oMin %1 3G REFERENCE COPY
REPORT 110. UMTA-MA-06-0069-81-2

SUPPLEMENT 111
COST EXPERIENCE OF AUTOMATED
TRANSIT SYSTEMS

U.S. DEPARTMENT OF TRANSPORTATION
RESEARCH AND SPECIAL PROGRAMS ADMINISTRATION
Transportation Systems Center
Cambridge MA 02142

JULY 1981

FINAL REPORT

DOCUMENT IS AVAILABLE TO THE PUBLIC
THROUGH THE NATIONAL TECHNICAL
INFORMATION SERVICE, SPRINGFIELD,
VIRGINIA 22161

Prepared for

U.S., DEPARTMENT OF TRANSPORTATION

URBAN MASS TRANSPORTATION ADMINISTRATION
Office of Technology Development and Deployment
Office of Socio-Economic and Special Projects

Washington DC 20590




NOTICE

This document is disseminated under the sponsorship
of the Department of Transportation in the interest
of information exchange. The United States Govern-

ment assumes no liability for its contents or use
thereof.

NOTICE

The United States Government does not endorse pro-
ducts or manufacturers. Trade or manufacturers'
names appear herein solely because they are con-
sidered essential to the object of this report.




Technical Report Documentation Page

1. Report No.
UMTA-MA-06-0069-81-2

2. Government Accession No.

3. Recipient's Cotalog No.

4. Title ond Subtitle

SUPPLEMENT III:
SYSTEMS

COST EXPERIENCE OF AUTOMATED TRANSIT

5. Report Date

July 1981

6. Performing Orgonization Code

TSC/DTS-723

7. Author's)
M.E. von Rosenvinge

8. Paerforming Organization Report Neo.

DOT~TSC-UMTA-81-36

9. Performing Organization Neme ond Address

U.S. Department of Transportation

Research and Special Programs Administration
Transportation Systems Center

Cambridge MA 02142

10. Work Unit No. (TRAIS)
UM136/R1765

11. Contract or Grent No.

12. Sponsoring Agency Name and Address

U.S. Department of Transportation

Urban Mass Transportation Administration
Office of Technology Development and Deployment
Office of Socio-Economic and Special Projects
Washington DC 20590

13. Type of Report and Period Covered

Summary Cost Report
1976-1980

14. Sponsoring Agency Code
UTD-10

15. Supplementary Notes

16. Abstroct

This report summarizes operations and maintenance cost experience for the fol-
lowing Automated Guideway Transit systems for the period 1976-1980: Airtrans,
Sea-Tac, Tampa, Disneyworld (WEDway), Pearl Ridge, Minnesota Zoo and Morgantown. O&M
data on the Morgantown system is reported through 1980 (excluding data for the year
1979).

Capital cost data is reviewed on Morgantown, Airtrans, Tampa, Sea-Tac, Miami,
Busch Gardens, Disneyworld, King's Dominion, Fairlane, Atlanta and Minnesota
Zoological Gardens., Updated data has been reported on Orlando and new data for the
refined Houston Airport system.

System characteristics are presented for both the Duke and Pearl Ridge systems
although no cost information is available at this time.

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
been included and shows how the costs of existing non-urban systems might relate to
a system in an urban deployment in terms of site conditions and site requirements.
An appendix describing the individual system descriptions in detail is also included.

17. Key Words 18, Distribution Stotement
Automated Guideway Transit
Capital Costs

Operation and Maintenance Costs
Intermodal Comparison

Urban Deployment

DOCUMENT IS AVAILABLE TO THE PUBLIC
THROUGH THE NATIONAL TECHNICAL
INFORMATION SERVICE, SPRINGFIELD,
VIRGINIA 22161

20. Security Classif. (of this poge) 21. No. of Poges | 22, Price

Unclassified 92

19. Security Clossif. (of this report)

Unclassified

Form DOT F 1700.7 (8-72)

Reproduction of completed page outhorized






PREFACE
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1.0 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,
hospitals, shopping centers and recreation centers. The operating
and maintenance (O§M) and capital costs of these systems and
how they change from year to year is of significant interest in

the evaluation of the services that each system provides.

During 1980, five major AGT systems in the United States
(Tampa, Sea-Tac, Airtrans, Morgantown and Disneyworld) carried
approximately 45 million passengers at an average O&M cost of
$0.18 per passenger. This figure is considerably lower than that
experienced on conventional transit which costs approximately

$0.96 per passenger.

Total vehicle mileage on four major AGT systems (Tampa, Sea-
Tac, Airtrans, and Disneyworld) remained constant from 1979 to
1980. The fifth major system, Morgantown, was not operational in
1979 but resumed service in 1980, Thus, total vehicle mileage
reported for the major systems significantly increased in 1980
from 1979, The 0&M cost per vehicle mile for 1980 was $1.36
comparéd to last year's value of $1.33 (1980 dollars). This
increase is due largely to the addition of attendants at the

Alrtrans system and the inclusion of Morgantown in the 1980 figure.

Additional O&M cost data and information have been acquired
from Minnesota Zoo for 1980 and from Pearl Ridge for 1979 and
1980. Although this data is presented in the report the values
are not included in determining the average because of the low

vehicle miles accumulated at those systems.

Capital costs have been updated for the Orlando airport as
obtained from the airport and have been disaggregated to corres-
pond with capital cost categories used in this report. Also
added to the report this year are capital costs for the new

Houston airport system.



System characteristics are presented for both the Duke
and Pearl Ridge systems. Although the capital costs are not
available at this time the existence of these systems is recognized

and attempts are being made to acquire the information.

New correlations appear in this report in an attempt to
gain a better understanding of cost data between the different

systems.



2.0 INTRODUCTION

Automated Guideway Transit (AGT) 1s an innovative form of
public transportation in which 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
ten years, demonstrating an ability to serve a variety of public
transportation needs. This mode of transit has been installed at
2 number of sites in the United States and abroad; 15 of these
sites are examined in this report. Those currently in operation

carry more than 50 million passengers each year.

Under the Urban Mass Transportation Administration's Office
of Socio-Economic and Special Projects, the capital and operating
costs of these systems are being collected and analyzed to provide
a better understanding of the economic characteristics of AGT
systems. This effort represents the fourth in a series of reports
beginning in 1978. Presented in these documents are the capital,
operating and maintenance (O§M) costs, and system characteristics
of selected AGT systems. Evaluations with respect to trends over
time and comparisons with other transportation modes are also
presented. These reports are intended to provide cost information
to transportation planners and local communities in theilr
individual transit decision-making processes. A1l data have been
derived from actual experience with AGT systems that are in

operation or under construction. The previous reports are:

o T.F. Comparato, M.E. von Rosenvinge, D.C. Kendall,
"Supplement II: Summary of Capital and Operations q
Maintenance Cost Experience of Automated Guideway
Transit Systems Costs and Trends for the Period
1976-1979," Report No. UMTA-MA-06-0069-80-1,
Washington DC, March 1980.

o T.F. Comparato, T.M. Dooley, E.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. 197¢

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, UMTA-IT-06-0157-78-2, Washington DC, June 1978

This report supplements and builds upon the data presented
in the above three reports. In addition to the data in 1last
year's report, capital cost information has been obtained and
analyzed for the new Houston airport system, the completed Morga:
town system, and updated for the Orlando airport system. Operati
and Maintenance (0§M) cost information are provided for calendar
year 1980 on the five major systems used in past reports -
Airtrans, Sea-Tac, Morgantown, Tampa, and Disneyworld. O&M data
for 1979 and 1980 have been obtained from the Pearl Ridge systenm
in Hawaii and data for 1980 from Minnesota Zoo. Although capital
cost figures were not available at the time of publication, syste
characteristics are presented for the Duke and Pearl Ridge systen
All systems are in operation with two exceptions, Houston and
Orlando, which have planned passenger service operation for July
1981,

The format and content of this report is consistent with
previous cost reports. New correlations and more extensive
system descriptions have been included. The systems have been
regrouped to illustrate cost disparities among systems with
similar applications and technologies. To provide the reader wit
more insight into these cost ranges, discussion on the important
cost differences between major subsystems has been supplied. An
effort has been made in this report to provide a better under-
standing of the factors which affect the cost of building and
operating an AGT system.



3.0 OVERVIEW OF AGT SYSTEMS

3.1 EXISTING SYSTEMS

This report addresses the capital and operations and mainten-
ance costs of selected AGT systems in this country that are
currently in operation or near completion. Figure 3-1 presents
these systems ordered by the timing of their construction and
operation. (Additional AGT systems exist in foreign countries,
primarily in test configurations, however the availability and
applicability of cost information is limited.) These systems
currently satisfy a variety of transportation needs, 1.e., by
providing service to captive riders at ailrports, as a competitive
service with respect to other modes at universities, shopping
centers, and medical 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 per-
formance characteristics. This range of applications results in a
diversity of site characteristics and system sizes and configura-
tions varying from the extensive, multi-loop Airtrans system at
the Dallas-Ft. Worth Airport to the shuttle-type system at the
Fairlane 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. A more detailed
system description broken down by subsystem is found in Appendix
A through D.

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 1s

5/6
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these service needs and the physical and environmental character
tics of a given site, that have the largest impact on the specif:
configuration of technology deployed and its associated capital
costs. Because of this relationship to site conditions and the
fact that the AGT deployments to date have been primarily in
activity centers, limitations exist with respect to directly trar
ferring the cost information and experience documented to other
application types and sites. The following section briefly
discusses these limitations.

3.2 DIFFERENCES BETWEEN URBAN AND NON-URBAN SETTING

Domestic AGT systems are currently serving airports, recre-
ational and shopping centers, and institutions. Only the Morgan-
town system, connecting the Morgantown downtown area with the
West Virginia University campus, provides service in a setting
that approximates that of an urban public transportation system.
The other systems operate within an area owned by the corporatior
or authority managing the activity center. These are very
different environments from an urban area; consequently, the capi
costs associated with these systems do not include a number of me
components that would be included in the cost of an urban deploy-

ment,

The decision to deploy AGT systems in urban areas would be
primarily based on the mobility requirements of the area in con-
junction with land use patterns and population densities. These
areas are usually characterized by high population density, a mix
of commercial and residential land use, and high levels of vehicl
and pedestrian traffic. 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 periods.,

10



Station size and spacing are also influenced by the need for
intermodal transfer points connecting AGT with other public trans-
portation services. Park and ride lots may be constructed to
permit transfers at AGT intercept points. The likelihood of
vandalism and crime in dense urban neighborhoods may require a

extensive security system for surveillance and enforcement.

Other costs not identified with current AGT systems include
right-of-way (ROW) acquisition, site modifications, and additional
costs associated with construction in an urban area. ROW acquisi-
tion 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 and regulatory requirements addressed 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 institutional/political process is involved, including local,
regional, state and Federal government agencies. This process is
a lengthy one, and the timetable and resultant costs are difficult
to estimate. Substantial engineering costs are incurred during
this phase, especially if major revisions must be made to the sys-
tem design. The timetable 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 be-

gins.

While there are constraints and complexities associated with

urban AGT deployment that have not been encountered by the AGT

11



systems operating in activity centers, the technology and perfor
mance of these systems do meet the requirements of urban applica
tions. The existing AGT systems encompass a variety of vehicle
designs, network configurations, on/off line stations, and contr
capability, thus exhibiting a range and depth of technology
sufficient to comply with urban system requirements. The point
be made here is that the total capital costs reported herein are
not directly transferable because of site-specific factors in

urban areas that impact costs and schedules.

12



4.0 CAPITAL COSTS

4.1 CATEGORY DEFINITION AND OTHER QUALIFYING INFORMATION

For purposes of analysis and a means of providing useful de-

tail to the reader, the breakdown of the costs is in the form of

the following seven categories which have been identified as:

0

Guideway - The vehicle roadway including: site prepara-
tion, foundations, supporting structures, running and
guidance surfaces, wayside switching equipment, and spe-

cial facilities for melting snow and ice if required.

Stations - Passenger loading platforms, shelters, access
facilities such as ramps, stairways, escalators, elevators,
graphics, fare collection equipment, coordinated doors,

and other facilities related to the movement of passengers

into and out of vehicles.

Maintenance and Support Facilities - Maintenance and re-

pair shops including such equipment as engineering vehicles.

Power and Utilities - Electric power transformers, feeders,

switchgear, wayside power rails and normal housekeeping

power equipment.
Vehicles - The rolling stock.

Command and Control - Wayside and central control and com-

munications equipment including onerational software and

voice and video communication systems.

Engineering and Project Management - Architectural and en-

gineering services, system design and integration, accep-

tance testing and overall project management.

ESCALATION

The AGT systems reviewed in this report were not all con-

structed at the same time. For the purpose of comparative anal-

ysis, the capital costs have been adjusted to a uniform 1980 price

level.

In order to remain consistent with past reports the same

13



indices for escalation have been used and are explained below:

(o)

CPI: The Consumers Price Index for urban wage earners
and clerical workers (U.S. cities average) is used to ad

just all costs for engineering and project management.

PPI: The Producer Price Index for machinery and motive
products (previously called the Wholesale Price Index) i
used to adjust all hardware costs. This index is no
longer calculated; however, there is a formula supplied
by the Dept. of Labor Statistics for determining it.
Averages of PPI Code 11 - Machinery and Equipment and PP
Code 14 - Transportation Equipment, weighted in accordan
with the All Commodities Index weightings are used to
calculate the PPI index.

T Wi Xi Where W, = 11.497 (weighting code 1.
& W, = 8.192 (weighting code 1.
and Xy =239.542 (1980 avg. code 1.

X, =206.433 (1980 avg. code 1.

ENR: The Engineering News Record 20-city construction
cost index is used to adjust the cost of all fixed facil

ity construction.

All three indices have a base of 100 for 1967. Listed belon

are the indices used and their yearly averages.

YEARS
1975
1976
1977
1978
1979
1980

ceL PPL ENR
161.2 156.2 206.0
170.3 165.8 223.0
181.5 176.6 240.0
195.4 190.4 258.0
217.4 206.9 279.5
246.8 225.8 301.5

Yearly averages have been used to escalate the costs of the

systems included in the Supplement II Summary of Capital and

Operations § Maintenance Cost Experience of Automated Guideway

Transit Systems Costs and Trends for the Period 1976-1980. For

other systems the starting point for escalation has been either

14



he midpoint of construction or date of procurement.

Analysis of available data shows that the various AGT systems
aintained their cost records in different formats. Also in many
ases the AGT system is an 1integral part of larger facilities,
uch as airports, and the costs have not always been separated.
ue to these facts, it was necessary to estimate the cost to

uplicate the essential transit features.

Research and development costs and right-of-way acquisition
osts have been removed from the data to the greatest extent

ossible.

.2 CAPITAL COST EXHIBITS

Capital cost data for seven airport AGT systems are presented
n Table 4-1A, Additional capital costs are reported on the re-
onstructed Houston system and the Orlando costs have been refined
ince last year's report. Figure 4-1A is the representation of
he costs in a bar chart format. Table 4-1B shows the capital
osts of the remaining six systems located at recreation centers,
hopping centers, hospitals or universities and Figure 4-1B is a
ar chart representation. The costs for Morgantown are those
stimated to construct the total system and have been obtained
rom an UMTA report on Morgantown replacement costs., A distri-
ution of capital costs by subsystem for thirteen systems is
resented in a bar chart format in Figure 4-2. The capital costs
eported for each system are either acquisition or duplication

ost or a combination of both.

Figures 4-3A and 4-4A represent comparisons of the guideway
nit costs and vehicle unit costs of the airport systems. As is
eadily seen there is a wide range of costs even when comparing
ystems at similar locations. Figures 4-3B and 4-4B represent com-
arisons of the guideway unit costs and vehicle unit costs of the

ther systems.

Figure 4-5 shows guideway cost related to equivalent elevated
ane miles. Figures 4-6 and 4-7 present correlations of fleet cost
ompared to fleet weight and fleet area. Average costs have been
upplied on the graphs as computed by the arithmetic mean.

15
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Explanatory notes are provided with each figure.

4.3 DISCUSSION OF CAPITAL COST VARIATIONS

Significant cost variations among the AGT deployments are
noted. One of the primary reasons for the variations in total
system costs is the difference in system size, ranging from one-
quarter mile at Pearl Ridge to almost thirteen miles at Airtrans.
Some effects of size differentials are removed by normalizing
the cost data around size-related parameters; however, economies

of scale inherent in the larger systems must still be considered.

In addition to economies of scale, major cost variations are
attributable to other general characteristics of the systems.
These characteristics include site description, site location,
technology employed, bid competitiveness, and degree of regula-
tion. Site descriptions vary from airports, universities, and
hospitals to shopping centers and recreation centers. The design
factors of an airport system (e.g., component redundancy) requir-
ing almost 100 percent availability, 24 hours per day, 365 days
per year vary considerably from a recreation center system
needing 80 percent availability, 12 hours per day, 140 days per
year., Locations vary from sites located near metropolitan areas
such as Atlanta and Miami, to nonurban settings, such as Doswell,
Virginia. Studies have shown that construction in urban areas
may cost 25 to 50 percent above projects in nonurban locations,
and among urban locations, construction cost indices may vary by

30 to 50 percent,

The technology employed will also vary costs. Aside from
the basic differences in highly complex to relatively simple
technologies, a supplier with five or six systems should have
developed learning curve economies that a one system supplier
has not attained. Another factor contributing to system varia-
tions is the competitiveness of the supplier bids. As a general
rule, sole source contracts may be expected to have higher costs
than systems bid by three or four suppliers. Finally, the
extensiveness of regulations, local code requirements and technical
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and performance specifications that must be met by the supplier

may weigh heavily on total project costs.

The following sections provide a brief discussion of factors
and considerations that may result in cost variations of the

seven major capital cost categories for each of the AGT systems.

4,3,1 Guideway

The construction and installation costs associated with the
guideway element of an AGT system are functions of many factors,
both design specific and site specific, that may result in widely
varying unit cost ranges. The range of guideway costs varies
from $708,000 per lane mile at King's Dominion to $9Y,789,000 at
Sea-lac and from 16 percent of system costs at Disneyworld to 37
percent at Houston. ‘the King's Dominion system has a simple, at-
grade guideway design, while both Sea-Tac and Houston are under-

ground systems.
Among the factors resulting in cost variations are:
o Beam shape, width, and span length.
o Single or dual-lane construction.
o Overall guideway length.
o Guideway materials and construction techniques.
o Guideway bed capacity.
9 Guideway curvature and column height.
o FEmergency egress provisions.
o Climate and all-weather provisions.
o Percent of guideway elevated, at grade, and below grade.
o Number and type of switches, crossovers, and turntables.
0 Guideway aesthetics and environmental considerations.
o Local topographical considerations.
o Local labor and material rates.

o Degree of utility and street relocations.
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4,3.2 Stations

Station costs, like guideway costs, may vary significantly
due to both design specific and site specific factors. The range
of station costs goes from $88,000 per station at Busch Gardens
to $2,174,000 at Disneyworld and from 3 percent of system costs
at King's Dominion to 27 percent at Miami. The Busch Gardens and
King's Dominion stations are both spartan and seasonal, while the
Disneyworld station contains a rather elaborate passenger loading

and unloading moving ramp.
Among the factors resulting in cost variations are:
o Size and number of stations.
o Station materials and construction techniques.
o Number elevated, at grade, and below grade.

o Station design (open vs. enclosed; freestanding vs.,.

contiguous vs. joint use).
o Platform design (sides, island, etc.).
o Climate control and amenities.
o Station aesthetics and environmental considerations.
o Amount and type of graphics.
o Amount and type of fare collection equipment.
o Amount and type of bi-parting doors or separations.
o Amount and type of elevators and escalators.
o Local topographical considerations.

o Local labor and material rates.

4.3.3 Maintenance and Support

Maintenance and support costs are impacted by many of the
same factors affecting station costs, resulting in variations
from one deployment to the next. The range of costs varies from
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$27,000 per vehicle at Disneyworld to $324,000 at Sea-Tac and
from 2 percent of system costs at Fairlane and Houston to 9 per-
cent at Minnesota Zoo. The Disneyworld maintenance and support
facilities service a large number of small-sized vehicles, while
the Sea-Tac facility is below grade and service a small number

of large-sized vehicles.
Among the factors resulting in cost variations are:
o Number and size of vehicles.
o Overall size of the maintenance facility.
o Size of administrative space.
o Amount and type of tools and equipment.
o Facility aesthetics and environmental considerations.
o Local topographical considerations.

o Local labor and material rates.

4.3.,4 Power and Utilities

Power and utility costs also vary from system to system.
Costs range from $211,000 per lane mile at King's Dominion to
$2,140,000 at Tampa and from 2 percent of total system costs at
Houston to 15 percent at Fairlane and Tampa. Among the factors

resulting in cost variations are:
o Type of power supply available.
o Type of power system (basic or redundant).
o Total length of system.

o Single or dual-lane construction.

4,3,5 Vehicles

Vehicle costs, even among vehicles provided by the same sup-
plier, vary considerably, due basically to design characteristics.
Vehicle costs range from $145,000 per vehicle at Disneyworld to

$855,000 per vehicle at Minnesota Zoo and from 5 percent of total
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system costs at Houston to 40 percent at King's Dominion., The
Disneyworld system includes a large number of small, open vehicles.
It is interesting to note that the Disneyworld and Houston sys-
tems are from the same supplier and, similarly, the Minnesota Zoo

and King's Dominion systems are from a common supplier.
Among the factors resulting in cost variations are:
o Vehicle size and weight.
o Vehicle propulsion systems.
o Vehicle control systems.
o Type of operation (independent units vs. trains).
0 Active vs. passive vehicles,
o Climate control and interior design.
o Vehicle switching capabilities.
o Emergency and failure requirements.
o Performance requirements.
o Size or vehicle order.

o Competitiveness of vehicle bids.

4.3.6 Command cnd Control

Command and control costs will vary from system to system
based on the operating strategies at each deployment. Costs
range from $23,000 per lane mile and 1 percent of total system
costs at King's Dominion to $5,043,000 per lane mile and 26 per-

cent of total system costs at Disneyworld.
Among the factors resulting in cost variations are:
o Number of vehicles.
o Number of lane miles.,.
o Number of stations.

o Tlype of central control.
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o Type of vehicle control.

o Type of guideway and wayside control.
o Type of station control.

o Amount and type of two-way radios.

o Amount and type of PA's, CCTV's, and telephones.

4.3.7 Engineering and Project Management

Engineering and project management costs vary among deploy-
ments due to differences in construction techniques and manage-
ment strategies. Costs range from $577,000 per lane mile at
Minnesota Zoo to $4,520,000 at Miami and from 7 percent of total
system costs at Disneyworld to 27 percent at Morgantown. Among

the factors resulting in cost variations are:
o Size of system.
o Length of construction schedule.
o Degree of regulatory requirements.
o Amount of systems testing required.

o Size of project management staff and number of consul-

tants.

4.%.8 Costs of Urban Construction

AGT deployments in an urban location can be anticipated to
cost more than similar deployments in non-urban settings. This
is due primarily to two factors: the increased amount of con-
struction time required by the urban environment; and the higher
prices for labor and materials generally found in urban areas.
More lengthy urban construction times are estimated to add 17-25
percent to civil costs, while higher urban prices for labor,
materials, and contingencies are estimated to add 8-26 percent
to civil costs. It must also be remembered that labor and mater-

ial prices vary considerably among urban areas.
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TABLE 4-2.

GUIDEWAY SYSTEM CHARACTERISTICS

SYSTEM MORGANTOWN AIRTRANS TAMPA SEA-TAC MIAMI ATLANTA ORLANDO
PHASE 1

GUIDEWAY

*AHAMETERS
. 126" 126"
- HO # " X
95" r— 102 —-1 95"
BEAM 0 T
o = | =
o =

ACTUAL EQUIV.

LENGTH ELEV.

(MILES)/ LENGTH 8.60/6.79 12.8/6.66 1.35/1.35 1.71/5.13 0.51/.51 2.29/6.87 1.48/1.48
PRIMARY Steel and Concrete Steel and Concrete Steel and Concrete Steel and
MATERIAL(S) Concrete Concrete Concrete Concrete
CONSTRUCTION Field Plant Precast & Field Rectanpular Field Rectangular Field
TECHNIQUE Construction, Prestressed Field Constructicn, Cast-In-Place Construction Cast-In-Place Construction

Composite Action Post-~Tensioned Composite Action Concrete Composite Action Concrete Composite Action

Running Surfaces Running Surfaces

COLUMN Wine~Glass Shapey Tapered, Tee-Head Not Applicable Tee-Head Vot Applicable Information
TYPE Cast-In-Place Rectangular Cast~In-Place (Tunnel) Cast-In-Place (Tunnel) Not

Concrete Precast Concrete Concrete Concrete Available
LOADED*
VEHICLE
WEIGHT 11,728 20,000 36,200 40,300 26,049 39,400 40,560
(LBS.)

66 90 58 50-110 .
TAELCAD Not Applicable Not Applicable Information
SPAN N
LENGTH (Tunnel) (Tunnel) ot
Available
(FT.)
% ELEVATED 60 20 100 100 100
% AT GRADE 40 80 — p——
% UNDERGROUND 100 = 100
GUIDEWAY COST
PER LANE MILE
(1000's of 5 4,236 1,361 3,450 9,789 6,508 8,258 3,514
Dollars)
GUIDEWAY COST
PER EQUIVALENT 3,514
LANE MILE 5,365 2,615 3.450 3.263 6,508 2,753 ’
(1000's of '80
Dollars)

*Loaded Vehicle

Empty Vehicle Weight + 150 pounds x (actual vehicle capacitv).
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TABLE 4.2,

CONCLUDED

BUSCH DISNEYKORLD KING'S MINNESOTA FAIRLANE PEARI, RIDGE DUKE HOUSTON
GARDENS DOMINION Z00LOGICAL TOWN
GARDENS CENTER
I ar-
. " 36" -
| 95 - 30 ] re——o 10" o
e 144" fe—————
100" i l M
TT ' '
N 230,20 N.56/0.61 1.18/1.43
1.33/.84 0.87/.87 2.06/.88 Foan/1.28 0.61/.61 ’
Steel and Steel and Steel Steel Concrete Steel and Concrete Stecl and
Concrete Concrete Concrete Concrete
Field Continuous Prefabricated Prefabrication Plant Precast Prefabricated Cast-in-Place, Prefabricated Steel
Construction Cast-In-Place off-Site, Field off-Site, Field & Prestressed, f_li“‘l l*l“}_‘"\f‘ 52001 ‘Bc[l‘nf. (il(mcrgtc T“hFS:l \\'e\ld;:]d Egd
n : q N ‘olumns & Precas . Precast. re- |to End, Anchore
Composite Actien Concrete Welded listded ;;ﬁ}_io:z:[ Concrete Columns stressed Concrete | to Concrete
s
Rectangular Structural Steel Structural Steel Structural Steel Tapered, lapered tast-in-I'lace Net Applicable
Cast-In-Place W Shape Rectangular W/ Receangular Reinf. toncrete (Tunnel)
Concrete Rounded Corners, Precast Coucrete
Steel Tubulur
Precast Concrete
40,001 7,770™" 13,100™" 61,880"" 16,100
J g 2 1. o 15.910 1°,000%*
73 50 27-60 73 60 0-128 36 24
Tube Sections
40 100 5 90 *no on 30 [P
60 95 1o 1 5"
—_— 1% i
1,745 3,058 708 2,180 1,603 N/A N/A 5,318
2,763 3,058 1,657 2,310 3,003 . :
N/A N/A | (s 3
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5. OPERATING AND MAINTENANCE COSTS

5.1 INTRODUCTION

This section presents cost and performance information on
the operation and maintenance of selected AGT systems. Data have
been compiled and analyzed for five major operating AGT systems
in this country. These five systems represent a significant
amount of the vehicle miles traveled by AGT systems in the United
States. Also included this year are data on Pearl Ridge,
Minnesota Zoo, Miami, and Busch Gardens. These data are not used
in establishing trends because the systems accumulate very low

vehicle mileage, but are presented as a source of information.

Vehicle Miles

Fleet Size Traveled in 1980
Tampa 8 365,000
Sea-Tac 12 550,724
Airtrans 51 3,282,959
Morgantown 71 1,218,780
Disneyworld 30 719,600

These systems have all been operating over five years, per-
mitting analysis of trends in operating cost over time, as well
as breakdowns of operating cost by category such as labor, materials
and utilities. Three of the five systems are located at airports,
while the Morgantown System is located at West Virginia Univer-

sity and the fifth system is located at Disneyworld in Florida.

When comparing the 1980 0&M costs for AGT systems with the
1979 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-1980 costs to 1980
dollars. Conventional transit operating cost data for 1980 were

not yet available at the time of report publication.
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5.2 O0&M COST EXHIBITS

A summary of operations and maintenance costs for 1980 is
shown in Table 5-1 along with other pertinent operating informa-
tion. In order to consistently compare place miles provided and
unit costs based on vehicle capacity, an equivalent vehicle capac-
ity is used. Equivalent places per vehicle have been calculated
on an allocation of 4 square feet per passenger based on vehicle
dimensions for each system. This allocation corresponds with a
similar computation for conventional transit. Equivalent place
miles are computed by multiplying equivalent passenger places per
vehicle times the vehicle miles traveled for each system., In
order to supply more information to the reader operations and
maintenance data has been obtained for four additional systems to
the ones used in past reports from which trends have been

established. All nine systems are shown in Table 5-1.

A breakdown of OM cost measures is shown in Table 5-2. 1In
this table, OGM costs for each system are normalized by several
operating parameters. The seven systems providing sufficient data

are included in this table.

Figure 5-1 represents the O&M cost distribution for all seven
AGT systems in bar chart format. A high, low and average is given

for each breakdown.

Figures 5-2 through 5-5 present the O&M cost, the vehicle
miles traveled, and O&M cost per vehicle mile traveled and per
vehicle in bar chart form for the year 1980 for the seven systems
which have supplied detailed information. Vehicle miles for the
four systems remained constant in 1980; however, the inclusion of
the Morgantown system for which no data were available in 1979,

increases the total vehicle mileage by 25 percent.

When analyzing OGM costs per vehicle mile, it should be
understood that certain components of the OGM 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 5-2) that vary with
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vehicle mileage are related primarily to maintenance of the sys-
tem (maintenance labor, spare parts, and materials); in addition,
a significant portion of the utility costs 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 well as those
utility costs associated with the housekeeping power of the sys-
tem (lights, communication). For those systems having guideway
heating systems such as Morgantown, another variation is intro-
duced 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 five years
(1976-1980) are depicted in Figures 5-6 through 5-8. All costs
are adjusted to 1980 price levels, using the Consumer Price Index,
so that trends are distinguishable from inflationary increases
over this period. O&M imformation was available from 1976 to
1980 for Morgantown with the exception of data for 1979. On each
exhibit a five system average is shown by a straight line from
1978 to 1980 to depict the lack of Morgantown data for 1979.
However, a four system average data point is shown. The overall
average of vehicle miles traveled increased slightly in 1980 while
the average 0&M cost for five systems has remained relatively con-

stant. The O&M cost per vehicle mile has decreased slightly.
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*Does not include Tampa.
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FIGURE 5-1 NOTES:

0 Average distribution of operating and main-
tenance costs for seven AGT systems is:
Labor 66%, Utilities 10%, Materials and Ser-
vices 22%, and General and Administrative 2%.

0 A wide range of distributions exist for each
system that may vary significantly from the
average. Therefore, high and low values have
been shown for each 0&M cost category:

Labor: High - Minnesota 00, Pearl
Ridge (78%);
Low - Morgantown (50%)

Utilities: High - Morgantown,

Disneyworld (17%);

Low - Sea-Tac (2%)
Materials & Services: High - Morgan-

town (32%);

Low - Disneyworld (0%)
General & Administrative:

High - Pearl Ridge (11%):

Low - Morgantown,

Minnesota Zoo (0%)

0 Tampa has not been included in Labor or
Materials and Services due to variations in
accounting practices that place labor dollars
under the materials and services category.

0 The seven AGT Systems are:

Airtrans
Disneyworld
Minnesota Zoo
Morgantown
Pear] Ridge
Sea-Tac

Tampa
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TOTAL O&M COST (MILLIONS OF 1980 DOLLARS)
I
|

: : 3 .'-.-."' s
- } foeei o L L L) i e et Eal R
Tampa Sea-Tac Airtrans Morgantown Disneyworld Minnesota Pearl Ridge
Zoo

FIGURE 5-2. 1980 TOTAL O&M COSTS FOR SEVEN AGT SYSTEMS

VEHICLE MILES TRAVELLED (MILLIONS)

Tampa Sea-Tac Airtrans Morgantown  Disneyworld Minnesota Pearl Ridge
Zoo

FIGURE 5-3. VEHICLE MILEAGE TRAVELLED BY SEVEN AGT SYSTEMS
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FIGURE 5-2 NOTES: FIGURE 5-3 NOTES:

o Graph reflects total operating costs o Difference in levels of service pro-
butpdoes not include differences in vided are shown. H1gher_ove?a]] 0&M
levels of service provided. costs for systems shown in Figure

5-2 correspond to the higher vehicle
miles shown on this graph.
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A = AIRTRANS
S = SEA-TAC
T = TAMPA
D = DISNEYWORLD
M = MORGANTOWN
5.0~ X = AVERAGE (5 SYSTEMS)
Z = MINNESOTA Z00
P = PEARL RIDGE
A A e [\ A
o \ /
A
&
<
-
o
=)
b=
g 3.0
A
L
S
w
=
S
O
i
=
= M
— -
g 2.0 " .‘gﬂ"”
5 B -
- _—-——————————————X
= X X
= X
1.0 5
\S
T_-——-"‘"'T T T T
D D )
\ D.——-—‘/"—_g
P Z
| | L | |
1976 1977 1978 1979* 1980

AVERAGE LINE IS FOR A, S, T, D, AND M ONLY.

*1979 does not include Morgantown (the isolated point denoting the four system
average is not included in the plot of the average.

FIGURE 5-7. TREND OF TOTAL 0&M COSTS OF SEVEN AGT SYSTEMS
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FIGURE 5-7 NOTES:

0

Absence of data for the Morgantown system for
1979 is represented by a dashed Tine between
1978 and 1980 data points.

The 5 system average is shown by a straight
Tine from 1978 to 1980 to depict the lack of
Morgantown data for 1979, However, a 4
system average data point is shown.

The average line is a five system average.
Pear1 Ridge' (1979) and Minnesota Zoo (1980)
have been added to the graph but not to the
average line.

The average 08&M cost for five systems has re-
mained approximately constant between 1976
and 1980.

Morgantown value for 1980 reflects the
expanded system with more vehicles and
more vehicle miles.

Data Points

System
TOTAL 08&M COSTS
(MILLIONS OF 1980 DOLLARS)

1976 1977 1978 1979 1980
Airtrans 4.22  4.21 4.25 3.74 4.38
Sea-Tac 0.94 0.89 0.91 0.8 0.80
Tampa 0.64 0.66 0.65 0.65 0.6]
Disneyworld 0.51 0.50 0.46 0.34 0.38
Morgantown 1.87 1.81 1.68 - 2.15
Average 1.64  1.61 1.59 1.39 1.66
Pearl Ridge - - - 0.30 0.33
Minnesota Zoo - - - - 0.26
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5.3 COMPARISON OF AGT AND CONVENTIONAL TRANSIT

When comparing AGT systems with conventional transportation
modes in relation to operating and maintenance costs, it is im-
portant 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 systems. In contrast
to conventional transit systems which experience peak service
periods twice a day, AGT systems provide a relatively 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 between

the various modes.

Using available data from che American Public Transit Asso-
ciation for conventional transit as a yardstick, AGT system O&M
unit cost data (cost per vehicle mile) compare favorably as
shown in Figure 5-9. AGT cost per vehicle mile has remained
constant from 1976 through 1980 while conventional transit has
increased sharply. When compared on an equivalent place mile
basis as seen in Figure 5-10, conventional transit between 1976
and 1979 has increased by approximately 15 percent while AGT
cost per place mile has declined slightly. AGT costs per place
mile are now less than conventional transit. Figure 5-11 shows
the trend of O&M costs per passenger. In 1980 dollars the cost
per passenger for conventional transit has remained relatively
constant while AGT cost has dropped slightly. The large cost
differences per passenger ($§0.96 for conventional and $0.18 for
AGT for 1980) may be due to the significant differences in service
levels. Trip length per passenger for conventional transit is

considerably longer than a trip on an AGT system.
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Several factors lead to the difference shown in Figure 5-12
in O&M cost per vehicle between AGT and conventional transit. A
comparison of wage rates between some of the AGT systems and con-
ventional transit systems in the same geographic area was made and,
although information was limited, the comparison showed that AGT
system wages were from 17 to 24 percent lower than conventional
transit wages. With labor costs comprising about 65 percent of
the total O6M for AGT, use of conventional transit wage levels for
AGT systems would increase the average O&M cost per vehicle mile
from $1.36 to about $1.51.

Also, due to the limited length of the AGT guideways, lower
maintenance cost 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, the marketing,
planning and advertising activity that is an essential part of
urban public transportation systems, requires larger administrative

staff with an associated increase in G§A expense.
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APPENDIX A

GENERAL CHARACTERISTICS

Site Initial Hours of Days Per System
System Manufacturer Description Operation Operation Year Configuration
Airtrans Vought Airport 1/74 24 hrs/day 365 Single-lane
Multi-loop
Atlanta Westinghouse Airport 9/80 24 hrs/day 365 Reverse turn back Toop
Busch Gardens Westinghouse Recreation 5/75 11 hrs/day 143 Single-lane loop
Center
Disneyworld Walt Disney Recreation 7/75 13 hrs/day 365 Single-lane loop
(Wedway) Productions Center
Duke 0tis/TTD Medical 5/80 24 hrs/day 365 Dual-lane and
Center Single-lane shuttle
; Shopping : _
Fairlane Ford Center 3/76 77 hrs/wk 365 Single-lane shuttle
Houston Disney Airport 7/81* —_— —_— Single-lane loop
King's Dominion | UMI Recreation 4/75 11 hrs/day 143 Single-lane loop
Center
Miami Westinghouse Airport 4/80 24 hrs/day 365 Dual-lane shuttle
Minnesota Zoo UMI Recreation 8/79 10 hrs/day 365 Single-lane Toop
Center
Morgantown Boeing University 9/75 76 hrs/wk 341 Dual-lane with off
Tine stations
Orlando Westinghouse Airport 7/81% — —_— 2 Dual-Tane shuttles
Pearl Ridge Rohr Ezggglng 11/77 69 hrs/wk 365 Single-lane shuttle
Sea-Tac Westinghouse Airport 2/73 20-24 hrs/day 365 2 Single-lane loops
1 Single-lane shuttle
Tampa Westinghouse Airport 4/ 18-24 hrs/day 365 4 Dual-lane shuttles
*Planned
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Number of
Stations

APPENDIX C

STATION CHARACTERISTICS

Number of
Stations

Elevated/At Grade/

Type of
Construction

Fare
Collection

Elevators/
Escalators

Platform
Configuration**

! Island and Single_Side Platforms

System On-Line/0ff-Line Below Grade

5 Free Standing
Airtrans* 4/10 1/13/0 9 Contiguous Yes Yes/Yes Single Side Platform
Atlanta 10/0 0/0/10 Joint Use No Yes/Yes Single Side Platform
Busch Gardens 2/0 2/0/0 1 Joint use No Yes/No Dual Side Platforms

1 Free-Standing
Disneyworld 1/0 1/0/0 Free Standing Yes No/Yes Single Side Platform
Duke 2/1 0/2/1 1 Contiguous No Yes /No Single Side Platform

2 Joint Use
Fairlane 2/0 2/0/0 1 Joint Use No No/Yes 1 Dual Side Platform

1 Contiguous 1 Single Side Platform
Houston 9/0 0/0/9 Joint Use No Yes/Yes Single Side Platform
King‘s Dominion 1/0 0/1/0 Free-Standing Yes No/No Dual Side Platforms
Miami 2/0 0/2/0 Joint Use No No/No Island and Side Platforms
Minnesota Zoo 1/0 1/0/0 Contiguous Yes No/No Single Side Platform
Morgantown 0/5 2/3/0 Free Standing Yes Yes/No
Orlando 8/0 8/0/0 Joint Use No No/No | Island Platform
Pear1 Ridge 2/0 1/1/0 Contiguous Yes No/Yes Single Side Platform
Sea-Tac 8/0 0/0/8 Joint Use No Yes/Yes Single Side Platform
Tampa 8/0 8/0/0 Joint Use No No/No Island and Side Platforms

*Only airline passenger stations shown, Airtrans has a total of 53 stations
(including 25 utility, 14 employees)
**Dual indicates two platforms, one on each side
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