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1.0 EXECUTIVE SUMMARY

1.1 BACKGROUND

By the end of 1982, domestic Automated Guideway Transit (AGT) systems
will have carried over 500 million passengers since their first commercial
operation at the Tampa International Airport in 1971, To keep abreast of the
domestic use of AGT systems in the United States, the Urban Mass Transporta-
tion Administration (UMTA) has sponsored a series of reports on the cost
experience of selected domestic AGT systems. The present report is the fifth
volume in the series.

AGT systems can be classified using the structure developed in the report
entitled "Systems Operation Studies for Automated Guideway Transit Systems".
In this classification structure, three major categories of AGT were identi-
fied on the basis of traveling unit capacity: Personal Rapid Transit (PRT),
Group Rapid Transit (GRT), and Automated Rail Transit (ART). GRT is further
partitioned into three distinct ranges of traveling unit capacity: Small
Vehicle GRT (SVGRT), Intermediate Vehicle GRT (IVGRT), and Large Vehicle GRT
(LVGRT). This series of reports on the AGT cost experience deals with GRT
systems exclusively.

The fifteen domestic AGT systems for which data are reported herein are
listed by system class and initial operation date in Table 1-1. Note that the
systems in Houston and Orlando commenced operation in August and September of
1981, respectively. A system name, if applicable, and the abbreviated system
identification used in this report are also provided.

1.2 PASSENGER STATISTICS

1.2,1 Fifteen Systems - 1981

In 1981 the fifteen domestic AGT systems queried carried more than 84
million passengers. Figure 1-1 and 1-2 show the distribution of passengers
among the systems during 1981, Figure 1-1 is the distribution of passengers
on systems located in international airports; Figure 1-2 is-the distribution
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TABLE 1-1.

LIST UF DOMESTIC GRT SYSTEMS CONSIDERED IN THIS REPORT

SYSTEM INITIAL LOCATION SYSTEM NAME ABBREVIATED
CLASS(1) OPERATION SYSTEM
DATE IDENTIFICATION
SVGRT JUL 1975  WALT DISNEY WORLD WEDWAY DISNEYWORLD (DW)
SEP 1975  WEST VIRGINIA UNIVERSITY MORGANTOWN PEOPLE MOVER MORGANTOWN (M)
MAR 1976  FAIRLANE SHOPPING CENTER - FAIRLANE (F)
MAY 1980  DUKE UNIVERSITY MEDICAL CENTER - DUKE (D)
IVGRT JAN 1974  DALLAS-FORT WORTH AIRPORT AIRTRANS AIRTRANS (A)
NOV 1977 ° PEARL RIDGE CENTER - PEARLRIDGE (P)
SEP 1980  HARTSFIELD INTERNATIONAL AIRPORT - ATLANTA (AT)
CAUG 1981 HOUSTON INTERCONTINENTAL AIRPORT WEDWAY PEOPLE MOVER HOUSTON (H)
LVGRT APR 1971  TAMPA INTERNATIONAL AIRPORT PASSENGER SHUTTLE SYSTEM  TAMPA (T)
FEB 1973  SEATTLE-TACOMA INTERNATIONAL AIRPORT  SATELLITE TRANSIT SYSTEM  SEA-TAC (ST)
APR 1975  KING'S DOMINION AMUSEMENT PARK - KING'S DOMINION (KD)
MAY 1975  BUSCH GARDENS - BUSCH GARDENS (BG)
AUG 1979  MINNESOTA ZOOLOGICAL GARDEN - MINNESOTA Z00 (MZ)
APR 1980  MIAMI INTERNATIONAL AIRPORT - MIAMI (M)
SEP 1981  ORLANDO INTERNATIONAL AIRPORT - ORLANDO (0)

(1) CLASSIFICATION OF SYSTEMS AS USED IN THE "SYSTEMS QPERATIONS STUDIES FOR AUTOMATED GUIDEWAY TRANSIT SYSTEMS".



MILLIONS OF PASSENGERS CARRIED IN 1981

5 10 15 20 25
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ATLANTA 26.65 |
TAMPA 17.22 |
SEA-TAC {1072
AIRPORT AIRTRANS 6.50 |

ENVIRONMENT

MIAMI 4.72'
2.50 IHOUSTON

1.80] ORLANDO

TOTAL 70.11 MILLION

FIGURE 1-1. PASSENGERS CARRIED ON SEVEN AGT SYSTEMS LOCATED IN
AN AIRPORT ENVIRONMENT

MILLIONS OF PASSENGERS CARRIED IN 1981

1 2 : 3 4 5
1 11T 111 rTrltrrrlrrrrrrrrrrt 17Tl
DISNEYWORLD 489 |
MORGANTOWN 3.11]
FAIRLANE ] 228
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[DUKE o007
TOTAL 14.64 MILLION

KING’S

0.77 JpomINION

[0.20] MINNESOTA 20O

FIGURE 1-2. PASSENGERS CARRIED ON EIGHT AGT SYSTEMS LOCATED IN
A NON-AIRPORT ENVIRONMENT
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of passengers located in other environments - a medical center, two shopping
centers, four theme parks, and a university campus.

Over 80 percent of all passengers were carried on systems located at air-
ports. Almost two-thirds of all passengers were carried by the three systems
located at international airports in Atlanta, Seattle-Tacoma, and Tampa. Over
50 percent of the passengers carried in a non-airport environment were carried

by the two systems Tocated at Disneyworld and Morgantown.

1.2.2 Nine Systems - 1980/81

Table 1-2 presents a éomparison of passenger traffic on nine domestic AGT
systems for 1980 and 198l. Passenger traffic decreased on all but two sys-
tems, at an overall rate of 6 percent. Since over 80 percent of all passen-
gers were carried on systems located at airports, it is instructive to see how
domestic airline traffic changed in the same period. According to data pro-
vided in the March 1982 issue of "Air Transport World" (p.88), domestic air-
line passenger traffic decreased by 5.5 pércent between 1980 and 1981. It
should be noted that the passenger traffic on the four AGT systems located at
international airports (shown in Table 1-2) decreased 6.3 percent between 1980
and 1981. Thus, it seems reasonable to assume that the decrease in passenger
traffic -on several domestic AGT systems between 1980 and 1981 can be ex-
plained, in part, by the decline in domestic airline passenger traffic during
the same period.

1.3 OPERATION AND MAINTENANCE COST STATISTICS

1.3.1 Fifteen Systems - 1981

In 1981 the fifteen domestic AGT systems queried carried the 84 million
passengers at an average operations and maintenance (0&M) cost of $ 0.19 per
passenger. Table 1-3 provides a brief summary. The cost per passenger varied
from $ 0.04 at Tampa to $ 0.90 at Minnesota Zoo.
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TABLE 1-2. COMPARISON OF PASSENGER TRAFFIC ON NINE DOMESTIC
' AGT SYSTEMS FOR 1980 AND 1981

SYSTEM PASSENGERS CARRIED (MILLIONS) CHANGE
1980 1981 (%)
AIRTRANS 7.01 . 6.50 -7.28
BUSCH GARDENS 1.37 1.34 -2.19
DISNEYWORLD ‘ 5.33 4,89 -8.25
MIAMI 4.62 4.72 2.16
MINNESOTA Z00 0.37 0.29 -21.62
MORGANTOKN 3.01 | 3.11 3.32
PEARLRIDGE 1.20 1.02 -15.00
SEA-TAC 10. 94 10,72 - -2.01
TAMPA 19.22 17.22 -10.40
TOTALS 53.07 49,81 -6.14
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TABLE 1-3. SUMMARY OF O&M COST PER PASSENGER
CARRIED FOR FIFTEEN DOMESTIC AGT SYSTEMS DURING 1981

TOTAL NUMBER OF 08M COST
SYSTEM 08M COST PASSENGERS ~ PER PASSENGER
(MILLIONS) CARRIED CARRIED
(MILLIONS) ($)

AIRTRANS 4.739 6.50 0.73
ATLANTA | 3,043 26. 65 0.11
BUSCH GARDENS 0.182 1.34 0.14
DISNEYKORLD 0.422 4,89 0.09
DUKE 0.462 0.97 0.48
FAIRLANE 1.372 (est.) 2.25 0.61
HOUSTON(1) 0.340 2.50 0.13
KING'S DOMINION 0.076 0.77 0.10
MIAMI 0.317 4,72 0.07
MINNESOTA Z00 0.258 0.29 0.90
MORGANTOKN | 2.259 3.11 0.73
ORLANDO (2) 0.361 1.80 0.20
PEARLRIDGE 0.315 1.02 0.31
SEA-TAC 0.802 10.72 0.07
TAMPA 0.765 17.22 0.04
TOTALS 15,713 84.75 0.19

(1) APPROXIMATELY FOUR MONTHS OF DATA
{2) APPROXIMATELY THREE MONTHS OF DATA
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1.3.2 Seven Systems - 1980/81

Seven systems reported cost data for both 1980 and 1981. Table 1-4 pre-
sents the 0&M cost data. The seven systems carried 47.1 million passengers in
1980 at an average 0&M cost per passenger of $ 0.19. 1In 1981, the same seven
systems carried 43.8 million passengers, a 7 percent decrease, at an average
0&M cost per passenger of § 0.22. This represents a 15.8 percent increase in
the 08M cost per passenger. The total expenditures for 0&¥ on these seven
systems were $ 8.911 million in 1980 and $ 9.560 million in 1981, representing
a 7.3 percent increase. Thus, both the increase in 0&M expenditures (7.3
percent) and the decrease in passenger traffic (7 percent) combined to
approximate the observed increase (15.8 percent) in 0&M cost per passenger
between 1980 and 1981,

1.4 DISCUSSION

Domestic AGT systems are providing transportation for an increasing
number of persons at an 0&M cost which seems to be increasing at about the
same rate as inflation.

The acceptability of AGT as a viable mode of transportation is emphasized
by the fact that a new domestic AGT system has initiated service every eight
months for the past thirteen years; it appears that this trend will continue.
Two AGT systems are presently being constructed in the Miami area: one at the
Metro Zoo and another in downtown Miami, AGT systems are also being planned
for the 1984 Louisiana World Exposition (New Orleans) and another for Detroit,

Michigan.



TABLE 1-4. SUMMARY OF 0&M COSTS FOR SEVEN DOMESTIC
AGT SYSTEMS FOR 1980 AND 1981

- SYSTEM 0&M COSTS (MILLIONS) CHANGE

' 1980 1981 (%)
AIRTRANS 4,383 4,739 8.12
DISNEYWORLD 0.384 0.422 9.90
MORGANTOWN 2,154 2.259 4,87
MINNESOTA Z00 0.255 0.258 1.76
PEARLRIDGE 0,326 0.315 -3.37
SEA-TAC 0.797 0.802 0.01
TAMPA 0.612 0.765 25.00
TOTAL | 8,911 9,560 7.28
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2,0 INTRODUCTICN

Automated Guideway Transit (AGT) is an innovative form of public trans-
portation in which automatically controlled vehicles are operated on fixed
guideways along an exclusive right-of-way. This mode of transit has been
installed at a number of sites in the United States and abroad. 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 effort, under the sponsorship of UMTA's Office of Methods and Sup-
port, represents the fifth in a series of reports that began in 1978. These

reports are intended to provide transportation decision makers with a compre-
hensive source for AGT cost information, Presented in these documents are
the capital costs, operations and maintenance {0&M) costs, and system charac-
teristics of selected AGT systems currentiy operating in the United States.
Although additional AGT systems exist in foreign countries, primarily in test
configurations, the availability and applicability of cost information are
limited. Evaluations of trends over time and comparisons with other trans-
portation modes are also presented,

The previous reports are:

o M, E. von Rosenvinge, "Supplement III: Cost Experience of Automated
Transit Systems, " Report No. UMTA-MA-06-0069-81-2, Washington DC,

July 1981, PB-81-245656.

o T. F. Comparato, M.E. von Rosenvinge, D.C. Kendall, "Supplement II:
Summary of Capital and Operations & 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,

¢ T. F. Comparato, T.M, Dooley, F.A.F. Cooke, et al., "Supplement 1I:
Summary of Capital and Operations and Maintenance Cost Experience of
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Automated Guideway Transit Systems Cost and Trends for the Period

1976-1978," Report No. UMTA-IT-06-0188-79-1, HWashington DC, March
1979, PB-80-146483.

o F.A.F. Cooke, C.P. Elms, T.J. McGean, H.W. Merrit, "Summary of Capital
and Operations & Maintenance Cost Experience of Automated Guideway
Transit System," Report No. UMTA-IT-06-0157-78-2, Washington DC, 'June
1978, PB-294306.

This report supplements the daia presented in the above four reports and
strives to provide a better understanding of the factors which affect the cost

of building and . operating an AGT system. The format and content are con-
siétent with previous reports, however, new correlations and more extensive
system descriptions have been included. In order to provide the reader with
more information and insight into important cost variations, 0&M cost data
have been obtained and analyzed for ten additional systems.
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3.0 OVERVIEW OF AGT SYSTEMS

3,1 EXISTING SYSTEMS

-Fifteen domestic AGT systems, all currently in operation, are examined in
this report. These systems carried more than 84 million passengers in 1981
and served a variety of transportation needs such as people/goods movement at
airports; multi-purpose trips at medical centers, shopping centers, and
universities; and attractive, enjoyable rides at recreation centers., Figure
3-1 presents these systems and shows the timing of their construction and
operation. Also included in this figure are four systems (Detroit, Miami
Downtown, Miami Zoo, and New Orleans) presently being constructed or planned

for construction.

AGT systems are being utilized extensively as the primary source of
public transportation in many activity center applications, These systems
represent a significant range of technology options, site conditions,rand per-
formance characteristics. This range of applications results in a diversity
of site characteristics and system sizes and configurations varying from the
expansive, multi-loop Airtrans system at the Dallas-Fort Worth Airport to the
simple shuttle system at the Fairlane Shopping Center 1in Dearborn, Michigan.
Table 3-1 illustrates the variability in system size, configuration, and
vehicle capacity between the various systems by presenting the more prominent
characteristics of each system. Appendix A contains a more detailed system
description by subsystem,

The specific technological configuration employed varies from site-to-
site depending on the mobility requirements of the target market and the
design approach of the manufacturer. The operational and performance charac-
teristics of these systems also vary reflecting the adaptability of AGT
systems to the service needs of the respective sites. Because of this
retationship to site conditions and the fact that the AGT deployments have
been primarily in activity centers, the transferability of documented cost
information and operating experience to other application areas is limited.
The following section briefly discusses these limitations.
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TABLE 3-1. SYSTEM CHARACTERISTICS
GUIDEWAY
LENGTH
LANE MILES/
EQUI VALENT YEHICLE
ELEVATED CAPACITY /EQUI YALENT
SITE SYSTEM GUIDEWAY LANE MILES NUMBER OF NUMBER OF PASSENGER PLACES PERIOD OF
SYSTEM LOCATION SUPPLIER DESCRIPTION CONF IGURAT ION ELEVATION (1)) STATIONS VEHICLES (2) OPERATION
AIRTRANS DALLAS, TX YOUGHT AIRPORT SINGLE-LANE ELEVATED/ 12,8/6.66 28 51 40/37 24 HRS/DAY
MULT1-LOOPS AT-GRADE
ATLANTA ATLANTA, GA WESTINGHOUSE  AIRPORT DUAL-LANE UNDERGROUND 2,29/6,87 10 17 80/91 21 HRS/DAY
SHUTTLE
WITH BYPASS
BUSCH GARDENS WILLIAMSBURG, VA WESTINGHOUSE  RECREATION SINGLE-LANE ELEVATED/ 1.533/0.04 2 2 96/89 11 HRS/DAY
CENTER LooP AT-GRADE (MAR. =0CT. )
D SNEYWORLD ORLANDD, FL WED TRANS, RECREATION S INGLE -LANE ELEVATED 0.87/0.87 ] 30 20/48 15 HRS/DAYY
SYSTEM, INC, CENTER LOOP (5 car train)
DUKE DURHAM, NC oTI5/TTD MEDICAL DOUBLE-~{ ANE ELEVATED/ " 0.56/0.61 3 4 22/51 24 HRS /DAY
CENTER AND SINGLE- AT-GRADE /
LANE SHUTTLE UNDERGROUND
FAIRLANE DEARBORN, M FORD SHOPP NG SINGLE-LANE ELEVATED 0,61/0,61 F4 2 24/41 12.0 HRS/DAY
CENTER SHUTTLE WITH 6.0 HRS SUN,
BYPASS
HOUSTON ~ HOUSTON, TX WED TRANS. AIRPORT SINGLE-LANE UNDERGROUND 1.48/4.43 $ 6 36/17 24 HRS/DAY
SYSTEM, INC, LOOP (3 car trainm)
KING'S DOMINION DOSWELL, VA UNIVERSAL RECREATION SINGLE-LANE ELEVATED/ 2.06/0.88 1 6 96/168 11 HRS/DAY
MOBILITY CENTER LOoOP AT-GRADE (9 car train) (APR,-0CT.)
MIAMI ) MIAMI, FL WESTINGHOUSE  AIRPORT DUAL-LANE ELEVATED 0.51/0.51 2 [3 99/88 24 HRS/DAY
SHUTTLE
MINNESOTA 200 APPLE YALLEY, MN UNIVERSAL RECREAT |ON SINGLE-LANE ELEVATED/ 1.36/1.28 1 3 94/123 10 HRS/DAY"Y
MOBILITY CENTER LooP AT-GRADE (6 cor tralin)
MORGANTOWN MORGANTOMN, WY BOE ING UNIVERS ITY DUAL - LANE EVEVATED/ 8.60/6.79 5 7 21726 76 HRS /WK
WITH OFF-LINE AT-GRADE
STATIONS
ORLANDO ORLANDO, FL WESTINGHOUSE  AIRPORT 2 DUAL-LANE ELEVATED 1.48/1,48 8 8 100/88 24 HRS/DAY
SHUTTLES
PEARLRIDGE AIEA, HI ROMR SHOPP I NG SINGLE-LANE ELEYATED/ 0,23/0,21 2 1 64/60 69 HRS/WK
CENTER SHUTTLE AT-GRADE {4 car tralnmn)
SEA-TAC SEATTLE, WA WESTINGHOUSE  AIRPORT 2 SINGLE-LANE UNDERGROUND  1,71/5,13 8 12 102/86 20-24 HRS /DAY
LOOPS WITH
SHUTTLE
CONNECT 10N
TAMPA TAMPA, FL WESTINGHOUSE  AJRPGRT 4 DUAL-LANE ELEYATED 1,35/4.35 8 8 100 /04 18
SHUTTLES

*  Annual Aversge

(1} Actusl lengths of at-grade, alsvatad, and undarground quideways hava besn convarted to Equivalant Elevated Lane Mllas by use of tha following tactors:
1.0 = olavated; and 3.0 - underground.
(2) Equlivalent Passenger Piaces per vehlcle hava baen calculated on an allocation of 4 square teet per passenger, based on the gross area (length x width) of the vehlclas

for each system,

0,4-at-grade;



3.2 APPLICABILITY OF EXISTING AGT COST AND SERVICE INFORMATION TO ALTERNATIVE
SETTINGS

Domestic AGT systems are currently serving airports; medical, recreation,
and shopping centers; and a university. Only the Morgantown system, connect-
ing downtown Morgantown 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 corporation or
authority managing the activity center. These are very different environments
from an urban area. Consequently, the capital costs associated with these
systems do not include a number of major components that would be included in
the cost of an urban dep]oymenf.

The decision to deploy AGT systems in urban settings would be based on
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 commercial and residential land use, and high
levels of vehicular and pedestrian traffic. These conditions have major
implications for the design and cost of AGT systems. Vehicle size and system
throughput capacity must accommodate passenger loads during peak periods.
Station size and spacing are also influenced by the need for intermodal trans-
fer points connecting AGT with other public transportation services (e.qg.,
park and ride lots).

Other costs not identified with current AGT systems include right-of-way
(ROW) acquisition, site modification, and costs associated with construction
in an urban area. ROW acquisition costs depend on property values, local
" easements, and the extent to which existing rights-of-way can be utilized for
portions of the network. Site modification costs are affécted by site-
specific variables such as soil conditions and topography, utility relocation,
street modifications, traffic control, site accessibility, labor rates, local
codes, etc. Costs associated with construction in urban areas include inte-
grating AGT stations with existing commercial structures to minimize the
disruptive impact on businesses in the downtown area and the installation of

security systems to protect against vandalism and crime,



Additionally, there will be procedural and regulatory requirements in the
deployment of any form of urban pub11c transportation that existing activity
center AGT systems did not have to adhere to. In order to use public funds to
construct a new transportation system, an institutional/political process of
design review, public acceptance, and funding commitment must take place.
This process is a lengthy one involving local, regional, state, and Federal
government agencies. Substantial engineering costs can be incurred during
this phase, especially if major revisions must be made to the system design.
The timetable for this phase is usually on the order of 2 to 5 years; hence,
cost increases due to inflation may also occur before construction begins.

While there are constraints and complexities associated with urban AGT
deployment that have not been encountered by AGT systems operating in activity
centers, the existing AGT systems have exhibited a range of technology and
performance sufficient to comply with urban system requirements. The point to
be made, however, 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.






4.0 CAPITAL COSTS
4.1 INTRODUCTION

This section presents capital cost data compiled for thirteen AGT sys-
tems, Data for the systems located at Duke University Medical Center and

Pearl Ridge Center are not available.

Capital cost information was obtained primarily through responses by
systems and suppliers-and site surveys performed as part of UMTA-sponsored
assessments. Where available, actual capital acquisition costs have been used
and adjusted to average 1981 dollars. However, analysis of available data
shows that the various AGT systems maintained their cost records in different
formats. "Also, in many cases the AGT system is an integral part of a larger
facility and the costs have not always been recorded separately. Due to these
facts, engineering estimates were used to duplicate the subject systems and
have been adjusted to average 1981 dollars. These duplication costs generally
do not consider the specific location of the system being examined, but rather
are estimates based on up-to-date construction costs for equivalent generic
systems.

To facilitate analysis and understanding of AGT capital costs, seven cost
categories have been identified, They are defined as follows:

0 Guideway - The vehicle roadway including site preparation, founda-
tions, supporting structures, pedestrian walkways, 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 col-
lection equipment, coordinated doors, and other facilities related to
the movement of passengers into and out of vehicles.
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Maintenance and Support - Maintenance and storage facilities including

special vehicles and equipment.

Power and Utilities - Electric power transformers, feeders, switch-

gear, wayside power rails, and normal housekeeping power equipment.

Vehicles - The rolling stock.

Command ,and Control - Wayside and central control and communications

equipment including operational software and voice and video communi-
cation systems.

Engineering and Project Management - Architectural and engineering

services, system design and integration, acceptance testing, and over-
all project management,

4.2 COST ADJUSTMENTS

As shown in Figure 3-1, 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 1981 price level, In order

to remain consistent with past reports, the same indices for cost adjustments

have been used and are explained below:

0

CPI: The Consumer Price Index for urban wage earners and clerical
workers (U.S. cities average) is used to adjust all costs for engi-
neering and project management,

PPI: The Producer Price Index for machinery and motive products (pre-
viously called the Wholesale Price Index) is used to adjust all hard-
ware costs.

ENR: The Engineering News Record 20-city construction cost index is.
used to adjust the cost of all fixed facility construction.
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A1l three indices have a base of 100 for 1967. Listed below are the
indices used and their yearly averages. These yearly averages have been used
to adjust system capital costs when applicable. For other systems, the start-
ing point for adjusting capital costs has been either the midpoint of
construction or date of procurement.

YEARS cPI PPI ENR
1975 161.2 156.2 206.0
1976 170.3 165.8 223.0
1977 181,5 176.6 - 240.0
1978 195.4 190.4 258.0
1979 217.4 206.9 279.5
1980 246,8 225,.8 301.5
1981 272.4 256.7 329.0

Research and development costs and right-of-way acquisition costs have
been removed from the data as much as possible since capital cost estimates
for future AGT systems will not include them,

4.3 CAPITAL COST EXHIBITS

Capital cost data for thirteen AGT systems are summarized in Table 4-1,
This table delineates the total system cost for each AGT system by cost cate-
gory and presents each subsystem cost in terms of percentage of total system

cost. This allows the subsystem costs of both Targe and small systems to be
evaluated on a normalized basis. '

Figure 4-1 shows the average distribution of capital costs among the
major cost categories. Although each system is unique in some respect, these
averages can be used for estimating how the cost for new systems will be
dispersed.
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TOTAL SYSTEM COST

TABLE 4-1. AGT CAPITAL COST SUMMARY
BUSCH DISNEY- KING'S MINNESOTA MIRGAN=
AIRTRANS ATLANTA GARDENS WORLD FAIRLANE HOUSTON DOMINION MIAMI 200 TOWH ORLANDO SEA-TAC TAMPA

GUIDEWAY

TOTAL COST 18,962 20,613 2,530 2,899 3,061 8.5719 1,589 3,618 3,232 59,708 5,668 18,247 5,017

§ OF TOTAL SYSTEM COST sl .30 «36 A5 .33 .36 .19 25 .34 .29 .20 .35 .23
STATIONS

TOTAL COST 10,242 10,835 192 2,310 614 5.188 265 3,975 385 7,246 4,532 8,152 3,311

% OF TOTAL SYSTEM COST .1 .16 .03 A3 .07 22 .03 .27 .04 .05 16 .15 .15
MAINTENANCE & SUPPORT

TOTAL COST 5,663 1,004 338 883 175 317 303 1,099 803 6,233 2,357 4,28 1,36

% OF TOTAL SYSTEM COST .06 .06 .05 05 .02 .02 .03 .07 .06 .01 .08 .08 .06
POWER & UTILITIES

TOTAL COST 7,680 3,902 586 1,224 1,447 613 496 620 219 10,004 1,057 2,506 3,293

4 OF TOTAL SYSTEM CUST .08 .06 .08 .06 -15 .03 .06 .04 .10 .07 .04 .05 .15
YEHICLES

TOTAL COST 18,950 13,908 1,279 4,956 1,137 t,264 3,495 1,696 2,924 20,876 5,643 7,689 4,194

%1 OF TOTAL SYSTEM COST .20 .20 .18 .27 .12 05 .41 12 -1 P -] .20 12 .20
COMMAND & CONTROL

TOTAL COST 10,034 5,124 788 5,001 1,138 2,660 54 1,229 433 30,321 6,204 3,198 2,143

1 OF TOTAL SYSTEM COST 11 .07 o1 .27 12 .1 .01 .08 =04 .19 .22 .06 .10
ENGINEERING & PROJECT MGT.

TOTAL COSY 21,161 10,039 1,342 1,302 1,734 5,070 2,259 2,536 862 42,694 2,860 8,241 2,380

$ OF TOTAL SYSTEM COST -23 .15 .19 .07 .19 .21 .27 o7 .09 .27 L0 .16 Y

92,712 68,425 7,055 18,637 9,306 23,751 8,463 V4,773 9,558 157,088 26,401 52,231 21,704
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FIGURE 4-1. AVERAGE DISTRIBUTION OF CAPITAL COSTS FOR

THIRTEEN AGT SYSTEMS



Differences in system size makes cost comparisons difficult. Figures 4-2
and 4-3 take into account system size differences when comparing subsystem
costs., In these figures, correlations between guideway costs and equivalent
elevated lane miles, and unit vehicle cost and equivalent passenger places are
displayed graphically. A linear regression analysis has been used to cor-
relate these costs as a function of the independent variables. (The specific
routine used was the Stepwise Multi-Variate Linear Regression Procedure in the
Statistical Package for the Social Sciences (SPSS)). The resulting regression
curves, which represent the scattered data points, are shown on the appro-
priate figures where Y represents the abscissa and X represents the ordinate,

4.4 DISCUSSION OF CAPITAL COST VARIATIONS

One of the primary reasons for the variations in total system costs is
the difference in system size, ranging from one-half mile at Miami 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 Tocation, technology employed, bid competitive-
ness, and degree of regulation., Site descriptions vary from airports and a
university to‘medical, recreation, and shopping centers. The differing design
factors for each system (e.g., an airpert system requiring almost 100 percent
availability, 24 hours per day, 365 days per year or a recreation center sys-
tem needing 80 percent availability, 12 hours per day, 140 days per year)
impact total system coéts.

Locations vary from sites located near metropolitan areas such as Atlanta
and Miami to nonurban settings such as Doswell, Virginia and Apple Valley,
Minnesota, AGT deployments in urban Tocations can be expected to cost more
than similar deployments in nonurban settings. Studies have shown that con-
struction in urban areas may cost 25 to 50 percent above projects in nonurban
Tocations; among urban locations, construction cost indices may vary by 30 to

50 percent. This is due primarily to the increased amount of construction
time required in an urban environment and the higher prices for labor and
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materials generally found in urban areas. - More lengthy urban construction
times are estimated to add 17 to 25 percent to civil costs, while higher urban
prices for labor, materials, and contingencies are estimated to add 8 to 26
percent te civil costs,

The technology employed will also vary costs. Aside from basic dif--
ferences in the technical sophistication of the control system, performance

requirements such as capacity, safety, and reliability can also influence the
cost between various systems.

Another factor contributing to cost variations is the competitiveness of
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 and performance specifications that must be met by the supplier may
weigh heavily on.total project costs,

The following sectjons provide a brief discussion of factors and con-
siderations that may result in cost variations of the seven major capital cost
categories for each of the AGT systems. Appendix A contains a more detailed
description of the subsystem characteristics of these systems,

4.4.1 Guideway

The construction and installation costs associated with the guideway ele-
ment of an AGT system are functions of many factors, both design-specific and
site-specific, that may result 1in widely varying unit cost ranges. Unit
guideway costs are based on equivalent elevated lane miles and range from
$ 1,806,000 per lane mile at King's Dominion to $ 7,094,000 at Miami; the
average cost is approximately $ 3,500,000 per lane mile. The distribution of
guideway costs vary from 15 percent of total system costs at Disneyworld to 36
percent at Busch Gardens and Houston.



Among the factors resulting in cost varjations are:

Beam shape, width, and span length.
Single- or dual-lane construction.

Guideway materials and construction techniques.
Guideway load capacity.

(= = N = B« B =

Guideway curvature and column height.

Emergency egress provisioens., '

Climate and all-weather provisions.

Percent of guideway elevated, at-grade, and underground,
Number and type of switches, crossovers, and turntables.
Guideway aegthetics and environmental considerations.
Local topographical and soil conditions.

Local Tabor and material rates.

c © ©O © O O O o

Degree of utility and street relocations.
4.4.2 Stations

Station costs, like guideway costs, may vary significantly due to both
design-specific and site-specific factors. The distribution of station costs
range from 3 percent of total system costs at Busch Gardens and King's
" Dominion to 27 percent at Miami.

Among the factors resulting in cost variations are:
Size and number of stations.

Station materials and construction techniques.
Number of stations elevated, at-grade, and underground,

c ©o© O ©

Station design (open vs, enclosed; freestanding vs. contiguous
vs. joint use). ‘ 4

Platform design (sides or island).

Climate control and amenities.

Station aesthetics and environmental considerations.

Amount and type of graphics.

c o o O O

Amount and type of fare collection equipment.
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Amount and type of bi-parting doors or separations.,
Amount and type of elevators and escalators.
- Local topographical and soil conditions.

o o o ©

Local labor and material rates.

4.4,3 Maintenance and Support

Maintenance and support facilities costs, impacted by many of the same
factors affecting station costs, result in variations from one deployment to

the next. The distribution of costs range from 2 percent of total system
costs at Fairlane and Houston to 8 percent at Minnesota Zoo, Orlando, and
Sea-Tac.

Among the factors resulting in cost variations are:

Number and size of vehicles.

Overall size of the maintenance facility.

Size of administrative space.

Amount and type of tools and equipment.

Facility aesthetics and environmental considerations.
Local topographical and soil conditions.

Local labor and material rates.

© O o O o O O O

Storage of vehicles (indoor vs. outdoor).

4.4,4 Power and Utilities

Power and utility costs also vary from system-to-system. The distribution
of costs range from 3 percent of total system costs at Houston to 15 percent

at Fairlane and Tampa.
Among the factors resulting in cost variations are:
Type of power supply available.

Type of power system (basic or redundant).
Total length ‘of system.

o O©o O ©

Single- or dual-lane construction.
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4.4.5 Venicles

Vehicle costs, even among vehicles provided by the same suppliers, vary
considerably due to design characteristics. Individual vehicle costs are
based on equivalent passenger places and range from $ 3,400 per passenger
place at Disneyworld to $ 13,900 at Fairlane; the average cost is approxi-
mately $ 7,500 per passenger place. The distribution of vehicle costs vary
from 5 percent of total system costs at Houston to 41 percent at King's

Dominion,
Among the factors resulting in cost variations are:

Vehicle size and weight,

Vehicle propulsicn systems.

Vehicle control systems.

Type of operation (independent units vs. trains).
Type of vehicle (active vs. passive),

Climate control and interior design.

Vehicle switching capabilities.

Emergency and failure requirements.

Performance requirements.

Size of vehicle order,

o O O o © O O O o O o

Competitiveness of vehicle bids,

4.4.6 Command and Control

Command and control costs will vary from system-to-system based on the
operating strategies and requirements at each deployment, The distribution of

cost range from 1 percent of total system costs at King's Dominion to 27 per-
cent at Disneyworld.

Among the factors resulting in cost variations are:

0 Number of vehicles,

0 Number of lane miles.



c O 0 O O ©o o

Number of stations.

Type of central control.

Type of vehicle control.

Type of guideway and wayside control
Type of station control.

Amount and type of two-way radios.

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

4.4,7 Engineering and Project Management

Engineering and project management costs vary among deployments due to

differences in construction techniques and management strategies.

The distri-

bution of costs range from 7 percent of total system costs at Disneyworld to
27 percent at King's Dominion and Morgantown.

/- Among the factors resulting in cost variations are:

o © O O ©

Size of system.
Length of construction schedule.
Degree of reguiatory requirements.

Amount of systems testing required.

Size of project management staff and number of consultants.







5.0 OPERATIONS 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 fifteen AGT systems in the United States. Included for the first time are
operations and maintenance (0&M) costs for systems in Houston and Orldndo
which opened for service in August and September of 198l.

To aid in the anaiysis of 0&M cost data, 0&M costs were reported in the
four cost categories described below:

0 Labor - Costs associated with the personnel for system administration
and engineering, operation, and maintenance,

o Utitities - Costs of electricity, natural gas, etc.

0 Materials and Services - Costs for spare parts and materials as well

as contract services.

0 General and Administrative - Any pro rata share of the general manage-
ment costs as well as other overhead costs.

When comparing the ‘actual 1981 O0&M costs for AGT systems with the data
for both AGT and conventional transit, the Consumer Price Index (CPI) for
urban wage earners and clerical workers in the United States (defined in
Section_4.2) was used to adjust the costs to average 1981 dollars. 0&M cost
information for conventional transit was obtained from the Transit Fact Book
1981 published by the American Public Transit Association. Costs for con-
ventional transit (i.e., bus and raiT) have been adjusted to exclude amounts

spent for traffic solicitation, advertising, depreciation, amortization,
taxes, licenses, rents, etc., since the AGT 0&M costs do not include them.
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Conventional transit 0&M cost data for 1981 were not yet available at the time
of report publication., Because of the time Fequired to compile the data for
the Transit Fact Book, totals for 1980 are subject to change. Changes in

totals for years prior to 1980 result from subseguently available data.
5.2 08M COST EXHIBITS

A detailed accounting of 1981 0&M costs for each system is shown in Table
5-1 along with other pertinent operating information. The operational statis-
tics include: vehicle miles traveled, equivalent place miles, passengers
carried, and system operating hours.

A breakdown of 0&M cost measures is shown in Table 5-2. In this table,
0&M costs for each system are normalized by the operating parameters recorded
in Table 5-1,

0&M cost data for the fifteen AGT systems are summarized in Tab]e 5-3.
This table delineates the total system cost for each AGT system by cost cate-
gory and presents each category in terms of percentage of total 0&M cost.

Figure 5-1 shows the average distribution of 0&M costs among the major
cost categories. These averages can be used to estimate how 08M costs for new
systems may be dispersed,

Figures 5-2 through 5-5 present the total 0&M cost for each system
versus the vehicle miles traveled, equivalent place miles, passengers carried,
and system operating hours., These figures are furnished in order to provide
average cost data so that 0&M cost projections for future systems can be
extrapolated based on proposed operating characteristics, A linear regression
analysis has been used to correlate this cost as a function of the independent
variables. (The specific routine used was the Stepwise Multi-Variate Linear
Regression Procedure in the Statistical Package for the Social Sciences
(SPSS)). -The resulting regression curves, which represent the scattered data
points, are shown on the appropriate figures where Y represents the abscissa
and X represents the ordinate. o
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TABLE 5-1. AND OPERATIONS AND MAINTENANCE COST BREAKDOMWN

AGT OPERATIONAL STATISTICS

MINNESOTA . ) .

BUSCH RING'S
AIRTRANS ATLANTA GARDENS DI SNEYWORLD DUKE FAIRLANE HOUSTON DOMINION MIAHI 700 {11 MORGANTONN ORLANDO PEARLAIDGE SEA-TAC TAMPA
OPERATIONAL STATISTICS - i ; - — -
VEHICLE MILES TRAYELED 2,982,533 167,913 23,222 517,895 69,216 73,391 13,852 50,568 232,703 6,532 994,559 183,700 12,2 274,425 355,897
N .

EQUIYALENT PLACE MILES(2) 110,353, 121 6‘9,380.0&5 12,066,750 27,139,008 3,330,016 3,009,031 1,289,484 9,495,424 20,477,864 - B03,436 25,858,430 16,163, 600 732,660 49,40_0,550’ 29,895,348

PRSSENGERS CARRIED 6,499,407 25,652,000 1,342,256 4,883,042 968,040 2,249,684 2,500,000 170,000 | 4,724,631 287,800 ‘3,113,528 1,804,000 - 1,020,596 10,721,825 17,223,145

SYSTEM OPERAT ING HOURS 8,61% 71,665 1,563 - 4,114 8,760 3,814 2,688 1,364 8,760 2,720 5,722 2,412 3,665 8,030 2,35

CAM COSTS (1981 DOLLARS ) )

LABOR 2,441,212 637, 360
ADMINISTRATIVE & ENGINEERING 317,628 - 8,000 1] 29,442 NAA 0 1] 280,291 2,000 60,700 - 15,3718
OPERAT I ONS 546,53 - 46,000 196,200 67,073 N/A Provided " 10,000 Provided = 78,854 248,669 18, taQ- 43,748 - v 5,666

Under Under . . .
(&3] MAINTENANCE 2,071,153 - 57,500 14,819 291,667 N/A Gontraet 0 CGontract 125,100 570,616 286,900 117,038 - 9,701
1 .
w OTHER 602,308 - ] 41,000 [+ N/A 0 4] [H] 4] [\ ] - 0
UTILITIES
ELECTRICITY 341,908 113,622 14,000 68,420 13,560 N/A 8,734 38,833 60,146 . 26,049 223,168 37,187 9,612 21,541 6,947
GAS 0 [} [} 0 0 N/A Q 9 o 1,309 179,917 [ ] ] 0
TELEPHONE Q 1] 1] 1} (4 N/A 0 1] ] 1] 1] i} l 243 o 1]
MATERIALS & SERVICES B ’
SPARE PARTS & MATERIALS 603,302 43,417 23,500 90,063 60,000 N/A 0 8,000 0 12,20 327,663 ] 12,569 113,000 94,1356
CONTRACT SERVICES 202,980 189,752 33,000 0 0 R/A 328,404 Q 236, 364 3,062 263,184 13,991 2,280 30,000 53,604
GENERAL & ADMIN|STRAT IVE 91,238 249,996 ] M,240 0 H/A ¢ Q o 8,497 165,449 3,000 67,912 0 16,500
TOTAL O8M COST 4,739,001 3,042,999 182,000 421,802 164,742 1,372,307 337138 76,833 316,500 258,012 2,258,957 361,258 313,102 801,904 165,233
{a5t.}
k Pu———
- MNo entry In this category In the accounting racords of the bpurator. (1) Totals aflected by amployes strina from 1/20/81 - as12/81, (2) Equlvalent Place Mlles are computed by multiplying

H/A  Not Avallabla

equlvalent passangsr placas par vahlcls by the vehicls
m|tes trevaled for aach system.



TABLE 5-2. AGT OPERATIONS AND MAINTENANCE COST MEASURES
(1981 DOLLARS)

O&EEEOST O&gEEOST D&EE&OST O&gEEOST
VEHICLE MILE EQUIVALENT PLACE  PASSENGER SYSTEM OPERATING

SYSTEM ' TRAVELED MILE CARRIED HOUR
AIRTRANS - 1.59 0.043 0.73 550.00
ATLANTA : 3.96 0.044 0.11 397.00
BUSCH GARDENS 7.84 0.088 0.14 116.00
DISNEYWORLD ' 0.73 0.015 0.09 103.00
DUKE .6.67 0.131 0.48 53.00
FAIRLANE 18.70 0.456 0.61 354.00
HdUSTON(l) . 4,44 0.261 0.13 125.00
KING'S DOMINION : 1.52 0.008 0.10 56.00
MIAMI 1.36 0.015 0.07 36.00
MINNESOTA 200 39.52 0.321 0.90 95.00
, MORGANTOMN 2.27 0.087 0.73 395.00
ORLANDO(2) 1.97 0.022 0.20 146.00
PEARLRIDGE 25.80 0.430 0.31 86.00
SEA-TAC 1.40 , 0.016 . 0,07 100.00
TAMPA 7 2.15 ; 0.026 0.04 142.00

1) APPROXIMATELY FOUR MONTHS OF DATA.
2) APPROXIMATELY THREE MONTHS OF DATA.
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TABLE 5-3. AGT OPERATIONS AND MAINTENANCE COST SUMMARY (1981 DOLLARS)

BUSCH KINGS 'MINNESOTA
MATRANS  ATLANTA GARDEHS  DISNEYWORLD  DUKE  FAIRLANE  HOUSTON  OOMINION LA 200 WIGANTOWH  ORLANDD  PEARLRIDGE SEA-TAC  TAMPA

LABOR

TOTAL COST 3,807,623 2,447,212 11,500 272,019 388, 187 N/A 0 30,000 0 203,964 1,099,576 307,080 21,486 637,360 30,746

$§ OF TOTAL OMM COST .12 L80 o6l .69 .84 N/A 1] . .39 (1} .19 A9 .85 .70 19 .04
UTILITIES

TOTAL COST 341, 098 113,622 1,0040 68,420 13,560 N/A 8,754 3,838 60, 146 30, 35 401,085 3,187 10,855 21,841 88, 947

$ OF TOTAL O8M COST .07 .04 .08 .16 .0 WA .03 .51 .9 .12 .18 .10 .03 03 Y]
HATERIALS A SERVICES '

TOTAL COST 848, 282 232,169 5, 5060 40,063 60,000 N/A 328,404 8,000 256, 364 15,293 590, 847 13,991 14,849 143,000 629,040

1 OF TOTAL OLM COST .19 .08 .3 12 .13 N/A .87 .10 .81 .06 .2 .04 .05 .18 .82
GENERAL & ADMIN| STRATIVE

TOTAL COST 91,23 249,99 o 3,240 ° N/A 0 0 0 8,497 165,849 3,000 67,912 0 16, 500

3 OF TOTAL OBM COST .02 .08 0 ) o WA 0 0 ) .03 0 .01 .22 o .07
TOTAL OAM COST 4,739,091 3,042,999 182,000 _ a21,h02 461,702 1,312,300 337,158 76,883 316,110 258,112 2,258,957 161,258 315,102 801,900 765,233

{ost.)




UTILITIES
12%

MATERIALS & SERVICES
29%

FIGURE 5-1. AVERAGE DISTRIBUTION OF O&M COSTS FOR FIFTEEN AGT SYSTEMS
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0O&M COST [Millions of 1981 Dollars)
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FIGURE 5-2. REGRESSION OF O&% COST ON VEHICLE MILES TRAVELED



5
|
i KEY I I I
A .- AIRTRANS
AT — ATLANTA
BG - BUSCH GARDENS
vy = DW - DISNEYWORLD _
his D — DUKE
= F — FAIRLANE
8 H - HOUSTON
= KD — KING'S DOMINION
2 Ml —  MIAMI
2 3 MZ - MINNESOTA ZOO —
5 M — MORGANTOWN
» 0 - QRLANDO
s P — PEARLRIDGE
= me ST - SEATAC
s T — TAMPA
_ 2 —
wn
o
Pt
s
& o F
@]
1 —
1] w0
_/EOBG "M -
: KD
20 40 60 80 100 120

FIGURE 5-3.

EQUIVALENT PLACE MILES (Millions)

NOTE: The Resulting Curve Is Based On All Points And Has A Correlation

Coefficient Of 0.87.

REGRESSION OF Q&M COST ON EQUIVALENT PLACE MILES
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O&M COST (Miilions of 1981 Dollars}
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FIGURE 5-4. REGRESSION OF 0&M COST ON PASSENGERS CARRIED
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O&M COST (Millions of 1981 Dollars)
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FIGURE 5-5. REGRESSION OF Q&M COST ON SYSTEM QPERATING HOURS

5-10



Figures 5-6 through 5-12 present 08M trends for the five oldest, year-
round operating systems (i.e., Airtrans, Disneywof]d, Morgantown, Sea-Tac, and
Tampa). These figures depict trends over the last six years for 0&M costs,
pertinent operational statistics, and associated cost measures, Data on the
passengers carried were not available prior to 1979. 0&M information was not
available for Morgantown in 1979 because it was closed for construction of
Phase 1I.

Figures 5-13 through 5-15 exhibit 0&M cost trends for AGT in relation to
conventional transit., These figures display trends over the last six years
for average 0&M costs per vehicle mile traveled, equivalent place mile, and
passenger carried. Once again it should be noted that data on the passengers
carried prior to 1979, and 1979 0&M information for Morgantown were not

available.

. Figure 5-16 compares avefage 0&M cost per vehicle mile traveled for the
following types of transit systems: AGT, Bus, Trolley Coach Bus, and Heavy
and Light Rail.

5.3 DISCUSSION OF O&M COST VARIATIONS
The breakdown of 0&M costs by specific categories may not be comparable
due to the lack of uniformity in the reporting of 0&M costs at the various

systems, However, the totals are reasonably accurate. To follow is an as-
sessment of the information contained in the 0&M cost exhibits.

5.3.1 Cost Analysis

When analyzing O&M costs it should be understood that certain components
vary as a function of the number of miles accumulated on the vehicles, while
other components represent fixed costs that are independent of vehicle mile-
age. Cost components that vary with vehicle mileage are related primarily to
maintenance of the system (i.e., maintenance labor, spare parts, and
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O&M COST (Millions of 1981 Dollars)
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FIGURE 5-6. TREND OF Q&M CQSTS FOR FIVE AGT SYSTEMS
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 VEHICLE MILES TRAVELED (Millions)
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EQUIVALENT PLACE MILES (Miltions)
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FIGURE 5-8. TREND OF EQUIVALENT PLACE MILES FOR FIVE AGT SYSTEMS
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PASSENGERS CARRIED {Millions)
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O&M COST PER EQUIVALENT PLACE MILE (1981 Dollars)
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O&M COST PER VEHICLE MILE TRAVELED (Dollars)
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O&M COST PER EQUIVALENT PLACE MILE (Dollars)
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O&M COST PER PASSENGER CARRIED (Dollars)
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