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I. INTRODUCTION

In 1971 the liorth Central Texas Council of Covernments
(LiCTCOG) , with the Cities of TFort Worth and Dallas and several
suburban cities, jointly initiated a scries of public transvor-
tation studies. The principal purpose of these studies was to
develop a comprehensive prodgram for improvement of public trans-
portation service in the llorth Central Texas Region. Individual
studies were supported by the Regional Pullic Transportation
Study, which prepared recommendations for a Regional Public
Transportation Framework. Subregional Studies then detailed
specific aspects of the Regional Framework plan and, along with
short-range Bus Operational Studies, prepared a program for
public transportation service improverents.

Preliminary results of the Regional Study indicated demnand
potential for an express transit route between Fort Worth and
Dallas, serving the Pegional Airport. The demand vvas due to nmajor
growth in the Mid-Cities between Dallas and Fort Worth, influ-
enced by the DFW Airvort, and to limited highway capacity avail-
able to serve travel demands of that development., Only St 183
effectively serves traffic in this corridor and its design
capacity would be exceeded.l The proposed Trinity Route would
provide some but not sufficient relief. It is therefore appar-

ent that transit service in the corridor, in addition to the

1 "Travel Forecasts", Technical Report No. 9, aAlan M.
Voorhees & Associates, Inc., March, 1975.



Trinity Route, could provide important relief, handling trips
to the downtown areas of Dallas and Fort Worth and to major
enployment areas along the route studied. In addition such a
line operating at high speed could provide good service for
trips to DFW Airport and between the central business district

(CBD) areas of the two cities.

U-TACV FEASIBILITY STUDY

These results of the Regional Study culminated in an expan-
ded study effort aimed at better defining the feasibility of
the service in the corridor. 1In particular, the new work con-
centrated on feasibility of Fhe very high-speed Urban Tracked
Air Cushion Vehicle (U=-TACV) system. The high-speed (150 mph)
system was most attractive because it would serve longer, non-
stop trips to DFW Rirport and between the CBD arcas much better
than conventional express transit and would serve shorter trips
as well. The U-TACV Feasibility Study was necessary because
numerous factors about the U=-TACV system were unknown or ques-
tioned and because local governments were interested in devel-
oping such a system, if it were feasible, to scrve regional

travel needs and trips to the Airport.

U=TACV HARDWARE

The U-TACV system considered in this study was a generic

hardware type rather than a manufacturer-specific system.



Considerable information about hardware performance was pro-
vided by two manufacturers that competed for U.S. Department
of Transportation contracts to design and build a prototype
vehicle for testing in Pueblo, Colorado.2 The U=-TACV system
is air levitated, supported on a thin cushion of air separat-
ing vehicle from guideway.3 It is propelled by a linear in-
duction motor built into the guideway. The vehicle can accel-
erate and decelerate at average rates of at least 3 mph/sec.
It can operate at speeds up to 150 mph.

Certain additional design criteria important for engineer-
ing studies were based upon the Rohr design, which was selected
for testing at Pueblo, but were confirmed by LTV Aerospace
Corp. as being capabilities of their design. Those factors
which had some effect on patronage estimates included minimum
radius of curvature (R = 8500 feet)4 which affects turning
speed. Also it was confirmed that vehicles could operate in
trains and in either direction, with certain modifications to
the basic design. These two factors affect system capacity be-
cause train length influences train capacity and dual direction

operation reduces reversal time at each end of the guideway.

2 LTV Aerospace Corporation, Dallas, Texas
Rohr Industries, Inc., Chula Vista, California

3 "A Preliminary Engineering Report on the Dallas/Fort Worth
Regional U-TACV System", Parsons, Brinckerhoff, Quade &
Douglas, Inc., and Shimek°*®Roming*Jacobs & Finklea, Novem-
ber, 1973

4 At 150 mph; absolute minimum R = 1500 feet at 15 mph



REPORT ORGANIZATION

The U-TACV Study, as with the Regional Study, was a nulti-
disciplinary effort. The different aspects of the work included
patronage forecasting, engineering, environmental impact stu-
dies and financial analysis. The work in each of the areas is
reported in separate technical reports listed in Appendix A,

This report describes the studies covered in the Patronage
and Revenue Analysis. Chapter II describes the Background
preliminary analyses undertaken to narrow the possible route
alternatives to the one for which detailed studies were pursued.
Chapter III describes the Travel Forecasting methodology and
results. In Chapter IV, detailed analyses of the patronage fore-
casts are described. The estimates of Revenue and Operating
Cost for the system are explained in Chapter V. Study of the
potential for Goods llovement on the U=TACV system is detailed
in Chapter VI. Conclusions of the entire series of demand or-

iented studies are presented in Chapter VII.



IT. BACKGROUND

The Regional Public Transportation Study examined several
different types of hardware for transit service in the region.
The results of those analyses ultimately led to selection of
the general corridor location and the hardware type for more
detailed analysis in the U-TACV Study. Consideration of sev-
eral specific route alternatives within the general corridor
were also performed as part of the U-TACV Study. The route
selected for detailed patronage, engineering and environmental

analysis is described at the conclusion of this chapter.

REGIONAL STUDY ALTERNATIVES

The Regional Study was designed to examine several differ-
ent kinds of transit hardware in order to determine how levels
of service inherent with that hardware would satisfy travel de-
mand.5 Four different hardware types and service levels were
tested in the intercity corridor providing airport service.

The four hardware types were all tested along the same basic
alignment since it presented, clearly, the most attractive de-
mand potential in the airfort vicinity. The hardware examined
included buses, conventional express rapid transit, personal
rapid transit (small vehicle systems) and U~-TACV. Patronage
estimates for each of the Regional Study test systems indicated

that they would attract demand consistent with their service

5 Regional Public Transportation Study, Final Report,
February, 1974



level in each case. Each demand level was sufficient to war-
rant further consideration of the corridor for improved tran-
sit service,

Particular emphasis was placed on the intercity airport
corridor because of heavy travel demands, highway capacity re-
striction and need for good airport service. The interest fo-
cused on the relative desirability of high-speed U-TACV service
versus conventional express rapid transit. Detailed compari-
sons of these two hardware types indicated that the U~TACV was
superior, primarily because it would reach higher speeds between
stations thereby reducing travel times.6 This was particular-
ly important for express services with limited stops between
the downtowns and the airport. What remained unanswered were
questions of operating and capital costs of such a system and
effects on patronage of certain variations in line haul and
feeder service levels.

Because of its ability to serve longer trips being made in
the corridor, the U-TACV system was designated as the service
level in the Preliminary Public Transportation Framework. The
Preliminary Framework system, designated Rl, was then further
studied in Subregional Public Transportation Studies for Fort
Worth, Dallas and the Mid-Cities, These studies more carefully
defined locational and service aspects of the Framework system
through a process of detailed review and analysis, including

extensive citizen response through local community meetings.

6 "Travel Porecasts", op. cit.



In each of these studies, the attractiveness of the system bhe-
came even clearer than it had been in the analyses which led

to the Framework.

U-TACV ROUTE ALTERNATIVES STUDY

The Subregional Studies proceeded concurrently with the
U-TACV Study and so had benefit of certain information prepared
there. That information included a two-stage screening process
in which a wide range of possible alternative route locations
were reduced to the one on which detailed analyses were repor-
ted. Only the route alternatives were considered since hard-
ware alternatives had been reviewed in the Regional Study.

The first stage screening considered twelve possible loca-
tions. These are shown in Figure 1. The twelve were generally
scored according to engineering and environmental criteria as
well as considerations of service and patronage potential.7
Detailed cost, patronage and environmental analyses of the al-
ternatives were not prepared however. The alternatives were
ranked and grouped so that three major competitive route loca-
tions emerged.

The three main alternative route locations are shown in
Figure 2., These three were subjected to more thorough analysis

in order to select a single location for detailed study. There

7 PBQ&D, Inc., et. al., op. cit.;
"Environmental Impact Analysis For a Proposed U-TACV System
in the Dallas/Ft. Worth Region", Barton-~-Aschman Assoc., Inc.,
February, 1974
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were also slight variations of alignments one and threce, termed
1A and 3A, which were considered primarily from engineering,
cost and environmental aspects. Their patronage potential did
not vary significantly from the primary alignments (1 and 3)
except that 1A served Texas Stadium rather than Love Field. De-
nand to the former would be heavy and concentrated on days of
football games; demand to the latter would be spread throughout
the year. Substantial industrial activity will remain near Love
Field after commercial air traffic relocates to the DFW Airport.

Alternative 1 followed a northern path across the Mid-Cities
area, passing east-west through the center of the Airport. Al-
ternatives 2 and 3 were near one another and approached the Air-
port from the south. Both of these routes served the Airport
with a spur located in the center of the Airport access road.
Route 2 generally followed the Rock Island Railroad, and Route 3
was farther south, generally following the route of the prdposed
Trinity Route Tollroad. ore precise descriptions of these loca-
tions are provided in the engineering report.8

Detailed patronage estimates for Alternative 2 were genera-
ted as part of the Rl network in the Regional Study. The R
travel forecast for Alternative 2 included work, airport and
other trips. The Rl preliminary framework was a comprehensive

regional transit system providing express services in several

8 PBQ&D, Inc., et. al., op. cit,

10.



corridors in each major city and in three corridors in the
Mid-Cities area. Ridership estimates on any particular line in
Rl therefore assumed a high level of feeder service from other
express trunklines located throughout the Region. If such a
system were not available in its entirety, ridership estimates
on any particular line would necessarily be less. The Rl es-
timates did not, however, reflect any change in the current ori-
entation of travel to use of the automobile. Such changes

might be expected in response to major improvements in public
transportation service, such as Rl represents, and can certainly
be anticipated due to increased cost and difficulty in ‘travel

as a result of shortages in energy supplies. It was, however,
felt that these two factors, the impacts of energy shortages

and the reorientation of attitudes toward transit travel, offset
the likelihood that the entire regional system will not be op-
erating by 1990. The Rl patronage estimates were therefore
considered acceptable for initial evaluation of the three al-
ternative corridors in the U-TACV Study, as well as for detailed
analyses of corridors in the Subregional Studies.

Patronage estimates for the other two major alternatives
were developed from the Rl figures. Alternatives 1 and 3 both
served the Dallas and Fort Worth CBD's as well as the Airport
so that patronage differences from Alternative 2 would be mainly
due to different development areas served along the routes. The
patronage estimates for Alternatives 1 and 3 were computed by

estimating the difference in size of the passenger sheds (the

11.



number of possible patrons within a three-mile station service
area), For each station along the three alternatives the popu-

lation and employment within the three-mile service area were

calculated. The ratios of population and employment served at
each station by Alternatives 1 and 3 to that served by similar
stations on Alternative 2 were then computed. These ratios

were used to factor the boarding and alighting passengers re-
spectively estimated for Alternative 2 in the Rl computer test-
ing. The estimates of boarding and alighting passengers for
each station along Alternatives 1 and 3 were then used to adjust
link volumes between stations. The revised link volumes for
Alternatives 1 and 3 and the original volumes for Alternative 2

from the Rl estimates are shown in Figure 3.

The patronage estimates shown in Figure 3 provide suffi-
cient information to assess patronagc potential of the threc al-
ternatives. Volumes at the maximum load points in Dallas were
the highest observed on the three routes. Those volumes, in the
30,000 to 35,000 daily range were low by comparison to typical
rapid transit lines but were consistent with the capacity of
multiple car U-TACV trains. Such volumes cannot be expected to
provide sufficient revenue to pay costs of operating the system.

The maximum load point, the link where highest riding oc-
curs, is probably the most useful means of comparison. That
volume is usually the criterion for system and operations design,

indicating the maximum demand that can be expected on the system.

12.
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Consideration of maximum load points on either side of the
Alrport is appropriate since locations of the U-TACV line in
Tarrant and Dallas Counties could differ as long as they meet
at the Airport.

In Tarrant County the maximum loadings occurred near the
Airport. For Alternative 1, it was farther west than for the
other two. Alternatives 2 and 3 loadings were very similar but
Alternative 1 was a very poor last. Locations of Routes 2 and
3 do not differ much in Tarrant County, and either would be
much better than Route 1. Their superiority over Route 1 was
due mainly to the proximity of the Loop 820 Station to Hurst
and the Meadowbrook area east of Fort Worth. Volumes east of
that station were much higher than volumes on Route 1. The
Loop 820 stations on all three routes served Richland Hills
and Haltom City about equally well except that heavy eastbound
traffic is more likely to use the Route 2 and 3 stations than
the Route 1 station. Such traffic would have to go north, a-
way from its normal direction, to the Route 1 station.

In Dallas County the maximum loading on all three routes
occurred at approximately the same relative location. Alter-
native 2 was highest, with Alternative 3 somewhat lower, and Al-
ternative 1 the lowest. Route 2 appears to be considerably

better than either of the others.

The patronage estimates on Alternative 3 must be interpre-

ted carefully with understanding of its shortcomings. The

14.



population and employment along each route were estimated for
the Rl forecasts using a procedure which is sensitive to trans-
portation accessibility. Those activity forecasts assumed that
the U-TACV line would be in approximately the same location as
Alternative 2. The influence of the U-TACV line would thereforc
have allocated activities near ZLlternatives 2 and 3, to the
disadvantage of Alternative l. Ilad activity forecasts consider-
ing the Alternative 1 location been available, the passenger
shed ratios of population and employment likely would have vicl-
ded greater patronage for Alternative 1., Rather than guessing
at what difference would occur, the magnitude of patronage dif-
ferences between Alternatives 1 and 2 was discounted somewhat
with the result that Alternative 1 was not as bad as it first

appeared.

The degree of such underprediction is proportional to the
amount of developable land along the route location. Since
much of the land along Alternative 3 (southern) is developed
and now has good access, it was felt that patronage estimates
for this route were sufficiently accurate. The land along Al-
ternative 1 (northern), however, is now relatively undeveloped
and many locations lack adequate accessibility. For these
reasons it was felt that patronage estimates for Alternative 1
may be as much as 20 percent low along certain portions of the
route. The exact magnitude of the patronage potential could

not be determined, however, until revised activity distributions

15,



were prepared, based upgn the final U~TACV location. The ac-
tivity estimates for the R3 forecast were revised to account
for this change.

From the analysis described above, it can be seen that the
patronage potential for all three locations is quite similar,
with Alternatives 2 and 3 serving existing development and Al-
ternative 1 serving new development., Vhile the patronage for
Alternative 1 may not match Alternatives 2 or 3 by 1990, this
location might still be considered since the U-TACV could pre-
cede and hence mold new deveclopment to intensified areas near
U-TACV stations. This would provide a unique opportunity for
modern transit-oriented development in the corridor.

The three alternative route locations were also analvzed
in a similar manner with respect to engineering, environmental
and cost criteria. The northern alignment (Alternative 1) in
Tarrant County was rejected from the environmental standpoint.
The southern alignment (XAlternative 3) was rejected fror enqi-
neering and cost standpoints as well as because it was not in
sufficient proximity to existing or planned activity locations.
The Alternative 2 routing was therefore chosen for Warrant
County. Alternative 3 was rejected in Dallas County on a basis
similar to that for which it was rejected in Tarrant County.
ILlternatives 1 and 2 in Dallas County were quite similar, but
due to engineering considerations and the service implications

of handling trains at the Airport, Alternative 1 was considered



most favorable.9 Brieflv, it was decided that use of a spur
into the Mirport and the attendant construction and operation-
al problems would be severely detrirental to service. Elimin-
ating the spur in favor of e:xtending AI“TRANS* south to the
U=-74ACV line was also rejected from a service standpoint because
of slow travel on AIRTRAIS,

Chiodice of Alternative 1 in Dallas County would permit a
route through the Airport without any spur so that U-TACV move-
nent could be continuous. Alternative 1 was also attractive
because of the opportunity to guide new, transit-oriented de-
velopnent. Developnent along Mlternative 2 was already estab-
lished in a low-density, highway orientation and would have had
to be redeveloped to provide good transit accessibility. The
final selection was therefore Alternative 1 through northwestern
Dallas County, down through the Airport, and across Alternative &

to I'ort Worth.,.

SELECTED ALIGNMENT

The route selected as a result of the screening processes
described above is shown in Figure 4. The route is approximate-
ly 32.6 miles long from the Central City Station in Fort Worth

to the Union Terminal Station in Dallas. There are fifteen

9 PBQ&D, Inc., et. al., op. cit.

* The DFW Airport People Mover system

17.
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total stations along the route. The station locations are
identified in Table 1 according to the cross street at which
the stations were located. Detailed locations of stations
arc described in the engineering technical report.lO

I'rom downtown Fort llorth, the selected route follows Fourth
Strect east from the Central City Station located at Tourth
and Throclmnorton Streets, to the Fort Vorth Station at Calhoun
Street. The route then follows along Fourth Street beneath the
Texas & Pacific Railroad and over the Trinity River and Inter-
state Highway 3517 until it meets the Chicago, Rock Island &
Pacific Railroad tracks at Sylvania 2Avenue. The route then
follows on the north side of the Nock Island Railroad with a
station at Beach Street, where it crosses over the railroad.
The next stations are located at Carson Road in llaltom City and
at Loop 820. The alignment continues along the south side of
the Rock Island traclks to a station at ilurst and then one at
Euless. Just west of State liighwvay 360, the route crosses over
the Nock Island tracks and then State Highway 360, proceeding
nortiward through the Great Southwest International firport to
the DFW Airport. Southwest Station is located just south of
State Highway 183. The route continues northwvard to the Bediord
Station approximately one mile north of State Nighway 183. The

route continues northward, eventually turning east and entering

10 PpBO&D, Inc., et. al., op. cit,.

19.
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STATION NAME

CITY CENTER

FORT WORTH

BEACH STREET

HALTOM CITY

LOOP 820

HURST

EULESS

SOUTHWEST

BEDFORD

AIRPORT

BELT LINE

NORTH IRVING
TEXAS STADIUM
BROOKHOLLOW
MEDICAL CENTER #1
MEDICAL CENTER #2

UNION TERMINAL

TABLE 1
STATION LOCATIONS
SELECTED U-TACV CORRIDOR
LOCATION
Fourth Street at Throckmorton Street
Fourth Street at Calhoun Street
Rock Island Railroad at Beach Street
Rock Island Railroad at Carson Road
Rock Island Railroad at Interstate Loop 820
Rock Island Railroad at Bell Spur Road
Rock Island Railroad at FM 157
South of SH 183 at GSW International Airport
North of Access Road, SW Corner D/FW Airport

Between Spine Roads, South of Communications Bldg.,
D/FW Airport

Carbon Road at Belt Line Road

Spur 348 West of Trinity River

North of SH 114, West of Spur 482

SH 183, East of Dividend Drive

Rock Island Railroad, North of Amelia Road
Rock Island Railroad at Wycliff Avenue

Dallas Union Terminal, West of Houston Street

Included in patronage estimates for 1990 only.

20.



a tunnel leneath the runwavs of the DFV Pirport to rirport
Station located at approuinmatelv the center of the two spine
roads serving tha rirnort. From there, the line proceeds cast
and then southeant to a noint approxinatelr tvwo hundred feoet
nortl: of Carbon oad. The route then parallels Carbon Noad *o
the =2ast. Delt Line Station is located approximately one-half
nile west of Belt Tiine Road. The route then bhends southeast
again, crossing Si 114. The llorth Irving Station is locataed
just west of the Trinity River along 5pur 348, From that point
he route proceeds southward to S 114 and then along the north
side of that road southeasterly, vassing on the northeast side
of Texas Stadiun north of ST 114, The route then crosses over
Sli 163 east of Texas Stadiun and parallels it on the south side
to thie DLroolhollow Station betucen Dividend and Currency Drive,
Thie route then passes over Interstate iliighway 3511 and tlie Rock
Island Railroad, paralleling the railroad on its south side to
the iledical Center Ctation located just south of the Parl:land
llospital Complex. The route then crosses over the railroad
track necar thc Dallas ilorth Tollvay ramps to Interstate Higaway
35L, procecding on the north side of the railroad into the Union
Teriainal Station at Young and Houston Streets in downtown Dallas.
Discussions in the rermainder of this report regarding pa-
tronage estimates, revenues and operating costs associated with

the U-TACV system operation are all based upon this alignment.



More cxact details of locations of stations and the system
guideway, as well as curvature and grades are provided in the
report describing the engineering analvses conducted in this

11
study.

11 PBQ&D, Inc., et. al., op. cit.
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III. TRAVEL TI'ORECASTING

"he travel forecasting procedures used to estimate rider-
ship on the U-TACV system were developed in the Regional Study.
The procedures arc described in general terms in this chapter,
Considerably more detailed discussions of those proccdures can

]
12 Also in-

Le found in technical reports of the Regional Study.
cluded liere are rmore detailed discussions of certain modifica-
éions to the basic procedures, designed particularly for analycis
of the U~-TACV systen. The results of person-travel foreccasts

for 1980 and 1990 are surmarized, and traffic forecasts for the
U-TACV system arce discussed in detail. Chapter IV nresents

analyses of the effects of various factors on U-TACV systen

ridership.

TF'ORECASTING PROCLESS

The travel forecasting process used here consisted of sev-
eral mathematical models used sequentially to estimate several
characteristics of travel. Thesc nodels were developed from
travel patterns in thie Region observed in a 1964 travel survey
conducted by the Texas Highway Departnent (THD). The travel pat-
terns reflected by the survey data were related to socio-econonic
and transportation system data so that forecasts of such data

could be used to forecast travel pattern cliaracteristics,

12 "Travel !llodel Criteria", Technical Report No. 2, Alan ll.
Voorhees & Associates, Inc., 1973
"Travel Model Calibration", Technical Report No. 7, Alan
. Voorhees & Associates, Inc., March, 1975.
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The travel models used here and developed in the Regional
Study werec designed to forecast person-travel on both transit
and highways. Separate models were prepared for home based
work trips, home based non-worl. trips and non-home based trips.l3
From forecasts of population, employnent and income, the number
of trips expected for each purpose was estimated bv the Trip
Generation Ilodel. The distribution or pattern of these trins
was then prepared using a Trip Distribution I'odel, which allo-
cates trip origins among likely destinations. The person trin
patterns were then allocated to the highway or transit system
by the llode Split ilodel, based upon the service offered by cach
travel mode. Finallv, trips for the three purnoses were com-

bined and Traffic Assignment lModels were used to assign trips

by each mode to approoriate facilities of that svsten.

Transportation letvork

The travel forecasting models rely extensively on informa-
tion about transportation systems and the service they provide.
The rcason for developing new nodels in the Regional Study
rather than using vehicle trip models previously prepared by
THD was to interject cost and service factors into the travel

forecasting process.14

Including service and cost factors in
the models was necessary because the transit systems being

considered represented major service improvements over the bus

13 Home Based: trips to and from home

14 The Texas Highway Department had developed travel models for
estimating motor vehicle trips in its 1964-1967 Regional
Transportation Study.
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systems currently operating. In addition increasing highway
congestion represents a deterioration in service levels, and
increased travel costs are anticipated in response to energy
shortages.

In order to reflect these service levels in the travel
models, transportation system networks were prepared for the
highway and transit systems. These networks were designed for
computer processing and described in detail the levels of ser-
vice on both modes throughout the Icgioii. The networks werc
line diagrams on which were placed distances and operating
speeds for all but minqr travel facilities. The transit net-
works also included information about headways, interarrival
time between transit vehicles. Specialized computer programs
were used to process rudimentary network data to obtain the
travel time, distance and cost between any two points in the
Region. Networks representing 1964 transit and highway service
were used to develop the travel models in the Regional Study
and future year networks were used to forecast travel patterns.
The future networks were the object of these studies since they
provided estimates of the need for and use of proposed transit

systems.

Analysis Areas

One additional aspect of the travel forecasting process was
the zone system used to facilitate computer processing of all

regional data. Zones were geographic entities into which the
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Region was subdivided. The zones used in this study were called
Regional Znalysis Areas (RAA's), and all socio-economic data
werce coded as totals for each particular RAA., Thus there werc
population and employment totals and median family income for
each RAA. The transportation networks were prepared to esti-
mate travel service from each RAA to every other, There were
504 RAA's in the intensive study area for Negional Study worlk.
In the U~TACV Study however more information was desired about
service and response to the areas along the U-TACV route; tuerc-
fore more and smaller zones were codaed in the general service
area along the proposed route. Figure 5 shows the intensive stu-
dy area and the RAA's used in the Regional Study. 2Also shown is
the boundary of the U-TACV Study subarea within which zones
smaller than RAA's were used. (The smaller zones are not shown.)
The zones used within the subarea were the seame as 'centroid
districts' used by the Texas Highway Department. Replacing the
RAA's with centroid districts inside the subarea yielded a to-
tal of 859 zones for U-TACV Study data processing and network

coding,

U-TACV STUDY INPUT

Travel forecasting for the U-TACV Study was based upon in-
formation prepared for the Regional and Subregional Studies
and the [Hulti-ilodal Transportation Planning Program, and by the

Texas Highway Department, Where not described in detail,
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information and procedurcs used were virtually identical to
5
those used in the Regional Study.

Transit Wetwork

The transit network used for forecasting 1990 travel in
tiie U=TACV Study was the R3 network prepared in the !ulti-liodal
Prograi. hat network was the Recormended Regional Public
Transportation Framewvorl:, which resulted from review and revi-
sion of 1, the Preliminary Framework. The review process
occurred in the Subregional Studies, which prepared certain
refinements and further detailing of 1. The R3 network provided
comprechensive express transit service throughout that portion
of the Region in which anticipated service levels approaching
those of R3 will be available in nost of the R3 corridors. The
patronage estimates and related material prepared in the U=-TACV
Study must be interprcted with the understanding that the full
R3 system was assumed operative for these forcasts.

The R3 network is shown in Figure 6. The R3 system has nine
radial express transit lines in Fort Worth, four of which arec
rapid transit operating on exclusive gqguideways. There are five
radial exclusive guideway lines in Dallas and six express bus fa-
cailities, one of which is circumferential. In the Mid-Cities

area, there is one intercity express transit line on exclusive

15 "“Travel Forecasts", op. cit.
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guideway in addition to the U-TACV line. There is also an

express bus line operating north-south between the Alrport

and Arlington and Grand Prairie. Service levels and types vary

extensively and are described in detail in the Regional Study

16

Final Report.

The U-TACV route location in R3 was defined by the screen-

ing process described in Chapter II and by the !lid-Cities Sub-

regional Study.17

The operating characteristics for the U-TACV system were

developed from results of previous tests in the Regional Study

and are based upon the latest technological information pro-

vided by Rohr Industries:

1.

18

150 mph maximum speed - This was a design criterion
for the prototype U-TACV test vehicle manufactured
by Rohr. Actual running times of the U-TACV system
were calculated by ESQ&D as part of their engineering
work on this study. These times reflect speed at-
tenuation for curvature and gradient of the guideway
and are shown in Tabhle 2.

Acceleration: 3 mph/sec. - This acceleration capa-
bility was confirmed by Rohr Industries.

Alternate train operation - The results of the Region-
al Study indicated that patronage on the route was
nearly evenly divided between local (every stop) trains
and express trains. (Express trains stopped only at

16
17
18

19

"Final Report, lorth Central Texas Regional Public Trans=
portation Study", 1974

"Mid-Cities Area Public Transportation Plan", Barton-
Aschman Associates, Inc., May, 1974

Rohr Industries is developing prototype U-TACV vehicles for
the U.S. Department of Transportation and has provided aid
in determining the feasibility of operational parameters
for the Dallas/Fort Worth situation

PBQ&D, Inc., et. al., op. cit.
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Origin
Station

City Center
Fort Worth
Beach Street
Haltom City
Loop 820
Hurst

Euless
Southwest
Bedford
Airport

Belt Line
North Irving
Texas Stadium
Brookhollow
Medical Center #1

* *Medical Center #2

Origin
Station

City Center
Fort Worth
Loop 820
Airport

Texas Stadium

* Includes station dwell time.

TABLE 2

U-TACV SYSTEM
STATION-TO-STATION TRAVEL TIMES

LOCAL LINE
Actual Total
Destination Separation Travel Time*
Station (miles) (minutes)
Fort Worth 0.47 1.40
Beach Street 2.63 3.30
Haltom City 2.15 2.80
Loop 820 3.20 3.70
Hurst 2.76 3.40
Euless 3.48 3.80
Southwest 3.79 4.00
Bedford 1.30 2.10
Airport 2.82 3.70
Belt Line 2.75 3.60
North Irving 3.35 3.70
Texas Stadium 2.65 3.30
Brookhollow 2.31 3.00
Medical Center #1 2.40 3.00
Medical Center #2 1.30 2.00
Union Terminal 2.50 3.00
EXPRESS LINE
Actual Total
Destination Separation Travel Time%*
Station (miles) (minutes)

Fort Worth 0.47 1.40
Loop 820 8.00 7.20
Airport 14.14 8.90
Texas Stadium 8.75 6.10
Union Terminal 7.97 5.40

These times also reflect delays

due to scheduling and to curvature gradient restrictions.

** Included in 1990 Computer Network only.
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the Airport, the loop freeways and the CBD's.) Use of
express trains permits intercity and Airport trips to
take maximum advantage of the U-TACV high speed. Ri=-
ders boarding at intermediate local stations can trans-
fer to express trains for faster service.

4. Ileadways - 5 minutes for both express and local trains:
Results of the Regional Study indicated that there
would be sufficient demand to run U-TACV trains at 5-
minute headways for each service. The composite 2.5-
minute headway was considered the maximug frequency
possible with available control systems. 0

5. Station Dwell (Table 3) - Station dwell (stop) times
were assigned bkased upon anticipated patronage levels:
heavier demands rcquire longer stops. Stations where
air traveler boarding would be heavy also needed more
tinme for baggage handling.

6. 25¢ Base fare; 5¢ zone fares - This was approved by
the Study Directors Council as a base condition for
preliminary planning and analysis. This is the same
base fare used throughout the R3 system. This rela-
tively low fare rate was chosen because it would yield

a good patronage on which to base the analysis of pa-
tronage response to fare variation in the U-TACV

Financial Studies,

Travel forcecasts on the U-TACV system in 1980 were prepared
using a 1980 regional transit networl. All operating and ser-
vice characteristics of the U~-TACV line were the same for the
1980 and 1990 forecasts. The remainder of the regional transit
system was considerably different in 1980 than the R3, 1990
system. Exclusive guideway facilities were much less extensive
and service levels were consequently lower in 1980, Operating
characteristics on the facilities available were, however, res-

sonably consistent with similar facilities in the 1990 system.

20 PBQ&D, Inc., et. al., op. cit.
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TABLE 3

U-TACV SYSTEM
STATION DWELL TIMES

Station

City Center

Fort Worth

Beach Street
Haltom City

Loop 820

Hurst

Euless

Southwest

Bedford

Airport

Belt Line

North Irving
Texas Stadium
Brookhollow
Medical Center #1
*Medical Center #2

Union Terminal

Station Dwell
(seconds)

Local

Express

15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

15

15

30

30

60

30

30

* Included in 1990 Computer Network only
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Details of the 1980 regional transit network are provided in
Technical Reports of the !lulti-llodal Transportation Planning
Program. The 1980 cxpress transit lines assumed for the U-

TACV Study are shown in Tigure 13.

Highway Netwvork

The travel forecasting models also require information about
the level of service on highways which offers an alternative to
transit travel., Comparison of the transit and highway service
levels is used to allcocate pecrson trips to each mode: ‘'modal
split'. The highway network information is also used for trip
distribution and for assignment of highway traffic. The latter
function is primarily useful in impact analysis and was not pur-
sued since the U-TACV Study was to determine the feasibility of
a particular transit facility rather than investigating traffic
impact. Therefore no highway traffic assignments are reported
here.

The highway network used in this study was the same as that
used with the R3 transit system in the Regional Study and !Multi-
Modal Program analyses. That netwvork was a 'test' highway sys-
tem based primarily on the 1985 plan adopted by 7IID in 1967.

A map of the test highway system is shown in Figure 7. The test
highway system was developed and coded by THD. Surmmary in=-
formation about that network was provided for use in the travel

work in this study.
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The test highway system used here and with R3 differed con-
siderably from highway networks prepared and used in the Re-
gional Study work. The primary difference was the 'nature' of
the network. The highway networks used in the Regional Study
were 'committed' systems, meaning that only facilities current-
ly in operation or those on which design had been authorized by
a 'Minute Order' of the Highway Commission were included. Usec
of such a network assured that any facilities which possibly
might not be built were omitted in order to ascertain whether
transit might better serve travel desires in such corridors. The
'test' network however included several facilities which are de-
finitely questionable, primarily because of public opposition on
environmental grounds. This inconsistency therefore makes com-
parison of the Regional Study and R3 results somewhat difficult.

The highway networks in the Regional Study were also coded
with both peak and off-pcak speeds in order to represent con-
gestion conditions occurring at peak travel periods. All the
Regional Study models were therefore prepared using two levels
of service; peak networks were used with work trip models, and
off-peak networks were used with models for the other two pur-
poses. The 'test' network however was coded with off-peak
speeds only, therefore precluding analysis of effects of highway
congestion on peak period transit patronage, the aspect of tra-
vel most appropriate for service by transit. This situation
most severely affects work trips by understating the service ad-

vantage of transit relative to highways.
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As compensation for these two factors adverse to apparent
transit system service advantage, the R3 transit networks were
not processed with off-peak headways. The off-peak transit
service had been used to develop travel models for non-work
trips. The effect of this was to overestimate the non-work
transit trips and thereby to compensate for the underestimate
of transit work trips. Comparisons of R3 results and data used
in the U-TACV Study to travel forecasts from the Regional Study
will therefore show disparities in ratios of work and non-work
trips. |

The 1980 highway network used to estimate 1980 U~TACV traf-
fic used highway facilities which are programmed for completion
by that time. Because so few years remain before 1980, the new
highway facilities which will be operating then are currently
being designed or constructed. There is therefore little room
for conjecfure about what facilities will be available. The
1980 highway network was coded by NCTCOG as part of the Multi-
Modal Program. For consistency in the U-TACV Study, however, only
off-peak period highway speeds were used in processing for the

1980 travel models even though peak speeds had been coded.

Network Coding

Coding and processing the transit and highway (1980) net-
works were carried out in accordance with procedures defined

for the Regional Study.21 The coding process involved mapping

21 “"Network Development and Coding Manual"; Technical Report
No. 8, Alan M. Voorhees & Associates, Inc., March, 1975.
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facilities in each network to scale and identifying simple seg-
ments of the networl called 'links' by 'node' numbers at link
intersection points. The links were measured and coded for com-
puter processing. Transit lines were designated bv the links
they traversed. Headways were coded for all lines, and speeds
were coded to represent service levels on all links. Special=-
ized computer programs then checked the network representations
and prepared 'skim trees' indicating the time and distance in-
volved in traveling between any two zones in the area by tran-
sit or automobile., TFor all network coding and other computer
processing a special set of zones called 'TRAA's' was used.
These numbered 859 for the entire intensive study area. The
TRAA's were defined using RAA's outside the U-TACV subarea and
Centroid Districts within the subarea. Some aggregation of
original RAA's was used outside the service area of the Regional

Transit System.

SOCIO-ECONOMIC FORECASTS

Forecasts of 1990 population, employment and income for each
TRAA were originally prepared by NCTCOG as part of the Multi-
Modal Program. The forecasts were developed by allocating re-
gional control totals among RAA's using the Urban Growth Simula-

tion Model (UGSM).22 The UGSH works from allocations of basic

22 "Application of the Urban Systems Model (USM) to a Region -
North Central Texas", Vol. I, Alan !1. Voorhees & Assoc.,
Inc., October, 1972,

38.



employment, allocating population and then non-basic employment
successively in accordance with transportation accessibility to
basic employment and population respectively. The transporta-
tion system used to calculate accessibility for the UGSM runs
in the R3 forecasting process assumed that the U-TACV line would
be located on the selected alignment described in this report.
The amount of activity allocated was limited by capacities de-
fined in accordance with land use plans prepared by the respec-
tive governmental units. Median household income for cach RAA
was defined in accordance with population density and accessi-
bility, and consideration was given to the age of development

in the area.

The RAA totals were then split among the survey zones com-
prising each RAA. This was accomplished by the cities, counties
and THD personnel in order to retain consistency for the THD
land use data bank, which is maintained at the survey zone
(6900) level of detail with data collected in the 1964 land use
survey. - The 1990 population and employment for all RA2's in
each governmental jurisdiction in the Region were then submit-
ted for review by agencies who developed the traffic survey
zone data in each jurisdiction. The revised forecasts returned
by those agencies were then normalized against regional control
totals and reaggregated to TRAA's for use in estimating person
trip attractions and productions for 1990,

The 1980 socio-economic forecasts were prepared by NCTCOG

as part of the Multi-Modal Transportation Planning Program. The
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forecasts were prepared for TRAA's since they would not be
used in the THD data file and because they would only be used
for forecasting 1930 trips for the U=-TACV Study.

The 1980 forccasts were developed by interpolating between
1970 Census and erploynent survey data and the 1990 USM fore-
casts. "This approach was considercd sufficiently accurate for
the use intended.

In Table 4 the 1980 and 1990 forecasts are compared to 1964
and 1970 data to indicate growth rates. The summaries show
that major population growth is anticipated for suburban areas
in both counties, but the two largest cities will remain static.
The heaviest growth in the Region will occur in the Mid-Cities
area, both in the south in Arlington and Grand Prairie and a-
long the proposed U-TACV route in Irving, Hurst, Euless and
Bedford. LImployment growth in Dallas and Fort Worth will con-
tinue but larger increases were shown for suburks. It is also
important to note that constant dollar incomes will increase
nearly 100 percent over 1970 levels by 1990. This indicates
that travel cost increases may be considerably less important

than time savings in the future.

TRIP GENERATION

The numbers of trips starting and ending in each TRAA for
each purpose were computed using trip generation model rates.

The trip generation models used in the U-TACV Study were slightly
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TABLE 4

REGIONAL SOCIO~ECOHNOMIC DATA SUMIARY

TRAVELING FORECASTING

INPUTS

(Intensive Study Area)

1964

1970
Growth from 1964

1980
Growth from 1970

Dallas

Irving

Farmers Branch

Richardson

Garland

Mesquite

Remainder of Dallas
County

Grand Prairie

Fort Worth

Remainder of Tarrant
County

Hurst-Euless-Bedford

Arlington

Remainder of Intensive
Study Area

1980
Growth from 1970

*

Dallas

Irving

Farmers Branch

Richardson

Garland

Mesquite

Remainder of Dallas
County

Grand Prairie

Fort Worth

Remainder of Tarrant
County

Hurst-Euless-Bedford

Arlington

Remainder of Intensive
Study Area

POPULATION

1,792,200

2,106,300
17.5%

3,086,200
46 .5%
26.1%
61.1%
33.7%
47.0%
73.6%
92.7%

105.4%
59.7%
20,0%

90.7%
89.9%
52.9%

102.1%

3,939,000
87.0%
34,1%
75.9%
80.7%

107. 8%
184.8%
184, 2%

293.5%
152.9%
36.1%

177.6%
137.9%
149.3%

214.5%

EMPLOYMENT

692,300

966,900
39.7%

1,368,100
41.5%
22,2%
59,5%
42,3%
32.5%
56.,2%

123.6%

157.1%
95.4%
27.3%

163.5%
114.1%
62.0%

46.5%

1,765,800
82.6%
62.6%

135.9%
243, 8%
103.7%
114, 8%
143.8%

244,.3%
333.9%
33.9%

292,4%
90.3%
83.3%

230.9%

INCOML *
5,200

10,400
100.0%

13,800
32.7%

28,600
175.0%

Average Median Family Incomes of Dallas and Tarrant Counties;

Inflated Dollars
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nodified from those used in the Regional Study but the same
general approach was uscd.23 The trip generation model esti-
nates the number of trips for work and for other purposes that
can be anticipated from each residential area. These 'home
based' trips werc estimated according to the income level fore-
cast for each TRAA. The trip rates used in this study and for
R3 forecasting were continuously variable functions of income
rather than discrete rates for different incomec strata used in
the Regional Study. The home based work and non-work trips and
non-home based trips per person were estimated using the curves
shown in Figure 8. The appropriate trip rates were multiplied
by the population forecast for each TRAA to obtain trip produc-
tions. The total numbers of trip productions estimated for each
purpose are listed in Table 5., The non-liome based productions
were merely used as a control total to normalize non-home hased
trip attraction estimates.

The trips attracted to each TRAA were estimated from rela-
tionships, each of which utilized basic and non=-basic employment
and population. This procedure also differed from previous Re-
gional Study models which had used simple rates. The trip at-
traction models used in the U~-TACV Study and for R3 are shown in
Figure 8. The non-home based trip origins and destinations were
generated using the same model. The trip attractions in each

TRAA for all purposes were normalized so that the regional total

23 "Travel Forecasts", op. cit.

42,



TRIPS PER PERSON

Person Trip Production
Relationships HBNW
NHB = 0.723(Population)
2 -
1 “
HBW
¥ ¥ I 4 1
5 10 15 20 25
MEDIAN FAMILY INCOME
(Thousands)
TRIP ATTRACTION MODELS
FACTORS FOR RESPECTIVE INDEPENDENT VARIABLES
Basic Non-Basic
Employment Employment Population
Home Based Work 1.114 0.260 0.329
Home Based Non-Work 1.494  6.800 2.312
Non-Home Based 0.039 0.340 0.296

FIGURE 8

TRIP GENERATION MODELS
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1964

1970%

Growth from 1964

1980

Growth from 1970

1990

Growth from 1970

TABLE 5

REGIONAL TRAVEL ESTIMATES

Person Trips by Purpose

Home Based Home Based Non-

Work Non-Work Home Based Total
952,700 3,017,900 1,227,200 5,197,800
1,196,100 4,071,000 1,470,800 6,737,900
25.6% 34.9% 19.8% 29.6%
1,650,600 7,133,000 2,354,100 11,137,700
38.0% 75.2% 60.0% 65.3%
2,146,400 9,840,600 3,212,400 15,199,400
79.4% 141.7% 118.4% 125.6%

* Preliminary Estimates
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for each purpose matched the regional total for productions
estimated with the trip production models.

Table 4 shows the population and employment totals for the
Region to indicate the anticinated growth in activities that
generates trip growth. The additional trip growth is due to
increases in real incone, which are also shoun in Table 4. The
1980 trip ends were estimated in the same manner as the 1990

R3 forecasts and are shown in Table 5.

AIR PASSENGER TRIPS

One additional type of trip particularly important for the
U=-TACV Study but not estimated in the reqular trip generation
process was air passenger trips., These are such a small portion
of total regional travel that only specialized survevs can he
used to estimate their propensity in particular areas. ILstinates
of resident and non-resident air passenger trips for each NAR
were prepared as part of the NCTCOG Air Systems Study.24 The air
passenager trips in each TRAA were estimated as a function of
zonal income and proxinity to the DF'T Airport. Alr passenger trip
estimates were prepared for each TRAA for hoth 1980 and 1990,
based upon estimates of daily airport traffic originating in or
destined for loactions in Dallas and Tarrant Counties, 29,700

for 1980 and 55,300 for 1990. Distribution of these passenger

24 Landrum & Brown, "Airport System Plan for the North Central
Texas and Texoma State Planning Regions", Ilarch, 1975
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origins and destinations in the two counties in 1990 are shown
in Figure 9.

In addition to air passengers it was necessary to estimate
two other types of airport-oriented trips: visitor trips rela-
ted to air travelers and for casual touring. Related visitors
are those accompanying air passengers and casual visitors are
primarily sightseers. The trip rates for both visitor groups
were estimated from data collected in a survey at Cleveland
Hopkins Airport.25 Use of that data was desirable because the
survey was conducted after the Airport Rapid Transit was opera-
ting there. Also, Hopkins Airport is approximately fifteen
niles from downtown Cleveland so conditions were quite similar
to those heing exanined for the U=-TACV Svstem, The percentages
of casual and related visitors versus air passengers boarding
and alighting were estimated from the Cleveland data and used
to calculate visitor trips to the DFU Airport. The percentages
used were 40 percent for related visitors and 10 percent for

casual visitors.

TRIP DISTRIDBUTION

The trip distribution models used for R3 and the U=-TACV Study,
both for 1980 and 1990, were nearly identical to the models pre-

viously used in the Regional Study. The model fornulation is

25 "Survey Results", Cleveland-Hopkins Airport Access Study,
U.S. Department of Transportation, June, 1970
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essentially the gravity nodel but includes some mechanical
revisions developed hy THD to improve progran opération for
tiicir studies. The gravity model states that travel Letveen
zones is proportional to the amount of trip productions and at-
tractions in the zones and inversely proportional to a power
function of the distance, time or cost separating the zones.

The original Regional Study models had been calibrated with trip
length frequency curves using data on 1964 highway travel times.
The Regional Study forecasts had been notably insensitive to
transit service, however, particularly in corridors where traffic
congestion was anticipated to be heavy and where express transit
had been provided as relief., Travel in such corridors was heav-
ily restrained bhecause of the overloading and consequently at-
tenuated speeds. Particularly because of the anticipated impact
of the U-TACV system, it was desirable to have trip distribution
sensitive to good transit service so that trip patterns could

be influenced by good accessibility provided by transit.

The trip distribution forecasts used here were therefore
prepared using 'minimum time' skim trees. These were developed
by comparing total interzonal travel times (skim trees) for auto-
mobile and transit travel. The lesser value was used in the min-
imum time skim tree. This was consistent with the calibration
because in 1964 highway times were always better than the travel
times on the bus system operating then. The results reflected

improved levels of accessibility in corridors where express
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transit was provided, particularly in the intercity U-TACV cor-
ridor.

However, as mentioned previously the real effect of transit
service, to provide an alternative in heavily congested highway
corridors, could not be reflected because the highway network
provided by the THD did not account for congestion. As a re-
sult, only the U-TACV corridor provided a significantly differ-
ent travel time than on highways, and that was only for longer
trips, for which the 150 mph speed could be most effective.

The person trip pattern forecast for 1990 using the R3 tran-
sit and highway assumptions were heavily related to suburban
areas of Dallas County, as shown in Figure 10. The heaviest
movements occurred between outlying and central city fringe dis-
tricts of Dallas. Corridors north and northeast from Districts
2 and 3 were very heavy. The U-TACV corridor from Dallas was
heavy all the way into Tarrant County but diminished west from
there. These movements reflect the importance of outlying dis-
tricts for trip generation, both in residential and business
areas. Travel into the Dallas CBD is heavy, but it is less than
travel between suburban areas. Tarrant County districts show
the same pattern at a somewhat reduced scale. Travel to Dis-
trict 20 from Districts 21 and 24 is heavier because of through
travel between 21 and 24. These patterns emphasize the impor-
.tance of providing good transportation service in the U-TACV
corridor to serve demand which overlaps between the two counties.

The is the longest heavy-demand corridor in the region.
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MODE SPLIT

The modal split procedure for the U-TACV Study was the
same marginal utility technique used in the Regional Study.
For each trip interchange the disutility for auto travel and
the disutility for transit travel were computed. Disutility is
a composite of travel cost and travel time. In computing the
disutility for transit for each zonal interchange, the follow-
ing factors were considered:

e Transit cost - computed utilizing base fare, zone fare
and any transfer fare.

® Transit running time - computed by summing the riding
time on each transit route utilized.

® Access time - any auto connector time was added to the

transit running time along with a ten-minute penalty
" to reflect the disutility of the auto access trip.

Walking time associated with a transit ride, both at
the beginning and end of the trip, and all wait times,
including initial waiting time and transfer time were
factored by 2.5. This 2.5 factor is based upon empir-
ical experience and reflects the undesirable effects
of walking and waiting for transit service.

The disutility for automobile journeys between 2zones considered
the following factors:

® Auto cost - auto operating and parking costs incurred
for each trip; the operating cost was calculated at
9.5¢ per mile, twice that used for model calibration,
to reflect effects of reduced gasoline supplies. This
was greater than the 20 percent increase used for Re-
gional Study forecasts.

® Auto time - running time for automobile travel between
the zones including the terminal time required to walk
from the parking lot to the ultimate destination. The
terminal time was factored by 2.5 for consistency with
the treatment of transit access time.
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The marginal utility for zonal trip interchange was com-
puted by subtracting transit disutility from autovdisutility.
For cach particular disutility value there is a propensity to
use transit called modal split, or the percent of person trips
using transit and auto. The relationship between modal split
and marginal utility was developed from observations in the THD
origin-destination survey. These data are shown in Figure 11.
The observed rclationship was then mathematically fitted to the
Type I Asymptotic Extreme Values distribution discovered by
Gumbel.26

The Gumbel curve has been successfully fitted to modal
split relationships for several major cities. These curves are
shown on Figure 12, The parameters of the distribution have
also been related to factors representing attitudinal response
to transit so the curve can be used to examine the effects of
attitude change as transit secrvice improves. The attitudinal
factor explains the difference in marginal utility-mode split
relationships between Dallas/I'ort Worth and eastern cities. It
implies that improved transit service is self-perpetuating (to
some extent), increasing the acceptability (transit choice) in
response to improved service even more than straightforward

disutility changes reflect.

26 Gumbel, E.J., Statistics of Extremes, Columbia University
Press, New York, 1958
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The mode split models used for estimates of 1990 transit
ridership in this study were adjusted upward to reflect atti-
tudinal changes in response to development of a major regional
transit system. The models used for 1980 estimates were not
changed from the results developed with basic survey data and
were therefore identical to the Regional Study models. Two
1990 estimates were prepared with adjusted nodels. The 'most
likely' estimate was developed using curves adjusted to reflect
one-half the increase in seat miles represented by the R3 tran-
sit network. One-half the increase was used because full atti-
tudinal change may not be possible by 1990. An 'optimistic' es-
timate was developed by adjusting the curves to reflect the full
R3 seat mile increase over existing service. Such a change in
public attitude is theoretically possible but not too likely.
Such adjustments were possible in the U-TACV Study but not in
the Regional Study because the relationships between different
model curves and service levels had not been developed at the
time Regional Study forecasts were prepared., The mode split
curves for the three purposes for the 1980 and the two 1990 fore-

casts are shown in Figures 11 and 12,

Airport Trip Mode Split

Work trip travel to the Airport by transit was predicted by
the traditional home based work mode split model. The mode

split for air passenger and visitor trips was related to the
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work trip model by using relative mode choice responses ob-
served in Cleveland for airport mass transit riders. The
Cleveland survey indicated that the modal split characteris-

tics for the three special groups were as follows:

Traveler Type Mode Split
Employee 11.0%
Air Passenger 14,5%
Travel Related Visitor 4,0%
Casual Visitor 31.0%
Air passengers have a propensity to use transit that is 1:15 =

1.3 times that of employees. The work mode split for any mar-
ginal utility was therefore factored by 1.3 to estimate the
likely transit propensity of air passengers. For each zone the
number of air passengers was multiplied by 1.3 times the work
mode split to estimate the number of air passengers using tran-
sit.

For related visitors the propensity to use transit is i% =
0.36 that of employees. The number of related visitors was mul-
tiplied by 36 percent of the work mode split to estimate the

number on transit.

The propensity of casual visitors to use transit is 31 _ 2.8

11
times that of employees. The number of casual visitors riding
transit was therefore estimated by factoring the work mode split
by 2.8 and multiplying by the person trips estimated as previous-

ly described.
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The results of the node split estimates regionwide for the
R3 system are shown in Table 6. The 1964 transit riding and
mode split are showmn for comparison, The 1980 and both 1290
mode split forecasts are shown for threc purposes and include
total airport trips. The 1980 results show substantial increcases
in transit use. The attitudinal effects in the 1990 nodels and
completion of the entire regional svsten shoved significant ef-

fect on transit ridership,

TRAFTIC ASSIGUILUT

The transit trips estinated vith the nodal split model for
cach of the three major purposes, work, non-wvork and non-hone
based, were combined to obtain a total averaye daily transit
trip table. This trip table describes the transit trips he-
tween all zone pairs in the study arca. The transit trip table
prepared in the modal split nodel is called a 'P & A' talle,
meaning that the trips are in production to attraction format.
This means that the trips are not evenly balanced between ori-
gin and destination. Trips produced in ecach zone and attracted
in other zones are shown going from the production to the at-
traction zone. In the case of vork trips, for example, if one
assumes that two work trips are produced daily for each person
going to work, the P & A trip table shows two trips going from
the residence or production zone to the attraction zone where
the traveler works. Because the P & A trip tables were assigned

to the transit networks, the results appear to be heavily
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1964 Transit
Auto

Total Person

1980 Transit
Auto

Total Person

1990 Transit
Auto
Total Person

2000** Transit

* Percent Transit of all Person Trips
** High level patronage estimates for 1990 would occur

TABLE 6

REGIONAL TRANSIT AND AUTO TRAVEL
Person Trips by Purpose

Home Based
Work

Home Based
Non-Work

Non-
Home Based

Total

66,800( 7.0)*
885,900
952,700

140,600( 8.5)

1,510,000
1,650,600

303,400(14.1)

1,843,000
2,146,400

453,400(21.1)

normal growth conditions.

74,700( 2.5)
2,943,200
3,017,900

392,100( 5.5)
6,740,900
7,133,000

826,200( 8.4)

9,014,400
9,840,600

950,100( 9.7)

15,100( 1.2)
1,212,100
1,227,200

28,700( 1.2)
2,325,400
2,354,100

61,000( 1.9)
3,151,400
3,212,400

47,900( 1.5)

around 2000 under

156,600 ( 3.0)
5,041,200
5,197,800

561,400( 5.0)

10,576,300
11,137,700

1,190,600( 7.8)

14,008,800
15,199,400

1,451,400( 9.5)



directionally imbalanced. Directional balance is achievable,
however, merely by dividing the trips in each direction by 2
and allocating equal numbers in each direction.

The P & A format was retained in order to enhance under-
standing of the directionality of travel in cases where load-
ings on the network are heavily directional. It can generally
be assumed that many more trips are produced in the area from
which the line is coming and attracted to the area to which
the line is going, thereby enhancing the understanding of lo-
cation of production and attraction areas in the region.

One other aspect of traffic assignments is the relationship
between total daily and peak period travel. Traffic assign-
ments prepared and discussed here were for total daily travel.
In order to obtain peak period volumes from these numbers how-
ever, it is merely necessary to factor the total daily trips
by approximately 17 percent to obtain an estimate of peak
period two-directional travel. Factoring the two-directional
peak period traffic by 80 percent will provide an estimate of
the peak direction of travel in the peak period. These fac-
tors are general,of course,and can only be applied with care
for specific locations. They do however give a reasonable es-
timate of the nature of peak period traffic demand that is
likely to occur.

The traffic estimates discussed here are for 1980 transit
travel forecasts and the 1990 most likely transit travel fore-

casts. The discussions in this report will be confined to the
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traffic demand on the U-TACV line and to characteristics of
trips boarding that line from other portions of the regional
system or from feeder services operating in the Mid-Cities

area to the U-TACV stations.

1980 Ridership

Assignments of 1980 travel estimates to the U-TACV system
indicated a maximum load point of approximately 64,000 average
daily trips occurring in Dallas County between the Brookhollow
and Medical Center stations. Traffic all along the Dallas
County portion of the line from the Airport east was near
60,000, varying from a low of 58,000 just east of the Airport
to the maximum load point volume just cited. The total traf-
fic estimates on each of the links are shown in Figure 13.
Traffic on the Tarrant County portion of the system had a max-
imum load point volume of 50,300 on the link just west of the
Airport. The lowest volume in Tarrant County was about 40,200
trips observed just west of Loop 820.

Traffic on the line is heavily oriented to the express ser-
vices, which in Tarrant County usually carries better than 80
percent of the traffic on any given link. The proportion on
local service in Dallas County is somewhat higher however, al-
though it never exceeds 40 percent of the traffic on any link.
This is an indication of the attractiveness of the two levels
of service and how the attractiveness differs in the two coun-

ties. Only the express service is a significant competitor to
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highway service in Tarrant County, where highway speeds can be
considered less constrained by traffic congestion. 1In Dallas
County, however, traffic in the corridor along the U-TACV line
will probably be quite heavy, thereby contributing to heavy
traffic congestion and constrained speeds. As a result the lo-
cal services offered by the U-TACV are quite competitive for
attracting travel.

In either county, however, the principal attractiveness of
the U~-TACV system is the high-speed express service offered
between major station points. This is important in considera-
tions of design of the system, particularly with respect to
turn~backs at the Airport for Dallas County trains. It is an-
ticipated that every other local train could be turned back at
the Airport rather than proceeding on through Tarrant County
because of the low local traffic volumes in Tarrant County.

It is not immediately clear whether the high speed of the
U-TACV system is the major factor in the attractiveness of the
express service or whether it is the limited number of station
stops. However, it is anticipated that reduced top speeds of
the vehicles on the line would probably have less effect than
increasing the number of stops the trains would have to serve.
This is primarily pointed out in the cost estimates in Chap-
ter V, where time spent cruising is shown to he less than 50
percent of the trip time for either express or local trains.,

Considerable time, however, is spent accellerating and

62,



decelerating. Reducing the top speed would therefore merely
increase the time spent cruising, probably by a minimal amount,
whereas adding station stops would have considerable impact in
the acceleration, deceleration and dwelling time percentages.

It is important to consider which stations served by the
two U-TACV lines serve the most riders. The boarding and
alighting volumes for both local and express trains at each
station are shown in Table 7. 1In Tarrant County alternate
stations appear to have very low traffic volumes. The four
alternate stations (nodes 3410, 2730, 3405 and 2731) have to-
tal volumes boarding and alighting the local trains of 1000 or
less. One of those four is Fort Worth station, a subway ter-
minal on the east side of the Fort Worth CBD. That station is
also served by the express line from which only 2100 riders
board and alight daily. The station is therefore serving only
approximately 3100 passengers each day.

Most of the Fort Worth CBD passengers are proceeding to
the City Center station, at which 32,150 persons board and a-
light from the express trains and 5100 passengers board and
alight from the local trains. It is apparent therefore that
these two stations could and should be consolidated, especial-
ly considering the high cost of building subway stations.

The other three alternate stations in Tarrant County prob-
ably could be deleted from the system as well because of their
low volume potential. None of them were served by the express

line, and all of them had very low local train boarding and
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TABLE 7

1980 STATION VOLUMES

U-TACV SYSTEM
(City Center to Union Terminal)

Station Local Express
Node East West REast West Grand

Number Station Name Bound Bound Total Bound Bound Total Total
2530 City Center 1,928 3,220 5,148 24,059 8,094 32,153 37,301
3410 Fort Worth 2,007 925 1,004 580 1,534 2,114 3,118
2774 Beach Street 4,074 4,339 8,413 8,413
2730 Haltom City 0 0 0 0
2995 Loop 820 2,943 1,004 3,938 12,400 5,829 18,229 22,167
3405 Hurst 554 334 888 888
2977 Fuless 2,819 1,254 4,073 4,073
2731 Southwest 642 393 1,035 1,035
2980 Bedford 6,422 1,642 8,064 8,064
3048 Airport 7,223 2,938 10,161 11,112 7,919 19,031 29,192
3073 Belt Line 3,879 1,581 5,460 5,460
3099 North Irving 5,146 2,017 7,163 7,163
3111 Texas Stadium 10,275 2,047 12,322 14,390 4,238 18,628 30,950
3117 Brookhollow 2,933 2,670 5,603 5,603
3145 Medical Center 21,247 12,176 33,423 33,423
2688 Union Terminal 10,371 11,338 21,709 28,317 10,566 38,883 60,592



alighting volunes. “hese lov volumes can be explained by the
fact that development in the general area of the corridor, cven
by 1990, has cquite lovw density, therefore gencrating less travel
derand at these stations. Sowe develonment bhetween 1980 and 12906
night, however, incrcase the attractiveness oif such stations
because of additional residential and activity growth near them
and the resulting incrcase in traffic demand at these locations.

In Dallas Countv all of the stations had local line board-
ing volumes better than 5000 riders dailv. ™wo stations were
just slightly nore than 5000, the stations at Delt Tine Doad
and at Brookhollow (nodes 3073 and 3117). In Yarrant County
only two stations, the ones at City Center and at Beach Street,
nhad boarding and alighting volunes in cxcess of 5000 persons
daily from the local line. The City Center station in fact had
lower volumes than either the Belt Line or Brookhollow stations
in Dallas County, but the Beach Strect station vas 8408, higher
than any of the non-express stations in Dallas County except
for the !ledical Center station.

In Dallas County the Loop 12 station at Texas Stadium had
daily volumes of 12,300 on the local line and 18,600 from the
express line, indicating the effect of transfer to bus service
operating on Rorthwest lighway and Loop 12 as well as westward
along State Highway 193 in Irving. ILocal volumes at the Loop 820
station in Fort Worth were 3900 daily, but the express train
volumes were 18,200, quite comparable to the express volumes in

Dallas County at Texas Stadium. The !ledical Center station in



Dallas bhoarded 33,400 persons daily from the local line only,
handling therefore the third highest total daily traffic of
any station on the line. 7The City Center station in Tort
Worth was seccond with 37,300 and the Union Terminal station in
hDallas was tops with 60,600, the latter two including Loth lo-
cal and express ridors.

The 1980 volume estimates indicate that it is appropriate
to consider initial (1980) construction of only the stations
served by express trains and the Illedical Center station., Other
stations had such low volumes that their ncear-term feasibility
was doubtful. Thesc stations could be added later, perhaps by
1990, as nearby new development generated sufficient demand.

In fact service areas previously handled by these intervening
stations could probably be handled quite well by the major sta-
tions at the Airport and at the loop highways. 2Assuming that
persons boarding at local stations did not use the system at
all would reduce ridership on the U-TACV system by less than 40
percent., It is probably reasonable, however, to assume that a
good portion of that ridership, for instance 50 percent of it,
might in fact find its way to other stations thereby reducing
ridersiiip by less than 20 percent,

Reducing the number of stations by ten would reduce station
costs somewhat and have an impact upon the capital cost of pro-
viding the system. Continuing to provide feeder service to the

same area would increase feeder bus operating costs. Reducing
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the number of stations would reduce U-TACV operating costs by
reducing the amount of acceleration and deceleration required

at the reduced number of stations. People originally hoarding
at the express line stations would be offered a higher level

of service and would therefore be more likely to use the system,
tending to offset the loss in ridership among people who would
have used eliminated stations. They would instead have to reach
express stations by feeder buses, a substantially lower service
level.

In summary, in 1980 there would be approximately 115,600
persons using the U-TACV line on an average day. Of those about
29,000 would board and alight at the DFW Airport, 37000 would
be served by the City Center station in Fort Worth, 33,000 would
be served by the Medical Center station in Dallas and 60,000
would be served by the Union Terminal station in Dallas. Sta-
tions at the loop highways would handle about 22,000 at Loop 320
in Fort Worth and 31,000 at Loop 12 in Dallas. These are
the stations which, from a patronage point of view, appear to
be the most reasonalle to build for initial service on the U-TACV

line.

1990 Ridership

The 1990 traffic assignments shown in Figure 14 indicated
that the maximum load point for the entire line would be approx-

imately 78,600 persons between the Texas Stadium and North
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Irving stations in Dallas Countv. The lowest line volume in
Dallas County occurred betwecen the liedical Center and Union
Terninal stations; it was 51,590 dailv riders. In Tarrant Countv
the nmaxinum load noint was immediatelv west of the ILirport,
vhere (4,400 daily riders were carried. The ninirnun ridership

on the Tarrant County portion of the system occurred just west
of the Loop 820 station betuveen that station and the IIaltom

City station, where 31,500 daily riders were carried.

i significant reorientation of the traffic between the ex-
press and local lines occurred bhetween 1980 and 1290, indicating
an impact that could well be attributed to the increase in high-
way traffic congestion in the U-TACV corridor. Vherecas the ex-
nress services heavilv doninated service on the line in 1980,
major increases in ridership bv 1990 were observed primarily in
the local services, and express traffic dropped somewhat.

This, of course, could also be attributable to the changes
in the feeder services provided in the major cities, since major
improvements in transit service vere proposed betveen 1980 and
1990 with completion of the Regional Public Transportation Svsten.
In fact, feeder service to the west of Fort Worth was significant-
ly inproved since the U=-TACV line vras extended to Loop 820 west
of the city, thereby providing direct service from that portion
of Fort Viorth to the Regional Airport and Dallas. It is in that
portion of the city that the major segment of its airport users
reside.

llest of the east Loop 820 station in Tarrant County, well

over half of the ridership is carried on the local lines,

N
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indicating that najor boarding of the exoress line occurs at
the Loop 820 station. The traffic assignments indicate that
over 25,000 persons will board at that station daily eastbound
and that the greater portion of those will, in fact, continue
all the way to Dallas, where 22,700 persons alight the express
line at Dallas Union Terminal. East of the east Loop 820 sta-
tion over half of the ridership is carried on the express line.

The same general phenomenon, a major increase in the local
service proportion of ridership, occurred in Dallas County,
but in no case did the local line carry more than half of the
riders. In every case however the local service carried bet-
ter than 30 percent of the volume on any given link.

Station boarding changed in a manner which reflected the
increased importance of the local service for 1990 travel. All
local stations boarded much heavier volumes than in the 1980
estimates as shown in Table 8. Only the Euless and Southwest
stations had boarding volumes less than 5000 daily for the lo-
cal service (nodes 2937 and 2930). Five other stations had
boarding volumes significantly less than 10,000 persons daily
for the local lines. These were the Fort Worth station, the
Beach Street station, the Haltom City station and the Bedford
Station in Tarrant County and Medical Center Station #2 in
Dallas County. (It should be noted that the 1990 U-TACV net-
work had one additional station, called Medical Center #2,
between the Brookhollow and Medical Center #1 stations of the

1980 network, node 3170. The node numbers for the first four
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TABLE 8

1990 STATION VOLUMES
U-TACV SYSTEM
(City Center to Union Terminal)

Station Local Express

Node East West East West

Number Station Name Bound Bound Total Bound Bound Total
2654* City Center 3,847 6,399 10,246 7,778 893 8,671
2784 Fort Worth 2,832 5,422 8,254 882 448 1,330
2783 Beach Street 2,126 5,525 7,651
2840 Haltom City 2,536 6,405 8,941
2839 Loop 820 (east) 10,291 4,821 15,112 25,336 736 26,072
2883 Hurst 12,287 3,373 15,660
2927 Euless 2,520 983 3,503
2930 Southwest 2,243 835 3,078
2916 Bedford 5,487 1,061 6,548
2906 Airport 6,358 6,211 12,569 7,154 11,622 18,776
3078 Belt Line 15,640 5,342 20,982
3110 North Irving 8,539 2,375 10,914
3133 Texas Stadium 8,577 1,339 9,916 12,105 2,951 15,056
3149 Brookhollow 13,216 2,698 15,914
3170 Medical Center #1 4,858 2,243 7,101
3175 Medical Center #2** 5,568 7,876 13,444
2578 Union Terminal 7,072 9,149 16,221 22,713 12,584 35,297

* %

Riders boarding or alighting western extension from
not included; riders onboard at City Center station also not included.

Included in 1990 patronage estimates only.

Grand

Total

18,917
9,584
7,651
8,941

41,184

15,660
3,503
3,078
6,548

31,345

20,982

10,914

24,972

15,914
7,101

13,444

51,518

City Center station in Fort Worth



stations cited previously were 2784, 2783, 2840 and 2916, re-
spectively.) Zoarding volumes at the Loon 12 station in Dallas
for the local line were just barelvy under 10,000 at 2900.

It is apparent that other than the five stations cited
above, the local stations will draw significant patronage in
1990 and therefore should be implemented between 1980 and 1990
if, in fact, they are not included in the 1980 system. It
would probably be appropriate to consider consolidating ser-
vice from the Beach Street and Haltom City stations in Tarrant
County into one station because of their low volumes. Fort
Worth station, just east of the CBD would handle a total of
nearly 18,000 daily riders considering both local and express
services. This is a major increase from that observed in 1980.
Some portion of that increase however may have been derived
from the City Center station where patronage dropped from the
37,000 in 1980 estimates to just over 30,000 in the 1990
figures.

The 1990 station boarding indicated that 56,000 people would
board at the east Loop 820 station in Fort Worth, a significant
increase beyond the 22,000 estimated in 1980. This is most like-
ly attributed to the improved feeder service offered by express
buses operating on Loop 820 in the completed Regional Transit
System in 1990, These services are apparently attracting rider-
ship away from radial lines in Fort Worth that in 1980 brought
riders into the downtown City Center station for boarding the
U-TACV system. This also explains a portion of the decrease in

boarding at the Fort Worth City Center station,
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Station volumes at other express stops, at the Airport and
in Dallas County increased significantly although volumes at
the east Loop 820 station in Fort Worth jumped only about 10
percent. Boarding at the Union Terminal increased nearly 20
percent. Volumes at the Airport station increased by over 40
percent.

The drop in riders at the Loop 12 station in Dallas (Texas
Stadium) is probably best attributed to changes in the feeder
service as well as addition of the high-speed express line
out the Stemmons Freeway. That express line will attract a
good portion of the riders in the northwest quadrant of Dallas,
whereas the U-TACV line was carrying those riders in the 1980
estimates. In addition, there was a line west from Texas Sta-
dium to Irving providing high level feeder service to Texas
Stadium station of the U-TACV line for 1980. That line has
been routed south along Loop 12 in the 1990 system, serving more
of a circumferential feeder function than had been supplied pre-
viously.

Table 9 summarizes 1990 station-to-station travel handled
by the U-TACV and is significant to indicate travel patterns
which were observed between respective stations. The table
shows the heavy predominance of trip destinations into Dallas
County from stations both in Dallas and Tarrant Counties. The
line is therefore serving activities along the U-TACV corridor
in Dallas County as well as providing service to the Regional

Airport and downtown Dallas. The volumes shown there are of
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course production and attraction volumes indicating that trips
produced in Tarrant County, i.e., from people living there,
are using the U-TACV system to gain access to attractions,
i.e., employment and other activities, in Dallas County.

The single biggest attractor is the Dallas CBD, at the
Union Terminal station. Major attractions occur at both Texas
Stadium and the Brookhollow station. Ridership to the two
Medical Center stations in the 1990 system was also quite high.
The second highest single station however was the Airport sta-
tion, attributable primarily to air passenger and related
trips. Of trips to the Airport, 21 percent originate in Fort
Worth boarding at or west of the east Loop 820 station. An
additional 5.6 percent boarded the U-TACV line west of the City
Center station so that the Fort Worth contribution to Airport
demand was 26.8 percent. Trips from Dallas boarding at or
east of Loop 12 were 42 percent of Airport trips. An addi-
tional 11.9 percent boarded at stations between Loop 12 and
the Airport.

These figures indicate that, as would be expected, about
one-third of Airport patronage is coming from Tarrant County
and two-thirds from Dallas County. The linkage described be-
tween stations in this table can be useful for consideration
at some later time of designing particular U-TACV line servi-
ces to connect heavily related stations. This would reduce
operating costs and increase effective operating speed between

major stations by eliminating the needs to stop at intermediate



stations at which very few productions or attractions are

observed.

Traffic Assignments Summary

The traffic assignments for 1980 and 1990 have indicated
that the U-TACV system will attain a great portion of its
growth as soon as it is implemented but that significant addi-
tional patronage will be generated by improved feeder services
provided when the completion of the Regional Public Transpor-
tation system is realized by 1990. Comprehensive feeder ser-
vices at a lower level of service were provided for 1980, but
the extensive exclusive guideway service in the 1990 system as
well as population and employment increases in the ten-year
period produced sizable increases in U-TACV patronage.

As would be expected, traffic is much heavier in Dallas
County than Tarrant County, and the system is providing a means
of good accessibility from Tarrant County residential areas to
activities located in Dallas County, particularly in the City
of Dallas. The U-TACV system is providing good service to the
Regional Airport, the second largest attraction station on the
system, but service to downtown Dallas and downtown Fort Worth
as well as to major points in-between is attracting the great-
est portion of riders. It is apparent therefore that the sys-
tem is not just an Airport service but it is providing truly
regional transportation service for people living in the two

counties desiring to engage in activities which would otherwise
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be quite distant and difficult to reach by private automobile

operating on a congested highway system.
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IV, SENSITIVITY ANALYSIS

The 1980 and 1990 transit travel forecasts were useful for
evaluating the impact, feasibility, design and cost of the
u=TACV system. It is important, however, to be able to ascertain
the effects that variations in policy and operational changes
from those assumed in these estimates might have on U-TACV ri-
dership. In order to assist in determining this, sensitivity
analyses were performed to investigate the relationships between
patronage and various service parameters, fare structure and
other aspects of the U-TACV system. The sensitivity analyses
developed procedures and preliminary information on the response
of patronage for the U-TACV system to variations in levels of
operating and policy parameters, providing a definitive tool
with which to evaluate the cost/revenue/service relationships
to patronage of the U-TACV system. These procedures will be a
useful tool for determining the effectiveness of various mass
transit investment policies for the U-TACV svsten or other
porticns of the Regional Public Transportation Systen.

The sensitivity analysis of patronage to various operating
and policy parameters was performed in two distinct but comple-
mentary ways. The first analysis was mathematical sensitivity
analysis. In this analysis a mathematical dissection of the
modal split model was performed to ascertain the quantitative

effects on ridership of variations of levels of service. The
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27 in which the subarea

second portion was a subarea analysis
directly served by the U=-TACV systen was isolated and examnined
in detail. This analysis consisted of varying U=-T2ACV service
levels and using the model to test effects on patronage., The
subarca analysis provided verification of the mathematical sen-

sitivity analysis and useful patronage estimates for different

U-TACV service levels,

MATHEMATICA, SEUSITIVITY ANALYSIS

There are two possible approaches for determining the sen-
sitivity of U-TACV ridership to varying system parameters. The
first is to modify the parameters and run the patronage models
to determine the effect on ridership (this i3 the approach used
in the subarea analysis described later in this chapter). The
second approach is to analyze mathenatically the 'elasticity!
of patronage (model output) to changes in systenm parameters
(model input). Llasticity is defined as the percent change pro-
duced in nodel output (patronagc) due to a onc percent change
in an input paramecter (U-TACV level of service). The nmodel can
be said to be ‘'elastic', 'perfectly elastic' or 'inelastic' de-
pending on whether the elasticity is greater than, equal to or
less than one. For the mathematical sensitivity analysis, the

input parameters examined were auto cost factors and U-TACV

27 "Procedures for Transit Subarea Analysis", Addendum to
U-TACV Patronage Analysis Report, Alan M. Voorhees &
Associates, Inc., March, 1975.
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fare and service characteristics, and the output evaluated

was patronage.

Sensitivity to Feeder Service

The elasticity analysis was broken down into two steps, one
for the feeder system serving the U-TACV line, considering the
effects of varying feeder service levels, and one for the U=TACV
line itself, considering effects of varying U-TACV service levels.

For the feeder service sensitivity analysis a set of standard
conditions was assumed as a base for comparison of effects. The
assumed base conditions for this analysis are shown in Table 10.
They were selected because they were typical of feeder services
and auto factors in the U-TACV corridor. The equation used to
calculate marginal utility is shown as part of Table 10 along
with a description of the individual factors in the equation. Al-
so shown in Table 10 is the extreme values equation for the modal
split model, which uses values of marginal utility to calculate
modal split.28

The sensitivity analysis of feeder system parameters was con-
ducted by varying the service parameters in the utility equation
individually, holding others constant while each was changed.

The sensitivity was developed by observing change in modal split
as each variable changed independently. The change in indepen-

dent variables represented changes in feeder system service and

28 The extreme values formulation of the mode split model was
discussed on page 52.
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therefore were changes in transit disutility. Figures 15, 16
and 17 were developed to indicate the effect on nodal s»nlit of
changes in feeder system access time, run time and cost. These
narameters are for the feeder systen in the U=-TACV corridor
and do not relate to the line haul portion of the U-TACV trin.
711 curves in these fiqures meet at the abscissa value 13,
which is the base case given in Table 10 and for which mode
split was calculated as 19 percent, the ordinate value for the
intersection point. Figure 15 suggests that terminal tines
affect U-TACV patronage in a fairly linear manner. Given the
basc condition used in this analysis, nodal split is slightly
more sensitive to feeder headway than to access time and more

sensitive to these considerations than to auto terminal tine.

Figure 16 demonstrates that transit (feeder) and auto specd
changes have nearly hyperbolic relationships to modal split.
Patronage is more sensitive to changes in feeder system speeds
than auto system speeds because the base value for transit is
much lower than auto. It is particularly interesting that great
increases in feeder system speed will yield less than a 10 per-
cent change in modal split while severe decreases in speed from
the base value will drive patronage to zero (100 percent auto).

Figure 17 shows the sensitivity of U-TACV patronage to eco-
nonic factors of the feeder system. The modal split is most
sensitive to parking cost; increases in fares and income pro-

duce about equal effects on patronage.
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These estimates of the sensitivity of patronage to feeder
system parameters must be interpreted with knowledge that the
base values (i.e., those values which are assumed to be typi-
cally representative of the service area) have a great influ-
ence on the relative impact of the variables. For instance,
patronage from a low income zone will be much more sensitive to
changes in income than would patronage from a high income zone.
And sensitivities shown are all affected by the base values as-
sumed for feeder system service.

The general conclusions which can be drawn from Figures 15,
16 and 17 can be useful for interpreting the appropriate direc-
tion to proceed for improving transit ridership. Significantly
the two most important factors are the most and least easily
affected, respectively, parking cost and income. Parking poli-
cies are readily implemented and can have direct or indirect
impact on parking charges. Changes in auto operating costs
with increased gasoline prices apparently have little impact.
Reducing transit fare also would return relatively small pa-
tronage increases. Increased transit speed, by using exclusive
guideways, seems not to be particularly effective either. Re-
duced highway speed, due to congestion, would be quite important
however. These kinds of considerations are helpful for planners
and operators to demonstrate to policy=-makers the most fruitful

pursuits to effect change.
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Elasticity Analysis

The elasticity of any modal split element is not constant
throughout the range of possible values. The understanding of
U-TACV patronage sensitivity can therefore be broadened when
an analysis of elasticities is developed. Elasticity is the
incremental change to be expected in a dependent variable due
to an incremental change in an independent variable. Elasti-
cities are important for developing a generalized understanding
of how change in one variable affects another.

The relationship describing the percent change in modal
split for a one percent change in any utility element is shown
below. It was derived from the extreme values formulation in

Table 10 in the manner shown in Appendix A,

Percent Change = B,Cac (%o C + B +4)

Initial value of element

where: 2,

C = Utility coefficient of element
«, . = lodel parameters
B = Combined base disutility of all other elements

Using this formulation and any base value, modal split elasti-
city and change due to varying feeder system parameters can be
determined in the same manner as described previously. Since
the range of possible combinations of feeder and line haul le-
vels of service is great, this relationship is critical to the
determination of realistic patronage estimates for any unique

situations tested.
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Sensitivity to U-TACV System Parameters

When the elasticity equation shown above is applied to
service parameters for the U-TACV systemn, the relationships
shown in Figures 18 and 19 can be developed.

To deal with the base values implied in the coefficient 'B'
of the elasticity equation, the concept of 'regional level of
service' nust be considered. If transit service for any parti-
cular interchange is poor, it would be difficult to make enough
improvements to yield a major change in transit choice. If
however transit service for that interchange were good and mode
split was correspondingly high, the change in patronage due to
even rather small service improvements would be good.

For each relationship in Figures 18 and 19, three curves
are drawn, each representing different regional transit service
levels., These curves represent different levels df system qual-
ity from elements whose sensitivity is under consideration. The

values '+100', '0' and '-100' are the combined base values ('B')

of marginal utility, excluding the element being analyzed. They

can be interpreted as representing 'low level of transit service'
(+100), 'good level of transit service' (0) and 'high level of
transit service' (-100), respectively. The entire 1990 Base
Regional Transit Network reflects a condition of 'good' transit
service (0).

Figures 18 and 19 show elasticity of each parameter in the

disutility equation, the percent change in modal split for a
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one percent change in each system parameter. TFigure 18d shows
an example analysis of the elasticity of modal split with re-
spect to run time. Tor a particular zonal interchange where
transit service is 'low' (marginal utility = +4100) and the U-
TACV run time is 10 minutes, a 0.6% increase in nodal split
would occur in response to a 1% decrease in run time. From Fig-
ure l8c, a 1% increase in run time would decrease mode split Ly
0.8%., Both of these effects are less for situations having
better transit service (0 and -100). Thus, for good services,
service improvements return marginally less for service improve-
ments than for bad services. For bad services, further deter-
ioration yields more decay in nmode split than improvements
yield increases, but for good services the changes are nearly
the same.

Figures 18 and 19 demonstrate that modal split is generally
inelastic with regard to U~-TACV operating system parameters
when the level of transit service is good. VWhen service is not
good, changes in the U-TACV systemn have a much more dramatic
effect on patronage. This seems to say that U-TACV service
rust be especially good in an environment where the subregional
systems feeding it do not provide good service. But after a
regional system such as R3 is complete, the speed of service in
the subject corridor could be varied without drastic effects,
e.9., not using U-TACV in the corridor.

The effects of changes in fare, parking cost and income as

shown in Figure 19 are predictable. Iligher income people are
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less likely to make a change in mode due to cost adjustments
than those from lower income groups since cost variations are
less important to themn.

For modal split decreases the elasticity is greater than
for rmodal split increases. This is due to the fact that at any
point on the extreme values distribution curve, an improvement
in service quality would yield fewer passengers than would be
lost by an equal decrease in service. This is quite significant
for the U-TACV analysis since reducing service on the U-TACV or
on any of the systems feeding the U-TACV will result in signif-
icant patronage reductions for the U-TACV itself. The magnitude
of these changes can be read directly from Figures 18 and 19 by
noting the change in marginal utility between the +100, 0, and

-100 curves and the resulting patronage changes.

U=-TACV PARAIMETER OPTIMIZATION

When analyzing the sensitivity of U-TACV patronage to sys-
tem parameters mathematically, it is possible to examine system
optimization. Traditionally optimization has utilized the
cost/revenue ratio so a test of the effectiveness of this mea-
sure was performed.

Decisions relating to transit service are often concerned
with allocating limited financial resources so that maximum
return (in terms of service, patronage, etc.) on investment is

achieved. For the U-TACV system, for instance, the operating
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agency could assign any number of vehicles to a particular

route (within the range of feasible headways). If more vehicles
were added, the cost would increase but patronage and revenue
would also increase. It can be demonstrated that for any par-
ticular area there is an optimum headway which will minimize

the cost/revenue ratio. This relationship of cost/revenue ra-
tio to service (headway) is illustrated generally in Figure 20.
A sinmilar analysis can e daveloped for cach of the syston at-
tributes in the disutility cquation.

An optimization analysis of U-TACV headway and fare was
prepared using the cost/revenue ratio. This was done to see
if the cost/revenue ratio could be used to determine the opti-
mum headway and fare for U-TACV,

The mathematical procedure for optimization relies on sim-
ple calculus and the extreme values theory. This theory states
that if a function is real, continuous and bounded, at least
one maximum and one minimum exist. The location of a maximum
or minimum point is determined by setting the first derivative
of the function to zero. Thus the cost/revenue ratio (C/R)
would be optimized if the derivative of the C/R function is
zero.

The marginal utility relationship can be simplified as

follows, assuming all variables but headway to be constant:

U=.’2.5TW+K0
Where: U = Marginal disutility
Tw = Headway
Ky = Combined marginal disutility of all

other elements
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60

But: Tw = % Headway = 5p (1)
Where: B = Vehicles/hour
U = 75/B + KO

Based on the extreme values distribution, modal split is a
function of marginal utility (a variable) and the calibrated
constant parameters o and ¢« :

_ew
MS = e

Where: W =o(U +.)
=x(75/B + Ko +c)
which simplifies to: (2)
W = 75 «x/B + K,
Where: K, =o(Ky +eu).
It can be assumed that operating cost is proportional to the

number of buses used on a route:

C + K,B (3)
Where: C = Cost
Ky = Proportionality constant

Similarly revenue is proportional to the number of passengers

which in turn is proportional to modal split:

w
= = -e
R = K;MS = K, e (4)
Where: R = Revenue
MS = Modal split
K; = (Total person trips)x(fare)

The cost/revenue ratio is calculated from equations (3) and

(4) as:
K2B

C/R

W
K3e'e
W (5)

+e
K4B e
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This function is minimized by setting the first derivative to

zero, i.e.:

+e"
d(C/R) _ d(K4B e ) - 0
dB dB
This simplifies to: B eW (%g) +1=0 (6)
From above: aw d(75/B + K1)
dB dB
- 75«
B2
Therefore equation (6) becomes: Z%f A (7)

The optimum cost/revenue, as a function of the number of vehicles,

is given by combining equations (5) and (7) as:

c/R = K, B eB/75% (8)

This can be demonstrated graphically by plotting representative
values of C/R for three levels of marginal utility (KO) as

shown in Figure 21.

In a similar manner it can be shown that transit fare can be

optimized with respect to the cost/revenue ratio. Equations (7)

and (8) are paralleled in the fare analysis by:

A ? FWo (9)

I/A «F

and C/R (10)
Where: A = 2080(60)4

Fare curves are also shown in Figure 17.
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Figure 21 is a rich source of information pertaining to
general principles of U-TACV system design. Most notable is
that the optimum headway provides such a low level of service.
This figure indicates that one vehicle, every 45 minutes to an
hour, would yield the maximum return for investment. Such ser-
vice, however, would likely be unacceptable for work trips in the
peak period and quite possibly would be ovarruled &7 leoad fac-—
tor criteria or general service policy for the U-TACV system.

The optimum headway curve also points out a weakness in the
specification of marginal utility which must be assessed. The
U-TACV system is oriented to three high-density nodes, the two
central business districts and the Regional Airport. With
these orientations the work trip, shopping trip and air passen-
ger trip will be important service considerations. Work and
air passenger trips must be made so that the trip is completed
before some prescribed time. If headways are long the patron
may have to leave his home earlier than he would like and be
faced with a period of dead time at his destination.

This dead time can be thought of as transit ‘'terminal time'

and is relatively unimportant when headways are less than about

one-quarter hour. But it begins to become a significant factor
beyond that. The transit terminal time does not yield readily
to detailed analysis. Longer headways are uncommon in most
systems and when long headways do occur, the schedules are ar-
ranged to minimize transit terminal times. Thus in actual
surveys the terminal time phenomenon is usually statistically

insignificant relative to other access time components.
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For the U-TACV system the effect of the transit terminal
time can be evaluated by analysis of a hypothetical condition
where schedule arrangement does not attempt to minimize termi-
nal time. Such a condition would be approximated if a number
of routes connecting to U-TACV had long terminal times or if
work hours or airline departures were broadly staggered. 1In
such cases the transit terminal time for U-TACV would approach
one-half the headway and the total excess time component would
be:

E =T, + Ty + Tp,

But Tp = Ty % Headway

Therefore E = Tp + 2Ty
The effect of transit terminal time on the cost/revenue ratio
optimization curve is also shown in Figure 21. 1In actual sys-
tem design the true optimization curve would lie somewhere be-
tween the two curves shown, depending upon specific scheduling
and other system details.

Another interesting conclusion from Figure 21 is that the

optimum level of fares ranges from $.40 up. The optimum fare

curve tends also to level off rapidly as fares are raised, in-
dicating that the cost/revenue ratio is not particularly sen-
sitive to fares if the other disutility components are such
that a high level of transit service is provided. 1In other
words at such levels of operation the gain in revenue by in-
creased fares would be very nearly matched by loss in patronage.
From consideration of optimization of U-TACV headway and

fare based upon the cost/revenue ratio, it is apparent that the



level of service provided at 'optimun' levels of cost/revenuec
would be unacceptable on a service basis. This indicates that
navzimization of revenue and ninimization of cost are not suf-
ficient to give even a rough indication of an optimun systemn,
The planncr must achieve a tolerable deficit/service level
rather than simply optinizing matliematically.

The mathematical sensitivity analysis, elasticity analysis
and parameter optimization do not replace the judgment of the
system designer and policy makers. These techniques are tools
to aid in analysis of the U-TACV system and must be used within
the context of the engineering, cost and political factors that
affect system feasibility. The mathematical sensitivity analy-
sis is important however because proper use of these tools can
be invaluable to U-TACV system planners as the concept becomes
reality.

These analyses have been based on the assumption that the
R3 Regional Public Transportation System would be operating to
provide service to the U-TACV system. If those facilities are
not built the effects on patronage of changes in various oper-
ating factors could be quite different than those shown. This
is the reason for showing conclusions for three levels of
transit service. If the R3 system utilized as input to this
analysis is not constructed, the effect of operating parameter
changes on ridership will increase. The mathematical sensiti-
vity is not linear in nature; if less than half the regional

system is constructed, it can be expected that the sensitivity
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of patronage to U-TACV operating parameters will be greater

than twice that at the base level.

SUB-AREA ANALYSIS

Sub-area analysis procedures are methods for studying in
detail selected areas within a larger system. The primary ad-
vantage in using the sub-area technique is the ability to
examine any reasonable detail of selected areas repeatedly at
a minimum cost, within the context of the trip-making charac-
teristics of the region.

The purpose of the sub-area analysis was to examine the
U-TACV operating parameters and operation of the feeder/distri-
bution systems in the U-TACV corridor to ascertain their impact
on U-TACV patronage. This procedure, along with the mathemati-
cal sensitivity analysis, provides a comprehensive set of tech-
niques for definitive evaluation of the U-TACV patronage.

The U-TACV sub-area analysis was performed in two distinct
steps. The first step was 'detailing'. The detailing was
done by preparing the R3 transit network in a way to ease the
sub-area analysis. The detailing made use of specially fine-
grained levels of zonal, line-haul and feeder/distribution
configuration within the sub-area (U-TACV corridor) and pro-
gressively more aggregated levels outside the area. The areas
of differing zonal detail are shown in Figure 5 .

By properly detailing the 1990 R3 regional transit network
when it was coded initially, an additional step to develop a

sub-area network was avoided.
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The second step for sub-area analysis was 'isolating'. This
involved separating the U-TACV corridor from the rest of the
regional network and area for detailed subarea analysis. The
U-TACV sub-area was somewhat larger than the area for which de-
tail was needed. This was to assure that major activity areas
such as the CBD's and places where substantial access and egress
would be provided were included. The sub-area chosen closely

paralleled the first level of zonal detail shown in Figure 5 .

Sub-Area Procedures

In order to accomplish the isolation of the U-TACV sub-area
from the rest of the R3 transit network it was necessary to de-
velop a schematic network. The schematic network was a very
much simplified representation of the R3 transit network in
the sub-area. The schematic network was used with a special-
ized computer program to extract trips using that portion of
the regional transit system which was in the sub-area from
trips throughout the rest of the system. The details of this
procedure are described in a memorandum prepared as part of
the Multi-Modal Program.29 The results were trip tables of
all person and transit trips in the U-TACV corridor.

The sub-area transit network was then extracted from the
full R3 regional transit network. This was done to test the

effects of changes in various factors on transit travel in

29 "Procedures for Transit Subarea Analysis", op. cit.
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the corridor. The sub-area transit network was prepared by
reprocessing data for the detailed transit network in the sub-
area to obtain an independent U-TACV corridor network.

After the trips and network for the U-TACV sub-area were
isolated, alternative schemes for the U-TACV system and its
feeder network were developed and tested. Conditions in the
rest of the region were assumed constant for these tests. The
marginal utility changes resulting from system changes were
processed, and the resulting modal split change was computed.
The transit ridership resulting from the revised modal split
was then compared with base values to determine the net effect
of the service changes tested.

The procedure allowed for economical and effective analy-
sis of several alternatives within the sub-area and provided
for regional integrity of the total person trip-making charac-
teristics. For the sub-area tests it was assumed that the
distribution of regional trips would remain the same and that
only the modal split percentages would vary, due to changes

in sub-area service characteristics.

Sub-Area Test Schemes

Initially, a test was performed using only the base system
in order to examine the validity of the sub-area model. The
results of this test were within 4 percent of the total rider-

ship isolated for the U-TACV corridor from the 1990 regional
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modal split analysis. This total transit ridership became the
basis to which each of the alternative schenes was compared.
Using information from the mathematical sensitivity analysis as
guidelines, several sub-area tests were performed to quantify |,
the impact of variables considered the most significant for
U-TACV patronage. Three alternative schemes were tested:

* Accessibility of U-TACV feeder/distributor systems

® U-TACV operating cost characteristics

® U-TACV station accessibility.

" Alternative 1l: Accessibility of U-TACV Feeder/Distributor

Systems

The purpose of this scheme was to quantify the impact of
providing a lower level of feeder/distributor service within
the U-TACV intensive study area. Providing headways of 20 min-
utes on all feeder buses serving sub-area origins and destina-
tions during the peak hour resulted in a 12 percent decrease in
total transit ridership. This can be interpreted to mean that
a decrease in the level of service provided on feeder/distribu-
tor systems can have a major impact on sub-area patronage re-
gardless of the level of service provided in the non-sub-area

corridors.

Alternative 2: U-TACV Operating Characteristics

The second scheme examined the impact of reducing the level

of service, specifically line-haul frequency, on the U-TACV ex-
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press and local service. This scheme compared a composite
headway of 10 minutes on the U-~TACV alignment as opposed to the
2.5-minute headway used in the 1990 regional test. Results of
this test indicated an 8 percent decrease in the total transit
ridership. 1In retrospect, however, the full impact of frequency
variation is largely dependent upon the line-haul facilities
provided in the non-U-TACV corridors. The 8 percent decrease
therefore represents the impact on U-TACV patronage in the sub-
area only,with a high level of transit service in the non-U-

TACV corridors.

Alternative 3: U-TACV Station Accessibility

Three stations west of the Airport Station and two stations
east of the Airport Station were removed from the U-TACV local
line operation. These stations represented the lowest projec-
ted usage as observed in assignment for the full R3 system.
Results of this test yielded only a 2 percent decrease in total
transit ridership. Closer examination at each subset of zones
served by the removed stations indicated that either (1) the
additional transit run time incurred to reach the U-TACV ser-
vice was not significant; or (2) the amount of transit patron-

age originally served was relatively small.
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V. REVENUE AND OPERATING COSTS

Revenue and operating costs for the U-TACV system were
prepared from traffic estimates for 1980 and 1990. The 1990
traffic estimates used were those for the most likely case
rather than the optimistic estimate. The reason for this was
that the most likely traffic estimate was consistent with the
physical facilities provided for which cost estimates had been
prepared as part of the engineering studies in this program.
The vehicular requirements to handle the demands of the opti-
mistic patronage estimate would have dictated significantly
larger stations and materially changed other aspects of both
construction and operation from those which were assumed for

the physical facility design and cost estimating.

REVENUE ESTIMATES

Estimates of the revenue fér the U-TACV system were cal-
culated by proportioning total regional system revenues to in-
dividual operating components based upon the passenger miles
of service proévided by each component. The basic revenue per
day for each patronage estimate was calculated by multiplying
the transit trip table (zone-to-zone transit trips) by the
zone~to-zone fare matrix. The fare matrix included initial
boarding fares as well as transfer and zone fares and was pre-
pared as part of the transit network processing. The average

daily revenues are summarized in Table 1l1l. Revenue shown for
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TABLE 11

REVENUE ESTIMATES
INTERCITY U-TACV SYSTEM
(1980 and 1990)

1980
Daily Total System Riders 571,100
Daily Total System Passenger Miles 6,867,900
Daily Total System Revenue $ 261,500
Daily U-TACV Riders 115,600
Daily U-TACV Passenger Miles 2,011,100
Daily U-TACV Allocated Revenue $ 76,600
Annual U-TACV Estimated Revenue* $24,435,400

* Based on annualization of 319; see Table 12, p.

1990

2000**

1,094,300

10,000,800

$

482,700

146,600

2,294,600

$

110,800

$35,345,200

116.

1,451,400

13,965,400

k%%

204,200
3,059,900
$ 147,800

$47,148,200

** High level patronage estimate for 1990, would occur in about 2000 under

normal growth.

*** No detailed revenue estimates were prepared for the high level patronage

estimates.



the year 2000 is based upon the high level patronage estimate,
believed achievable by the year 2000 if patronage grows at
normal rates between 1980 and 1990. Revenues shown in the
table were estimated for the entire system operating on an av-
erage day in the year indicated.

The table also indicates the average daily ridership of
the U~-TACV system in each of the forecast vears. The major fac-
tor in the increase between 1980 and 1990 is completion of the
regional system. The increase between 1990 and 2000 is primar-
ily attributable to the change in development patterns which
will occur after the regional system is built, providing more
development within good accessibility of the transit system, It
is this kind of development and patronage impact which is dif-
ficult to forecast without an extensive iterative travel fore-
casting and activity allocation process,

The basis for allocating revenues among the various services
in the regional system was the passenger miles of service pro-
vided by each mode and line. The proportion of total passenger
miles provided by U-TACV was used because it allocates revenue
generated in accordance with service provided rather than mere-
ly tabulating fares collected on the U-TACV system, The latter
approach would have understated U-TACV revenue because the re-
mainder of the regional system fed U-TACV, The percentage of
total passenger miles on U-TACV was multiplied by the total

daily system revenue to obtain the revenue allocated to the

106.



U-TACV system for an average day. The daily revenues were

then factored by an annualization factor of 319 to ohtain an
estimate of annual revenue for the U-TACV system. 2Allocating
revenues to the various components of the regional system in
this manner may appear to be somewhat arbitrary, but it is in
fact quite equitable, being perfectly consistent with the pas-
senger service provided by each aspect of the regional system.
Use of this procedure permits returning to the various system
components, in the record books at least, compensation for the
amount of service to passengers they have provided. This ap-
proach does, however, tend to over-reward higher capacity systems
which usually also serve longer trips. Such svstems also usu-
ally have higher operating costs in order to provide the higher

capacity, higher speed service.

OPLRATING COST ESTIMATLS

The operating costs for the U-TACV system were prepared us-
ing procedures developed by the Rohr Corporation. Rohr has
done extensive work in cost analysis of the operation of their
prototype vehicle and was able to provide valuable inputs with
respect to the amount of power required to operate that vehicle.
In addition, however, Rohr has also prepared estimates of the
cost to operate all other aspects of a complete U-TACV transit
system. They have cooperated extensively with all contractors

on this project, providing several different operating cost

107 L]



estimates based upon different types of operation. The cost
estimates described here were prepared as part of this study
but were based upon the techniques and procedures used by Rohr
in previous estimates.

The operating cost estimates were accomplished in several
discrete steps, each of which will be described here briefly
along with summaries of the results. The details of these
cost estimates are provided in Table 12 subsections whose num-
bers correspond to numbers in each section heading. Detailed
backup for many of the assumptions and factors in the Rohr es-

timates that were used here are provided in a separate Rohr

report.30

I. Operating Plan

The basic element of the cost of operating the U~TACV sys-
tem is determining the amount of service that will be provided.
That service dictates the operating plan, which describes how
trains will be operated throughout the day, the week and the
year. The operating plan designed for purposes of preparing
the operating cost estimates is described in Table 12.

U-TACV trains would be operated in local and express modes.
Local trains would stop at every station. Express trains would

stop only at two stations in downtown Fort Worth, at Loop 820

30 "System Cost Analysis", Urban Tracked Air Cushion Program,
Phase II, Report 2.16, Rohr Industries, Inc., April, 1973,
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TABLL 12

I. OPERATING PLAN U-TACV OPERATING COSTS

60T

LOCAL EXPRESS
. Daily SS & H Daily SS &H
—_Time Train Car Train Car Train Car Train Car
From To Hours Hdwy. Cnst. Trips Trips Hdwy. Cnst. Trips Trips Hdwy. Cnst. Trips Trips Hdwy. Cnst. Trips Trips
2400-0500 5 ~ - = No Service = = = = = = = = = = = = =« - = - - - No Service = = = = = = = = = = = = =« - -
0500-0700 2 10 4 12 48 15 2 8 16 - - - No Service = = = = = = = = = = = - = - =
0700~0900 2 5 5 24 120 15 4 8 32 5 6 24 144 15 4 8 32
0900-1600 7 10 4 42 168 15 4 28 112 0 4 42 168 15 4 28 112
1600-1800 2 5 5 24 120 15 4 8 32 5 6 24 144 15 4 8 32
1800-2400 6 10 4 36 144 15 2 24 48 - — = No Service = = = = = = = = = = = = - - =
Annual
Vehicle
Trips 179,040 135,360
Total 24 138 600 76 240 90 456 44 176
Daily Car‘Miles @ 79.2(two ways) 47,520 19,008 36,116 13,940
Annual Miles 254 daily 12,070,080 2,109,888 9,173,464 1,547,340
111 ss&H
Daily Hours: Express - 52 min. Train: 225 124 78 38
Local - 98 min. Car: 280 392 395 153
Annual Hours: 254 daily Train: 57,251 13,779 19,812 4,233
111 ss&H 248,920 43,512 100,330 16,983
Total Annual Miles in Daily Service: 21,243,544 Total Annual Hours: Train Car
Total Annual Miles in SS & H Service: 3,657,228 Daily: 77,063 349,250
Total Annual Miles in All Services: 24,900,772 SS&H: 18,012 60,405
Total: 95,075 409,655
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TABLE 12

U~-TACV OPERATING COSTS

LOCAL EXPRESS
Daily SS & H Daily SS & H
Equiv. Equiv. Equiv. Equiv.
Time Train Equiv. Veh. Train Equiv. Veh. Train Equiv. Veh. Train Equiv. Veh.
From To Trips Vehs. Trips Trips Vehs.* Trips Trips Vehs. Trips Trips Vehs. Trips
2400-0500 - - -— - -— - -— - —— -—- - -—
0500-0700 12 3.5 42 8 2 16 —-—— - -— ——— - -—
0700-0900 24 4.25 102 8 3.5 28 24 5 120 8 3.5 28
0900-1600 42 3.5 147 28 3.5 98 42 3.5 147 28 3.5 98
1600-1800 24 4.25 102 8 3.5 28 24 5 120 8 3.5 28
1800-2400 36 3.5 126 24 2 48 —— ——— ——- —_— - -
Annual Vehicle Trips 519 218 387 157
Total (Annual) 131,826 24,198 98,298 17,094
Daily Car Miles
@ 79.2 (two ways) 156,024 115,392
Annual Miles} 254 daily 271,416
111 ss&H

* Equivalent Vehicles: because of aerodynanic drag effects, interior vehicles on
trains having more than two cars require less power for notive force (Table 12,
Section VvV, p. 116).



in Fort Worth, at the Airport, at Loop 12 in Dallas and at the
Dallas Union Terminal. No U-TACV trains would be operated
from midnight to 5:00 in the morning. Local service only would
be operated between 5:00 A.M. and 7:00 A.M. and between 6:00
P.M. and midnight. For two-hour peak periods in the morning
and afternoon, both local and express trains would be operated
at five-minute headways, an effective 2.5-minute headway for
the system. Between 9:00 A.M. and 4:00 P.M. both local and
express trains would be operated at ten-minute headways, pro-
viding an effective five-minute headway for the entire system.
U-TACV service on Saturdays, Sundays and Holidays would be op-
erated at fifteen-minute headways from 5:00 A.M. to midnight.
Express service would be operated only between 7:00 A.M. and

6:00 P.M., the same as daily operating hours for the express

line.

II. Operating Assumptions

A. Trip Time Allocation - Train operations analysis pre-

pared by PBQ&D as part of the engineering studies indicated
that the express trains could make a round-trip in 52 minutes.
Local trains would require 98 minutes for a round-trip. Based
upon the operating characteristics and station stopping plans
described previously, it was calculated that express trains
would spend about 59 percent of each trip at cruise speed, 28
percent accelerating and decelerating and 13 percent in sta-

tions. Local trains would spend 43 percent of their trip at
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II.

A. Express Trip Time -
Percent of Trip

Local Trip Time -
Percent of Trip

OPERATIONS ASSUMPTIONS

TABLE 12

U-TACV OPERATING COSTS

Acceleration
Total Dwell Cruise & Deceleration
52 min. 6.75 min. 30.71 14.54 min.
100.0 13.0 59.0 28.0
98 min. 8.00 min. 42.1 47.9 min.
100.0 8.2 43.0 48.8

Acceleration & Deceleration O e 150 mph requires 0.8340 min.

Local Trains - 14 stations

2 direction (0.834) (2) (2) (14)=

accel., + decel. 46.70
City Center to Fort Worth - 36 sec., twice 1.20
47.90 min.

4 stations

2 direction (0.834) (2) (2) (4) =
accel. + decel. 13.34

City Center to Fort Worth ~ 36 sec., twice 1.20

Express Trains -

14.54 min.
Dwell: Local Trains - 15 stations twice at 15 sec. = 450 sec.
Turnaround at Union Terminal = 30 sec.
480 sec; 8.0 min.
Express Trains - Airport 60 sec., twice = 120 sec.
Union and Texas Stadium 30 sec., twice = 120 sec.
Fort Worth and Loop 820 30 sec., twice = 120 sec.
City Center = 15 sec.
Turnaround at Union Terminal = 30 sec.
405 sec; 6.75 min.
Headway
Trip Time 50 10Mm  15M
B. Trains Required: Express 52m 11 6 4
Local 98m 20 10 7
1980 1990
C. Consists Required: Local Express Local Express
Maximum load point volumes 25,100 46,900 35,800 42,700
Using 17% peak hour } 3,000 5,600 4,300 5,100
70% directional
Using 80 passengers per car 3.1 5.8 4.5 5.3
and 5™ headways 4 6 5 6
Actual Load Factor 1.04 1.30 1.19 1.18

(Crush lLoad Factor =

1.33)
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cruise, 49 percent accelerating and decelerating and 8 percent
in stations. The lower percentage of time in station dwell
for local trains is due to the fact that the trip is longer;
the lower percentage yields a greater amount of time spent in
station dwell. In addition, express trains have longer dwell
times than local trains, primarily to facilitate handling of
baggage. Table 3 in Chapter III lists the station dwell times
for local and express service at each station. These figurés
are primarily important for calculating the power requirements
for operating U-TACV trains.

B. Trains Required - The number of vehicles required to

operate the system are calculated by considering the time ne-
cessary for a round-trip for each service and the number of
vehicles on each train during peak periods. For local trains
requiring 98 minutes for a round-trip, 20 discrete trains are
required to maintain a five-minute headway. For express trains,
which require only 52 minutes for a round-trip, 11 trains are
required to maintain a five-minute headway.

C. Consists Required - The maximum load point volumes for

local and express trains in 1980 and 1990 dictated the peak
period vehicle demand. In 1980, 38 vehicles on local tfains and
70 vehicles on express trains would be required; in 1990 the
vehicle requirements were 54 for local and 64 for express
trains. Four-car local trains and six-car express trains in
1980 and five-car local trains and six-car express trains in

1990 would be necessary to handle the traffic estimated at the
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headways specified.3l Train lengths were reduced somewhat in
off-peak hours and for Saturday, Sunday and Holiday service.
For these consists and the patronage estimated, it is antici-
pated that peak period load factors for local trains will be
approximately 1.19 in 1990 and 1.04 in 1980, and for express
trains 1.18 in 1990 and 1.30 in 1980. Crush load estimated
by the Rohr Corporation for 60-seat vehicles is 1.33 or 80
passengers. The operating plan and consists described require
approximately 314,400 annual vehicle trips. There would be
21,243,500 annual vehicle miles in daily service and 3,657,200
annual vehicle miles in Saturday, Sunday and Holiday service,
totalling 24,900,700 annual vehicle miles. Daily car hours
were estimated at 349,200. Saturday, Sunday and Holiday car
hours were 60,400 for total annual car hours of 409,600. The
annualization of operating figures was based upon 254 average
weekdays and 111 Saturdays, Sundays and Holidays.

D. Vehicles Required - In 1980 the peak period consist

would be four vehicles for local operation and six vehicles
for express. Adding 10 percent of the total peak vehicle
fleet for spares dictates that a total vehicle buy for 1980
operation would be 161 vehicles. For 1990 operation express
consists would still be six cars, but local consists would be
five. Assuming that 10 percent spares would be adequate, a

total buy of 183 vehicles would be necessary.

31 Assumes entrainment possible and stations would be long
enough to handle multiple-car trains.

114.



E. Annualization - It was found that 16 percent of the

riders on the U-TACV system were air passengers or visitor re-
lated travelers. It was assumed that an annualization factor
for these types of trips should be 365. For the other 84 per-
cent of the trips on the U-TACV system a conventional annuali-
zation factor of 310, assuming approximately half service on
Saturdays, Sundays and Holidays, would be appropriate.
Weighting the annualizations by these two proportions indica-
ted that the appropriate annualization for the entire system

would be approximately 319.

III. Annual Patronage

Daily passengers for each year would be multiplied by 319
to obtain total annual passengers on the system. For 1990 the
most likely patronage estimate was 46,765,400 per year, based
on a daily ridership of 146,600 on the intercity portion of
the line. This estimate assumes that the full R3 Regional
Transit System would be in operation to carry riders to the
U-TACV system. The 1980 daily patronage estimate was 115,600

and 36,876,400 annually.

IV. Annual Revenue

As indicated in the first part of this chapter, the esti-
mated revenue is calculated by prorating total regional system
revenue according to the number of passenger miles served by

each system component. The U-TACV system in 1990 provided

115.



16% of TACV riders to/from Airport

TABLE 12

U-TACV OPERATING

Vehicles Required:

Peak Trains

Peak Consist
Vehicles Operated
Spares ( 10%)
Total Vehicles

Annualization:

84% conventional traffic pattern

o~

146,600 * 319

46,765,400

COSTS
(L) 1980 (E) (L)1990 (E)
20 11 20 11
4 6 5 6
80 66 100 66
8 7 10 7
lel 183

(365 days) (.16)
(310 days) (.84)

(1990)

j 31¢

. ANNUAL PATRO : ~
Tt NAGE: 115,600 * 319 = 36,876,400 (1980)
IV. ANNUAL REVENUE: U-TACV passenger miles = 2.295 million (22.9%) (1990)
2.011 million (29.3%) (1980)
Daily System Revenue $482,700 (1990) $261,500 (1980)
Daily U-TACV Revenue $110,800 (1990) $ 76,600 (1980)
U-TACV Annual Revenue  $35.345 million (1990)
$24.435 million (1980)
V. DRAG REDUCTION ADJUSTMENT FOR INTERIOR CARS
) 400 Drag ] .
Based on DOT Studies: 73555 |\Total /- 32% required to overcome aerodynamic
drag
950 . . . .
Reduce 400 x 75% = 300: T35 = 75% power required for interior vehicles
Interior End Equivalent
2 Car Train 0 2 2
3 Car Train (Ix.75) + 2 = 2.75
4 Car Train (2x.75) + 2 = 3.5
5 Car Train (3x.75) + 2 = 4,25
6 Car Train (4x.75) + 2 = 5.0
Weighted Vehicles, Peak Loading:
Loca} Trains = 20 20 x 4.25 = 85
Consist =
Express Trains = 11 11 x 5 = 55
Consist 6 140 peak equivalent vehicles operating
VI. DEMAND REQUIREMENTS
Local Express
HP % Time Usage % Time Usage
Acceleration 4650 24.4 1135 14.0 651
Deceleration ~1870 24.4 -456 14.0 -262
Cruise 2700 43.0 1161 59.0 1593
1840 1982
Equivalent Peak Vehicles Operating 85 55
156,400 109,010
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22,9 percent of the total passenger miles. The total average
daily revenue for the entire regional system was estimated at
$482,700 of which $110,800 was allocated to the U-TACV system
based upon its proportion of passenger miles of service provi-

ded.3?

Annualizing the daily revenue with a factor of 319 used
for calculating annual patronage, the 1990 U-TACV system reve-
nue was estimated at $35,345,200. This revenue is based upon
1967 dollars and the basic fare structure reported previously
having a 25¢ initial boarding fare. The 1980 daily allocated

revenue was $76,600, and the annual revenue in 1980 was esti-

mated as $24,435,400.

V. Drag Reduction Adjustment

Studies done for the U.S. Department of Transportation
have indicated that 32 percent of power requirement for U-TACV
vehicles is required to overcome aerodynamic drag. It was
reasoned however that a considerable amount of this drag would
be reduced on interior vehicles of trains having more than two
cars. Accurate estimates of the amount of reduction in drag
that would be achievable were not immediately available from
Rohr, but indications were that 75 percent reduction in aero-
dynamic drag would be possible. This would yield a reduction
in power required for acceleration, deceleration and cruise

for interior cars of about 25 percent.

32 In terms of 1967 constant value dollars. Inflation ef-
fects will be dealt with in "Financial Analysis", Wilbur
Smith & Associates,
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In order to simplify power requirement calculations, an
equivalent train length was calculated assuming that interior
cars of multiple-car trains would require only 75 percent of
the power of exterior vehicles. Thus the equivalent train
length of a two-car train would be two, but for a six-car
train it would be five. In the latter case, four cars re-
quire 75 percent of the power of lead and trailing vehicles,
effectively requiring the power of three cars; adding the
leading and trailing vehicles yields the five-car equivalent

train length estimate.

VI. Demand Requirements

The most important aspect of information provided by Rohr
was the amount of horsepower (HP) required by the U-TACV sys-
tem for acceleration, deceleration, cruise and dwell. Accel-
erating at 3 mph/second from 0 to 150 mph requires 4650 HP.
Decelerating at the same rate using regenerative LIM (linear
induction motor) braking yields an equivalent of 1870 HP. When
cruising, the vehicles require 2700 HP apiece. In dwell, i.e.,
when they are not moving, vehicles consume 825 HP for levita-
tion only.

To calculate power demand requirements a weighted peak de-
mand was estimated. To do this the percent of time accelerat-
ing, decelerating and cruising was multiplied by the horsepower

required for each. This was done individually for local and
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express services. The number of equivalent peak vehicles op-
erating was then multiplied by the total housepower required

for operation. To that was added the horsepower required for
dwell.

The results indicated that total peak power demand for local
trains was 163,000 HP. For express trains the peak power demand
was 116,000 HP, Adjusting for terrain and converting to kilo-
watts, the total peak power demand for train operation was
approximately 218,500 kilowatts. The power required for opérat-
ing stations and yards was estimated at 4,250 kilowatts. Assum-
ing losses were 18 percent, the total peak power demand for the
system was estimated at 262,850 kilowatts, which is approximate-
ly 26 percent of the current capacity of the Texas Electric

Service Co. in Tarrant County.

VII. Energy Required

Calculation of the energy necessary for operating the sys-
tem required computing the number of horsepower hours, for each
service individually, necessary to operate trains throughout
the year. The horsepower required for each aspect of the trip,
acceleration, deceleration, cruise and dwell, was multiplied by
the amount of time that horsepower was needed. Each trip of
an express train required 1719 HP hours. Each local train trip
required 3005 HP hours. These were multiplied by the annual
equivalent vehicle trips considering reductions in the power
requirements for interior vehicles., Dwell power, of course,
was then multiplied by true annual vehicle trips since aerody-

namic drag is not reduced when vehicles are not moving.
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Total power required for express train operation in a year
is 210,947,300 HP hours. Local train operations require
488,546,500 HP hours annually. These estimates were for the
1990 system operation and would be reduced only slightly for
1980 operation because of the smaller consists for local trains.
Adjusting for terrain factors and converting to kilowatts yiel-
ded an annual energy requirement of 550,260,270 kilowatt hours.

For 16 stations operating 19 hours a day, 365 days a year,
and yards and shops operating 24 hours a day, 310 days a year,
31,460,000 kilowatt hours annually would be required. Consid-
ering losses of 18 percent, the total energy demand for the

system for 1990 was estimated at 686,429,900 kilowatt hours.

VIII. Power Cost

Based upon rates for power supplied by Texas Electric
Service Company, it was estimated that demand charges for the
system for an entire year would be approximately $4,078,600.
Energy charges would be approximately $3,787,500 per year.

Total power costs would be $7,866,100.

IX. Other Operations Costs

Appropriate wage rates for labor classes employed in the
system were estimated at $7.00 for train operators and mech-
anics, $5.00 for station attendants and $10.00 for train con-
trollers. These rates were factored by 1.11 to reflect that

such people would be paid for 2080 hours although working



only 1872 hours. This accounts for 13 days each vacation and
sick leave. From the operating schedule described previously,
the number of manhours for train operations was calculated at
approximately 113,116 annually. At $7.78 an hour, this would
mean a cost of $880,000 annually for train operation. Train
controllers costs were estimated at $623,700. At five major
stations there would be two attendants. At 11 others there
would be only one attendant. The cost for station attendants
was calculated to be $1,943,400.

Maintenance costs were of several types. Labor costs for
maintenance of way and structures was estimated at $686,300
for 123,400 annual manhours. Materials for way and structure
maintenance were estimated to cost $2,254,800. Labor for
vehicle maintenance was estimated at $2,758,800. Materials
for vehicle maintenance were estimated at $5,760,800. Five
percent maintenance contingency was included and eight percent
of total maintenance cost for maintenance management was also
added, yielding a total maintenance cost of $11,588,700 an-
nually.

General and administrative costs were estimated at $268,700
a year. Insurance costs for accidents other than to employees
were estimated at $622,500. The total operations cost, not

including power required, was $15,927,000 annually.



VII.

VABLE LZ

U-TACV OPERATING

Dwell Power

Actual Peak Vehicles Operating

Total Peak Power Demand

Terrain Power Factor

Conversion to Kw

Peak Kilowatts Demand

Stations (16) and Yard (1)
@ 250 Kw

Losses (18%)

Total Demand Requirement

ENERGY REQUIREMENTS

A.

Acceleration and Deceleration

Power
Time

Acceleration
Acceleration

Power
Time

Deceleration
Deceleration

Net Acceleration/Deceleration

Power Per Trip

Cruise Power
Cruise Time

Dwell Power (Levitation)
Dwell Time

Power Required
Acceleration, Deceleration,
Cruise per Trip
Annual Equiv. Vehicle Trips
Annual Motive Power Requires

Dwell Power
True Annual Vehicle Trips
Annual Dwell Power Required

Total Annual Power Required

COSTS
Local Express
HP % Time Usage % Time Usage
825 8.2 68 13.0 107
100 66
6800 7062
163,200 116,072
1.07 1.02
0.7457 0.7457
130,200 88,300
218,500
4,250
222,750
_40,100
262,850 KW
Express Local
4650 HP 4650 HP
7.27 min. 23.69 min.
563 HP Hrs. 1856 HP Hrs.
-1870 HP -1870 HP
7.27 min. 23.69 min.
- 227 HP Hrs. -~ 746 HP Hrs.
337 HP Hrs. 1110 HP Hrs.
2700 HP 2700 HP
30.71 min. 42.10 min.
1382 HP Hrs. 1895 HP Hrs.
825 HP 825 HP
6.75 min. 8.00 min.
93 HP Hrs. 110 HP Hrs.
1719 HP Hrs. 3005 HP Hrs.
115,392 156,024
198,358,848 HP Hrs. 468,852,120 HP Hrs.
93 HP Hrs. 110 HP Hrs.
135,360 179,040
12,588,480 HP Hrs. 19,694,400 HP Hrs.
210,947,328 HP Hrs. 488,546,520 HP Hrs.
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TABLE 12

U~-TACV OPERATING COSTS

Terrain Factor x1.02 x1.07
Conversion (HPH ——+ KWH) 0.7457 0.7457
160,449,490 KWH 389,810,780 KWH

550,260,270 KWH

Stations: (16) @ 250 KW (19 hrs.) 365 days 27,740,000 KWH
Yard and Shops: 500 KW, 24 hrs. 310 days 3,720,000 KwH
Subtotal 581,720,270 KWH
Losses (18%) 104,709,648 KWH
Total Energy Demand 686,429,918 KWH

VIII. POWER COST

A. Demand Charges

First 20 KW N $ 50.35
Next 180 KW 305.28
Remaining 262,650 KW @ $1.378 361,931.70

$362,287.33

Primary Service Credit

First 200 KW S 42,40
Next 800 KW 102.40
Remaining 261,850 KW @ $0.085 22,257,25

($ 22,402.05)

Net Demand Charge per Month $339,885
Annual Cost for Demand $4,078,623

B. Energy Charges

First 100,000 KWH/mo @ $986.78 $ 11,841.36

Remaining 685,230 MWH @ $0.551 3,775,617.30
Annual Energy 3,787,459
C. Grand Total Annual Power Cost $7,866,081

use $7,866,100
IX. OTHER OPERATING COSTS

A. Wage Rates (without benefits)

Train Operators - $7.00 per hour $ 7.78
Train Controllers - $10.00 per hour 11.11
Station Attendants - $5.00 per hour 5.56
Mechanics - $7.00 per hour 7.78
Benefits accounted for by using 2080 hours paid - 1.1] times labor

1872 hours worked
13 days vacation
13 days sick leave
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TABLE 12

U-TACV OPERATING COSTS

B. Transportation

No. operators required --

Local Express
Time Hours HdAwy. Trains Manhours Hdwy. Trains Manhours

0500-0700 2 10 10 20 -— - --

> 0700-0900 2 5 20 40 5 11 22
o 0900-1600 7 10 10 70 10 6 42
af 1600-1800 2 5 20 40 5 11 22
1800-2400 5 10 10 _50 - - ==
220 86

- 0500-0700 2 15 7 14 - -- --
2| 0700-1800 11 15 7 77 15 4 44
0| 1800-2400 2 15 7 _14 - -- =
105 44

(220+86) (254)= 77,724
(105+44) (111)= 16,539
94,263 annual manhours
+ 20% for schedulinqlB,SS3
113,116 manhours
per hour §7.78

$880,042
C. Train Controllers
Annual Operating Hours 19 (365) = 6935
Factor: Route Miles = 39.6 (39.6)53.37 4 5 = 6.2269
Annual Psgrs.= 53.37 500
43,184
Plus 30% 12,955
56,139 hours 56,139
$11.11 per hour
$623,706
D. Station Attendants
Attendant Hours: 5 major stations with 2 attendants = 10
11 other stations with 1 attendant = 11
21
19 hours daily, 2 directions 38
365 days x 365 = 291,270
+ 20% 58,254
349,524
@ $5.56 per hour $1,943,353
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TABLE LZ

U-TACV OPERATING COSTS

E. Maintenance

1. Way and Structure: 1500 (39.6 route miles)
1200 (53.37 psgrs/year)

59,400
64,044

]

123,444 hours

@ $5.56 $686,348
Maintenance Materials: .014 (39.6 route miles) = 0.5544
.019 (53.37 psgrs/year) = 1.0140
$1.5684 x 10
.6864
Total Way & Structure Maintenance $2,254,800

2. Vehicles

Manhours per car: (0.016) (60=veh. wt. 1000's)+1.0=1.96

Operating Fleet = 166 cars (1.96) (.27) (.67)=
-20 354,600
1.0-(146 x 0.006) = 0.27)x$7.78= 2,758,800
Vehicle Maintenance MH = (.04) (Fleet Cost=.787x183) = 5,760,800
Total Vehicle Maintenance $8,519,600
3. Maintenance Contingency - 5% of Maintenance Costs = § 538,700

4. Maintenance Management:
8% of Total Maintenance Labor: .08(3,445,148)5 $275,600
5. Total Maintenance $11,588,700
F. General and Administration
80
39.6 route miles
— 39.6 route miles
. = + .
149.1 (2 “£5> ) (53.37 annual passengers)

$268.7 x 10°

G. Insurance 0.025(24,900,772) = $622,518

H. Total: Transportation S 880,000
Control 623,700

Stations 1,943,400

Maintenance 11,588,700

Gen. & Admin. 268,700

Insurance 622,500

TOTAL $15,927,000

X. TOTAL OPERATIONS AND MAINTENANCE

Power $ 7,866,100
O&M 15,927,000
$23,793,100 Per Car Mile 95.6¢



X. Total Costs

Combining the total power costs and operations and mainte-
nance costs yvieldnd an annual figure cf 23,793,100 nar vear in
1975 dollars. This was a cost of approximately 95.6¢ per car
mile of operation. This cost does not include any figure for

depreciation or replacement of vehicles.

ANNUAL OPERATING NET

The costs and revenues calculated in the manner described
previously were combined to obtain estimate of the net operat-
ing results which could be expected for the U~-TACV operation.

Prior to preparing this summary, the operating costs only

were escalated to account for cost increases which might be
expected due to inflation and increased labor rates. The rate
of increase was obtained from experience observed with opera-
ting costs of the Dallas Transit System. These appeared to be
the most appropriate increase rates available. The costs were
grown from 1975 base figures for the 1990 costs at a straight-
line increase of eight percent annually, thereby indicating a
40 percent increase between 1975 and 1980. The 1990 escalated
operating costs were approximately $52,344,800.

Revenues were not increased for either escalation or other
kinds of fare increases, and the basic fare structure was as-
sumed to be constant. This was done primarily to give an in-
dication of the nature of increase which might be necessary

to offset increases in operating costs due to various types of
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cscalation. Variations in revenue hetyeen 1980, 1990 and 2000
vere strictly due to increcases in patronage, changes in the
nature of travel on thce system, and consequent changes in the
fare charge structuroe, The revenue sihown is annual revenuc
allocatable to the U-TACV system based upon passenger niiles of
service provided by it. Deficits were then calculated as the
differencec hetween the cost and revenues for cach year., Table 13
sunmarizes the results of the deficit calculation indicating
that the operating deficit of this systen can bhe expected to

rise by approximately $500,000 annuallv to an estinated total

+

deficit of over 520 million by the end of the century. This def-
icit would occur if no fare increases are made over the base
fare assumed. 7The base fare assumed is lower than that charged

currently in either Fort Worth or Dallas.



TABLE 13

ESTIMATED CPERATING RESULTS
U-TACV SYSTEM

YEAR cosT REVENUE* DEFICIT

1980 $33,310,300 $24,442,100 $ 8,868,200
1981 35,213,800 25,531,000 9,682,800
1982 37,117,200 26,619,900 10,497,300
1983 39,020,700 27,708,700 11,312,000
1984 40,924,100 28,797,600 12,126,500
1985 42,827,600 29,886,500 12,941,100
1986 44,731,000 30,975,400 13,755,600
1987 46,634,500 32,064,300 14,570,200
1988 48,537,900 33,153,100 15,384,800
1989 50,441,400 34,242,000 16,199,400
1990 52,344,800 35,330,900 17,013,900
1991 54,248,300 36,512,400 17,735,900
1992 56,151,700 37,693,800 18,457,900
1993 58,055,200 38,875,300 19,179,900
1994 59,958,600 40,056,800 19,901,800
1995 61,826,100 41,238,200 20,587,900
1996 63,765,500 42,419,700 21,345,800
1997 65,669,000 43,601,200 22,067,800
1998 67,572,400 44,782,700 22,789,700
1999 69,475,800 45,964,100 23,511,700
2000 71,379,300 47,145,600 24,233,700

* Revenue for traffic on U-TACV lines between Dallas and
Fort Worth; does not consider traffic on U-TACV west of

City Center station in Fort Worth.
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VI. GOODS MOVEMENT ANALYSIS

The U-TACV system appears to offer a good opportunity for
moving certain goods between major activity centers and the
Airport. The system would serve the CBD's of the major cities
of course but it also would serve an existing major industrial
corridor in Dallas (along the Stemmons Freeway) and a proposed
industrial corridor in Fort Worth (along the Trinity Canal).
It also has stops at loop freeways in both cities which could
provide for good collector/distributor service, precluding the
need for longer truck trips to the Airport.

In analyzing the potential of the U-TACV system for goods
movement, an evaluation of the characteristics of the goods
most amenable to this system was performed. As a basis for
this evaluation, several references of past work were used:

Summary Report of Preliminary Goods Movement Data, North Cen-

tral Texas Council of Governments, December 1972; Goods Trans~

portation in Urban Areas, Committee 6K, The Institute of Tra-

fic Engineers; and Urban Commodity Flow, Special Report 120,

The Highway Research Board.

Based on this past work, a set of criteria was established
to determine the potential of U~TACV for moving each class of
goods. Once this potential was established, the projected de-
mand for U-TACV goods movement was developed based both on po-
tential and the attitudes of shippers toward U-TACV for moving

their goods.
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CLASSIFICATION QOF POTENTIAIL GOQODS

Several criteria were defined for determining if goods were
appropriate for movement on the U-TACV system. These general-
ized criteria permitted elimination of certain kinds of commod-
ities from further consideration and concentrating detailed
analysis on only those categories of goods that have reasonable
potential for U-TACV movement. The criteria are not mutually
exclusive but rather were designed to be cascaded as a series
of sequential screens to select those commodities which are
most appropriate for using the U-TACV. The following prelimin-
ary potential criteria were utilized:

Possibility for containerization: The majority of goods

which will be moved on the U-TACV system will be in con-
tainerized cartons or palletized. This is to facilitate
handling operations, thereby reducing loading and unloading
time at airplanes and at the U-TACV stations. Goods which
are now shipped in standard containerized cartons will

have a greater tendency to use U-TACV than those which
either require very costly changeover or for which it is
impossible.

Time constraints: Goods which are now shipped with criti-

cal time constraints are applicable for use of the U-TACV
system. Goods moved on the surface transportation system
are subject to delays and traffic. Even air transporta-

tion, such as helicopters, is subject to problems such as

severe weather conditions. The U-TACV system can provide
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a quick, reliable service to move goods which have time
constraints.

Movements Between Airport and Dallas/Fort Worth: As the

number of trips from the Dallas and Fort Worth CBD's in-
creases, so does the feasibility for using the U=-TACV
system, Since the U=-TACV system will provide direct ac-
cess to the Airport, goods which move along that corridor
should find it attractive to use the U=-TACV system. Goods
which are moved from either of the CBD's to the Airport
and between the CBD's with no intermediate stops would be
ideal for the U~-TACV system.,

There is significant goods movement to the CBD's from lo-
cations along the U-TACV route. This may represent a con-
siderable number of truck trips into the CBD's. The U-TACV

system could help consolidate some of these trips.

Using the above criteria, goods were categorized as to their

potential for U-TACV movement. These categories were developed
with the assistance of responsible personnel associated direct-
ly or indirectly with commodity movements through organizations

listed below. Table 14 indicates this potential.

INSTITUTIONAL CONSIDERATION FOR U-TACV GOODS MOVEMENT

When examining the potential of a system for moving people,

the analysis is concerned with public attitude and travel
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-~

MAJOR
COMMODITY
CLASSIFICATION

U.S. Mail
Airmail
Regular Mail

Small Parcels
Airmail
Reqular Mail

Food

Beverage

Tobacco

Textiles

Apparel

Furniture

Paper & Printing

Petroleum

Machinery

Transportation
Equipment

Technical
Instruments

TABLE 14
CRITERIA FOR DETERMINING
THE FEASIBILITY OF GOODS USING U-TACV

MOVEMENTS BETWEEN MOVEMENTS BETWEEN

POSSIBILITY FOR TIME AIRPORT AND DALLAS/FORT WORTH
CONTAINERIZATION CONSTRAINTS DALLAS/FORT WORTH & THE METRO AREA CONSENSUS
High High High Low High
High Medium Medium Medium Medium
High High High Low High
Medium Medium Low High Medium
High Medium Low High High
High Medium Low High Medium
High Medium Low High Medium
Medium Low Low Medium Low
Medium Low Medium High Medium
Low Low Low Medium Low
High Medium Medium High Medium
Low Low Low Low Low
Low Low Low Low Low
Low Low Low Low Low
Medium Medium Medium Medium
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habits. When analyzing the potential for goods movement, how-
ever, the public attitudes and habits are not directly a sig-
nificant factor. Rather the attitudes of various institutions
(both public and private) affect the potential for goods move-
ment. Existing freight carriers, regulatory bodies and freight
associations will all have important influence on the success

of U-TACV goods movement. For this reason and to obtain a

clear picture of such effects on U-TACV goods movement potential,

a series of interviews were held with representatives from sev-

eral organizations.

North Central Texas Council of Governments
Texas Highway Department

Dallas Chamber of Commerce

Fort Worth Chamber of Commerce

City of Dallas Traffic Department
AIRTRANS System

U.S. Postal Service

REA Express

Emery Air Freight

United Parcel Service

Dallas Delivery and Cartage Association

Individuals representing these organizations proved very
helpful by discussing the feasibility for moving goods on U-TACV
and by pointing out some of the potential problems that may
arise. From these interviews it was concluded that:

e Time constraints are a big factor in the movement of air
mail and parcels moved by air forwarders.
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* There is a sizable volume of mail and small parcels moved
daily between Love Field, Dallas and Fort Worth. This
involves many trucks and results in high operating costs.

* Mail and small parcels seem very amenable to use on the
U-TACV system.

* U-TACV system has to be dependable and secure to realize
its full goods movement potential.

®* Almost all air forwarders are anticipating moving their
terminals to the new Airport.

* There may be interface problems for movement of goods
between the U-TACV system and the AIRTRANS system.,

® Local deliveries of small parcels would not be applicable
for use of U-TACV,

®* The bulk mail service will have very little impact on the
new Airport.

®* Suppliers could send material over the U-TACV system for
concessions at the new Airport.

® Union Terminal would not be suitable for movement of
goods. The area to the south of Union Terminal would be
more applicable for goods movement because of railroad
sidings and reduced congestion within the CBD.

* There are no immediately foreseeable problems with

unions, with workers employed by U-TACV or its operation
for moving goods.

COMPUTATION OF GOODS MOVEMENT POTENTIAL

Based upon the preceding analyses, several categories of
goods were considered to have significant potential for use of
the U-TACV system. The categories which present the highest
potential were:

* Air Mail

* Air Forwarders (freight)

* Airline freight carried by national airlines
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* Goods (especially perishable goods) that are shipped
between the Dallas and Fort Worth CBD's

¢* Goods that are shipped between the Dallas and Fort Worth
CBD's and the Regional Airport.

An estimate of the current total daily tonnage of these cate-
gories is as follows:
® Air Mail - 36,000 lbs./day (from interview)
®* Air Forwarders (freight) - 600,000 lbs./day*
® Airline Freight - 700,000 lbs./day*
* CBD-CBD Goods - 1200 tons/day*
¢ Airport-CBD Goods - 4000 lbs./day (estimated)
These estimates represent a conservative calculation of the to-
tal daily goods movement that is most applicable for the U-TACV
system. Since goods movement potential on the U-TACV system
concerns institutional as well as physical constraints, the
actual usage of the U-TACV for goods movement will be a policy
controlled potential. Realizing this variability, a prelimin-
ary estimate of U-TACV goods movement potential can be devel-
oped as follows:
e Air Mail
Total tonnage per day - 18 tons. Assume U-TACV 50
percent capture rate due to high Airport orientation,
speed required and CBD orientation for the other trip

end (Central Post Offices).

50% X 18 = 9 tons/day.

* From information in Chapter 6 of the summary report of Goods Movement
Data, December 1972.




* Air Forwarder (freight)

Total tonnage per day - 300 tons. Assumes U-TACV 10
percent capture rate due to containerization poten-
tial and need for CBD transfer to truck for final de-
livery.

10% X 300 = 30 tons/day.

® Airline Freight

Total tonnage per day - 350 tons. Assumes U-TACV 10
percent capture rate as per Air Forwarder Freight.

10% X 350 = 35 tons/day.

* CBD-CBD Goods

Total tonnage per day - 1200 tons. This total tonnage
is based upon the total regional estimate of freight
carried. The CBD orientation of that freight as per
the Summary Report of Goods Movement. Of the 1200 tons
per day, 44% is classified in the categories most amen-
able to U-TACV (food, beverage, tobacco, textiles,
apparel, paper products) yielding a total potential of
.44 X 1200 = 528 tons/day. Assume U-TACV 5 percent
capture rate due to the containerization potential of
these goods categories and- the necessity for CBD trans-
fers to truck.

5% X 528 = 26 tons/day.

e CBD-Airport Goods

The

Total tonnage per day - 2 tons. This total tonnage is
estimated for those goods most amenable to U-TACV
(food, beverage, tobacco, textiles, apparel and paper
products). Assume U-TACV 50 percent capture rate due
to the ease of transfer at the Airport end of the trip
and the amenability of these goods to U-TACV,

50% X 2 = 1 ton/day.

total computed U-TACV potential is:

Air Mail 9 tons/day
Air Forwarder (freight) 30 tons/day
Airline Freight 35 tons/day
CBD-CBD Goods 26 tons/day
CBD-Airport Goods 1 ton /day
TOTAL 101 tons/day
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If four such cars were used, each on a different location,
headways of better than one-half hour from each station would
be possible. This would be a very attractive service level
for any of the commodities considered.

All goods except for 26 tons between the CBD's would be
going to the Airport, an average distance of 19.5 miles. This
would be a daily movement of 1462 ton miles. Inter-CBD move-
ment would travel 39 miles, for a daily ton mile figure of
1014. Assuming a ton mile charge rate of $1.10/ton mile based
upon current high-speed cartage charges, the estimated usage
would yield $2724 daily revenue. Using a factor of 280, which
assumes half revenue on Saturdays and none on Sundays and Holi-
days, the annual revenue would be $762,700.

The cost of goods movement via U-TACV will be a function of
the operating cost per vehicle mile and the loading-unloading
methods used for the U~-TACV goods movement system. A manual
system would involve less capital expenditure than an automated
containerized or palletized system but would be labor-intensive
and would realize annual cost increases as labor rates rise.

If half the operating cost of four vehicles were allocated
for the cost of the freight service, an equivalent of two vehi-
cles would be operated daily from 5:00 A.M. to Midnight. On
local trains that would require 96 one-way vehicle trips, 39
miles each, or 3744 daily vehicle miles. Using the average
per mile cost of 96¢, the daily operating cost would be approx-

imately $1800 and the annual cost would be $504,000, using the
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local train annualization factor of 280. Therefore an opera-
ting net of $258,700 may be possible to achieve. This would
have to be balanced against additional capital costs for auto-
mated cargo handling.

Station modification to handle goods must be considered in
the final design of the U-TACV system. The estimated potential
demand and the associated operating net is a conservative fig-
ure that can be utilized in the final considerations of the

feasibility of the U-TACV system.
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VII. CONCLUSIONS

The demand and cost analyses presented in this report have

indicated several important points about the feasibility of a

U-TACV system between Dallas, Fort Worth and the DFW Airport.

The conclusions must be considered with the environmental

conclusions and the capital cost estimates in deciding whether

to pursue development of such a system.

The demand for a public transportation system in the
corridor is sufficient to warrant serious consideration
of an exclusive guideway system.

Highway facilities in the corridor will be sufficiently
loaded to effectively preclude effective service using
buses in mixed traffic or exclusive lanes unless exten-
sive ramp metering is employed. Ramp metering would
not be recommended because of the absence of adequate
parallel relief facilities, even if the Trinity Toll
Road is built.

Travel demand in 1980 is concentrated at major stations
served by the express line as well as the Medical Cen-
ter station in Dallas. By 1990 however demand at inter-
mediate stations increases sufficiently to justify them.
It is recommended that only express operations and sta-
tions be provided initially with local stations and
service developed for 1990. This is based on demand
only.

Even for 1990 at least one and perhaps three or more
stations could be eliminated due to low demands.

Early (1980) service to two stations in the Fort Worth
CBD is not justified. Serving only the Fort Worth sta-
tion could reduce costs by eliminating need for a term-
inal. When the Fort Worth CBD subway along Throckmorton
Street is developed however, extension of the U-TACV
line to City Center should be pursued.

Estimated demands would permit turning back every other
local train from Dallas at the Airport. This would save
perhaps up to 15 percent of operating costs.



Operating costs per vehicle mile for U-TACV are not sig-
nificantly different than conventional rapid transit. The
cost per seat mile or per passenger nile is about twice
that of rapid transit because U-TACV carries less than
half the riders per square foot of vehicle floor area.

U-TACV operating costs are higher because the vehicle
must be levitated continually, even when stopped, and
because of its high speed. The vehicle is also consid-
erably heavier than rapid transit cars because of levi-
tation and propulsion equipment carried in the car. The
linear induction motor may also be considered less effi-
cient than rotating motors. '

The higher operating costs for U-TACV increase the cost
of handling the estimated traffic demand by nearly two
over that which rapid transit would have. It is ques-
tionable whether the speed advantages offered by U-TACV
are worth this difference. The cost disadvantage is
even more important when the problems of system inter-
facing, duplicate shop facilities and hardware unknowns
are considered.

The fares assumed for U-TACV were low. A major increase
in fares would affect patronage but the revenue increases
resulting would likely overcome the operating deficit es-
timated. Fares at such high levels would not be desirable
for the entire regional transit system.

The sensitivity analyses indicated that patronage re-
sponse to fare increases would generally be inelastic
for income levels close to those anticipated in 1990;
elasticity drops as income increases.

Patronage increases in response to parking and auto op-
erating cost increases are generally very inelastic ex-
cept for low-income people having poor transit service.
This indicates that auto travel cost increases will not
return much patronage change although transit fare in-

creases will yield more patronage loss.

Attempts to optimize cost/revenue ratios will yield
unacceptable service levels, i.e., few would ride so
little service cost would be incurred; the costs of
scale work against transit there since buses can only
be so small.

The sub-area tests indicated that greater headways on

feeder buses (+ 1/3) would reduce patronage by only 12
percent. Increasing U-TACV headways to 20 minutes would
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drop patronage by 8 percent., Eliminating the five low-
est volume stations reduced patronage by only 2 percent.
These effects are confirmed by the operating system
parameter elasticities in the sensitivity analyses.
The potential for goods movement appears to be relative-
ly small but at competitive rates, the service may be
revenue and profit producing. The cost of providing
cargo handling facilities must be balanced against this
marginal return.
In general the demand studies indicated that as part of the re-
gional transit system, a U=-TACV line between the cities and to
the Airport would be well used, both by people and for cargo.
Some of the stations might be eliminated or deferred to cut

costs. The cost effectiveness of serving the corridor with a

U-TACV system is however open to question,
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APPENDIX A

DERIVATION OF ELASTICITY EQUATION

Given the Lxtreme Values equation relating mode split to mar-
ginal utility:

* _ed(UW)
(1) Mg = e

where: !MS is mode split in percent
x, ¢ are constants which are evaluated by
regression analysis of observed data
u is marginal utility of travel (the dif-
ference between equivalent cost of tra-
vel by highway and transit)
e 1s napierian logarithm base

The utility can be disaggregated as follows:
(2) U=CA +B

where: A is any individual element of disutility,
transit or highway
C is the constant coefficient of element A,
if there is one
B is all remaining elements of disutility

The general slope of equation (1) with respect to equation (2)
may be expressed as:

(3) OMS
OA

The change in mode split for a small change in A from a parti-
cular point A, is

(4) LIS « an,
oA
The percent change in mode split from a given value MS, is

OMS
(5) % Change 1S _ \OX *0A0>

100 MS,




This leads to the equation for a 1% change in 7 which is
terned the 'elasticity' of the element 7., This equation fol-
lows from cqguation (5) by using the partial differential in-
stead of the incremental notation and using the defined 1%
for A:

D15 .
¢ Change IS _ 9A * (0.01n,)
(o) 100 1S,
(7) % Change 11§ = I % 7\o>
J A 115,
but:
I 9 X (utp)
E N
o (CR+B+u)
= o e—e
on L
(c a(CA+D4,
(8) - oo X CRAREL) (=e) ( bat)
; o (CA+DB+x)
and : Dris/on  ace X(CHHBEL) (-e) o
M5 _ X (CR+B+4)
e
a(CA+B+
= ace™ )
A +B+
therefore: % Change = “CAOQQKCA B+)
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