans passenger vehicles are designed to accommodate 40 pas-
sengers—16 seated and 24 standing. Utility vehicles carry 3 containers.
Vehicles operate singly and in 2-vehicle trains according to need.

The capacity of the entire system (all routes combined) is specified
as 9,000 passengers, 6,000 pieces of luggage and 70,000 pounds of mail

per hour. However, no single link would have to carry the full load.
Specifications call for maximum speeds of about 18 mph. Average
travel times should not exceed either 10 or 20 minutes depending upon
the destination. Maximum travel times should not exceed 20 or 30
minutes.

Unexpected difficulties have been experienced both with the Air-
trans system and with materials handling systems and procedures.
Also, times available for interline connections were reduced by the air-
lines after Airtrans was designed and in operation. The time now
allowed for baggage and mail transfers is beyond Airtrans capability.
As a result only the five passenger services remained in regular use
through the first year of operations. Buses have been kept on standby
to provide service whenever stoppages exceed about 15 minutes. At
the start of the second year buses were seldom needed. Automotive
vehicles were used throughout the first year to transport employees
and at times for all of the materials services. The airport has made
plans to initiate all of the specified services except interline baggage and
mail transfers in 1975. However, difficulties between the airlines, the
airport board and LTV resulted in a crisis on March 6, 1975 and the
system was shut down. Service was restored on March 17 under a new
agreement.

The Airtrans system was designed, fabricated and installed by LTV
Aerospace Corporation under a $35.3 million contract. The company
has reported that costs have exceeded the contract amount by more
than $18 million. LTV also has a contract to maintain the system for
three years after it has been “conditionally accepted. ” That period has
not yet started to run because of the inability of the principal parties
to agree upon the system status relative to the original specifications.

Total operating costs of the system are not available. However, there
are indications that the costs of operating and maintaining Alrtrans
plus the costs of providing stand by and alternative services are great
enough to cause serious concern to the airport’'s major tenants, the air-
lines, and to the airport board.

Patronage was about 3 million during the first year, A fare of 25¢# is
charged. Therefore, passenger revenue is now about $750,000 per year.

Reliability was an extremely serious problem for Airtrans at the
outset. Statistical data are not available but considerable improve-
ment has been achieved. The design of Airtrans with numerous over-
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lapping service loops makes the operation of the entire system vulner-
able to stoppage if a single vehicle or wayside element fails. All routes
are one-way and there are few opportunitys for vehicles to by-pass one
that is stalled. One vehicle cannot push or pull another. When mobile
repair teams cannot restore a vehicle to service, a tow vehicle must
enter the guideway and remove the disabled vehicle to an exit.

Safety has not been a problem for Airtrans. There have been no
accidents or injuries of consequence to passengers.

The system accumulated more than three million vehicle miles in
the first year of operation.

MORGANTOWN, WEST VIRGINIA UNIVERSITY

The Morgantown project is scheduled to reach operational status in
mid-1975 with all features needed to support normal passenger service
but without elevators needed for some handicapped travelers. The
project has a long and complex history that can only be sketched here.

The project was initiated by West Virginia University” in 1967 and
funds for a study were obtained from UMTA in 1969. In August, 1970,
the University proposed a project to design and construct a system
containing 3.6 miles of double guideway, six stations and 90 vehicles.

The umversity had two purposes:

. To establish a national demonstration facility for the study of
technical, behavioral, social, economic, urban design and other
aspects of automated guideway transit.

. To transport 17,000 students, 5,000 faculty and staff members,
to better utilize facilities and staff, and to transport the people
of Morgantown.

In August, 1970, UMTA took charge of the management and fund-
ing of the project as a demonstration. The physical scale of the initial
phase of the project has since been considerably reduced. The route is
now 2.2 miles in length, there are three stations, and a 3-way inter-
change has been eliminated. The design of the initial phase would allow
for later completions of the full project.

The objectives reported by UMTA in 1974 were:

. To dimension the service benefits of systems of this type.

. To assess the institutional problems encountered in building
such a system in the urban environment.

. To determine the costs to build, maintain and operate the
system.

. To determine the impact of the system on congestion.

In October, 1972, the prototype version of the systym was success-
fully demonstrated to the public and press in a dedication ceremony
conducted by Secretary Volpe. In the next few months tests were run
using a fleet of five vehicles. As can be expected in R&D programs con-
siderable redesign was found necessary and that work has been done.
Fort} -five new vehicles are being produced and are in various stages of
testing. The entire system is to be tested in the spring of 1975. Suc-
cessful completion of those tests plus minor tasks will end the con-
tractors’ present obligations. UXITA and the University have agreed
on the conditions for accepting the present installation and for com-
pleting the system with capital grant assistance.

The Morgantown system now contains 2.2 miles of double guideway,
three stations and a maintenance and operations facility. Vehicles
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can operate non-stop between any pair of stations. The intermediate
station contains multiple paths and sidings arranged so that vehicles
can pass without stopping or stop to discharge and reload. Some ve-
hicles will stop and then continue in the same direction while others
will stop and turn back.

The sy-stem will operate in both scheduled and demand modes. The
scheduled mode is like other transit systems: that is, each vehicle will
have a pre-determined destination. However, travelers will be advised
by computer controlled graphic displays which vehicle to board. The
demand mode is unique. The traveler will push a button or otherwise
indicate his desired destination at the boarding point. The control
system will make available a vehicle either by recognizing that an
empty vehicle is already in the station load berth or by dispatching a
vehicle from another source to provide the needed service. The value
of the demand mode is relatively small with the three stations presently
provided but will be considerable if and when the network is increased
to include five or six stations as desired by the University

Vehicles carry 21 passengers—8 seated and 13 standing—with crush
loading.

Morgantown Vehicle Gets Finishing Touches—wing Aerospace Company

The minimum headway is 15 seconds, which is equivalent to 240
vehicles per hour per direction. The maximum theoretical capacity is
5,040 pphpd. However, in practice, average headways will be longer
than 15 seconds and average loads will be less than 21 passengers.

Actual loads imposed on the system will have to be determined by
operating in revenue service. Peak loads are expected to occur during
class change intervals at the University. Consequently, the maximum
loads experienced will depend on the way classes are scheduled as well
as on the number of passengers seeking to use the system. Present

a-arors- 1L
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indications are that peak loads will be in the range of 50 to 80 percent
of the theoretical maximum capacity-that is, 2,500 to 4,000 pphpd.

Vehicle speed is 30 mph maximum. Waiting time will not exceed 5
minutes in slack periods and 2 minutes in peak operations. Riding
time from one end of the system to the other will be about 7 minutes
for 2.2 miles or about 19 mph.

The Morgantown system was supplied by the Boeing Company
with support from sub-contractors. UMTA'’s outlays to contractors
and others are reported to total $64.2 million through June of 1975.
Costs of administration are not known. The University has made
cash outlays of about $1 million and has furnished or accumulated
land from other public agencies for much of the right-of-way. Boeing
has expended additional funds from company sources in an amount
not announced to develop certain essential proprietary components
and for all other work necessary to complete the tests. Operating
costs have been estimated by the University and their consultants
at an average level of $850,000 per year over a 10-year period based
on 1972 prices. (Another source indicates costs of $970,000 per year,
presumably in 1975 prices). This includes the cost of a work force of
about 40 persons at labor rates supplied by the University. These
cost gstimates will have to be updated during the initial operation
period.

Recent estimates prepared for UMTA indicate that patronage
may be about 29,500 rides per day. Students would pay $5 per month
for a transit pass along withother university fees, Other riders would
pay 25# per ride. The University has expressed concern that operation
costs for the 3-station system will exceed revenue by at least $500,000

er year.

P hKJCh of the redesign accomplished in 1973 and 1974 has been
devoted to reliability and safety assurance. Service availability is now
specified at 96 percent. Components have been selected and redundant
elements have been included as needed to satisfy that goal.

The system will not fail gracefully and few physical features have
been provided to deal with vehicle stoppages. Vehicles are not designed
to push or pull one another. There are limited sidings to hold defective
vehicles. Cross-over switches are not provided to allow routing of
traffic around a stalled vehicle. Stalled vehicles will be removed to the
yard by a maintenance vehicle. With these features a 30-minute
period of time will be needed to restore service. The physical design
accentuates the need for high reliability. On the other hand, automatic
software reactions have been included in the system design to minimize
recovery time of a stopped vehicle and to reduce the system impact
of a vehicle stoppage.

Guideways are heated to insure operating capabilities when it is
precipitating below freezing temperatures, This feature is reported
to have added $4 million to capital costs and $17,000 per year to
operating costs.

Safety has received detailed attention in the design of the system.

operational testing with multiple vehicles is scheduled to begin in
May, 1975.
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The Morgantown system has been developed only to about half of
the scale orginally planned. Provisions have been made for expansion
to the original design.

It appears that the cost of expansion of the Morgantown program
will be in the vicinity of $40 to $50 million for a route extension of
about 1.3 to 1.4 miles (15,650 feet of single lane guideway), 30 new
vehicles, 2 new stations, expansion of one station, and associated
software, power supply and other ancillary equipment.



Chapter 4: Who Wants AGT?

The panel has attempted to identify and question all of the publi®
agencies and private interests that have given serious study and con-
sideration to the purchase and use of AGT systems. In the time
available it has not been possible to do a thorough and complete job,
and consequently the information presented below is only a sample
of a larger universe. However, data have been obtained regarding 36
agencies and firms who have shown interest in application of AGT
systems. of these, six deal with metropolitan scale applications and
29 deal with major activity center applications.

The panel recognizes several deficiencies in the abbreviated pres-
entation of interests in AGT systems. The list is incomplete. A showing
of interest today does not mean genuine demand tomorrow—some
agencies many never decide to make AGT installations. It was not
possible, in the time available, to write descriptions of a number of
projects for which data were obtained.

M ETROPOLITAN ScaLE AppLicaTions oF A G T

At least a dozen public agencies and a few private interests have
studied the possible employment of AGT systems to serve major
parts of a metropolitan region. The panel has obtained data from
six such studies: four deal with metropolitan networks and two
deal with corridors. The sponsors and locations are:

Metropolitan Networks

1. Regional Transportation District, Denver, Colorado.

2. Twin Cities Area Metropolitan Transit Commission, St. Paul,
Minneapolis, Minnesota.

3. Comprehensive Planning Organization of the San Diego Region,
San Diego, California.

4. Transportation Commission of Santa Clara County, San Jose,
California.

Corridors

5. Port Authority of Allegheny County, Pittsburgh, Pennsylvania
(TERL) project.

6. Private interests, El Paso/Juarez international link.

These projects, if executed, would require a capital investment of
almost $7 billion: $6.7 billion for the four networks and $250 million
for the two corridors. A more thorough canvass might easily turn up
additional studies that would require a similar amount.

REGIONAL TRANSPORTATION DISTRICT, DENVER, COLORADO

Organization of the RTD was authorized in July 1969. It became
a working entity in 1970 and launched an innovative transportation
study in February, 1971. In January, 1972, a report was issued sum-
marizing the year's work and making certain recommendations.

(151)
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In March, 1973, a Summary Report was issued in which the instal-
lation of an automated guideway system was recommended together
with improvements in conventional modes. m,term PRT was used
in the Summary Report but in to today's vocabulary the system would
be classified as group rapid transit or GRT. The technology was, in
fact, quite similar to that employed at Morgantown, The system
envisioned in 1973 would have included about 100 route miles of
double guideway, 67 stations and a fleet of about 800 12-passenger
vehicles. The total capital cost of the AGT system was estimated at
almost $1.1 billion at 1973 price levels.

In September, 1973, the Region’s voters approved a bond issue of
$425 million to cover the local share-then one-third-of the AGT
system plus buses and other improvements. The bonds are backed by
a one-half cent sales tax which started in 1974. Under current legisla-
tion the local share is one-fifth rather than one-third, and the Federal
Government might be called upon to supply capital grants up to $1.7
billion for a total program costing just over $2.1 billion,

Early in 1974 RTD contracted with a consultant to serve as system
manager for the AGT program and other work, However, detailed
work on the 1973 plan is not going forward because of concerns ex-
pressed by UMTA. Instead, RTD and its consultants are engaged in
a restudy of five alternatives, including bus, light rail transit, conven-
tional rail rapid transit, GRT and PRT. A report is being issued in
the spring of 1975. As this report is written, it is impossible to say
what the RTD will recommend.

TWIN CITIES AREA METROPOLITAN TRANSIT COMMISSION,
ST.PAUL/MINNEAPOLIS

The Commission was created by the Minnesota Legislature in 1967
and was directed to develop a plan for a complete, integrated mass
transit system for the Twin Cities area. Numerous studies have been
made during the past 8 years dealing with short term and conven-
tional transit modes as well as AGT systems. Since the early 1970’s
exploitation of AGT systems in some fashion appears to have been
widely accepted by officials and citizens of the Twin Cities. However,
controversy has raged over the level of technological sophistication to
be sought, the extent of networks and location of routes and other
matters.

The most recent study effort is now approaching completion and
several reports and drafts have been released. The study has treated four
system types which represent the entire spectrum of AGT technologj-.

Terms used by Twin Cities Equivalent OTA terminology
Intermediate Capacity Rapid Transit -- ICRT Shgttle and Loop Transit-
LT.
Group Rapid Transit - GRT ------- - Group Rapid Transit (low

technology level) —GRT-

Hi'gh Performance Personal Rapid Transit Group Rapid Transit (high
PPRT. Ha;ihnology level)—GRT-

High Cgl_pacity Personal Rapid Transit- Personal Rapid Transit- -
HCPRT. PRT.

% 85‘% tlhle report of the Panel on Operations and Technology for definitions of GRT-
an .
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The Commission conducted its Second Technology Conference in
November 1974 to solicit the advice of outside experts. Consensus
of opinion of that group tended to discourage reliance on the PRT
alternative (the system UMTA calls High Capacity PRT) on the
grounds that it is not a viable option without a long-term development
period and because of serious uncertainties regarding the end results.
For example, it was estimated that 7 to 12 years would be required for
research and testing at a cost exceeding $200 million.

Similar, if less serious, reservations were expressed regarding the
high-technology GRT II system (called HPPRT by UMTA).

Attention was focused on a Base Network exploiting low-technology
GRT T technology. The system would employ 16-seat vehicles and
would have minimum headways of 12 to 15 seconds. These charac-
teristics are similar to those of Morgantown and to Denver’s 1973
concept. The most extensive network would include 81 miles of dual
guideway, 114 stations and 2,100 vehicles. Capital cost would be
almost $1.7 billion and annual operating costs would be about $94
million.

A system of the shuttle and loop type was also studied. It would
use 40-seat cars and 60-second headways. A 60-mile system with 47
stations would have a capital cost of $1.3 billion and operating costs
of almost $58 million per year. Because of its dependence upon well-
proven technology, this system could begin operation in 1981, 2 to
4 years carlier than the most sophisticated alternative.

The Twin Cities study will not reach a final decision until an alterna-
tive analysis satisfactory to UMTA has been completed. It seems
evident that the actual operating experiences of the Morgantown
and Dallas-Ft. Worth Airport GRT systems during 1975 are likely
to have a strong influence on the decision in Twin Cities. Serious
difficulties with either GRT systems may tend to build support for
the SL/T alternative.

03[PREHENSIVE PL.ANNIN"G ORG.ANIZATIOh’ OF THE SAN DIEGO
REGION , CALIFORNIA

In December, 1974, CPO received a report from consultants out-
lining a transit development program for the period 1975 to 1995.
The report treated buses in various applications, rail rapid transit,
light rail vehicle transit and automated guideway transit. 1t outlined
a number of staging strategies which would allow carly action but
would postpone technical choices until appropriate stages of the
program. The concept would also allow for exploitation of technical
advances as they evolve in the future.

The study treated an automated guideway transit system of the
shuttle and loop type but indicated that provisions would be made
for later upgrading to include off-line stations and other GR'T features.
The network included 59 miles of dual guideway, 57 stations and a
vehicle fleet containing 17,500 =eats (vehicle size was not specified.)
The total capital cost was estimated at about $1.6 billion, including
$50 million of development cost that would be avoidable if San Diego
were not the first or pioneer user of the particular technology selected.

Under the consultant’s recommended programs, choice of tech-
nology would be mude at the end of 1976. The initial AGT capital
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grant from UMTA would be needed at the end of 1978. The first
stage of the system would begin operation at the end of 1986, and
the last stage would be completed sometime after 1995.

TRAN'SPORTATION COMM1SS10N OF SANTA CLARA COUNTY, SAN JOSE,
CALIFORNIA

The Commission was created to plan a county-wide rapid transit
system. Consultants were hired in March, 1974, for a three-phase,
study. A Preliminary Phase Report was submitted in October 1974,
for review and discussion. The panel does not have the results of the
review.

The Commission stated that one goal was to provide a transit
system capable of attracting a major share of all travel in the county.
More specifically, the Commissioners called for:

. Thirty percent transit ridership.

. Streets and highways carrying a number of cars no higher than
there were in 1967.

. Encouragement of transit ridership by persons having a second
family car.

This mandate is in sharp contrast with the current low level of
transit usage and posed an unparalleled challenge to the staff and
consultants, In fact, it would require transit to carry 1.8 million
passengers daily in 1990 if popdation and employment grow as
projected.

The consultants considered a variety of alternatives, including
BART extension, extensive use of buses and bus ways, and two kinds
of automated guideway transit.

The consultants’ Medium Capacity Rapid Transit system was not
specified in detail. It might turn out of be a member of the shuttle
and loop class or a low-technology example of the group rapid transit
class. It would employ’ 20 to 30 passenger vehicles operating singly
or in trains. Maximum speeds would be 40 to 50 mph and line capacities
would be 10,000 to 15,000 pphpd. Headways are not specified and
other features are open.

The consultants also studied PRT systems with characteristics
that conform to the definition used by OTA in this report. This
technology was treated in case studies but was not recommended—in
part because of the long lead time needed for development.

Four cases were studied. The one which appears to be most appro-
priate would employ 140 miles of dual guideway, and about 140
stations. Capital costs would total $2.35 billion at 1974 price levels.
Operating costs would be $160 million per year. It was estimated that
manual controls could be substituted for automatic controls for am
additional cost of $15 million per. year.

The consultants called attention to the urgent need for entirely
new transportation systems to transport travelers short distances
to and from transit stations and for other short trips. Neither scheduled
buses nor dial-a-bus systems appear capable of supplying the needed
service.

PITTSBURGH TERL PROJECT

In 1969, a plan was initiated by the Port Authority of Allegheny
County for construction of a fully automated rubber-tired vehicle
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system in Pittsburgh, Pa. This system would operate as a double
guideway shuttle with turn-back switches at the ends of the lines.
The purpose is to provide line-haul service in a radial corridor focused
on the rental business district. The proposed route is 10.5 miles long
and includes 11 stations and one yard.

The vehicles envisioned are similar to the Westinghouse Transit
Expressway Vvehicles used at Tampa and Sea-Tac but would not
necessarily be from that source. Vehicles will run in pairs up to trains
of 10 vehicles.

Each vehicle will be 35 feet long, about the same as a city bus, and
will normally carry up to 66 passengers with 28 seated and 38 standing.
Headway will be 2 minutes at the outset but reducible to 1.5 minutes.
Theoretical capacity will be 19,800 passengers per hour per direction
at the outset. Peak loads are estimated to be 15,000 pphpd.

Vehicles will have maximum speeds of 60 mph but will average
28 mph. With an average of one-minute waiting during peak hours a
passenger would spend about 12 minutes on a 5-mile trip—the equiva-
lent of 25 mph overall.

The system would operate 20 hours per day. The frequency of
service would drop to 15 minutes in slack periods. That is more
frequent service than is usually provided by manned systems, and
even longer hours of service and closer headways might prove to be
attractivc and economically’ justifiable with automatic controls.

The cost of the system would he determined by competitive bidding.
In 1974, the Authoritty's consultant estimated that all costs and
contingencics would total about $232 million on about, $22 million per
mile. operating costs were estimated at $5.7 million per year including
$3.6 for labor and $1.2 for power. Patronage was estimated at 12.5
million riders per year. The fare would be 40¢ and would provide
revenue of $5 million per year.

Detailed specifications were drafted for safety and reliability.

The plan envisions future projects to extend lines, add routes, add
stations and shorten headways.

The TERL project has been the subject of political conflict almost
from the start and has suffered a, number of delays. Its fate is uncertain
at this time.

EL PASO/'JUAREZ

An international application of AGT has been planned between
El Paso, Texas and Juarez, Mexico, by two privately financed orga-
nizations-International Monorail (corporation of the U.S. and
Moncrriel Intelnational, S.A. of Mexico. In January, 1974, the firms
selected Ford Motor Company” as their supplier.

The sponsors hope to operate the system as a business enterprise
for profit and without public aid. Other stated purposes me to en-
courage tourism and commercial activity to aid in revitalizing the
central business districts; to provide efficient, safe, economical and
attractive service, and to relieve congestion.

The route would be 1.5 miles long and would be a single guideway
except for by pass near the midpoint. The system will employ. four
70-passenger vehicles. Waiting time will average about 1 minute
and travel time at a cruise speed of 40 mph will be about 2.5 minutes.
Overall speed will be equivalent to about 25 mph.
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Patronage was estimated at 25,000 to 30,000 riders per day although
frees were only specified as 25¢ to 50¢. The capital cost of the system
was estimated to be about $15 million. Operating costs are not known.
This project has been delayed indefinitely by financial difficulties.

MaAaJor AcTiviTy CENTER STUDIES

The panel obtained information regarding some 30 possible appli-
cations of AGT systems in major activity centers. These have been
grouped under the following headings:

. Airports.

. Central Business Districts/Center City.
. Multiple Purpose Developments.

. Medical Centers.

There has not been time enough to describe all of the studies. Some
examples are presented for each type of application-others are only
listed.

Capital costs of the group of prospective AGT applications cannot
be estimated precisely but are in the order of $1 billion.

AIRPORTS

The panel has obtained information regarding AGT studies at
airports in these nine cities:
. Atlanta, Georgia,
. Boston, Massachusetts.
. Chicago, Illinois (O'Hare).
. Detroit, Michigan (Metropolitan).
. Los Angeles, California (Internatioal).
. Oakland, California.
. San Francisco, California. )
gf Ng\\/lvvamgrhevae)ﬁveP(scé;k(&]e'\:/vlér!(mi%'ig?r%%oﬂg]).

The study for Newark is described here as all example of the class.

~NOUTARWN |

NEWARK INTERNATIONAL AIRPORT

Since 1966, the Port Authority of New York and New Jersey has
planned to include a transit system in the terminal and grounds at
Newark International Airport in New Jersey. Space for guideways
and stations has been reserved. The primary purpose is to link the
terminal complex with a station on a proposed extension of the PATH
rail rapid transit line. Other purposes are to link three major terminal
buildings with one another and to serve remote parking lots.

During 1971 and 1972 planning became specific and m 1973 techni-
cal proposals were solicited. The respondents were Westinghouse
Electric Corporation, Rohr Industries, Inc., LTV Aerospace Corporat-
ion, and the Dashaveyor Company, a Bendix subsidiary.

The route would include a double guideway about 9,000 feet in
length and seven stations. Vehicles would operate as shuttles but
would use switches to change tracks at the ends of lines. Cross-over
tracks at intermediate points would allow vehicles to turn back or
operate around a stalled vehicle, A walkway would parallel the guide-
way to allow easy evacuation of stalled vehicles.
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The terminal buildings were planned at a time when only the South
Park prototype of the Westinghouse Transit Expressway system was
in existence. Consequently, space was reserved for vehicles of about
that size. Specifications call for vehicles to carry 36 passengers nor-
mally with 24 seated and 12 standing and up to 50 or 60 with crowding.
The specifications called for 15 vehicles and 1 minute headways. Peak
loads could be accommodated with headways of about 2 minutes and
without crowding.

Vehicles would have maximum speeds of 35 mph and average
speeds of 30 mph. Total trip time from the rail station to the first
terminal would average 5.5 minutes-4.5 minutes in the vehicle and
1 minute waiting to board. The distance is 1.3 miles and the equivalent
constant speed is almost 15 mph or five times walking speed.

In 1974 the project was held up indefinitely because PATH was
delayed and because of the decline in air travel. Consequently, there
was no call for priced bids. The Port Authority had estimated a cost
of $35 to $40 million for transit hardware, guideways and other ele-
ments that had not already been incorporated in the terminal. Total
cost was not estimated.

It was planned that the winning contractor would also maintain
the system for 5 years. The cost of operations was not determined.

Patronage was estimated at 5 million trips per year, 16,000 trips per
day and 1,000 trips in the peak hour. Capacity could be increased to
about 4,000 pphpd by- using two-car trains and by shortening head-
ways to 50 seconds. Service would be provided 24 hours each day. A
fare would be charged but the amount was not set.

Specifications covered numerous safety and reliability features.
Requirements included:

. Operation in snow and ice storms.

. Walkways for evacuations.

. Non-combustible and fire retardant materials.

. Crash worthy’ vehicle design.

Cross-overs to allow operation around stalled vehicles.

CBD/CENTRAL CITY STUDIES

The panel obtained information on 9 studies dealing with AGT ap-
plication in and near central business districts. The cities are: -
Ann Arbor, Michigan.

Detroit, Michigan.

Las Vegas, Nevada.

Long Beach, California.
Minneapolis, Minnesota.
Mid-Nlanhattan, New York, N.Y.
Lower Manhattan, New York, N.Y.
Norfolk, Virginia.

San Diego, California.

Descriptions for Los Vegas, Ann Arbor and San Diego are presented
below.

Nogakw

LAS VEGAS, NEVADA

Efforts to install an automatesd guideway system in Las Vegas and
Clark County, Nevada began at least as early as 1968. The purpose of
the system was to improve transportation services among the CBD,
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the world-famous “strip”, a convention center and the airport. It was
considered desirable to relieve congestion on the streets, to make travel
fast and pleasant, to achieve a degree of privacy by using small cars,
and to enhance the image of Las Vegas.

The project has an extremely complex history that cannot be recited
here. In the most recent episode proposals were submitted in February,
1973 by three firms:

. Aerial Transit Systems of Nevada, Inc., a venture of Pullman,
Inc. and Bendix.

. Monocab, Inc., a subsidiary of Rohr Industries, Inc.

. LTV Aerospace Corporation.

LTV withdrew their proposal. Rohr Monocab was selected as the
supplier in November, 1973. However, delays occurred and both the
cost of the project and the availability of funds changed for the worse.
A revised proposal was submitted in February, 1974, at which time
the total cost was estimated at $103 million. In September, 1974, the
county withdrew and other changes in participants occurred, leaving
only Rohr and the City as parties to the negotiations. A reduced proj-
ect was proposed and rejected by the City in December, 1974. The
resolution under which the negotiations had been authorized was then
rescinded.

This was an extremely expensive adventure for all parties involved,
both public and private. For example, Rohr conducted promotional
and engineering efforts over a period of about 5 years and spent some-
thing in the order of $1 million. other contractors must also have in-
curred substantial costs. Local agencies incurred considerable adminis-
trative expense.

In 1973 it was expected that patronage would be in the range of 18
to 20 million per year with an average fare of $1.40. The project was
to be financed by sale of revenue bonds. A public trust was to be set
up to facilitate the financing. None of this was realized.

According to Rohr’s proposal, the route was to be 8.5 miles long with
24 miles of guideway. It included 18 stations, 140 vehicles and one
yard. Stations would have been off-line and vehicles would have seated
six passengers—many travel parties would have enjoyed a private ride
without stops enroute. Privacy could be ensured by paying a special
fare.

Vehicle maximum speed was 35 mph. The longest trip would have
required about 16 minutes riding and less than 2 minutes waiting.
Minimum headway was planned for 10 seconds. Maximum link capac-
ity was 2,160 passengers per hour per direction. Practicable capacity
would probably have been 20 to 40 percent less.

This would have been the first revenue system by Monocab. How-
ever, the company demonstrated a system successfully at TRANSPO
72 and also had extensive experience with a 2,200 foot test track at
Garland, Texas.

ANN ARBOR TRANSPORTATION AUTHORITY 1

This system would link the central business district of Ann Arbor
with the University of Michigan’s Central, Medical and North

i f Michi I
N TS A oL v fancl e et Stgte of Michigan program caled
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Campuses, Dial-a-Ride stations, remote parking, and the AMTRAK
station.

Phase | of the program would include 13,160 feet of guideway, 8
stations, a yard and shops, and four vehicles. The system study
included provision for extension. The vehicles would have nominal
capacities of 50 passengers including standees, top speeds of 37 mph
and average speeds of 15 mph. Minimum headways would be about
2.5 minutes.

Patronage was estimated at 2,300 passengers per hour in the peak
period, 20,000” passengers on an average work day, and 6.6 million
passengers per year.

Estimated costs, in 1973 price, were $14.3 million for capital invest-
ment and less than $300,000 per year for operations. operating costs
would average 4.4 cents per trip. Service would be free.

The project has not been carried forward by state and local agencies

CENTRE CITY, SAN" DIEGO

During the past two years the City of San Diego, California has
conducted a series of urban design and transportation studies of the
central city area, An urban design concept was developed; then,
transportation systems linking the activity nodes were defined and
alternative analyses and evaluations were made. The objective wm
to enhance the urban design concept-make it happen-by providing
efficient transit access/circulation services including service to periph-
eral parking garages and interfaces with regional transit services.
Future objectives include a link to Lindbergh Field and options to
extend the centre cit~' system to serve the region.

Four alternatives were considered: two using buses of different
sizes and two using AGT s~stems. One AGT s~'stem was of the PRT
t~-pc and the other represented the GRT t~'pe. The GRT s~'stenl was
recommended.

The s~'stenl, with an airport link, would include 7.6 miles of double
guidewa), mostljelevated, 20 stations, 75 vehicles and a yard.
Vehicles would have top speeds of 35 mph. Enroute stops would
reduce the average speed to about ]4 mph. ~Tchicles would operate -
singl~~ or in trains. Each unit would carr~~ 44 passengers with 22 seated
and 22 standing. Headwa~" would be about 60 seconds,

Peak patronage in 1986 would be 31,000 passengers per hour
distribllted o~~er all lines of the network. Patronage would be 256,000
riders for an average work da? and 78.6 million riders per ~'car.

Costs, estimated in 1974 prices, were $74 million for capital invest-
ment and $2 million for operations in the first year. Cost of opera-
tions would avemge 3.3 cents per ride.

This project is active ancl is likel~: to be carried forward. There are,
howe~er, differences between the clt~ plan and the overall regional
Dlan in~ol~"ing the location of peri])heml parking but not the center
city transit project per se. Resolution of the parking philosoph~~ can
be achie~-ed. This transit project provides an excellent opportunity
for the first %hase of a multi-l) hased regional s~rstem. Viewed in this
light, til I)robabilitj- for implementation is high.
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MULTIPLE PURPOSE DEVELOPMENTS

The panel obtained information on 8 studies dealing with possible
applications of AGT systems in newly developed multiple purpose
centers.

Their locations are:

. Crown City, Kansas City, Missouri,
. Echelon, New Jersey.

. Cameron, Alexandria, Virginia.

. Plaza del Ore, Houston, Texas.

. Post Oak, Houston, Texas.

. Southfield, Michigan.

. Crystal City, Arlington, Virginia.

. Interama, Dade County, Florida.
The latter project is described here.

O~NOUIRWN R

INTERAMA

In 1972, the Inter-American Center Authority and other agencies
began planning a new Cultural and Trade Center north of Miami,
Florida on the mainland side of Biscayne Bay and near the northeast
corner of Dade County. The center was to occupy about 300 acres
of a 1,700 acre parcel of land. In 1973, an automated guideway transit
system was incorporated in the plan,

The purpose of the system was to connect the Center with the
Dade County Regional Transit System and other modes of public
transportation, to serve remote parking lots, to provide circulation
among the elements of the Center and to provide passengers with an
overview of the area.

The route was to be 7,350 feet long and was to employ a double
guideway. Vehicles would either operate as shuttles and use switches
to turn back at the ends or would operate in closed loops. Seven
stations were planned: two in the south parking area, two in the
Center and three in the north parking area. One of the latter would also
interface with a station of the regional transportation system. A Yard
and maintenance area were included in the layout.

Technical specifications were issued in March, 1974, and bids were
received in May. Proposals were received from Bendix, Ford, Rohr,
Westinghouse Electric and Arrow Development. The proposed systems
differed in many respects and consequently: the data presented here
are drawn from a baseline system estabhshed by BRH Mobility
,Services Co., a consultant to Interama.

The baseline system would employ 31 vehicles, each with a capacity
for 52 passengers. Vehicles would operate single or in trains of two or
three cars. Vehicles were limited to maximum speeds of 28 mph. Dwell
times were 40 seconds. Average speed for a typical trip was just over 9
miles per hour. Minimum headway was about 90 seconds. With three-
car trains maximum capacity was about 6,200 pphpd. Peak loads were
estimated at 10,800 passengers per hour m both directions. Patronage
on an average weekday was about 69,000. Annual patronage was
estimated to be 16 million. . .

Safety was specified fr. terms of automatic train control systems and
fail safe principles. Suppliers were requested to state mean times
between failures for major components.
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Capacity could be expanded by adding cars and the route could be
extended to serve other areas. Evaluation of bids was completed in
August, 1974. However, by that time the Authority had encountered
severe problems in raising funds and in the fall of 1974 the transit
project was aborted.

MEDICAL CENTERS

A number of medical centers have conducted studies of automated
guideway transit systems. Brief descriptions of four studies are
included below. The locations are:

1. Detroit Medical Center Corporation, Detroit, Michigan.

2. Duke University- Medical Center, Durham, North Carolina.

3. The University’ Health Center of Pittsburgh, Pittsburgh,
Pennsylvnnia.

4. Texas Medical Center, Inc., Houston, Texas,

The objectives of these studies are similar in many respects and
include the following:

. To transport passengers, patients and cargo within the complex
and thereby make circulation easier and faster.

. To transport passengers to and from transit routes and remote
parking thereby making access easier.

. To link the medical center with other nearby centers of activity.

. To reduce traffic congestion in and near the medical complex.

. To reduce the need for parking lots and garages especially
within the densely developed areas of the medical complex.

DETROIT MEDICAL CENTER

The Center occupies a 97-acre site and is one of the nation’s largest
centers for medical services, education and research. It contains five
major hospital and plans exist for expansion. Alternative AGT sys-
tems studied included twqg shuttle configurations and two loop con-
figurations. One alternative single guideways and bypasses, and
included one branch line. That system would have a route length of 1.8
miles, 10 stations of three types, 7 vehicles, a yard and a control
center. Capital cost was estimated at $12 million. Operating cost was
estimated at $185,000 per year. Patronage was estimated to be in the
range of 58,000 to 69,000 riders per week in 1976 or about 3.0 to 3.5
million riders per year. Operation cost per trip would average about
5 to 6¢. A fare would not be charged.

DUKE UNIVERSITY MEDICAL CENTER

A study conducted in 1973 and 1974 described an AGT system to
carry passengers and cargo. Initially the system would link the existing
hospital and a planned 900-bed facility. It would be expandable to
serve remote parking, transit stations, a V.A. hospital, and other
facilities.

It would include guideways in tunnels, at grade and on elevated
structures. Two intersecting loops were planned. A north-south loop
would be developee in three stages and would eventually include 8
stations, An east-west loop to be developed at some later tim would
include 7 stations.
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Passenger vehicles would accommodate up to 35 riders and would
be able to carry patients on stretchers. Five passenger vehicles and
two cargo vehicles would be required on the north-south loop.

Vehicle top speed would be 31.6 mph. Average speed would be 8.5
mph. Minimum headway would be about 2 minutes.

Patronage was estimated at 2,200 passengers per hour in peak
periods, 18,000 passengers on the average day, and 5.6 million per
year. Average operating cost would be 3¢ per trip. A fare would not be
charged.

Decisions are forthcoming relative to the construction of the hospital
expansion and connecting transit link, pending the development of an
acceptable financing program. Under the present rules, private financ-
ing would be necessary if the University acts alone. Sponsorship by a
public agency may emerge at some later time.

THE UNIVERSITY HEALTH CENTER OF PITTSBURGH

A study conducted in 1971 and 1972 described an SLT system em-
ploying 2,400 feet of double guideway on elevated structures, three
stations, three vehicles and a yard. The system was expandable to
include five stations and could be extended further to serve other
facilities and transit stations.

Vehicles would have top speeds of 35 mph and would carry 35
passengers.

The system would carry 2,000 passengers in the peak hour, 14,000 on
an average work day and 4.2 million riders per year.

Cost estimates in 1972 prices were $7.7 million for capital investment
and $190,000 per year for operations. The average operating costs
would be 4.4¢-per trip.

TEXAS MEDICAL CENTER

Texas medical Center contains 28 member institutions and attracts
tens of thousands of visitors and staff members daily. A study con-
ducted in 1972 and 1973 considered installation of an automatic guide-
way transit system of the loop type. dual guideway and 10 stations
would be placed on elevated structures. Passenger vehicles would carry
16 seated passengers and up to 19 standees. Patients on stretchers
could be carried and cargo vehicles would be provided. I'chicle speeds
would reach a maximum of 35 mph and would average 15 mph.
Headways would be 90 seconds.

The system would carry- 5,500 passengers in the peak hour mnd 26,400
passengers on the average work day. Annual patronage would be
almost 8 million riders.

Capital cost of the transit system would have been almost $12.5
million in 1972 prices. Operating costs would have been almost
$380,000 per year. operating cost per rider would be 4.8¢.

The plan contemplated extension to connect the medical center with
other major activity centers.

Inability to finance the project has prevented construction.



Chapter 5: Who Supplies AGT?

The 17 AGT sytems now in existence in the United States have
been supplied by six firms who remain in the business and one group
formed for a single project (Braniff International and others). The
firms and number of installations are:

Westinghouse Electric Corporation, Pittsburgh, Pa., 4.
Universal Mobility, Inc., Salt Lake City, Utah, 6.

Rohr Industries, Inc. (Monotrain), Chula Vista, Calif., 2,
Ford Motor Company, Dearborn, Mich., 2.

LTV Aerospace Corporation, Dallas, Tex., 1.

Boeing Aerospace Company. Seattle. Wash.. 1.

Other firms have spent considerable time, effort, and money on the
development of full-scale test tracks and vehlcles prototype systems,
and temporary demonstration projects (such as TRANSPO ‘72).
Some of the firms are believed to have stopped their programs or to
have withdrawn entirely. None have yet been rewarded by sales of
revenue passenger systems in the United States. Prominent members
of this class are:

Sk wNE

7. Otis Elevator Company, Inc., Transportation Technology Divi-
sion, Denver, Colo.
Rohr Industries, Inc. (Monocab), Chula Vista, Calif.
9. Alden Self-Transit Systems Corporation, Bedford, Mass.
10. Bendix Corporation (Dashaveyor), Ann Arbor, Mich.
11. Pullman, Inc. (Aerial Transit), Las Vegas, Nev.
12. Uniflo Systems Company, Minneapolis, Minn.
13. Mobility Systems and Equipment Company, Los Angeles,
Calif.

14. PRT Systems Corporation, Chicago, IlI.

15. General Motors Corporation, Transportation Systems Division,
Warren, Mich.

16. McDonnell Douglas. Redondo Beach. Calif.

In other parts of the would, AGT development has proceeded in
Europe, Japan, and Canada. Progress in these countries is the subject
covered by another panel report in this study for the Office of Tech-
nology Assessment. The remainder of this chapter is devoted to the
current situation for the United States suppliers and their appraisal
of the AGT market.

WESTINGHOUSE ELECTRIC

The Westinghouse Electric Corporation of Pittsburgh, Pennsylvania
has been a supplier to electric rail and traction companies for more than
85 years. It entered the AGT field in about 1961 when the Transit
Expressway’ system concept was announced. In 1963 Westinghouse
entered into a contract with the Port Authority of Allegheny County
and an agency later incorporated in the United States Department
of Housing and Urban Development for the demonstration of the
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Transit Expressway system at South Park in Allegheny County. That
demonstration opened successfully in 1965 and remains intact and
operable.

The South Park Test Track is a closed loop 9,360 feet long, mostly
elevated with a 1,000-ft. spur line at grade. It contains one switch, two
stations and a maintenance and control facility. Vehicles are 30.5 feet
long and normally accommodate up to 54 passengers—28 seated and
26 standing-or up to 70 passengers with crowding (See below). Ve-
hicles run at speeds up to 55 mph on straight sections and at 2-minute
headways. Vehicles can operate singly or in trains of up to 10 cars.
Theoretical capacity of this system could be increased to 21,000 pphpd.

The system as used primarly for demonstration tests but on many
occasions it was opened to visitors and for the Allegheny County Fair.
A 10-cent fare was charged during Fair operations. In one 2-month
period almost 41,000 passengers were carried without accidents of any
kind. In one 10-month period the system logged more than 21,000
vehicle miles.

The total budget for the demonstrations between 1963 and 1973
was $7.4 million. The U.S. Government paid about $4.5 million, state
and local agencies supplied about $1.7 million and Westinghouse and
other contributing companies paid about $1.2 million.

Transit Expressway System Vehicle-Westinghouse Electric

Substantial amounts were spent by Westinghouse to develop a
switch and to develop second, third and fourth generation models of
Transit Expressway. The company is a major supplier of transit
components and has established two new manufacturing facilities and

r : nl . >}
a new Transit Expressway test track near Pittsburgh.
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The company reports that it has spent a total of $35 million on the
development of Transit Expresswau and related transit technologies.
Development funded by government agencies has been about $6.2
million.

The Transit Expressway at South Park was the prototype for four
revenue systems described elsewhere in this report:

1. Tampa International Airport, Florida.

2. Seattle-Tacoma Internatioal Airport, Washington.

3. Miami International Airport, Florida.

4. Busch Gardens, Williamsburg, Virginia.

Company representatives indicate that this work has not all been
profitable but specific data are proprietary.

Westinghouse has competed for a number of jobs that were not
awarded or that were won by other firms. Among these are:

Interama (aborted by client just short of selection of sup-
plier).

Bradley International Airport (won by Ford).

Morgantown (won by Boeing).

Dallas-Ft. Worth (won by LTV).

Newark International Airport (delayed by client).

The company will be able to compete for the Pittsburgh TERL
project if it is ever carried forward.

Bid and proposal costs have ranged from $25,000 to $250,000 per
project. A total figure was not supplied.

Westinghouse representatives call attention to the fact that the
company has invested a significant amount of its own funds to meet
the predicted demands for new transit markets. An AGT system of the
loop type-the first Transit Expressway-was originated by Westing-
house In response to requests by Pittsburgh planners, the City of
Pittsburgh and Allegheny County and was designed for medium
density rapid transit corridors. Automatic train control (ATC) was
seen as a vital subsystem for Transit Expressway.

The market for conventional rail has developed much more slowly
than projected. In Los Angeles, Seattle, Houston and New York
State it lost out on voter referendums. AGT systems using rubber
tires have been proposed for metropolitan application, such as in
Pittsburgh, Honolulu, San Juan, Miami and Baltimore but have also
been used as the scapegoat of political in-fighting among vested
interests. Those who object to the innovation of AGT systems do not
face up to the fact that Westinghouse can point to outstanding suc-
cesses wit h such systems.

The overall business atmosphere for AGT marketing has been
troubled. There has been shifting emphasis and lack of clear policy at
tile federal level, lack of knowledgeable leadership at the federal and
local level, continual project postponement, irresponsible political
squabbling, uncontrolled project delays, ambiguous specifications,
lack of standards in general and particularly regarding safety per-
formance and measurement, one-sided contract terms and conditions,
inflation, lack of funds, high interest rates and public apathy. To make
matters even worse, the Federal government has used its funding
power to bring forth more potential suppliers into the market place
than the market has been able to provide with business opportunities.
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The number of companies that have left the transit industry after long
histories or that have entered and abandoned the field within the past
few years attest to this.

The transportation business has not produced the profit or the re-
turn on investment for Westinghouse that could be achieved in other
businesses. Consequently, there are periodic corporate reviews to
determine whether to stay in or get out of the business. Westinghouse
has made a special study of the market and marketplace over the past
four years. So far the results have indicated that a definite shift of
emphasis is necessary if government and industry are to serve the
needs of the people.

Company representatives feel that the needs for transit have been
incorrectly assessed by extremists on both ends of the technological
spectrum: the case has not been made for revolutionary transit con-
cepts like PRT nor will it be sufficient just to spend billions of dollars
of government money to modernize transit cars and buses with air
conditioning and the like, They favor a moderate course, one which will
]yti_lli_z_e new concepts while at the same time improving existing
acilities.

The immediate problem really boils down to the ills of urbanization.
The transit industry can aid in improving the quality of urban life by
using good innovative transportation methodology and proven transit
technology. This does not mean that the development of new tech-
nology should be neglected but rather that the realistic market needs
of today, and in the near term, can be addressed without quantum
leaps into unknown technologies. Westinghouse is against standing
still, as is evidenced by the fact that it is first in the field of AGT. But
the company also favors orderly, well thought out, evolutionary
improvements with proper emphasis on real market needs and several
application methods.

Specifically the quality of urban life needs to be improved first in
the major centers of urban activity, such as the central business
districts, suburban centers, air terminals, medical centers and univer-
sities. Such centers have pressing needs and warrant particular
attention.

Westinghouse representatives suggest that AGT applications must
start with the major activity centers and expand outward, rather than
concentrate on regional urban mass transit networks while ignoring
the dire need for urban center mobility. AGT vehicle systems in
major activity centers can intercept automobile, bus and train pas-
sengers at convenient transfer points and prevent the stuffing of
major activity centers with street vehicles. This shows promise of
capturing a much larger share of the passenger-trip market and con-
tinuing to utilize the automobile and commuter buses and trains for
the functions they are presently performing satisfactorily. AGT must
be planned and integrated with parking, street uses, pedestrian-ways,
buildings, commerce and security systems for it to make a significant
impact on urban life styles.

Westinghouse is optimistic about many aspects of this business.
More than the people of an~~ other nation, the American people are
quick to adjust and to support a good product or service where they
are free to make a choice. However, an alternative to the automobile
must be given urban residents that is a good competitive choice, not
just a new item of hardware or a repainted vehicle.
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Westinghouse is optimistic about the technology that is available
today. Automated guideway systems of the shuttle ancl loop types and
modest extensions of that technology will perform most of the func-
tions that can be foreseen for urban centers. Higher speed versions of
the same system types can perform the functions of rapid transit as
well.

Westinghouse is pessimistic about the viability of the whole “PRT”
concept. The necessary automatic control system alone to control a
short-headwa~r small car PRT system, as proposed by the PRT
purists, is not going to be available in the foreseeable future without
seriously degrading our safety philosophy for operating public system-

Even at that, the cost of developing and supplying such a sys-
tem looks prohibitive. The signs that a realistic market for PRT exists
are not evident and, as a matter of fact, it seems to be an ill-con-
ceived solution, looking for a problem to solve.

Westinghouse believes it is reasonable and proper to expect a stable
and non-hostile environment in which to do business. It expects good
and fair competition—the lack of competition can be worse than too
much because public bodies will not ordinarily buy a one-of-a-kind
product or deal with a single source. Westinghouse expects to work to
competently written specifications and to meet well defined standards.
Ambiguity makes the risks of doing business unpredictable and un-
controllable for a, supplier. Finally, Westinghouse expects to meet its
corporate business objectives or to find another business in which to
invest its limited resources,

Westinghouse representatives express concern about the employ-
ment and productivity aspects of the AGT business. Transportation
is a labor-intensive industry both from the standpoint of the system
owners and the supplier. Westinghouse is working hard at standard-
ization and cost reduction to increase productivity and offset the
impact of inflation. Westinghouse employment, like that of its in-
numerable suppliers required to support its manufacturing operation,
fluctuates with the workload.

Dollar volumes traditionally fluctuate widely in this industry, For
example, they may be $15 million one year and $60 million the next.
This has a serious effect on employment, employee morale, retention
of seasoned, experienced professionals, and, of course, development
funding and limits. Present plant facilities could support a substan-
tial increase in direct employmlicnt. Westinghouse has mapped out
growth to broaden its product base and to reduce severe fluctuations.
Political and economic influences have thwarted this effort time and
time again.

With regard to changes in Federal programs, Westinghouse repre-
sentatives have expresse these views: the conpany believes that much
of the R&TD monies spent so far have been spent on projects which
have overlapped previous efforts, demonstrated concepts of ques-
tionable values and marketability or have had as their main objective
putting new’ suppliers into the business. It is highly questionable to
use MD funds to create new competitors to established suppliers.

Prior to undertaking development programs, Westinghouse suggests
that the responsible federal agency or department evaluate the pro-
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gram with a sufficient cross-section of industry to insure the market-
ability of the results. Significant influences in the transportation
market include:

Users—the consumer.

Transit properties, both private and public.

Labor.

Suppliers.

Land developers and redevelopers—both private and public.

Property owners.

Municipalities.

States.

Federal.
The program must define what is needed and the procedure to be
followed to insure meaningful results. Long-term and short-term
programs should be clearly identified with the markets they are
intended to serve.

The federal level should provide national standards for transporta-
tion, particularly on matters of safety. In conjunction with these
standards, formalized procedures must be provided to determine
whether or not they have been met. “Certification” is not recom-
mended because it would have a detrimental effect on the market-
ability of valid new ideas.

The federal level should continuously and realistically monitor and
document the state-of-the-art in the transit industry. It should esti-
mate and publish the amounts of time and the costs needed to develop
new systems or subsystems. This would allow planners, consultants,
transit properties and governmental interests to be more objective in
assessing technology.

Westinghouse representatives feel that R&D should be directed to
solving real, near-term consumer problems. The HPPRT is viewed as a
program to develop a system which may have no realistic, economic
agﬁlication. Further, they feel that the ‘Standard Light Rail Vehicle”
(SLRV) has been endorsed by UMTA as a favored rapid transit
alternative for the United States. In view of the fact that the “Transit
Expressway” vehicle system has logged a considerable number of
revenue passenger miles at Tampa and Seattle, they feel it would
be reasonable for UNITA also to endorse Transit Expressway as an
equally viable alternative.

UNIVERSAL hfOBILITY

Since 1963, Universal Mobility, Inc., Salt Lake City, Utah, has
been associated with Habegger, l.tcl., Thul], Switzerland, in the
development, fabrication and sale of the Minirail AGT systems in
North America. The first three systems of this type were installed
at EXPO Lausanne in Switzerland in 1964. Additional systems were
installed at Munich, Federal Republic of Germany, in 1965 and at
Blackpool, England in 1966. Three systems were installed at EXPO
'67 in Montreal, Canada, and two are used in Japan. Six systems have
been installed in the United States between 1969 and 1975 (See list
in Chapter 3). Proposals were made and lost for the Sea-Tac airport
il~stallation and for a TRANSPO 72 demonstration.
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The development of this system hm been accomplished by Uni-
versal Mobility and Habegger without UMTA assistance. Owners
of the United States systerns iuclude one state government and
five private firms. None of the instillations received capital grants
from UMTA. Approximately 10 percent of the cost of each system
is used to purchase imported components while the remainder is for
United States goods and services-much of which is from local
sources.

The company’s experience has been mainly with fairs, expositions
and recreation parks. However, these automated systems are suitable
for use in urban public transportation services and such applications
are under study. Vehicle bodies have been designed to meet the
needs of the buyer-some are open and some are enclosed and air
conditioned.

A representative of the company has estimated that the capital
cost of the American systems (United States and Canada) totals
$30 million. Patronage totals 125 million rides. He reported that
there have been no accidents of consequence to passengers.

FORD

Ford Motor Company, Dearborn, Michigan, began a development
program in AGT systems in 1970 with a decision to construct 650
feet of test guideway. During 1971 and 1972 they supplied one of the
TRANSPO '72 demonstration systems and operated it successfully,
carrying 25,000 riders, That system included two stations (one on-
line and one off-line), 750 feet of guideway, and two 24-passenger
vehicles. The company received partial reimbursement from UMTA
for the construction and operation of the TRANSPO '72 demonstra-
tion; however, all AGT development work by Ford has been privately
financed.

In February, 1974, the company completed its Cherry Hill Test
Facility on a 230-acre parcel of land near Dearborn. It includes an
0.8 mile loop, a 600-foot off-line station lane and a maintenance
control building. These facilities allow testing vehicles at speeds up
to 35 mph. With expansion of the facility the track will be able to
test vehicles at speeds of up to 60 mph. The vehicles for revenue
installations will be tested at Cherry Hill. The facility. has been
in continuous operation since February 1974 at levels of manning
ranging from one to three shifts.

e company is now installing two systems for passenger service-
one at the Fairlane Town Center near Dearborn and another at
Bradley International Airport near Hartford, Connecticut. (See
discussions above.) These systems are a second generation model of
the TRANSPO 72 design and have incorporated many improvements.
The total capital cost of these two projects is about $9 million.

Ford has competed for two jobs that have not been executed. They
were selected for the El Paso Juarez job, which would have cost about
$15 million. However, the project has been delayed by difficulties in
financing and may be aborted. Ford competed against three other
firms for the Interama project. The proposals were evaluated but no
award was made because of the inability of the client to finance the
project. Some $500,000 has been expended on bids and proposals.
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Ford has guarded optimism regarding the future market for auto-
mated transportation systems. There is a need for new systems offering
increased mobility in congested areas. However, there is no present
mechanism by which the federal government is effectively stimulating
the development of this market. The future of the public sector market
depends almost entirely on the leadership and direction which must be
supplied by the federal government.

There is a latent need which has been estimated by a number of
published sources as between $2 and $5 billion over the next twenty
years. Exactly how and if the market develops will be largely the
result of responsive federal policy.

There are some indications that the automated transportation
system market is beginning to develop. During 1974 approximately
$400 million in new business opportunities were under active considera-
tion. It is significant, however, that only $1 to $2 million in new systems
was awarded.

Government must provide leadership and direction in solving
national transportation needs. Industry will respond if the risks and
returns are favorable compared to alternative investment oppor-
tunities. It is not enough for the federal government to sponsor
prototype development and to expect industry and transit authorities
to shoulder the remaining risks and expenses. The uncertainties
regarding additional development expense and eventual product
marketability represent an unacceptable risk to industry.

The deployment of urban AGT demonstration programs must be
encouraged and sponsored by the government. Only when the social
and economic consequences of meaningful deployments are known
will the marketability of AGT be established. The government can
encourage demonstration programs by offering capital grants to com-
munities with suitable applications. The present cost-effectiveness
criteria governing capital grants should be relaxed in recognition of
the high costs associated with early installations and in view of such
factors as economy of scale and relative product maturity.

ROHR I$IONORAIL

Facilities of the Monorail System Division of Rohr Industries are
located in New Jersey near Wildwood and Cape May. The product
line of this division was acquired from Westinghouse Air Brake
(WABCO) in 1972, and WABCO had acquired the product line from
Universal Design, Ltd. in 1968. The entire history of the product line
goes back to about 1960. Facilities include a manufacturing plant
and office and three test tracks in New Jersej-. Each track includes
an operating switch. The test tracks accommodate the three models in
the product line. Rohr Industries has expended $850,000 on system
development including product rights.

The Division has produced two full~’ automated passenger carrying
systems: Houston International Airport, Texas, and Pearl Ridge,
Honolulu, Hawaii, both described elsewhere in this report. Two other
s~*stems were designed for manual operation with automatic control
features as a back Up: the San Diego Animal Park in California and
the Bronx Zoo in New I“ork. In addition the Division and its earlier
entities have produced 10 passenger carr~'ing s~wtenls that depend
entirel~’ or almost entirel~r on manual controls.
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The Division has bid and lost two projects: Dallas-Ft. Worth
Regional Airport and Bradley International Airport. They have also
bid two jobs that have been delayed or aborted: Newark International
Airport and Interama. Costs of bids and proposals were not disclosed.

Representatives of the company have a guarded outlook for the
future. The current Rohr Monorail products, now in passenger service,
are of the shuttle and loop type and are suitable for major activity
centers where modest speeds are acceptable. There are many potential
urban sites where systems costing $1 to $2 million could produce
valuable services. Examples are central business districts, airports,
medical centers, universities and government installations, Lead time
for design and installation is short-about 18 months. The company
could supply 3 to 4 systems per year now and could increase output
as sustained demand Increases. From the supply side, there would be
few problems in delivering several dozen small systems with a total
value of $50 to $100 million within 5 years. The difficulty is that poten-
tial buyers must overcome complex institutional problems and raise
money before the latent demand becomes effective.

The Monorail products do not require research and development
for urban applications although better components and improved
designs are possible. It would also be useful to have advanced approval
of the designs by UMTA in anticipation of receipt of applications for
capital grants but that problem has not yet been encountered.

LTV

LTV Aerospace Corporation, Dallas, Texas has been active in the
AGT field since about 1970 but their main endeavors have been
associated with the Airtrans installation at the Dallas/Ft. Worth
Airport. (That installation is described above.)

LTV received authority to proceed with the Airtrans project on
August, 2, 1971 and began providing services on some routes less than
30 months later on January 13, 1974, in time for the airport opening.
The speed with which this project was conducted borders on the
amazing and reflects great credit on the firm. This can be put in
perspective by reciting some of the milestones of the project:

August 1971—Authorized to proceed.

February 1972—Broke ground for guideway.

May 1972—Ran prototype vehicle on guideway.

September 1972—Conpleted first production vehicle.

February 1973—Operated vehicle in a closed loop.

March 1973—Conducted first completely automatic route
operation.

September 1973—Completed the 13-mile guideway.

January 1974—Started inter-terminal passenger service 15
hours per day when airport opened.

February 1974—Extended passenger service to remote parking.

March 1974—Inaugurated services to Air Mail Facility.

May 1974—Logged millionth vehicle mile.

June 1974—Began 24-hour service.

December 1974—Logged three-millionth vehicle mile.

The time limitations for the project and the need to make decisions
quickly and to act upon them at once left many problems unsolved
when the airport opened. Only a miracle of technical achievements
could have avoided such troubles.
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LTV has conducted a large and costly program to redesign and
retrofit troublesome elements and to maintain the system. In its
1974 annual report the company indicated that it had written off just
over $18 million in Airtrans costs over and above current contract
coverage.

Although great progress has been made in the 15 months since
opening, Airtrans has not provided a number of the services for which
it was designed. Some of the deficiencies can be attributed to difficul-
ties still experienced by Airtrans equipment but others are the result
of external forces. For example, Airtrans met the airport’s specifica-
tions regarding timely movements of mail and baggage among ter-
minals but the airlines shortened the time available for interline transfers
after Airtrans was designed and operating. It appears that a consider-
able revision of the Airtrans routes and other features will be necessary
to meet the new requirements. Also, the equipment and procedures
used with the utility vehicles to discharge and reload containers
carrying mail, baggage and other material have not always been
prompt and effective, Resultant delays disrupt other schedules and
cause further delays throughout the system. Because of various tech-
nical and operating difficulties and disagreements regarding financial
matters, relations among LTV, the airport and the airlines have
become increasingly strained, A breakdown of relations occurred on
March 6, 1975 and LTV discontinued maintenance of the system.
This made it necessary for the airport to shutdown operations.
Operations were resumed on March 17 under a new agreement.

There is considerable danger that an opportunity of very substantial
general value to the Nation will be lost in this situation. LTV has
undoubtedly learned many valuable lessons and is in the best position
to carry the learning process forward. However, institutional sponsor-
ship does not exist and funds are not available to do additional work
directed at both local and national objectives or to publish and dissemi-
nate such information, The local situation makes it almost certain
that initiative for a program aimed at national interest and needs
will not come from the parties on the scene.

UMTA might provide such a service. UMTA has participated in the
Airtrans project at three stages. A grant was made in the late 1960’s
for technical work and testing by two firms other than LTV. In 1972,
a capital grant in the amount of about $7.5 million was made to aid
construction. Recently, UMTA has opened discussion with the airport
and others with a view toward conducting a technical and operative
assessment of the project. This is envisioned as a limited effort involv-
ing UMTA staff and support from Transportation Systems Center
and others,

In the view of panel members it would be worthwhile to consider
the possibility of greatly increasing UMTA participation in Airtrans
beyond that originally envisioned. Assistance could bcof three kinds:

. Technical studies to more accurately specify the needs for
service in light of a year's experience.
R & D projects to improve the system design and to introduce
second-generation components.

. Capital grants for alterations, improvements and enlargements
of the physical system and studies of user and public acceptance.
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The results of a successful program along these lines together with
full documentation and display of results would be of value to many
other potential users of AGT systems and to other suppliers as well.

LTV has been involved in other AGT work. The firm proposed in
competition with three others on the Newark International Airport
project described above. A selection was not made and action on the
project has been postponed indefinitely. The company also proposed
on the Las Vegas project but withdrew from the competition before
a selection was made, The firm has affiliations with French and Japa-
nese firms. LTV has expended almost $30 million in company funds on
ground transportation developments of all types, mostly on Airtrans.

Company representatives express the view that the money spent by
the Department of Transportation on R & D is too low in relation to
the money spent for capital assets. They are of the opinion that
industry should bear a part of the costs of R & D but there is not
much incentive under present market conditions.

Representatives of the company feel that UMTA should support
development of components to achieve much higher reliability than
now available. This was identified as a critical deficiency since many
shelf components do not have known or predictable mean times
between failure, and vendors have little incentive to subject them to
the costly tests that would be needed to make the estimates. “Certifi-
cation” at the component level might be undertaken by UMTA. The
company endorses estimates of others that the cost of developing a
GRT system suitable for regional-scale deployment till be at least
$50 million and that. developing high technology PRT systems may
require 10 years and cost $250 million.

Spokespersons indicate that the lack of a well established and
dependable procurement process is a serious limitation. There is a
need to examine various alternatives, including those used in defense
and aerospace procurement, ordinary commercial transactions, com-
mercial aircraft procurement and the earlier practices of the transit
industry such as the cooperative drafting of specifications for the
President’s Conference car.

BOEING

The Boeing Aerospace Company, Seattle, Washington, made
in-house studies of AGT systems as early as 1962, but Morgantown
has been their main effort. In February 1971, Boeing bid on two
elements of the project: the vehicle contract, which they won in May,
and the command and control systems, which they lost to Bendix.
In August, 1971, they contracted with UMTA to add the system
management function which had previously been assigned to Jet
Propulsion Laboratories, California Institute of Technology, Pasadena,
California. The Morgantown project is described elsewhere in this
report.

The cost of the entire project to UMTA is reported to be $64.2
million. major Boeing subcontractors received $25 million for guide-
ways and stations and $7.5 million for command and control. One
element of the Morgantown system—the vehicle command and control
system-was developed by Boeing with company funds and remains
proprietary.
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The end date of Boeing'’s current contract is June 30, 1975. They
are now training University personnel to maintain and operate the
system. When all of the company’s obligations are discharged—
which could be later than June—Boeing plans to relocate the staff
to Seattle.

Members of the panel have expressed the view that Boeing has
learned much that would be of value to the Nation and specifically
to prospective buyers and suppliers of GRT systems. The firm is
well situated to learn far more by continuing work at Morgantown
through the initial operating stages. Early withdrawal would be
wasteful of experience and detrimental to the R & D purposes of the
project. It would be in the national interest for Boeing to be retained
under contract at Morgantown to operate the system until it is
thoroughly debugged and until maintenance and operation become
routine. It would also be appropriate for UMTA to finance Boeing
in the conduct, of redesign and retrofit programs which are certain
to be needed at least in some degree. These activities might profitably
extend over a period of 2 or 3 years. During that period technical,
operating and economic information regarding the project should be
documented in reports and otherwise made available to outsiders
including competent professional personnel, prospective buyers of
AGT systems and suppliers of components and systems.

Other than Morgantown, Boeing has constructed a test track at the
Boeing Space Center in Kent, Washington. Its purposes include func-
tional test and checkout of the Morgantown vehicles as well as evalua-
tion of application developments and technology advancements, and
display of operating vehicles to visitors. The track contains a simulated
station, a variety of geometric sect sections and a number of switches.

Boeing bid and lost the Toronto Zoo project and the Bradley In-
ternational Airport project. The company is affiliated with Japanese
interests and is participating in the EXPO 75 transportation system
on Okinawa. That system is based on Morgantown technology and
represents a $10 millon return on Morgantown investment in the form
of positive balance of payments. Boeing-Vertol was recently awarded
one of three UMTA contracts for High Performance PRT studies.

Boeing spokesmen indicate that the firm does not have a clear
picture of where the market is going. There is no national policy —no
long-term plan or direction. UMTA has confused industry about op-
portunities. Boeing, like other firms, is always prepared to do work on
a cost-plus-fixed-fee basis but does not want to put up large "front
end” investments for A GT systems under prevailing market condi-
tions. After the market has been verified the company would consider
private funding of system development if it were coupled with a "certi-
fication” procedure by which products could pre-qualify for capital
grants. UMTA-funded research on components, theory, etc--—the
NACA/NASA role in civil aviation--would be welcome. Efforts to
establish configuration standards would be premature at this time.

OTIS-TTD

The Transportation Technology Division of Otis Elevator Company

is located in Aurora and Denver, Colorado. The Division and its earlier
entities have been engaged in the AGT business since 1968 and foun-
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ders of the firm had done related work at General Motors for several
years. Two test facilities were built near Detroit, Michigan, in 1969,
and a third exists near Denver, built in 1971. An Otis-TTD system
was demonstrated at TRANSPO 72 (see below) and was subsequently’
tested there. Four test vehicles have been built.

Otis-TTD systems have exploited two advanced subsystems —air
cushion suspension and linear electric propulsion. Recent work has
considered rubber tires and rotary electric motors as alternatives.
Their designs have also featured a unique station apparatus-a dock-
which slides the vehicle clear of the track to its loading position.
Otis-TTD has spent more than $10 million on proprietary develop-
ment and about $1.6 million on government funded demonstrations.

Otis-TTD was one of three contractors engaged by UMTA in 1973
for a preliminary study of dual-mode transit. They now have one of
three contracts with UMTA to study HPPRT. The company has an
association] with a French concern and has had negotiations regarding
licenses with two ,Japanese firms. The company bid and lost two proj-
ects currently underway by others: Miami International Airport
(Westinghouse Electric) and Bradley International Airport (Ford).
They also proposed a system for Centaworld, Jacksonville, Florida
which was not executed for lack of funds. Two other bids were made
and withdrawn: Toronto Zoo, Ontario, Canada; and EIl Paso,/Juarez.
The company has spent in excess of $600,000 on bid and proposal
work.

Yy

Otis Linear Induction Motor (LIM) Vehicle at Transpo '72, Dunes Airport,
Otis Elevator Company, Transportation Technology Division

Representatives of otis-TTD are optimistic regarding the future of
AGT systems. They feel that economics will ultimately dictate driver-
less operation of transit vehicles. AGT will become a major business
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within the next 10 years after the current emphasis on buses has sub-
sided. Private corporations have spent tens of millions of dollars on
development but none has produced a system with sufficient reliability
and sophistication to meet the needs of an urban area installation, It
is clear that industry will not spend its own money to develop systems
for a market which does not yet exist and for which no standards or
specifications are set for capital grant support.

In their view it is appropriately that the Federal Government sponsor
the development of systems at least through the engineering prototype
level. Such development would establish a market for which industry
could compete. Industry would fund development to bridge the gap
between engineering prototype and production status. Such fundin
would be amortized by competing firms over a number of systems an
installations in much the same way as developments for many com-
mercial markets are presently handled (e.g., computer systems and
other forms of automation such as material handling).

The federal Government should set standards for various classes of
systems, particularly as they relate to passenger safety. The govern-
ment should also maintain a continuing R&D effort to provide im-
provements in system and component areas. Such development
would be available as public information to the industry and transit
authorities.

Otis-TTD representatives believe that Congressional support of the
proposed UMTA programs for Fiscal Year 1976 is especially crucial.
Automated guideway transit systems can provide significant help in
solving the congestion problems of our cities as wel as providing a
means of transport dependent upon electrical energy which can be
derived from other than petroleum fuel sources to assist in achieve-
ment of our national self-sufficiency goal. These systems can have
stable operating cost characteristics and lower life cycle costs than
labor intensive conventional systems or heavy rail systems. These
judgments are obviously shared by other industrialized countries in
the western world (Germany, France, England and Japan) where
development of advanced guideway transit systems are well underway
with government sponsorship. If our cities are to have the option to
install automated guideway systems, it is essential that the U.S.
Government support the development.

If such support is not forthcoming from the Federal Government in
fisca] Year 1976, company representatives predict that the U.S.
industry efforts will serlously” recede or disappear and that nothing
constructive will be accomplished in the United States in terms of
development over the next five years. At the end of such period we
would probably find ourselves incapable of competing with foreign
development and would end up importing foreign technology to satisfy
our urban transport needs in order to keep pace with advancements
in the rest of the western world. This would further exacerbate our
problems with balance of payments and deprive U.S. industry of its
rightful role in leading, at least in the United States, in automated
urban transit.

ROHR MONOCAB

Monocab, Inc., of National City, California has been a subsidiary
of Rohr Industries, Inc. since July, 1971. The firm’s history goes back
to 1968 when activities started as the transportation System Division
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of Varo, Inc., in Garland, Texas. Two test tracks were constructed at
Garland. The longest was a 2,200-foot loop with one off-line station.
The conmpany installed a 1 ,900-foot loop and one off-line station at
TRANSPO '72 (See below) and successfully operated two, 6-passenger
vehicles during the exposition demonstrating lo-second headway
operations.  For the demonstration and subsequent test program
Monocab received about $1.8 million from UMTA and put in about
$1 million of their own money. The conmpany has recently developed
a 500-foot test track at Chula Vista, California for an advaced
vehicle. The vehicle employs a new electrical subsystem which provides
propulsion, braking and switching.
Monocab was one of the two suppliers originally favored for the
Dal las-Ft. Wrth project and received support from UMIA viathe
airport borad for design studies and tests. They competed for the
Morgantown project at an early stage. They were selected for the
Las Vegas project but that project was aborted. They were one of the
competitors for the Interama project, which was also aborted. They
were recently awarded one of the three HPPRT contracts by UMTA.
Rohr Monocab representatives anticipate sales of small systems for
special purpose applica t ions such as shopping centers, universities,
medical centers, airports and recreational parks. However, high
interest rates and other financing difficulties are the main limitation.
their outlook for larger installations to serve more general urban
needs depends upon action of the Federal Government. They expect
the HPPRT program to be the pacing item and to lead to the deploy-
ment of the first such system. HPPRT is viewed as a medium capacity
transit system potentially usable in Denver, Miami, the Twin Cities,
Honolulu, San Juan, San Diego, Los Angeles, Trenton, and Detroit.
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The company favors larger expenditures by UMTA ¢n component
and subsystem development and on improvement of analytical tech-
niques, as well as the development of a GRT system suitable for near-
term use and deployment. They do not feel that companies are going
to cost-share R&D programs. They feel that the government should
move promptly toward a usable, small-scale demonstration at the end
of the 4-year HPPR'T development and test program.

Representatives of Rohr Monocab express the view that UMTA
research and development must serve as a catalyst, expediting the
availability of new systems for the American urban public. New sys-
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stake holders in public transit—the rider, the non-rider, the operator,
the installer, the equipment suppliers, and the p()lit‘i(-al institutions.
The new systems ‘“movement’” needs a clear-cut operational success.
Automation, for all of the potential good it can provide, has not been
proven conclusively to be worth the investment.

Therefore, to bring about urban applications of new systems, the
following course is recommended by the company:

1. Implement a two-pronged program which will address the deploy-
ment of automated systems both near-term and long-term.

a. On a component and subsystem basis, upgrade the tech-
nology, as required, to bring automated shuttie and loop transit
to urban revenue operations status.

b. On a system basis, proceed with the development of group
rapid transit technology emphasizing the critical areas of switch-
ing, system reliability, safety, systems management (i.c., vehicle
management, maintenance management, scheduling, fare collect-
ing, etc.).

2. Recognize that reluctance for AGT system deployvments is
related to asthetic and safety issues which must be resolved along with
technical and economic questions.

3. Recognize the need for staged urban system deployments in
which technical sophistication would increase with each successive
phase. Each phase must be self-sufficient and able to satisfy a legiti-
mate transit function. Initial deplovment should make use of im-
proved versionz of the automated shuttle and loop systems. As
demand builds, the syvstem would expand in both area coverage and
operational sophistication. Direct link-up of guideway at all nodes is
not a mandatory requirement at the outset. Transfers are tolerable.
As more sophisticated systems become available, lines could be coupled
at transfer points.

The panel has obtained data from a number of other suppliers who
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made it impossible to do more than comment briefly on the roles of
8 such firms.

ALDEN SELF TRANSIT SYSTEMS CORPORATION, BEDFORD, MASSACHUSETTS

Alden was one of the pioneers in the PRT field and did much to
promote the concept, including development of test vehicles and
tracks. Alden was a subcontractor to Boeing in the Morgantown
project as a supplier of components. The firm does not have a fully
developed system.
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THE BENDIX CORPORATION, ANN ARBOR, MICHIGAN

The Bendix Corporation acquired the Dashaveyor Company and
its AGT product line in 1971. At least two test tracks have been de-
veloped, and the system was one of four demonstrated at TRANSPO
'72. One test track and the demonstration received financial support
from UMTA totaling about $2 million. The company appears to have
withdrawn from the business of supplying AGT systems but remains
a supplier of control subsystems. Its Canadian affiliate continues to
supply small transit systems for recreation parks.

PULLMAN, INC., CHICAGO, ILLINOIS

Aerial Transit Systems of Nevada, Inc. was formed by Pullman and
others with the primary objective of competing for the Las Vegas,
Nevada project which has been aborted. A test track and vehicles
were developed at Hammond, Indiana. Apparently, the firm is no
longer active in the AGT field.

UNIFLO SYSTENS COMPANY, MINNEAPOLIS, MINNESOTA

The Uniflo Systems Company traces its history to 1967. Financial
support totaling $2 million has come from Rosemount, Inc., and
UMTA supplied $400,000 for component R & D work. The firm has
developed test tracks and vehicles and has conducted extensive tests
and demonstrations for visitors. They have competed on a number of
jobs without success. They submitted a proposal in the HPPRT

competition and lost. The company is reported to have stopped AGT
business activities.

MOBILITY  SYSTEMS AND EQUIPMENT COMPANY, LOS ANGELES,
CALIFORNIA

This firm was founded by one of the engineers responsible for the
Braniff AGT installation at Love Field. It received a contract in the
amount of $225,000 funded by UMTA for work on an AGT propul-
sion subsystem, Other information is not available.

PRT SYSTEMS CORPORATION, CHICAGO HEIGHTS, ILLINOIS

This firm is presently using the Braniff Love Field AGT installa-
tion as a test track for a new vechicle of advanced design. One vehicle
is being tested. It employs a new electrical device to achieve magnetic
levitation and propulsion. Negotiations are being conducted with
several prospective buyers, but no systems are in service.

GENERAL MOTORS CORP., TRANSPORTATION' SYSTEMS DIVISION.
WARREN, MICH.

General Motors did work on automated controls for highway vehi-
cles in the late 1950’'s and began work on AGT systems in the early
1960's. A 4-seat vehicle employing air cushion suspension and linear
electric motors was operated on a 20()-foot test track in 1962. A sub-
stantial program was conducted during the period until 1966. Total

54-3700-75- 13
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cost was reported to be $4 to $5 million. In 1968, General Motors gave
licenses to Transportation Technology, Inc., which later became Otis-

General Motors established a new Transportation Department in
the Engineering Staff in 1973 and elevated it to division level in 1975.

The Transportation Systems Division was one of three contractors
who received $500,000 contracts from UMTA for work on dual-mode
buses. That program was aborted by UMTA for lack of funds. The
Division is now making a broad study of-public transportation systems
but has made no announcements regarding AGT plans, If any exist.

31CDONNELL DOUGLAS, HUNTINGTON BEACH, CALIF.

The firm has monitored the development of AGT sytems for a numn
ber of years. In 1974, McDonnell Douglas announced its interest in
joining the Ontario Transportation Development Coporation and the
West German firm of Krauss-Maffei in a joint venture to bring the
KM magnetic-levitated system to this country. However, extreme
difficulties in developing the system for the Toronto Exposition and the
resulting cancellation of the project caused McDonnell Douglas to re-
consider its position. The firm was prepared to invest up to $20 million
in the project. However, the cancellation became effective before Mc-
Donnell Douglas invested any funds.



Chapter 6: Summary and Views of Respondents

SYSTEMS IN EXISTENCE

Seventeen AGT systems exist in the United States. Fifteen are rela-
tively simple shuttle and loop transit (SLT) systems. Two are of the
group rapid transit (GRT) type. Ten are currently providing service,
one is idle, and six are in advanced stages of construction. Six industrial
firms and one consortium have supplied the 17 systems. The installa-
tions are tabulated on the next page by type of system, supplier, type
of application, present status, and location.
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Existing AGT Systems

Airports Parks Coré]mercial University Total Locations
devi opments communities
SLT Systems: L
Westinghouse Electric. 2+1" 11 e 4 Taml>a, Fla., Seattle-T:~conq I~"ush., Miami, Fla.,
Williamsburg, Va. )
Universal mobility- - B T A _ 6 Hershey, Pa., Valencia, Calif., Charlotte, N, C.,
Iﬁlnh%s hlill, Ohio, Ashland, Va., Sacramento.
ant.
Ford. - - - - - - e 11 - 2 Hartford. Corm.. Dearborn. Mich.
Rohr Mondtrain ~- ~ ~ 11 e 2 Houston; Tex., Honolulu, H:lwnii.
Branff - = ~ 77~ 12 s —— - - 1 Dallas (Love Field), Tex.
GRT_Systems:
Boeing— _ - - e e e 1 I Morgantowvr\, W. Va.
LTV----~ =77 7777 R bR L L LR L L L L LR e R | Dallas/Ft. M orth, Tex.
Total-- ------------ 7 7 2 l i
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S'cate.-These systems employ approximately- 200 automated
vehicles or permanently linked trains. They operate over some 35
miles of single-lane, automated guideways or the equivalent of about
17 miles of double guideway route.

Performance.-Speeds are in the range of 8 mph to 35 mph. Capa-
cities are in the range of 600 passengers per hour per direction to
9,000 pphpd.

Patronuge.-Total patronage of AGT systems is believed to be in
the range of 120 to 150 million riders to date. When the 17 systems
are all fully operational, patronage will be in the order of 50 million
riders per year.

Costs of installations.—The cost of AGT installations to their owners
and the United States Government plus losses suffered by contractors,
where known, totals about $200 million. Of this amount about $75
million is associated with 15 shuttle and loop transit systems and
$125 million is associated with the two existing group rapid transit
systems—both in the low-technology band of the GRT spectrum. The
federal government has made no contributions to the capital costs of
the 15 SLT systems. It has contributed about $7.5 million toward the
capita] costs of the GRT system at Dallas/Ft. Worth and about
$64.2 million on the Morgantown GRT installation including both
R & D and capital outlays.

Costs of operations.—Information regarding operating costs is
incomplete and of poor quality; however, available data indicate
that operation of the 17 systems will require outlays of about $6.5
million per year after shake-downs.

Safety.-The systems in existence have experienced few accidents
and only one in which a passenger suffered serious injury. This per-
formance is remarkable when one considers that there are no uniform
standards governing the design or operation of the systems.

Availability of Service/Reliability .—The systems differ markedly
in their abilities to provide service at all times. Panel members agree
that both the Tampa and Sea-Tac systems should be regarded as
successful]] in this respect. The systems display these attributes:

= The mean times between failures are only moderately long. For
example, at Sea-Tac vehicles experience involuntary stoppages
at intervals of about 150 hours on the average.

= The time to restore service is short: about 6 or 7 minutes on
the avearge.

. Service is available about 99.9 percent of the time.

= Both systems ems fail gracefully. At Tampa, stoppage of one ve-
hicle has no effect on others. At Sea-Tac failure of one vehicle
on a loop has a limited effect on the operation of other vehicles
but does not stop service on the loop. Failure of a vehicle on
the Sea-Tac shuttle stops service on that link until repaired.
An emergency walkway is provided on all Tampa and Sea-Tac
routes to guard against immobilizing passengers when a gen-
eral stoppage occurs as during a power failure. Passengers can
always evacuate the vehicle and proceed on the walkway. This
evacuation procedure is quite satisfactory for a simple system;
however, for a fully developed urban transit system this may
not be the best alternative-allowing passengers to proceed on
a walkway adjacent to the guideway over the complete length.
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It should be noted that neither of the two GRT systems in existence
fails as gracefully’, and restoration after some failures cannot be ac-
complished as quickly. Consequently, both system designers found
it necessary to seek highly reliable components, For example, vehicles
need to achieve mean times between failures of about 1,500 hours-
10 times as long as at Sea-Tac-to achieve established standards
of service availability. In both systems the need for highly reliable
components could have been reduced, to some degree, by design
changes. Some opportunities of this type may have been overlooked
through haste or inexperience. Others appear to have been omitted
in the interest of capital cost savings. For example, neither system
provides an emergency walkway.

STuDIES OF PossiBLE FUTURE APPLICATIONS

The panel identified and obtained data for 36 cases in which public
agencies and private interests made studies of AGT applications. A
more thorough search would turn up additional cases—perhaps a
total of 75 to 100. The capital cost estimates cited in the 36 studies
total about $8 billion. A complete survey of the field might double
or triple that figure.

Interest exhibited today does not mean that purchases will nec-
essarily be made tomorrow. The panel found no way of estimating
the number of projects that will be undertaken, their size or their
timing. Inquiries at UMTA yielded no such estimates.

It is clear that the possible exploitation of AGT systems has
captured the interest of a great many possible buyers even though
information available to officials and planners at the local level has
been limited. Almost all of the studies settle on systems at the low
end of the technological] scale--SLT or simple GRT systems. The
uncertainties regarding availability, cost, and other characteristics
of PRT systems account for their exclusion.

METROPOLITAN NETWORKS

The largest systems in prospect would include extensive networks
designed to serve entire metropolitan areas. Four studies dealing
with the initial stages of such networks describe possible future
systems containing about 380 miles of dual guideway and almost
380 stations. Full development would be staged over several decades.
Capital cost estimates for the four installations total $6.7 billion.
To provide perspective, it may be useful to note that rail rapid transit
routes in the United States total about 500 miles and that the
WMATA system will add 100 miles to that total at a cost of about
$4.5 billion.

The studies display serious concern with the economic, service and
other limitations of conventional transit modes—bus and rail rapid
transit—and indicate the hope or expectation, based on analysis,
that AGT systems will have superior characteristics. The studies
show varying degrees of awareness of the differences among system
types-—such as SLT, GRT, and PRT in the vocabulary of this report.
All appear to recognize that PRT systems involve exploitation of
high technology and will not be available for many years until large-
scale development and test projects are completed. Some express
concern over the economics of PRT. These beliefs tend to focus
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attention on SLT systems of the types now available and on lower
technology systems of the GRT type that could be installed in the
near-term.

It is not clear that local agencies concerned with metropolitan
networks use objective approaches in choosing between SLT and
GRT systems, or in selecting a multi-modal mix of systems most
suitable for a particular community.

Natural conservatism coupled with the desire for early action tends
to encourage adoption of SLT designs which have records of success-
ful use. However, if decisions must be delayed a few years, as is likely
in some cases, the technical risks of GRT systems real’ appear lower
and the service advantages and other features promised by GRT
technology may lead to their adoption.

Corridor applications of AGT systems may be regarded as the
initial stage of a metropolitan network. Two cases were examined:
the Pittsburgh TERL project and the El Paso/Juarez international
link. Their costs would have totalled about $250 million. Neither seems
likely to be built. However, the decisions apparently turned on
financial and political rather than technical issues. The SLT hardware
proposed in each study involves little or no technical risk or
uncertainty.

MAJOR ACTIVITY CENTERS

Studies dealing with AGT applications in major activity centers
have been conducted in profusion. The panel obtained data from 30
studies:

Number

Type of application: of studies
AITPOrtS —-mmemmmcooe ool s I 9
Central city /CBD. - - 9
Multiple-purpose  developments - - - - - 8
Medical centers - ------- e e e 4
Total ---------- I Rt - 30

These studies dealt almost entirely with low technology systems of
the SLT type. This is explained in part by factors of uncertainty
discussed above but also by the simplicity of the route structures
envisioned which make sophisticated hardware unnecessary,

Again, the panel's search was not exhaustive—several dozen
studies of AGT ssstems for major activity centers could probably
be added to the list. Estimates are not available for all of the 30
studies but it appears that total capital costs would be on the order of
$1 billion.

Many of these studies have been frustrated by financial difficulties,
objectives that differ significtintly from those of UMTA, and insti-
tutional relationships. Many of these projects serve special functions,
i.e., airport circulation, CBD or institutional circulation, etc., and
when measured against UMTA objectives for serving the commuters
and the disadvantaged, these projects have relatively low priorities.
A respondent with considerable experience in the AGT field feels
this market should start with the development of AGT systems
in major activity centers, and such systems should be expandable
outward in such a way that ultimately they can serve both the local
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and express functions of the transit system. This concept could appear
to have substantial merit and could fit nicely with the new UMTA
philosophy’ of starting with a basic element and adding to it “useable
segments”.

A PROPER MATCH OF PRODUCT LINES AND MARKETS

There is now considerable evidence that the application of PRT
in an established large urban area is a decade or more away. Further-
more, PRT may, be environmentally undesirable in established
urban areas. Early applications of SLT or GRT on appropriate routes
would forestall further excessive urban sprawl by the encouragement
of clustered development in areas ready for urban renewal. Thus, if
a major goal for urban transit is to forestall further urban sprawl
and its accompanying increased petroleum consumption, then tech-
nology efforts should be directed to match SLT and GRT to the needs
of existing urbanization and focus any further R & D efforts in PRT
on furture new towns where its application can be simplified. The
allocation of investments in these technologies should be proportionate
to the urban potentials identified above.

SUPPLIERS OF AGT SYSTEMS

The community of suppliers of AGT systems in the United States
is headed by six firms that have systems m revenue service and that
remain in the business.

_Number of
installations
1. Westinghouse Electric Corp., Pittsburgh, Pa - ---------ooooeeeee- -4
2. Universal Mobility, Inc., Salt Lake City, Utah ---- _ _ ------- - - 6
3. Rohr Industries, Inc. (Monotrain), Chula Vista. Calif-- _ - - == "
4. Ford Motor Co., Dearborn, Mich.-- - = T- - 2
5. LTV Aerospace Corp., Dallas Tex - |

6. Boeing Aerospace Co., Seattle, Wash - -----x = Sooee coeeeeoeeees 1

Other firms with aspirations to be system suppliers but without a
record of actual sales of revenue systems are:
1. Otis Elevator Company, Inc. Transportation Technology Divi-
sion, Denver, Colo.
Rohr Industries, Inc. (Monocab), Chula Vista, Calif.
Alden Self-Transit Systems Corporation, Bedford, Massachusetts.
Bendix Corporation (Dashaveyor), Ann Arbor, Mich.
Pullman, Inc. (Aerial Transit,), Las Vegas, Nevada.
Uniflo Systems Company, Minneapolis, Minn.
Mobility Systems and Equipment Company, Los Angeles, Calif.
PRT Systems Corportition (associated with Braniff), Chicago,
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General Motors Corporation, Transportation Systems Div.,

Warren, Mich. o

10. .McDonnell Douglas, Redondo Beach, California.

Close observers of the industry estimate that privately financed
development costs incurred by the entire group total at least $100
million. These companies are suffering severe frustrations in their
efforts to do business. Some firms have withdrawn from the field
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after large expenditures of private funds and years of effort by dedi-
cated staff members. Others appear to be on the verge of withdrawing.
Some suppliers observe that there are more AGT suppliers than
justified by the market, and complain that UMTA has encouraged
firms without transit experience to enter the field while established
transit suppliers are finding it necessary to withdraw.

DEFINITION’ OF PRODUCT LINES

There is a need for stability and common definitions in the product
lines being offered for sale, and for dependable data on costs. This
deficiency” leaves suppliers without guidance or reference points in
designing new- products and handicaps buyers in making comparisons
among products. Suppliers of systems are at a disadvantage because
competing products proposed for a particular application often differ
in so many respects that buyers find comparisons of products impos-
sible or meaningless. Sellers also complain that they spend substantial
amounts on proposals that do not lead to sales by any one.

UNREALISTIC PROCUREMENTS

Local agencies have a record of initiating procurements that are
unrealistic with respect to the costs and availability of hardware and
that are not supported by a financial plan. Such procurements are
often aborted after considerable time and effort has been expended
by suppliers and local agencies as well.

.4 CC EPTANCE CRITERIA AND PROCEDURES

There is a need for national level standards, criteria and procedures
that can be used to demonstrate that a product has reached “market
ready” status. There should be a wa-y to determine with confidence
that UMTA will not reject an otherwise sound capital grant applica-
tion for an AGT system on grounds of technical inadequacy of the
project. The same framework needs to be extended to cover final
test and buyer acceptance of completed AGT systems. Suppliers
cannot write specifications for competitive procurements. Local agen-
cies and consultants often lack experience in the field and are likely to
write specifications that are incomplete and ambiguous. Such speci-
fications are costly to satisfy and often prove to be unenforceable in
the end.

FEDERAL CONTRIBUTIONS

Federal agencies—mainly UMTA—have aided several of the instal-
lations and development programs surveyed by the panel. Instances
that came to light are recapitulated here:

. Grants of almost $4.5 million were made to the Port Authorit.~’
of Allegheny County to aid in demonstrating the Transit
Expressway.

. A grant of $1.0 million was made to the Dallas/Ft. Worth
Regional Airport Board in 1970 to support studies and test
track developments by two prospective vendors—both of whom
were unsuccessful bidders in the end.

A capital grant of $7.6 million was made to the same Board in
1972 to aid in paying for the Airtrans system.
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. R & D studies were funded in the amount of $1.8 million for
component developments by four prospective suppliers—Mo-
bility Systems, Uniflo, Pullman and Alden—and related work.

. Approximately $9.7 million was expended by UMTA for
demonstrations of four AGT prototype systems at Transpo 72
and for tests conducted thereafter. A second generation design
of one of those systems-developed with private funds by
Ford-is now being installed at two sites.

. UMTA has contributed about $64 million to the Morgan town
project at all stages from technical studies through final de-
ployments and test.

This listing may not include all minor items. The activities identified
involve expenditures of about $95 million.

|. ELDERSHIP AND DIRECTION

Suppliers and prospective buyers complain that there is a lack of
leadership or direction at the national level regarding the development
and deployment of AGT systems. This deficiency is charged most often
against agencies of the federal government including the Urban Mass
Transportation Administration and other parts of DOT, the Office of
Management and Budget, the White House and Congress. The same
charge could be lodged against national level professional and trade
organizations. Recent formation of a special task force on AGT
systems by the American Public Transit Association (APTA) is an
encouraging development. Initiative is in long supply at the regional
and local level but is not yet focused.

ALTERNATIVE STRATEGIES

There is a need for clear, complete, explicit statements of the strat-
egies to be followed in developing and deploying AGT systems and
for definitions of the roles of industry, transit operators, federal, state
and 'ocal governments and others. Suggestions on these subjects were
solicited from system buyers and suppliers and from panel members.
Most of the responses can be summarized under four headings:

. The transit industry’s ‘PCC”precedent.
. The industrial standardization process.

. The airworthiness certification procedure.
. The DOD/NASA approach.

THE PCC PRECEDENT

The transit industry has had one outstandingly successful ex-

perience in establishin % standards for streetcars. In the mid-1930's
readers of the industry met and, with technical aid, established
standards for what was called the President’s Conference Committee
Car. Vehicles of that design are still in use and are known by the
acronym “PCC Car”. One panel member has suggested that repre-
sentatives of transit properties in eight or nine cities now studying
AGT applications might be able and willing to initiate a new version
of that program. The primary objective would be to achieve low
costs while obtaining desired systems. Sponsorship and financial
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support would be needed from agencies such as UMTA, APTA, the
Conference of Mayors, the National League of Cities, and the Trans-
portation Research Board. This technique would be workable for
relatively simple systems or for the subsystems of more advanced
systems. Such systems could be developed by UMTA contractors
but if costs are low and markets are assured, might more appropriately
be developed by private industry.

STANDARDIZATION

Industrial standardization procedures provide a second approach
that has been used with great success in many fields for 50 years.
This would be accomplished with the aid of the American National
Standards Institute. Their procedures are well established and require
the cooperation of all interested parties such as the American Public
Transit Association, the Transit Development Corporation, the
Transportation Research Board, prospective buyers and suppliers,
professional societies and UMTA. Again, this procedure is most
suitable for relatively simple systems and for subsystems and com-
ponents. UMTA could pay the cost of development; but development
by industrj’ would be feasible, and a mixed approach could be used.

CERT[FICATION

Certification of the airworthiness of new aircraft, as is done by the
Federal Aviation Administration, suggests a third alternative. This
procedure would place a heavy burden on UMTA to establish
standards and to devise acceptance testing procedures. Doubts
were expressed by various respondents regarding UMTA'S ability
to obtain staff and develo competence to do the job. If aircraft
industry practices were forlowed, the procedure would require the
supplier to produce a testable prototype system and to operate it
in tests specified and monitored by UMTA. The costs of the prototype
sj’stem and most of the cost~ of the tests would be borne b~' the
supplier.

Bringing a high-technology s~wtem to the point of certification
would probabl~" require expenditures comparable to those for a
large commercla] aircraft. This burden would probabl~r be un-
acceptable to all suppliers, at least until a large market is assured,
tind could force man~- firms to abandon the field. However, the costs
of bringing simple systems and evolutionarjr improvements to the
point of certification would be acceptable to several firms. UMTA
might encourage evolutionary advances by paying for R&D on ad-
vanced subsystems or might share costs in other ways provided that
industry would be willing to accept cost-sharing. Industry, however,
has become disenchanted with cost-sharing to expedite development
of AGT.

NASA AND DOD APPROACH

NASA and DOD procurement practices in developing space explora-
tion systems and weapons systems provide a fourth alternative.
Specifications would be prepared and the costs of development and
testing would be paid by the government. contractors would do the
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work under cost-plus, fixed fee contracts but would acquire no formal
proprietary rights in products developed entirely under the contract.
At the end of a successful development program all suppliers would
be allowed to produce the system.

This approach would be attractive if the development of a techni-
cally advanced GRT system or a high-technology PRT were given a
high national priority. One of the main disadvantages of the approach
is that the supplier of the prototype system inevitably achieves a
great competitive advantage from experience gained at government
expense even though the firm obtains no proprietary rights. New-
comers find it necessary to spend private funds on in-house develop-
ment or to underprice proposals to catch up.

It appears that UMTA’'S HPPRT program will follow this path at
least during the four years required to develop and test a prototype.
1f that wortproves satisfactory, the problems of going into production
and of establishing multiple sources of supply will remain. The cost
of production design, tooling, manufacturing plants and product-
testing facilities will be considerable—perhaps several hundred million
dollars. The panel found no well founded estimate of these costs.

It appears that UMTA expects industry to pay the costs needed to
carry the HPPRT program forward through production and deploy-
ment beyond the end of the four-year prototype development and
test program. If present government practices regarding competitive

procurements continue to be followed the deployment of the first

HPPRT system cannot begin until there are in existence at least two
sources of supply. It is hardly conceivable that two or more U.S.
firms would make private investments of the magnitude required to
produce HPPRT systems without assurances that their products will
enjoy large-scale and continuing sales. At present there is no way that
UMTA or the potential buyers of such systems can give assurances.
Thus, it appears that the UMTA plan for HPPRT is not complete.
Something must be added to bridge the gap between final testing of a
successful prototype and approval of capital grant applications from
local agencies for actual installations of the HPPRT systems.

cLOSURE

Respondents held different view-s regarding the merits of the four
alternative development strategies and other matters. Generally,
those interested in low-technology systems of the SLT class tended to
favor private funding of development and reliance on professional and
industrial practices in establishing acceptance standards. Respondents
interested in PRT systems and relatively sophisticated GRT systems
agree that government financing is needed at least through prototype
development and testing.

Statements made by seven respondents are repeated here, with some
editorial license, to indicate the diversity of opinions.

1. One school of thought is to encourage only the early exploitation
of low-risk technology systems, the development of software and
standards, and the development of hardware at the component and
subsystem level. It is argued that this evolutionary process will
progressively determine the needs for AGT systems and bring forth
miprovements.
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2. Another respondent indicates that, to date, AGT systems have
been successfully applied to targets of opportunist]”, such as an airport,
z00, or an educational institution. The big market is the urban scene
where AGT applications should curtail urban sprawl and its resulting
increases in gasoline consumption. AGT should encourage clustered
development, shorten the length of vehicle trips, and even encourage
more walk trips. Ultimately, it should produce transportation with
relatively lower operating costs. There is a need to continue developing
relativ