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1.

Abstrect

During 1979, four of the five major Automated Guidewav Transit (AGT) systems in
the United States carried approximately 35 million pussengers at an average
operating and maintenance (0&M) of $.14 per passenger. Although cumulative
vehicle mileage on ACT systems was slightly lower when compared to 1978 levels, the
increased efficiency through more experienced O&M practices as well as maturity

of these systems led to an O&M cost of $.99 per vehicle mile for 1979,
approximately 10 percent lower than the 1978 figure for AG] and significantly

lover than the 1978 figure of $2.48 for conventional transit.

“This report summarizes O&M cost experience and trends for the following AGT

systems for the period 1976-1979: AIRTRANS, Sea-Tac, Tampa, Disneyworld (WEDway),
and Morgantown (O&M data on the Morgantown system is reported through 1978).
Capitsl cost data is reviewed on Morgantown Phase I, AIRTRANS, Tampa, Sea-Tac,
Mismi, Busch Gardens, Disneyworld, King's Dominion, and Fairlane. New capital
cost data has been obtained from the Atlanta and Orlando Airports and the
Minnesots Zoological Gardens. In addition to presenting capital and operating
and maintenance costs and trends, this report includes analysis of the factors
influencing these costs. A section on the differences between urban and non-urban
settings of AGT systems has also been included and shows how the costs of
existing non-urban systems might relate to & system in an urban deployment in
terms of site conditions and site requirements. .
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PREFACE

This report summarizes the capital and operations § mainten-
ance cost experience and trends of various Automated Guideway Tran-
sit (AGT) systems. Differences in technologies, sites, and opera-
tional capabilities cf these installations significantly influence
the costs reported on them. Initial analysis of these factors is
included.

The study was funded by the U.S. Department of Transportation,
Urban Mass Transport:tion Administration (UMTA) through its Office
of Technology Develorment and Deployment. The project was managed
by the Office of Socio-Economic and Special Projects. The report
was prepared by the Urban Systems Org. ..zation at the Transporta-
tion Systems Center (TSC).

Mr. Fredeiick {ooke ‘and Mr. Danadus Muotoh of N.D. Lea and
Associates arc especially ackncwledged for their valuable assistance
1in collecting data on the various AGT systems.

Special recognition is given to Mr. Thomas Dooley and
Mr. Michaei Wiklund of TSC for their contributions and support
in preparing this report on time. Also Mr. Howard D. Evoy,
Program lManager in the Office of Socio-Economic and Special
Projects, provided valuable guidance and support.

Transportation Systems Center

Thomaz. F. Comparato
Mary Ellen von Rosenvinge
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1. SUMMARY

Existing Automated Guideway Transit (AGT) systems in this
country are located primarily in non-urban areas and serve a
variety of transportation needs at airports, universities, and
recreation centers. The operating and maintenance (0&M) and cap-
ital costs of these systems and how they change from year to year
is of significant interest in the evaluation of the services that
AGT systems provide.

During 1979, four of the five major AGT systems in the
United States (Morgantown system shut down for expansion) carried
approximately 35 million passengers at an average O&M cost of
$.14 per passenger. This figure is considerably lower than that
experienced on conventional transit.

Although cumulative vehicle mileage on AGT systems was slight-
ly lower when compared to 1978 levels, the increased efficiency
through more experienced operations and maintenance practices
as well as maturity of these systems led to an O&M cost of $.99
per vehicle mile for 1979, approximately 10 percent lower than
the 1978 figure for AGT and significantly lower than the 1978
figure of $2.48 for conventional transit.

Added to the report this year were capital costs of the
newly constructed systems of Atlanta, Orlando and Minnesota. The
capital costs of these systems fall within the cost per lane mile
envelope of existing AGT systems constructed in previous years.
Capital costs of AGT guideways are driven by technology choice,
particularly with respect to beam design, and by site-specific
factors. Vehicle capital costs are driven by size, particularly
as related to the empty weight of the vehicle.

1-1/1-2
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2. INTRODUCTION

Automated Guideway Transit (AGT) is a relatively new concept
in urban public transportation in which unmanned, automatically
controlled vehicles are operated on fixed guideways along an
exclusive right-of-way. AGT systems have been in operation in
this country over the past 10 years, demonstrating an ability to
Sserve a variety of public transportation needs and travel purposes.
These types of systems have been installed or are under construc-
tion for public use at 25 sites in the United States; those
currently in operation are generating more than 40 million
passenger trips each year.

As part of the Urban Mass Transportation Administration's
AGT Socio-Economic Research Program, the capital and operating
costs of these systems are being collected and analyzed to provide
a better understanding of the economic feasibility of AGT systems.
This effort represents the third in a series of reports, beginning
in 1978, which present the capital and operating and maintenance
(O8M) costs of existing AGT systems and evaluates them with re-
spect to trends with time and comparison to other transportation
modes. These reports provide a useful single-source of cost
information to transportation planners and local communities in
their individual transit decision-making processes. All data has
been derived from actual 2xperience with AGT systems that are in
operation or construction. The previous reports are:

o T.F. Comparato, T.M. Dooley, F.A.F. Cooke, et al.,
"Supplement I: Summary of Capital and Operations §
Maintenance Cost Experience of Automated Guideway
Transit Systems Cost and Trends for the Period 1976-1978,"
Report No. UMTA-IT-06-0188-79-1, Washington DC, Oct. 1979

o F.A.F. Cooke, C.P. Elms, T.J. McGean, H.W. Merrit,
"Summary of Capital and Operations and Maintenance
Cost Experience of Automated Guideway Transit Systems,"
Report No. UNTA-IT-06-0157-78-2, Washington DC, June 1978.

2-1
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This report supplements and builds upon the data presented
in the above two reports wherein capital cost information has
been obtained and analyzed ¢ o additional systems at the
Orlando Airport in Florida, and the Minnesota Zoological Garden in
Apple Valley, Minnesota. In addition, construction costs of the
facilities for the system at the Atlanta Airport which were not
available in last year's report are presented. Operations and
maintenance cost information is provided for calendar year 1979 on
four of the five major AGT systems used in last year's report -
Airtrans, Sea-Tac, Tampa and Disneyworld. The capital and operat-
ing costs for the Morgantown Phase II system are not included in
this report since the system was under construction and checkout
for most of 1979.

The format and content of this report is different from last
year's supplement in that additional narration and illustrations
have been added to provide the reader with more information on the
reascns for the major cost differences between the various AGT
systems. In addition, a qualitative discussion on the important
differences (from a cost view point) between the existing
activity-center type systems and an urban AGT system is provided
to indicate both the applicability and the limitations of using
the datas presented in this report. The variety of technologies
and sites along with supplier/market factors that have been
involved with existing AGT systems, coupled with the lack of
detailed cost information, makes the process of correlating costs
and reasons for costs a very difficult one. Hopefully, this
report is another step forward in providing an understanding of
the factors which affect the cost of building and operating an
AGT systenm.

Prime responsibility for preparation of the report has been
through the Department of Transportation's Transportation Systems
Center (TSC). N.D. Lea & Associates provided valuable assistance



|
|
1

in collecting and compiling the latest AGT information from the
various AGT suppliers and properties.
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3. OVERVIEW OF AGT SYSTEMS STUDIED

3.1 EXISTING SYSTEMS

This report addresses the capital and operations § mainten-
ance costs of selected existing AGT systems in this country that
are currently in operation or near completion. (Though a number
of AGT systems exist in foreign countries, primarily in tect con-
figurations, the availability and applicability of cost informa-
tion is limited.) These existing systems currently satisfy a
variety of transportation needs, i.e., by providing service to
captive riders at airports, as a competitive service with re-
spect to other modes at universities and shopping centers and by
providing attractive and enjoyable rides at recreation centers.
Though utilized extensively to date as the primary source of
public transportation in activity center-type applications, the
existing systems represent a significant range of technology
options, site conditions and performance characteristics. This
range of applications results in & diversity of sites and system
sizes and configurations varying from the lengthy, muiti-loop
Airtrans system at the Dallas-Ft. Worth Airport to the short,
shuttle-type system at the Fairlanc Shopping Center in Dearborn,
Michigan. Table 3-1 illustrates the variability in system size,
configuration and vehicle capacity between the various systems
by presenting the more salient characteristics of each system.

The systems employ proven technology which varies from
site-to-site depending on the mobility requirements of the

application area and the design approach of the manufacturer.
The operational and performance characteristics of these systems

also vary greatly from site-to-site and reflect the adaptability
of AGT systems to meet the service needs of the respective sites.
Therefore, it is these service needs and the physical and environ-
mental characteristics of a given site, that have the largest
impact on the specific configuration of technology deployed and

3-1
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its associated capital costs. Because of this relationship to
site conditions and the fact the AGT deployments to date have
been primarily in activity centers, some limitation does exist
with respect to transferring the cost information and experience
included in this report to other application types and sites.
These limitations are discussed in the following section.

3.2 DIFFERENCES BETWEEN URBAN AND NON-URBAN SETTING

Domestic AGT systems are currently serving airports, recre-
ational and shopping ceaters, and institutions (See Table 3-1).
Only the Morgantown system, connecting the Morgantown downtown
area with the West Virginia University campus, provides service in
a setting approximately that of an urban public transportation
system. The other systems operate within an area owned by the
corporation or authority managing the activity center. These
are very different environments than an urban area; conseauently,
the capital costs associated with these systems do not include a
number of major components of the cost of an urban deployment.
For this reason, it would be useful to briefly discuss some of
the differences between current AGT systems and an AGT deployment
in an urban area before examining the capital cost data in the
next chapter.

AGT systems are appropriate in urban areas primarily on the
basis of the mobility requirements of the area in conjunction
with land use patterns and population densities. These areas are
usually characterized by high population density, a mix of com-
mercial and esidential land use, and high levels of vehicle and
pedestrian ‘raffic. Congestion is likely to exist, at least in
some sectors, during the peak period. Travel demand varies
widely during the day, with peak levels often more than twice
the off-peak demand.

These conditions have major implications for the design of
the AGT system. Vehicle size, and system throughput capacity
must be sized to accommodate passenger loads during the peak

:
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periods. Station size and spacing are also influenced by the
need for intermodal transfer points connecting AGT with other
public transportation services. Park and ride lots must be con-
structed to permit transfers at AGT intercept points. The
likelihood of vandalism and crime is higher in dense urban neigh-
borhoods, which require a more extensive security system for
surveillance and enforcement.

Another set of costs not identified with current AGT systems
include right-of-way (ROW) acquisition, site modifications, and
other costs associated with construction in a busy urban area.
ROW acquisition costs depend on property values, local easements
and the extent that existing rights-of-way can be utilized for
portions of the network. Site modification costs are affected by
site-specific variables such as soil conditions and topography,
utility relocation and street modifications, traffic control and
site accessibility, labor rates and local codes and many other
factors. Integrating AGT stations with existing commercial
structures and minimizing the disruptive impact on business in
the downtown area also contribute to site-specific costs.

In addition to service requirements and site modifications,
there are procedural requirements adiressed in the deployment of
any form of urban public transportation that were not encountered
by the existing activity center AGT systems. In order to use
public funds to construct a new transportation system, an insti-
tutional/political process is involved, including local, regional,
and the Federal government. Some of the steps required before
final engineering and construction can begin are as follows:

Concurrence among local/regional yovernments
Conduct of public hearings

Bond issues and public approval

An acceptable environmental impact statement
Compliances with state and federal regulations
UMTA approval of proposals and specifications
Concurrence of labor unions

Capital grant commitment.

0 0 0 0 060 0 0 ©
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This process is a lengthy one, and the timetable and result-
ant costs are difficult to estimate. Substantial engineering
costs are incurred during this phase, especially if major revi-
sions must be made to the system design. The time-table for
this phase (design/public acceptance/funding committment) is
usually in the order of 2 to 5 years, hence cost increases due
to inflation will occur before construction begins.

While there are constraints and complexities associated
with urban AGT deployment that have not been encountered by the
AGT systems operating in activity centers, the technology and
performance of these systems do meet the requirements of urban
AGT. The existing AGT systems encompass a variety of vehicle
designs, network configurations, on/off line stations, and com-
munication/control capability, thus exhibiting a range and depth
of technology sufficient to comply with urban system requirements.
The point to be made here is that the total capital costs reported
herein are not directiy transferable because of site related
factors in urban areas that impact costs and schedules.

For the reasons stated above, the capital costs of the AGT
systems currently in operation are not totally representative of
an AGT system in an urban setting. Each system is more typical
in some respects and less so in others. A comparison has been
made among some of the AGT systems jncluded in this report, in
terms of the degree to which they represent conditions in a
hypothetical urban deployment. This was done in order to assist
the reader in understanding how comparable each system is with
respect to typical site and station requirements. Those sites
which have more in common with urban conditions should be more
representative in terms of capital cost componeats associated
with guideway and station construction. This comparison was
limited to site conditions and station requirements and
does not include the vehicle, guideway, or command/control system
technology.
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In Table 3-2, the ranking of the AGT systems is shown for
nine sites and station considerations, together with a composite
score for eacrh system, obtained by averaging the scores over all
nine categories.

It can be seen from Table 3-2 that Morgantown is most re-
presentative of an urban deployment in terms of the site and
stations. Airtrans, Tampa, and Sea-Tac are very similar to each
other in these respects, and are somewhat less comparable than
Morgantown. Disneywurld is the least typical of an urban deploy-
ment, implying that its capital costs would probably be less
representative, at least with respect to planning and construc-
tion of the guideway and statioms.

Admittedly, there is no such thing as a "typical" urban site
or an AGT technology that is best suited to all urban conditions.
Consequently, a set of objective criteria cannot be developed
for an assessment of this sort. Nevertheless, the qualitative
representations included here, based on subjective judgements
as to urban site and station requirements, may still be useful
in examining the capital cost data in subsequent chapters of this
report.
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4. CAPITAL COSTS

4.1 CATEGORY DEFINITION AND OTHER QUALIFYING INFORMATION

For purposes of analysis and a means of providing more
useful detail to the reader, the breakdown of the costs is in the
form of the "Summary of Capital and Operation Cost Experience of
Automated Guideway Transit Systems" report. The seven categories
have been identified as follows:

0 Guideway - The vehicle roadway including: site prepara-
tion, foundations, supporting structures, running and
guidance surfaces, wayside switching equipment, and
special facilities for melting snow and ice if required.

o Stations - Passenger loading platforms, shelters, access
facilities such as ramps, stairways, escalators,
elevators, graphics, fare collection equipment, coordin-
ated doors, and other facilities related to the movement
of passengers into and out of vehicles.

0 Maintenance and Support Facilities - Maintenance and
repair shops including such equipment as engineering
vehicles.

o Power and Utilities - Electric power transformers,
feeders, switchgear, wayside power rails and normal
housekeeping power equipment.

o Vehicles - The rolling stock.

o Command and Control - Wayside and central control and
communications equipment including operational software
and voice and video communication systems.

o Engineering and Project Management - Architectural and
engineering services, system design and integration,
acceptance testing and overall project management.

4-1
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ESCALATION

The AGT systems reviewed in this report were not all
constructed at the same time. For the purpose of comparative
analysis, the capital costs have been adjusted to a uniform 1979
price level. In order to remain consistent with past reports

the same indices for escalation have been used and are explained
below:

0 CPI: The consumers price index for urban wage earners and
clerical workers (U.S. cities average) is used to adjust
all costs for engineering and project management.

o PPI: The producer price index for machinery and motive
products (previously called the wholesale price index)
is used to adjust all hardware costs.

o ENR: The engineering news record 20-city construction
cost index is used to adjust the cost of all fixed
facility construction.

All three indices have a base of 1n0 for 1967. Listed
below are the indices used and their yearly averages.

YEARS cp1 PRI ENR
1975 161.2 156.2 206.0
1976 170.3 165.8 223.0
1977 181.5 176.6 240.0 E
1978 195.4 190.4 258.0
1979 217.7 206.9 279.5

Yearly averages have been used to escalate the costs of the
systems included in the 1978 Summary Report. In the other cases,
the appropriate starting point for escalation has been either the
midpoint of construction or date of procurement.

4-2




Analysis of available data shows that the various AGT
systems examined maintained their cost records in different
formats. Also in many cases the AGT system is an integral part
of larger facilities, such as airports, and the costs have not
always been separated. Due to these facts, it was neces-
sary to estimate the cost to duplicate the essential transit
features.

Research and development costs and right-of-way aquisition
costs have been removed from the data to the extent possible.

4.2 CAPITAL COST EXHIBITS

Capital cost data for twelve AGT systems, ten included in
Previous reports and two new systems, Minnesota Zoological
Gardens and Crlando Airport, are presented in Table 4-1. Figure
4-1 is the representation of these costs in a bar chart format.
A distribution of these capital costs for the twelve systems is
presented in the form of a pie chart in Figure 4-2,

Figures 4-3 and 4-4 indicate how total system costs can be :
related to system mileage, expressed in equivalent elevated lane f
miles, and to passenger.capacity provided by the vehicle fleet
in passenger place miles per hour. Average costs have been

supplied on both graphs indicating the extent to which actual
values vary from the average.

Plots of two major subsystem costs, guideway and vehicles,
are found in Figures 4-5 and 4-6. The purpose for examination
of data at a finer level is to better show a correlation between ‘
systems and what drives their wide range of costs. Again a |
linear average is supplied for analysis.

Explanatory notes are provided with each figure.
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FIGURE 4-2., DISTRIBUTION OF CAPITAL COST FOR TWELVE AGT SYSTEMS
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4.3 DISCUSSION ON CAPITAL COST VARIATIONS

Comparison of the capital costs of the various AGT systems
at both a system and subsystem level are shown in tabular form
in Table 4-1 and in graphic form in Figure 4-1. Both exhibits
indicate significant cost differences among the existing AGT
systems. As noted in Section 3.1, one reason for the cost vari-
ability is the diversity in system sizes and configurations in-
dicated in Table 3-1. When the 2ffects of size are removed by
normalizing the cost data with a size-related parameter (number
of lane miles, number of vehicles), major cost variations still
remain and are attributable, to a large degree, to differences
in both the technology used for each system and the conditions
that exist at each site. Since the capital costs for the guide-
way and vehicle subsystems are the largest contributors to total
system cost (See Figure 4-2), these two subsystems are discussed
further in the following section in relation to factors and con-
ditions that influence their capital cost. The information in-
cluded is intended to provide a better understanding of the key
variables and parameters that affect the cost of these two major
subsystems. In addition, differences between an urban and a
non-urban deployment of an AGT system that can have an impact on
costs «re also discussed.

4.3.1 Guideway

Considering the number of factors that influ=nce the capital
cost of an AGT system, it is difficult to correlate the total
cost of each system with a single parameter. Figure 4-3 is an
attempt to correlate total system cost wich a single parameter
such as equivalent lane miles, and although system size is
accounted for in the plot, technology differences and site
variations are not. Although the data points indicate a general [
range and trend, a considerable spread exists among the various
systems. A similar plot (shown in Figure 4-5) using only guide-
way costs as a function of equivalent lane miles improves the
correlation, and indicates a similar pattern of variability.
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The capital cost of building and installing a guideway for
an AGT system is a function of many factors which depend on both
the guideway design (technology) being used and on the site and
local conditions that prevail. Numerous designs and construction
techniques have been employed in building and installing the
guideways of existing AGT systems. Table 4-2 shows the variation
in guideway designs among the existing systems along with their
actual cost (dollars per lane mile). 1In addition, some of the
key variables associated with the technology that have a signifi-
cant impact on the cost are presented. Characteristics such as
beam shape and material; span length; construction technique;
percent elevated, at-grade, and tunneled; materials, etc. are
all presented for each of the systems. To what extent, however,
each of these characteristics contributed to the guideway cost
of the systems in Table 4-2 is not known. Although parametric
studies* have developed relationships between some of these
characteristics and guideway cost, it is very difficult to
develop a good correlation between this information and the cost
difference shown in Table 4-2 because of the large number of other

variables that exist, primarily the site-specific ones addressed
later in this section.

For example, some of the correlations® are as follows:

o Beam shape in terms of complexity of design and width
is a very important factor in guideway costs.

o Longer beam span lengths lead to lower guideway unit
costs.

o Guideway unit costs increase with increasing vehicle load.

0 Guideway costs increase at a rapid rate when the total

length of guideway being constructed decreases below 1
to 2 miles.

eway and Station Conce ts," Report No. UMTA-IT-06-0152-79-6,
Vol. 7, DelLeuw Cather and Company, July 1979.
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SYSTEM MORGANTOWN AIRTRANS TAMPA SEA-TAC MIAMI ATLANTA
PHASE 1
GUIDREAY
»
| AmmTRs
o %0
R’
i =
ACTUAL / EQUIV.
erzs)/ Lewers 3.26/4.32 12.8/6.66 1.35/1.38 1.71/5.13 0.51/.51 2.20/6.87
PRINARY Steel and Concrete Stesl and Concrete Stesl and Concrete
WATERIAL(S) Concrete Concrete Concrete
CORSTRUCTION Fleld Plant Precast & Tield Rectengular Pield Rectangular
TRCINIQUR Construction, Prestreseed Pield | Comstructica, Cast-In-Place Comstruction Cast-In-Place
Composite Actiom Post-Tensioned Compoette Action Concrete Composite Actiom Concrete
Running Surfaces Puonning Surfaces
CoLU Wine-Clase Shaped Tapered, Toe-Nead Not Applicable Toe-lload Not Applicable
™ Cast-1a-Place Rectangulsr Cast-In-Place (Tuanel) Cast-Ia~Place (Twanel)
Concrete Precast Comcrete Concrete Concrete
LOADED®
VENICLE
w108t 11,728 20,000 3,200 40,300 26,0409 39,400
ss.)
[ ] 0 ] $0-110
::.‘“" Not Applicable Not Applicable
Loty (Teanel) (Tuanel)
ar.)
2 LIATED L 20 100 —_— 100 ———
T n © —
ty ] 100 ——— 100
OUIBMY ONeT -
(!g LR WNILe 4,39 1,200 3,194 9,004 6,020 7,646
OUIIAY NSt
s 3,0 242 3.9 X 1,008 2.3
©” siane) !
y ¥
“oaded Yehicle = Bupty Vehicls Woight ¢ 130 pounde x (sctual vebicle copacity). ¢ Tratn Weight :
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TABLE 4-2. GUIDEWAY SYSTEM CHARACTERISTICS
ORLANDO aUSCH D1SNEYWORLD KING'S MINNESOTA PAIRLANE
CARDENS DOMINION ZOOLOGICAL TOM
CARDENS corn
'. [ l | 98" | sd'|

0

3

—
Sl

1.48/1.48 1.33/.84 0.87/.87 2.06/.88 1.36/1.36 0.61/.61
Steel and Srteel and Steel and Stesl Steel Concrete
Concrete Comcrete Coacrete
Tield Tield Cout inuous Prefabricated Prefabrication Plaat Precast
Comstruction Comstruction Cast~Iu-Place otf-site, Field oft-site, Pield & Prestressed,
Composite Action | Composite Action] Comcrete Velded Velded Pield Post-

Tensioned
Information Sectangular Structeral Stesl Structural Steel Structural Stesl T N
ot Cast-In-Plece ¥ Shape Rectangular ¥/
Available Comcrete Rounded Cormers,
Precast Comcretse
0,360 40,001 7,170 33,100™ ¢1,000™" 16,100
Inf tten 73 50 27-60 73 60
Yot
Awailable
100 40 100 ] 0 100
[ ] ” 10
4,160 1,618 2,80 (71} 1,018 4,262
4,108 2,558 2,83 1,5% 2,013 4,262
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o A prime variable affecting guideway cost is construction/
implementation time.

Using the information above to sort out the cost differences
in Table 4-2 is very difficult as previously mentioned. Never-
theless, some general observations can be made relative to Table
4-2 in terms of significant contributing factors to cast. For
example, the additional bulk and complexity of the Miami guide-
way beam plus the fact that the guideway length was under one
mile probably had a lot to do with the high cost of that system.
In contrast, the simplified box beam configuration of the
Minnesota Zoo application was probably a major factor in its low
unit cost.

The cast-in-place nature of the Morgantown guideway con-
tributed significantly to the guideway unit cost, whereas the
prefabricated type of guideway and also its overall length
helped keep the unit guideway cost of the Airtrans system on
the low side. Of course, the 100 percent tunneled nature of
the Atlanta and Sea-Tac system is a strong reason for their high
unit costs.

As stated previously, those variables associated specifically
with the site are not included in Table 4-2 and prevent good
correlation between the various guideway technologies and their
unit cost. Some of the more important site-specific variables
that contribute to the difference in guideway costs in Figure
4-2 are as follows:

o Labor Rates and Union Requirements

o Utility Relocation and Street Modification
o Traffic Control and Site Accessibility

o Climste and Construction Season

o Soil Conditions and Topography

o Material Availability and Cost

o Local Building Codes and Requirements

4-20



o Environmental Constraints (noise, vibration, etc.).

As one example of variability introduced by site specifics, just
the difference in construction cost indices between Atlanta and

Minneapolis can introduce, as indicated by Table 4-3, a differ-

ence of 33 percent in construction costs between the two sites,
assuming everything else was constant.

4.3.2 Vehicles

Another factor which substantially influences the total sys-
tem cost is the rolling stock or vehicle. The costs of this
particular subsystem vary as much as the guideway costs. There
are a variety of reasons for this spread and below are some sug-

gestions that will provide insight to what is driving the vehicle
cost.

As shown in Table 4-1, there are various system suppliers
associated with AGT which initially cause cost discrepancies.
Even within the same supplier there is diversity in technology
and vehicle characteristics. The majority are bottom supported
vehicles on wheels propelled by electric motors with the exception
of Disneyworld which is a passive vehicle with a linear induction
motor mounted on the guideway. The vehicle system, comprised of
either of a single vehicle or a train of vehicles, has a wide
spread of weights (which range from 4,770 to 47,780 pounds) and
sizes. Most are enclosed vehicles protecting the passengers from
the elements, while Disneyworld which is found in a milder
climate is open. Many of the vehicles are independent units, but
in the cases of Disneyworld, King's Dominion, and Minnesota Zoo,
the fleets run in the form of trains. In the case of the
Minnesota Zoo train, some variations occur between the cars com-
prising the train. The lead car is the heaviest because it
contains the propulsion and steering mechanisms for the entire
train while the rear car is the lightest because of the removal
of some seats to provide space for the elderly and handicapped.
Some systems include on-board vehicle control while others remain
passive.
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The vehicle technology varies from site to site depending
upon the requirement of the par.icular location. Westinghouse
vehicles deployed at six sites included in this report are similar
in size, type of propulsion, and steering mechanisms, but interior
design (presence of seats etc.), switching capabilities, and

number of motors per vehicle may vary, depending upon site
requirements.

Although some manufacturers remain reluctant to disclose
cost information on their hardware, sufficient data are available
to perform some analysis. As shown in the Supplement I report,

a correlation between vehicle cost and equivalent passenger
places produced data points too scattered to establish a defini-
tive trend. In Figure 4-6, a correlation is made between vehicle
cost and empty “rchicle weight from which a trend has been
established. This representation proves to be good since

the empty vehicle weight represents the materials purchased.

4.4 COMPARISON WITH OTHER MODES

A major difficulty in comparing the capital cost of AGT
systems to conventional transit is dealing with the issue of
what type and amount of service is provided for the money in-
volved. Many measures are available to compare service levels.
One such measure, which was used in last year's report, is traffic
density which represents the number of place miles (vehicle miles
X places per vehicle) distributed over the length of the system
on an annual basis. Figure 4-7 presents travel densities for
the various systems and modes plotted versus a total system cost
per equivalent elevated route mile. A bar for each mode is
shown which indicates an unweighted average of the systems in-
volved in a given mode. Also presented on the plot are the
points representing each of the systems for each mode. In the
case of the busway systems, only the Shirley Highway busway
system in Washington, DC was used.
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As expected, rapid rail systems represent the most expensive
of the permanent guideway modes, and also provide the highest
level of travel density due to long trains moving at fairly high
speeds and frequent intervals. Light rail is considerably less
capital intensive than rapid rail, but the travel density pro-
vided is quite low. The interesting feature of the plot is the
spread of the AGT systems data which almost encompass, in terms of
travel density, all of the other modes, but at an average cost
figure, comparable to light rail and bus, This feature demon-
strates the flexibility and adaptability of AGT to the transpor-
tation regimes traditionally occupied by conventional transit
and at a comparable cost.

Figure 4-8 compares the capital cost distribution of the
existing AGT systems to cost distributions from actual construc-
tion experience with three rapid rail transit systems. Cate-
gories used for breakdown of the rapid rail costs vary somewhat
from one system to another and reflect the nature of the project
in addition to the difference in cost information detail avail-
able from each system. In the case of the MBTA information,
for example, the construction is currently in progress, thus the
need for a contingency category; also the project is strictly a
construction one, thus no vehicle category is shown.

Some pertinent information sbout each of the three rapid
rail projects is shown below:
MBTA-RED LINE EXTBNSION
3.2 Miles, double-track, underground

4 Underground stations currently under coanstruction
434 Millions of '79 Dollars
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MBTA RED LINE EXTENSION, BALTIMORE
BOSTON 7.5 MILES, DOUBLE TRACK
3.2 MILES, DOUBLE TRACK 60% UNDERGROUND
100% UNDERGROUND

STATIONS
34z

STATIONS
n

PROJECT MeM'T
12.5%

~

AGT*
BART, SAN FRANCISCO 31 MILES, SINGLE TRACK
71 MILES, DOUBLE TRACK 13% UN
30% UNDERGROUND 235 UNDERGROUND

1.4% YARDS/SHOPS

VEHICLES
10.7%

* Radius of ?u chart is proportioned to the total system cost

per equivalent lane mile.

FIGURE 4-8. COMPARISON OF CAPITAL COST
DISTRIBUTION - AGT VS. RAPID RAIL
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BALTIMORE

7.5 Miles, double-track, (2.5 elev., 1.0 at-grade
4.0 tunneled)

6 Undergoun? stations
3 Aerial stations
56 Vehicles
714 Millions of '79 Dollars
BART
71 Miles; double-track (24 elev., 27 at-grade, 20 tunneled)
34 Stations
450 Vehicles
3,859 Millions of '79 Dollars

The higher percentage of cost for conventional transit
stations is not surprising, considering that many are underground,
larger and more elaborate than an AGT type station. Vehicle cost
percentage differences reflect the much larger dollar volume
being spent on the fixed facilities for conventional transit
and, thus, the lower percentage for vehicles.
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5. OPERATING AND MAINTENANCE COSTS

5.1 INTRODUCTION

This section presents 1979 cost and performance information
on the operation and maintenance of existing AGT systems. Data
have been compiled and analyzed for four of the five major oper-
ating AGT systems in this country. (No 1979 operating data is
presented for the Morgauatown System due to the system being shut
down during most of 1979 for modification and expansion.) These
four systems represent more that 85 percent of the vehicle miles
traveled by AGT systems in the United States.

Active Vehicle Vehicle Miles
Fleet Size Traveled in 1979
Airtrans 51 3,358,000
Sea-Tac 12 528,509
Tampa 8 412,000
Disneywoi-1d _30 621,000
1otal 101 4,919,500

These systems have all been operating for over four years,
permitting analysis of trends in operating cost over time, as
well as breakdowns of operating cost by category, such as labor,
materials, utilities, etc. Three of the four systems are located
at airports, while the fourth system, is located at Disneyworld
in Florida.

When comparing the 1979 O§M costs for AGT systems with the
1978 data for both AGT and conventional transit, the Consumer
Price Index (CPI) for urban wage earners and clerical workers in
the United States was used to adjust the pre 1979 costs to 1979
dollars. Conventional transit operating cost data for 1979 were
not yet available at the time of preparation of this report.
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5.2 O&M COST EXHIBITS

A summary of operations and maintenance costs for 1979 is
shown in Table 5-1 along with other pertinent operating informa-
tion. 1In order to concistently compare placc miles provided and
unit costs based on vehicle capacity, an equivalent vehicle
capacity is used which allocates 33 percent of the available
floor space to seated passengers and 67 percent to standing pas-
sengers. O&M costs for each system are normalized by several

operating parameters.

A breakdown of 1979 O§M costs is shown in Table 5-2 and are
separated into the same {onr major categories as in the previous
reports. A further disaggregation within these categories is in-
cluded when the information was available. Figure 5-1 presents
the collective distribution of these data for the four systems
for 1979 and indicates a general consistency with previous years.

Figures 5-2 through 5-6 present the O§M cost, the vehicle
miles traveled, and O§M cost per mile traveled, per velicle
and per employee in bar-chart form for the year 1979. Fleet
size for the four systems remained the same as in 1978. Although
total vehicle miles were slightly down from 1978 (= 4%) due to
Disneyworld and Airtrans, the average cost per mile traveled was
also down, which is probably attributable to increasing maturity
and experience with the systems.

When analyzing O8M costs per vehicle mile, it should be
understood that certain components of the O&M cost vary as a
function of the number of miles accumulated on the vehicles while
other components represent fixed costs that are independent of
vehicle mileage. Cost components (see Figure S-2) that vary
with vehicle mileage are related primarily to maintenance of
the system (maintenance labor, spare parts, and materials); in
addition, a significant portion of the utility cost is related
to power used for vehicle propulsion and is therefore dependent
on vehicle miles also. Fixed costs are those components normally
associated with operation and administration of the system as
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well as those utility costs associated with the housekeeping
power of the system (lights, communication). For those systems
havi-~¢ guideway heating systems such as Morgantown, another
variation is introduced into the O&M cost each year, dependent
on the severity of the winter environment.

Vehicle mileage and O§M cost trends over the last four
years (1976-1979) are depicted in Figures 5-7 through 5-9., All
costs are adjusted to 1979 price levels, using the Consumer
Price Index, so that trends are distinguishable from inflation-
ary increases over this period. O&M infcrmation was available
from 1975 to 1978 for the Morgantown system, but not for 1979;
thus it has been omitted for consistency reasons from the curve
representing the average. The O&M cost trend per vehicle mile,

particularly for the Sea-Tac system, continued downward in 1979
as shown in Figure 5-9.
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MATERIALS & SERVICES MAINTENANCE

33.2% LABOR
42.2%

NOTES:

o The 1979 08M cost distribution did not change radically from the 1978
figure in last year's report. Changes that have taken place are
attributable more to the absence of the Morgantown costs in the 1979
; data set than to actual changes in the cost distribution of labor/
P materials/utilities.

o Materials and services accounted for 33.2 percent of total expenditures.
This includes spare parts and consumable supplies as well as contract
services for specialty work such as motor rewinding, computer main-
tenance, outside cleaning services, etc. Obviously a portion of these
costs involve labor, but to what extent is not known.

0 Labor comprised 51.9 percest of the total O&M cost for 1979 and is
based on a total number of 145 personnel for the four systems. This
amounts to about 1.4 employees per active vehicle and about $17,635
per employee per year.

i FIGURE 5-1. 1979 O&M COST DISTRIBUTION FOR FOUR MAJOR AGT SYSTEMS
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FIGURE 5-2. 1979 O&M COSTS FOR FOUR AGT SYSTEMS
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FIGURE 5-3. 1979 VEHICLE MILEAGE TRAVELED BY FOUR AGT SYSTEMS
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2.5

A = AIRTRANS

ST = SEA-TAC

T = TAMPA

2.0 D = DISNEYWORLD

‘78

O8M COST/WMT (1979 Dollars)

‘78
===

A
HORIZONTAL SCALE DENOTES VEMICLE MILES
TRAVELED

LR
v 1 2 WILLION W

o Shaded areas reflect 1979 data. Where 1978 data differs, these amounts
are indicatad by dotted lines.

o The shaded area of each bar is proportiomal to the total O8M cost for
each system

FICURE S-4. COMPARISON OF O4M COSTS PER VEHICLE MILE
TRAVELED (VMT) FOR 1979
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NOTE:
&

0 The average O8M cost per active vehicle for 1979 is $48.915 when con-
sidering all four systems. Without the small, passive vehicle systems
of Dismeyworid, the cost per active vehicle increases to $64,620.

FIGURE 5-5. COMPARISON OF O§M COSTS PER ACTIVE VEHICLE FOR 1979
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PIGURE 5-6.

COMPARISON OF O4M COSTS PER EMPLOYEE FOR
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FIGURE S-7. TREND OF VEHICLE MILES TRAVELED FOR FIVE AGT SYSTEMS
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FIGURE $-8. TREND OF O&M COSTS FOR FOUR AGT SYSTEMS
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FIGURE §$-9.

TREND OF O§M COSTS PER VEHICLE MILE FOR FOUR AGT SYSTENS
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5.3 COMPARISON OF AGT AND CONVENTIONAL TRANSIT COSTS

When comparing AGT systems with conventional transporta-
tion modes in relation to operating and maintenance costs, it
is important to recognize that such comparisons are relevant
only when all modes provide the same type and level of service.
Existing AGT systems provide circulation service in relatively
small, specialized activity centers in contrast to regional
or corridor service provided by existing bus and rail systenms.
In contrast to conventional transit systems which experience
peak service periods twice a day, AGT systems provide a rel-
atively high level of service throughout the day and tend to
utilize vehicles more intensively during the day. Thus, unit
vehicle operating costs are lowered for AGT due to more vehicle
miles and hours being generated for their relatively small
size. Therefore, it should be understood that simplified
comparisons on a cost per vehicle mile basis are presented
to indicate an overall contrast betweea the various modes.

Using available data from the American Public Transit
Association for conventional transit as a yardstick, AGT
system O&M unit cost data (cost per veh. mile) compares favor-
ably as shown in Figure 5-10. The trend over time indicated by
the two basic modes also show AGT with a favorable downward
trend while the curve for conventional tramsit, steadily
increases and exceeds the inflation rate (CPI) by a percent or
two. When compared on a seat-mile basis in Figure 5-11, con-
ventional transit, with a generally higher per vehicle capacity
than AGT, shows a closer correlation in unit cost over time to
AGT than shown in Figure 5-10. As expected, the trends over
time for both modes is similar to thcse indicated in Figure
$-10. Figure 5-12 shows a similar comparison in bar-chart form,
vhere conventional transit costs have been diaggregated into
the three major modes of bus, light rail and rapid rail and
compared to the four AGT systems. Figure $-13 provides a
comparison in OIM cost breakdown between conventional transit

and AGT.
$-16
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Several factors lead to the difference shown in Figure 5-10
in O&M cost per vehicle between AGT and conventional transit.
A comparison of wage rates between some of the AGT systems and
conventional transit systems in the same geographic area was
made and although information was somewhat limited, the compari-
son showed that AGT syster wages could be anywhere from 17 to
24 percent lowcy than conventional transit wages. With labor
Costs comprising about 50 percent of the total O§M for AGT,
use of conventional transit wage levels for AGT systems would
increase the average O§M cost per vehicle mile from $.99 to
about $1.08.

Also, due to the limited length of the AGT guideways,
lower waintenance ccst per vehicle mile traveled would be
possible. However, more frequent stops of an AGT system could
lead to higher maintenance costs for the vehicle in terms of
door, propulsion and brake cycles, and tire wear. In addition,
and as a result of the marketing, planning and advertising
activity that is an essential part of public transportation
Systems, a much larger administrative staff is required for
conventional transit with an associated increase in GEA expense.
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CONVENTIONAL TRANSIT

21

MATERIALS AWD OPERATIONS
SERVICES LABOR 551
N2

e r d—— 2 e e

MOTES:
o Pie chart for conventional transit is based on cost figures in the
American Public Transportation Association (APTA) Fact Book from 1978,
AST information is based on the four systems reported herein for 1979.
B:lulm of costs for conventional tramsit is limited to the extent shown
. ve.

o The significant contrast between AST and conventional tramnsit shows up,
as expected, in the percentages associated with operation and mainten-
nance. A significant difference also exists between the percentages
related to GBA expenses with the difference attributable to the larger
administrative staffs of conventional transit.

FIGURE 5-13. INTERMODAL COMPARISON OF O&M COST DISTRIBUTION
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