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ABSTRACT

- The State Department of Highways and Public Transpoftation has funded
research in- the area of high-occupancy vehicle (HOV) priority facilities for.
over a decade. Recently, major transit p]ans have been developed for the
'-Dallas and Houston areas. Those p1ans considered, in add1t1on to HOV facili-
t1es, various rail techno]ogtes. Similar analyses are now being initiated
in the Austin area. '

This'report documents data describing alternative mass transit systems.
Considered in this document are high~occupancy vehicle facilities, heavy rail
transit, light rail transit, and automated guideway transit, Data included

| address aréas such as capital cost, operating cost, ridership, modé sp]it,

and transit operating characteristics. The data are.intended to provide'
decision-makers with information that may be useful in comparing various

transit technologies. ' ' '

Key kads: Mass Transit, Light Rail Transit, Heavy_Rai] Transit, Bus Rapid
Transit, High?Occupancy Vehicle Facilities, Automated Guideway Transit







SUMMARY

This report presénts data from existing and proposed traﬁsit systems.
The data are intended to help define the advantages and disadvantages of
alternative transit technologies. In particular, data associated with bus
transitways, Tight rail trans1t systems, heavy rail transit systems, and
automated gu1deway transit are presented. The data are intended to be of
benefit to policy makers in asse531ng the role of transit and in compar1ng
alternative transit techno]ogles.

Much of the data presented is shown as averages. Due to . the differences
between syétems, care must be exercised -in interpreting aggregated data.

Roles of Urban Public Tramsit

As defined in this report, transit serves 3 primary roles. The first is
referred to as public transportation. This-form of transit primarily offers
some level of mobility to those who otherwise would not be able to make the
trip; it provides transportation to'emp]oyment, shopping, medical facilities,
etc., for those without access to auto transportation. This is the principé]
role transit has served in Texas tor the past Z decades; it serves a social-
welfare function, This transit role is not specifically addressed in this

.‘report.

A second role is referred to as internal circuiation. Within major
activity centers, travel distances can become too Iong to be served only by
wa1k1ng. Some form of mechanized transport may be needed to help meet travel
~demands that exist within major activity centers. Limited data regard1ng
this role are included in this-report in the "Automated Guideway Transit"

- SECt'lOI’I.

The third major role is referred to as mass transportation. To subport
the intensity of development'occurring in Texas cities, a high-capacity mass




trdnsbortation system is essential. The primary intent of this role is to
move_]argé volumes of pérsons to major employment centers during peak com-
muter periods. In fulfilling this role, transit is serving an economic need.
‘It -is a role that can be served by transitways (i.e., high-occupancy‘vehicle
'facilities); heavy rail transit, or‘iight rail transit. - This mass transpor-
tation role is the primary topic of this report. |

" The Need For Mass'Transportétion-

" A relationship exists between transportation and the intensity of land
use development. Once a city attains a certain size; a mass transportation
system must be provided to supplement the street and highway network. Larger
Texas cities have grown to a size that requires development of mass transit.

Congestion on the streets and highways serving the large employment
.centers is severe; these emh]oyment cénters are projected to experience
substantial growth. It is not possib]e; nor economically feasibie, to serve
-that growth simply by more use of the private auto at 1.2 occupants per auto.

Transit use 1in Targe Texas cities, relative'to other major_North
American cities, is relatively low (Table S-1). The percent of trips served
by transit will need to essentially double, as will the number of transit

trips per capita.

Table S-1. Comparison of Current Transit Usage in Texas Relative
" to Other North American Cities
Indicator of Transit Usage Corresponding Value

~ Percent of Peak-Periud Downtown Work Trips
Served by Transit ' '
Average, 18 cities outside of Texas o 51%
Average, 4 largest Texas cities | 25
Anrwal Transit frips Per Capita |

Average, 15 cities outside of Texas -~ |~ 851

Average, 3 largest Texas cities 3.8

Vi



Given that total populatlon and employment are increasing,. the absolute
| number of trips served by trans1t will need to increase by a factor of 3 to
4. For examp]e, today in Houston some 11,000 persons enter downtown by
transit in the peak hour, and 16 000 persons enter downtown Daiias, both of
those volumes w11] need to be in excess of 40,000 within the next 20 to 30

years.

In general, mass transportation will need to serve approximately 15% of
total work trips in the large urban areas. More importantly, 30% to 50% of
work trips to the large activity centers will need to be served by mass

transportation..

.y Comparative Mass Transportation Data

This section summarizes some of the data presented in the main text.
Due to site specitic differences, considerable care must be used in drawing
conclusions from aggregated data.

Capacity

Capacity for the line-haul portion of the transit trip is not a consid-
eration in selection of transit technology for Texas. Long~range planning in
both Houston and Dallas has identified a maximum peak-hour, peak-direction
demand to be in the range of 12,000 persons per hour. All technologies being
considered --- transitways, light rail traneit, and heavy rail transit -- have
‘demonstrated the capability to serve that level of demand. - -

.In considering the capaeity issue, it is essential to evaluate both the
Tine-haul capacity and the collection-distribution capacity within the
~activity center. That is, while the demand 1h each corridor can be
satisfied, accommodating demand within the activity center where several
corridors'converge'wi11 require careful planning and analysis. No universal
-eonclusions can be drawn concerning capacity in the activity centers; site




specitic anaiyses will be Eequired' While it ié'known that rail in subways
‘can serve the function, the constra1nts of bus Operat10ns on downtown surface
streets are not as well defIned

~Capital Cost

_ - Capital cost data for the technolog1es be1ng cons1dered are summarized
in Table §- 2

Table S-2. Capital Cost Per Mile, Major Transit Projects

Techno logy Cost Per Mile (nillions of dollars)
| : ~ Range Non-We ighted Average
Bus Transitway (n=14) ‘ $2.4-% 200 $81
Heavy Rail Transit (n=12) $22. 4 -$268. 2 _ © $98.8
Lignt Rail Transit (n=23) $7.3-$781 - . 226
Astomated Guideway Transit o
Peaple Mover (=8) | $18.4- s1000 - $48.9
Intermediate Capacity (n=3) $34.7 - § 45,6 ' $39.6

Ltwo systems have umsuarlly high costs. Not considering'mose two costs, the
non-weighted average (n=23) is $18.8 million per mile.
Source: Main text; Tables 24, 39, 47 and 51

The cost values shown above are, in gehera] an average of construction
year dollars rather than current dollars; s1nce all technologies have a
similar mix of construct1on years, this would not appear to be a major
problem in comparing the relative magnitude of costs. For schematic
conceptual planning, the following might provide an estimate of expected

current costs for new systems as opposed to extensions of existing syStems.'
'Aga1n, s1te spec1f1c features can result 1n costs different from those shown
below.

¢ Transitways o ' $ 10 million per mile
e Heavy Rail Transit $100+ miliion per mile

viii -



o Light Rail Transit - . . $15-$25 million per mile
o Automated Guideway Transit N
. Péop]e Mover $40-$75 million per mile
. Intermediate'Capacity ~ $40-$50 million per mile

As stated in Pushkarev (2), "Obviously any aggregate averages of this
:type'have to be treated with caution; they cannot reflect the large variation
 in site specific construction conditions, inc]uding geology and groundwater,

the method of construction, the amount of utility re]ocation the need to
‘ underp1n bu11d1ngs, local labor relat1ons and the prospect for adm1n1strat1ve
or other construction delays..."

- Operating Cost
Operating cost for the technologies being'conéidered are summarized in

Table 5-3.

‘Table S-3. Operating Cost (Cents Per passenger Mile),
Major Transit Projects

Technology - Cdst, Perr Passenger Mile {cents)
' | Range - ‘Non-weighted Average

Bus Transitway (n= 4) 55~ 154 99
Regular Route Bus Service (n=14) 16-50 27.7
Heavy Rail Transit (n=11) 1 1332 - '19.6
Light Rail Transit (n=5) 6-50 ‘ 18.8
Automated Guideway Transit -

People Mover (n=4) : 19~-44 "~ 29.8

Intermediate Capacity (n=1) : 5 - 5

Source: Main text; Tables 26, 27, 39, 48, and 52.

" QOne of the major variables 1nf1uencing operating costs is labor. A summary
of transit employees per 100,000 annual passengers is shown in Table S-4.

X



The data for buses is for the entire bus service. Data for bus transitways

only are not available.

~ Given the extent and.theﬁfange of the data'reported in Tables S-3 and S-
4, it appears that, at this level of analys1s, all of the mass transit
technolog1es have, in terms of cost per-passenger mile, similar operat1ng

":costs.
Table S-4. Enployment Requirements of Alternative Transit Technologies
Technology o Employees/Million Annual Passengers
' Range - Non-Welghted Average
Regular Route Bus Service (n..l9) 14,4~ 45.8 o 26.9
Heavy Rail Transit (n =10) 1.2- 4844 o 26.9
Light Rail Transit (n=16)! - 8.7-79.0 - | . 28.8
Automated Guideway TransitZ _
Peaple Mover (n=5) ‘ 1.1 - 40.0 | 19.3
Intermediate Capacity (n=1) &3 63

le1imination of the Pitf.sburgh data reduces the average from 28,8 to 22.9... This is
part of the reason why firm conclusions should. nct be drawn from this table; selsctive
inclusion or exclusion of a limited number of .data points can signif‘icant}y change
averages. |

-ZDue to the limlted data and the variation 1n the data, this should be viewed with extreme
caut:.on.

‘Source: Malin text; Tables 36, 37, 46, and 50

System Characteristics

- Table S-5 provides an overview of system characteristics. HOV
technology tends to serve tong-distance co'mmute trips; thus, it has a longer
trip length ahd a higher peaking factor. VThé-iower rail peaking factor

indicates these systems:attract more off—pedk utilization. Frequent rail

station spacing is more attractive for serving shorter trips.



The 1ine haul speed can be_mis]eading, The rail speeds.inc]u'd'e station
‘stops. The HOV speeds a'r‘e_Hne-haul oper‘alting speeds. To pick-up and
distribute passengers, those bus'eé will have to operate in mixed flow; this
wﬂ] typically occur at 10-15 mph'dutside downtown and 4-6 mph in the
downtown. - ' ' '

Table S-5. System Charactei-_istics of Altematlve Mass Transit Tecl'holc_bgies,
Selected Systems o

) Ridership

Technology/System Line-:Haul Avg. Trip | ' Peak Hr.

Speed (mph)i Length .(miles)? Peak i-bur | Total as a % of
o (peak direction) | baily | - paily

High Occupancy Facilities _ A -
EL Monte, Los Angeles 50+ —_— 6,490 36,000 18%
Shirley Hwy., virginia | 50+ -_— 22,800 80,000 29
I-45 Contraflow, Houston . 50 ‘ 9.6 5,500 -16,600 33

Heavy Rail Transit, Avg. 32 ) - 7.5 e - 13%
Marhattan, Lexington Ave. 18.3 7.0 35,700 | 250,000 14
Toranto, Yonge _ 20 3.5 : 22,900 200,000 12
Chicago,.Dan Ryan 25 7.3 12,500 100,000 13

‘Light Rail Transit, Avg. 17 49 — I 12%

" Boston, Green Line 12 a5 6,900 70,000 10
Pittsburgh, South Hills 14 7.0 3,800 25,000° 15
Edmonton ' _ 22 : 3.5 : 2,100 20,000 12

Automated Guideway ' ' '

People Mover ‘13 0.8 — -—— ——
Intermediate Capacity .22 6.4 S e— -— -

lThis is the speed on the fransit guideway. Ffor the rail systems this includes stops at sta-
tions. For the busways, distribution has to be made on city streets; outsid_er the CBD this will
occur at 10-15 mph; inside the CBD travel speed will be 4-6 mph

2this is the trip length on the transit guideway. In some cases, the' rail speeds and trip -
lengths are for the entire system, not just the line shown | |
Source: Main\tlext; Tables 15, 16, 17, 32, 35, 39, 42, 45, and 49.
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‘Impact On Congestion/

) ~ The principal role of mass transit in Texas is to accommodate growth
without fncreasing existing congestion. whilé the contraflow lane moves over
8,000 persons in the peak period, the volume of tréffic on the freeway lanes
has not been affected. Similar data are beginning to develop for the Katy
Transitway (Table 11). ' | B C

' Mass transportatibn should not be expected to "solve" the congestion

problem.

Ridership Characteristics

A1l of the mass transit modes have demonstrated an ability to attract
choice riders. If transit offers a re]iabTe,_fast, and cost competifive
alternative, individuals will torego their auto to ride transit {Tables 29
and 40). s e _ | | ‘ e '



IMPLEMENTATION STATEMENT

Project 339 is oriented toward assisting the Department in the p]anhing,
’ imp]ementation; and evaluation of priority treatment projects. As major

- Texas cities develop mass transportation plans, priority treatment is being

considered as a possible alternative to rail for serving travel in at least
some Corridors; Iﬁ comparing various transit technologies, a relevant'data
base 1is useful. The intent of this document is to present information that_
‘will be of value to decision-makers in assessing the advantages and
d1sadvantages of the alternat1ve transit technologies. '

DISCLAIMER

" The contents of this report ref]ect the views of the author who is
respons1b1e for the 0p1n10ns, f1nd1ngs and conclusions: presented heréin. The
- contents do not: necessar11y reflect the otficial views or policies of the
Federal Highway Administration or the Texas State Department of Highways and
Public Transportation. This report does not constitute a stahdard,
specification, or regulation.’ |
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INTRODUCTION

" _ Texas cities developed during the "age of the automobile", For the most
j' part, a system of urban h1ghways was pr0v1ded in advance of deve]opment, and
| the true advantages of an auto- oriented transportation system were realized.

Even in the most cohgested'df Texas cities -- Houston -- the auto
oriented system provided excellent mobiTity until at least 1970; daily -
vehicle miles of travel per lane mile of freeway remained below 8500 (Figure

1).
20
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Source: “"Restoring Mobility in Houston, Texas, A Technical Paper", Prepared
" by Texas Section, Institute of Transportation Engineers, 1984.

Figure 1. Re]atlonsh1p Between Freeway Vehicle- M11es of Trave] and Lane m11es
of Freeway, C1ty of Houston



This'hfghWay system was well received by the public and provided the
mobility necessary to allow two things to happen: 1) the residehts of major
“Texas cities were able to choose a ]ifestyle centered around sing]e-faﬁi]y
dwelling units on individual lots; and 2)-the'transpoftation mobility
existed to encourage and support the massive migration to the sunbelt -along
with its related economic benefits.

'Howevef,-around 1970, two things began to happen. First, for a variety
of reasons, the rate at which new highways were constructed was greatly
curtailed. In Houston, a freeway system (Iane miles) that was.expanded by
300% in the 1960's was expanded by only 25% in the 1970's (Table IL"At the
same time, with the migration to the sunbelt, massive increases ‘in

“transportation demand resulted (Table 2). The effect was that cities that
~ enjoyed excellent mobility in 1970 were highly cOngésted by 1980. And, while
- Houston may be the most congested city, other Texas cities are not that far
‘“behind" Houston in terms of congestion (Figure 2). N :

During this time period, public transportation in Texas was relatively

~insignificant. In 1976,‘fewef than 450 buses operated in Dallas and in

.'Houston (l).- Other major cities, such as Los Angeles, were opereting in the
range of 2000 buses. | ' B

In order for the major urban areas to contfnue to grow and receiye_the'
benefits of that economic growth and to provide an acceptable quality of life
" for urban Texans, new approaches for maintaining mobility need to be pursued;
those measures atrleast partTy involve expansion of the role served by public
transportation.- '



Table 1. Trends in Travel Demand and Freeway Facilitles, City of Houston

.Annual Annual .F reeway .F'reeway Gaily WMT

~ Average | - Average : Travel in C'apacity‘ Per Freeway .

Population | vehicles | VMT Per Day} | (Lane-Miles) Lane-Mile
Year (1ooo) | (1000) (1000) : {1000)
1950 5962 240 201 24 8.4
1955 6922 375 620 100 62
1960 9382 480 1,044 187 - 5.6
1965 1,084 625 3,425 456 7.5
1570 1,240 777 7,320 761 9.6
1975 1,440 1,000 11,366 898 12,7
1980 1,604 1,272 16,308 959 17,0
Percent . '
Incfease
Per Year
1960-70 2.8 49 19.6 151 55
1970-80 2.6 51 8. 4 2.4 59

- 3-_1VMT;Vehicle Miles of Travel
2 ps of April 1 ‘ '
SoLlrce: "Estimates of Relative Mobility In Major Texas Cities," Research_Re_port

g 323-1F-, Texas. Transportatiqn Institute, 1982, -

Table 2, Growth in Factors Impacting Transportation, Harrils and
Dallas Countles, 1570-1980

Factor % Increase, 1970-1980

| _ Harris co. | elles Co. |
Population + 37% +17%

. Vehicle Registration + BO% +45% ¢
vehicle-Miles of Travel + 7% 475%
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Purpose of this Report

Several major Texas cities are curréntly pursuing major mass transpofta-'
tion plans.s Project 339 has always been oriented toward assisting the De-
“partment in planning, implementing, and eva]uatingiﬁgh_occupancy vehicle
(HOV)Ilanes. These lanes are now being viewed as one alternative approach
for providing mass transportat1on and, _1ncreas1ng1y, are being compared to-
various rail transit technologies. '

It is the intent of this report to present unbiéséd data describing
existing and planned transit technology. The thrust of.Prdject 339 .and its.
predecessor (Project 205) has been HOV lanes; as a result, much of the data
in this report pertains to HOV Tanes. However, relevant data perta1n1ng to.
the need for mass transportat1on, Tight rail transit, heavy ra11 tran51t, and
automated guideway transit are a]so presented.






THE ROLES ‘OF URBAN PUBLIC TRANSPORTATION

“While thefe is overlap between roles, in Urban areas transit serves
three different roles. Depending upon the role being served, the transit
technOTOQy and operating strategy-empToyed can véry considerably. As defined
in this'reportg the three principal roles are mass transportation, internal
circu]dtion,'and public transportation. S

| Mass Trahsportation:

Transportation and intensity of land use are interrelated. The type(s)
-of transportation system available 1nf1uences how large an urban area can
grow; this re]at1onsh1p is quantified in a subsequent sect10n of this report,

To support the intense development associated with large urban areas, a
high- capac1ty mass transportat1on system is essent1a1 The primary intent of
“this mass transportat1on role is to move large volumes of persons to major
-employment centers during peak commuter per10ds. In fulfilling this role,
trans1t is serv1ng an economic need. H

It is this mass transportation role that is primarily addressed in this
report. ' g ’

Internal Circulation

Within majer activity centers (e.g. large downtown areas, airports,
universities, amusement parks, etc.), travel distances can become too long to
be served only by walking. Some form'of mechanized transport may be needed
to meet the travel démands_that exist within these activity centers. Various'
'types of transit technology -- often referred to as_peop1e'movers.or
automated guideway transit (AGT) -- are used to serve this transit role,




which is referred to in this report as internal circulation. In some in-
stances, the mass transportation system ties directly into the internal

circulation system,

Limited data are.inc1uded in this report describing the interha]
circulation function. Also included in this category is data pertaining to.
~ the "so called" intermediate capacity transit-SystemS (ICTS). '

]

"Public Transportation

In all urban areas there is a segment of the population that does not,
or cannot, meet travel needs thrOugh use of the private automobiie. Included
~in this group are the very young, the elderly, handicapped persons, and
individﬁa]s who do not have an auto available for their trip. A trahsit
system can offer these individuals a basic level of mobility. This form of
transit primari1y fulfills a social need., It is referred to as public
transportation.-' o

_ Characteristics of the types-of'persons'and'trips commonly served by
transit systems providing primarily public transportation (at the time of the
- surveys) is shown in Table 3. | '

This is the only role that has, historically, been served by transit in
Texas. As a result, to many Texans, this is the only role that comes to mind
when transit is discussed. '

However, this role is not addressed in this report. Public
" transportation largely serves a socia]-welfare'functiOn, and how much (if
" any) of this service is provided is essentially a policy dECision.

This report concentrates on the economic role served by mass transporta-
tion. For major Texas cities,"this mass transportation role is relatively

new.



Teble 3. Characteristics of Public Transportation Patrons

. San.
Chazacteristicl _ o Houston | Antonlo | Waco wichita Falls
. Riders Per Day, Thousands - 67 o715 | s L6
% Daily Users 75 76 69 | 69
Family income Level ' ' '
% less than $3000 ol o2 | 32 - -
% less than $4000 o - - 50 53
% less than $5000 | 61 7 o | =
% Riders from f‘am_ilies that do not own 45 44 54 . 56
~acar _ _ ' '
% Riders with no car available for that 80 84 89 -
trip ' o
Sex of Rider _ _
% Male - : - N _ 28 29 30 27
% Female o | _ o ! 7 0 | 73
Age of Riders, years - _ ‘
% Under 16 o : . 3 6 - 12
% 17-65 | 2 88 .| - 73
% Over 65 : | : 5 é - 15

lthese surveys were performed in the early 1970's. At that time, the type of transit service
provided by these syétems was all essentially publid transportation.

Source: Transit studies conducted in the various cities,







‘THE NEED FOR MASS TRANSPORTATION IN TEXAS

The mass trénsportation role -- as defined in the previous section of
this report- -- can be served by several alternative transit technologies. In
this report, primary consideration. is given to the advantages and
d1sadvantages assoc1ated with us1ng high- occupancy vehicle lanes, light rail
transit, or: heavy rail transit to serve the mass transportation ro]e, a]] ofr
these are alternative mass transportat1on techno]og1es.

Also, it should be emphasized that, while this rebort concentrates on
the need to develop mass transportation in Texas, mass transportation is only
~one tool that must be used to maintain and restore mobi]ity‘ﬁn‘Texas cities.
Continued street and highway construction is also essential.

The Transportation/Land Use Relationship

As indicated in the previous Section, a relationship exists between
transportation and land use. Urban areas can only grow to certain sizes
depending upon the type of transportation system available.

Theoretica] research, confirmed by observation of transpbrtatioh in
ma jor cities, has quantified the transportation/land use relationship (Figure
-3). That'figure suggests that, with an excellent urban arterial street'
system, a city can grow to a population of about 250,000. If an extensive
freeway system is superimposed over the arterial street system, the resulting
'transpdrtation system can support an urban population of up to 2,000,000. To
| éuppOrﬁ'a larger development, a high Capacity mass transportation systém is
required to move 1arge volumes of persons to major employment centers during
-peak commuter per10ds. As defined in the previous section of this report,
‘this is the transit role referred to as mass transpcrtation. '
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Just as it is necessary to begin to develop a fréeway system once a city
~ reaches-a certain size, it is necessary to develop a mass transportation
system once that city reaches a certain larger size. '

‘Auto 'Supplemented_
By Mass Transit

- 500}

-Auto On Freeway
And Arterial Street

100

DALLAS
LLAS

Arterial Street

'CBD Daytime Population Density
(1000’s Of ppsm)

|

|

| l

‘Auto On ' |
|

I

|

[ '|'_|I|1||'I- 1 I ||‘||1|| Il [ lll_llll

10 100 1000 10,000

_Urban Population (Thousands)

Source: "The Influence of Transportation On The Intensity of CBD
Pevelopment", Compendium of Technical Papers, TexITE Annual

. Meeting, 1973
Figure 3. The Re]étionship Between Transportation and Land Use

In feviewing Figure 3, two points should bé made. First, both Houston
and ballas have éttained sizes that mandate that a mass transportation system
be developed. Second, neither Houston nor Dallas has an ideal arterial and
freeway System; that simply re-emphasizes the need for a mass tfansportation'

system.
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_ The relative extent of the_fr-'eeway systerﬁ in major Texaé cities is .
shown in Table 4. In terms of lTimited access highway miles per million
residents, of the 20 largest metropolitan areas, only New York City, Los

" Angeles, and Chicago have fewer miles than Houston. Dallas has 80% more
miles per resident than Houston. ' |

Table 4 Extent of Limited Access Highway Development in Major

Urban Areas .
e Limited Access Divided {Limited Access Divided
_ Highway Miles . Highway Density
Land ' State '
‘ Area o - i & Miles per| Miles per
Metropolitan Complex | (mi2) Pﬁpulation ~ Interstate | Local | Totall 100 sq mi] million pop
L MNew York | 200 | 13,987,500 25 se5 | 800 320 | 5.2
2. Los Angeles/Long Beach | 2100 | s,409,227] 20 | 260 | s30 252 | 563
- 3, Chicago o 1750 | 7,745,109 225 165 | 390 22.3 50, 4°
4 Philadelphia 2750 5,548,789 205 285 | 4% 18,1 88.3
5 Detroit | 20 4,617,510 245 | leo | 405| 162 | &L7
6. San Fran./0ak/San Jose | 1900 | . 4,547,792 180 | 1% | 370 19.5 | o4
7. Boston | 20% 3,751,645 155 185 | 340 16.6 %0. 6
8. Washington, D.C. 2200 |- 3,060,260] 175 120 | 25| 134 | 964
9. Dallas/Fort Worth 2400 2,974,878 285 - | 160 | 445 18,5 1.6
10, Houston : 2400 2,905,350 150 80 | 230 96 | 7.2
1L Miami | uoo | 2em,02] s | 130|185 168 70.1
12. Cleveland | 1750 2,559,048 225 115 | 340 19. 4 132.9
13, Saint Louis 2250 2,355,276 | . 210 30 | 240 10. 8 102.8
14 Pittsburgh - | 2450 2,263,894 120 160 | 280 11.4 123.7
15. Baltimore - | 1700 | 2,174,023 160 75 | 235 13.8 108.1
16. Minneapolis 2300 2,114,256 180 55 | 235 102 111, 2
17. Seattle - . | 2400 | 2z092,408| @ 130 | 120 2s0] 132 119.5
18 Atlanta 2400 | 2,029,618 25 | 55 | 320 13.3 | 157.7
19. San Diego 135 | 1,861,846 150 60 | 210 15.6 112.8
20, Denver 200 | L1992 10 | e | 2m 8.3 123, 5
AVERAGE 2105 4,012,938 187 153 | 340 16.2 847

Source: "Limited-Access Divided Highways in America's Twenty Largest Metropeclitan Complexes," West Houst'on'
Association, 1983. ' ‘ ' '
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Downtown Trips Served By Transit

In most cities, mass tfansportation primarily.servés trips to and from:1

‘the central business district (CBD). Transit is most effective at serving

trips to densely developed activity centers, and the CBD is generally the

- most intensely developed (employment Der'square-mfle) actiﬁity center in an’

~urban area. As a result, one measure of the extent of mass transportataon in
an urban area is the percentage of downtown trips served by trans1t.

Percent of Peak Period Trips to Downtown by Transit

In most urban areas ‘in the United'States, tfansiﬁ serves fewer than 5%.
" of total urban person trips.. However, for certain types'of trips at certain
times of day (i.e., peak-period work trips), mass transportation sefves large
volumes of urban commuters. Table 5 summarizes data for several North Ameri-
can cities; the data in that table show that the average major city outside
of Texas has 51% of peak per1od CBD trips served by transit; in Texas that
average is 25%.

Transit-plahs being'deﬁe]oped for major Texaé cities generally call for
serving 40% to 50% of downtown work trfps by transit. These percentages are
certainly "in 1ine" with the values shown in Table 5. They also represent
nearly doubling the percentage of trips currently served by transit.

14



Table 5. Percent of Peak-Fericd Downtown WOrk Trips Served -by Mass Transpoftatibn,
Selected North American Cities ' '

City | % of Trips ' - City % cflTrips
-Atlanta. o A New York City _ 80%
Boston 49 ._ Ottawa _ ] ' S
| thicago 81 ‘Fhiladelphia T
Cleveland 50 Pit;t_sburgﬁ _ - 65
Portland, Ore. 45
Dallas 30  san Antonio 27
Denver | 3 Seattle 1 =
Detroit 35 .} - Toronto : 80
Fort Worth | 7 1
Houston 18 | vancouver, B.C. ]
Los Angeles 39 ' Washington, 0.C. | 38
Miami ‘ 14. ' '
Milwaukee 25
Average, all cities outside of Texas .. 51% '
~ Average, Texas citles - S 2%

Downtown Cordon Counts

Most majdr" cities conduct downtown cordon counts. Those counts are |
useful in understanding travel patterns. A summary of cordon count data for
selected cities is shown in Table 6. That table also reflects the current
dependence on auto. travel in Texas cities. ' '

-15



Table 6.  Peak-Hour Person Travel Into Selected Downtown Areas by Mode

Urban Area * Arrival Mode
 Auts & Transit _ Other Total

Vanpool BUs Raill
Boston (1982) 55,030 (4%%) 11,384 { 9%) 48,754 (4%) | 6,600 (6%) | 121,828 (lOC)
Chicago (1982) 23,985 (15%) | 27,150 (18%) 97,522_(53%). 6,420 ( 4%) 155,177 (100%)
Dallas (1983)2 36,900 (6%) | 16,400 (31%) 0 - . 53,300 (100%)
Fort Worth (1933)2 | 20,700 (930 1,600 ( 7%) 0 — 22,300 (100%)
Houston (1980) 49,000 (82%) | 11,000 (18%) 0 -— 66,000 (100%)
Los Angeles (1980) 47,716 (S&) | 34,358 (39%) 0 6,303 (7%) 88,381 (100%)
Miami (1985) 22,000 (76%) 5,000 (17%)_ 2000 (7%) _— 29,000 (100%)
San Antonio (1979) 15,455 (73%) | 5,594 (27%) 0 — 21,249 (100%)

-lnll forms of rail, including commuter rail.
2gstimated from peak 2-hour data.

“Sgurce: Downtown cordon counts for respective cities.

As indicated previoﬁsly, the percentage of downtown trips served by
transit in Texas cities may need to double. However, given the growth that
is occurring in Texas cities, the absolute volume of persons using transit
" for the downtown trip may need to increase by a factor of 3 to 4 for this to
occur (Table 7). Virtually all of the growth in travel to the downtown will
need to be accommodated by transit. For example, while approximately 16,000
persons currently enter downtown Dallas by'transit in the peak hour (Table
6), if the projected growth occurs in the dbwntown area and if DART achieyes
its desired mode sp]it; some 40,000 to 50,000 persons will use transit to

travel to downtown Dallas; this is similar to the Houston volume (Table 7).

16



‘Table 7. Estimated 1980 and 1995 Peak-Hour Person'*l"rip_s
| " to Downtown Houston, By Made '

Arrival Mode | : Year _
| sl 19952

Auto = 1 45,000 (75%) 48,000 (48%)
vanpaol b 4,000 ¢ ) 12,000 (1)
Transit | 11,000 (18%) | 40,000 (40%)

fotal 60,000 {100%) '100,000 (100%)
11980 Cordon count with TTI estimate of varpooling,
2171 estimate. |

~ Annual Transit Trips Per Capita

Tables 5-7 all reflect downtown travel and illustrate that, in relation
to qther.majok,cities, transit is serving a relatively small percentage of
dbwntown trips in Texas. Not surprisingly, tota] annual transit trips per
'Capita are also relatively low for Texas cities in relation to other citfes
(Table 8). Again, the national numbers are twice the Texas numbers.

It is also of interest to note‘that,'whiié in Texas it will be necessary
~to greatly increase the number and percentage of persons using transit,
between 1970 and 1980 the number of workers using transit in major Texas
cities showed 1ittle change. However, many cities in the southwest and west
~did experience significance increases in persons using transit (Table 9}). In
evaluating the numbers in Table 9, it might be nqtéd that the Houston re-
gional'trangit plan calls for serving 14% of total regional work trips by
transit in the year 2000; that value appears to be a reasonable goal. |

17



Table 8. Annual Transit Tripé Per Capita, Selected North American Cities,'1983

Urbanized Area

Unlinked Passenger

Annual Transit Trips

City
Populationl Trips (System Total) Per Capita

Atlanta 1,613,357 124,787,000 77. 4 '
Boston | 2,678,473 253,055,149 945

- Chicago {(CTA) 6,779,799 624,713,727 92,2

 Cleveland 1,752, 424 85,709,771 8.9
Dallas 904,060 35,810,000 39.6
Denver 1,352,070 h8,249,949 357
Houston 1,956,000 | 57,000,000' 342
Los Angeles (SCRTD) 9,479,436 415,865, 888 8,9
Miami 1,608,159 64,299,727 40.0
Milwaukee 1,207,008 76,574,249 63. &

- New York City 15,590,274 2,067, 485,945 132.6

(NYCTA) | ' _

Cttawa 717,978 - 111,518,192 1556
Philadelphia 4,112,933 © 355,989,764 86.6
(SEPTA) R '
Pittsburgh 1,810,038 90,286,439 49,9
San Antonio - 785,000 33,433,000 &2.6
Seattle 1,391,535 ' 79,682,642 57.3
Toronto 2,998, 947 649,936,512 216. 8
vancouver, B.C. 1,269,183 104, 474,624 823
Average, all cities outside of Texas 851
Average, Texas cities 38. 8

1In'many instdnces the urban area population is not the same as the service area pobulation.* j

As a result, the trips per capita measure is subject to error in the table.

Source:  American Public Transportation Association, "1984 Operating Report®. Texas popu~

.'latiop data from "Texas Transit Statistics® published by the Texas”Department

of Highways and Public Transportation, with additional'populétion_data provided by

Metropolitan Transit Authority of Harris County.
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Table 9, Work Trips Served by Transit, Selected U.S. Eitles

| Percent of Total w.orkers_ Using

Percent Change In. Totél Number

City
o Public Transportation of Workers Using Transit
1970 1980 1970-1980
Atlanta 8. &% 7.6% 430 %
Boston 19.7 156 . -8.7
Chicago - 23.3 18,0 -12.6
Cleveland 14 0.6 -18.9
Dallas-Fort worth 51 3.4 T+ 1.4
Derver P 44 6.1 +129, 2
Detroit 7.9 3.7 -42.0
Houston 54 3.0 s+ 2.8
' Lbs Angeles - Long Beach 5.6 7.0 +52.5
Milwaukee 12.0 7 26,2
New Yotk City 52,5 45,1 -17.2
Philadelphia - 207 140 B 28,1
Pittsburgh 146 1.5 -149
San Antonio 56 a6 +1L.6
Seattle 7.1 9.6 +94. 4
Washington; D.C. 16.3 15.5 +18.5
United States Totall 9.0 6.4 - 7.3
Average, all cities . _
outside Texas? 15.8 13.2 +11.5
Average, all Texas cities 5 4 3,7

+ 51

1

Includes numerous cities not shown in table.

2Includes only cities shown in table.

Source: U. S.' Bureau of the Census, 1980 Census of Population, Summary Tape File 3
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Transit Volumes to be Served In Texas

When mass transportation is discussed, people frequently think of the
‘passenger volumes served in New York and feel a need exists for an extremely
 h1gh—capacity trahsit system. In reality,_the VQTUmes to be served in Texas
~ cities are not unusually high. | |

Three North American cities -- New York, Toronto, and Montreal -~ have
~ high peak-hour volumes. The 28 rapid transit tracks entering these three
downtowns in 1976 averaged 21,500 persons per track'per hour; this is in
‘contrast to 6,500 per track entering the downtowns of Chicago, Philade]phia,
Boston, San Francisco and Newark. Three tracks into Washington, D.C. in 1980
averaged 11,000 peak-hour entrants, while the tracks into Atlanta averaged
just over 4,000 patrons per hour (2). ' |

Estimates of peak-hour transit volumes in major corriders in Houston are
‘shown in Table 10, These year 2000 estimates are roughly half of existing
volumes in Montreal, Toronto, and New York City. The highest estimated
transit volume in the Dallas‘area; projected to occur in the North Central
corridor, in roughly equivalent to that projécted for'the HouSton WeStpark

corridor.

The projected Dallas data are not greatly different from the Houston
data in Table 10. In the North Central Expressway corridor -- the highest
volume Datlas corridor -- the maximum peak hour volume (2 directions) is
15,000, | a
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Table 10. 'Morn:lng Peak Hour, Peak-Direction Maximum Transit Load, Houston, Yéar 2000

Corfidor/Facility ' Maximum Passenger Volume
1-45 North . 9,000
Eastex 7 . 7,000
East End : - 2,000
Gulf, I-45 South . ' - - 6,500
 TSU/U of H/SH 35 1 -~ 4,000
South/Southwest 6,000
_ Southwest Fréeway _ . 5,500
Westpark 5 L ©12,000
Katy . ' 11,500
US 290 o 4,000
Ft. Worth and Denver RR 9, 000

Source: Metropolitan Transit Authority of Harris County,
Regional Transit Plan, Background Briefing Material,
Fall, 1984

As is shown subsequently, the magnitude of the volumes in Table 10 is a
critical consideration. All of the mass transportation modes considered in
this report have the demonstrated capacity to serve the volumes shown in
‘Table 10; as a result, capacity does not become an issue in selecting between
the alternative transit technologies discussed in this report.

Impact of Mass Transportation on Freeway Congestion

An ar‘gu_ment frequently made for mass transportation is that it will
reduce corridor traffic congestion. In rapidly growing urban areas, such as
Texas, this is not 1ikely to be true.

| Freeway traffic volhmes are typically growing at 4% to 6% pér year. In
addition, in the congested corridors, a substantial latent traffic demand
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‘exists; that is travel demand that would occur were it not suppressed by the
“presence of intense traffic congestion. ' o

As a result, in actuality, it is probabie that; for each person
attracted from highway travel to mass transportation, another will be at-
tracted to highway travel. This has been the experience with the contraflow
lane on I-45N in Houston. While that contraflow lane serves over 5000 peak-
hour person trips -- the equivalent of two freeway lanes -- congestion in the
mixed flow lanes has not changed (Tab}é 11). Similar data are being shown
for the Katy Freeway transitway in Houston. :

Table 11, Peak-Perlod (7-9 a.m.), Peak Direction Travel On I-45N at
Link Road, Houston

Year | Auto Volume, Vehicles ' Contraflow Volume,
] Personsl

19787(pre-cor_ttraflow) 12,724 . o

1979 13, 492 _ . 4,400

1984 13,108 . . 8,000

_12.5 hour volume (6-8:30) |

Source: "Evaluation of the First Year af Operation, I-45 Contraflow l.ane, Houston®,
'Research Report 205-9, Texas Transportation Institute, 1981, and Texas

Transportation Institute traffic counts,

Conseguently, the benefit of the mass transportation system is,
primarily, to move more persons during peak periods without increasing the
Tevel of congestion, Thus, more regional economic growth can be supported at
existing levels of congestion. ' |

It may be found that the mass transportation system may slightly reduce
the duration of the peak period. However, studies to date in Texas have not
confirmed that the duration of the peak has been shortened; mass transporta-
tion should not be expected to reduce the intensity of congestion that is
occurring in a corr1dor nor should it be ant1c1pated that the duration of .
congestion w111 n0t1ceab]y change.
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Concluding Observations

In the major urban areas in Texas, it will be essential to continue to
construct new streets and highways. The year 2000 transit pTan for Houston .
jndicates that, of total 24-hour trips, 4% will be served by transit (3).

Nevertheless, in the larger cities, it is criticdl to develop mass
trénsportation systems oriented toward moving large vo]umes of commuters to
major employment centers during peak periods. Houston and Dallas are pro-
jecting that, by the year 2000, transit will serve 14% of total work trips;
for trips to major employment centers, between 30% and 50% of the trips will
'be served by transit (g). In order for the major Texas cities to be able to
provide the mobility required for additiona] growth to occur, it isximpera-'
tive that effective mass transportation systems be deve]oped; |

“In genera],'the.percent of total trips served by transit in the major
cities will need to approximately double, as will transit trips-per_capita.
Given the growth_thatlis occurring in total areawide travel, this will result
in the absolute number of trips served by transit increasing by a factor of 3
to 4. From 1970 to 1980, the total number of workers using transit in the
major Texas cities remained essehtia11y unchanged. However, there are indi-
cations that transit travel can increase substantially, as it did between
1970 and 1980 in cities such as Atlanta, Denver, Los Angeles, Seattle, and
Washington, D.C. (refer to Table 9). Also, from 1980 to 1985, transit trips
~in Houston have increased frdm approximately 45 million to 67 million.

To sustain and support the type of development that is occurring in the

larger Texas cities, a much 1argef.yolume of trips will need to be served by
mass transportation. '
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HIGH-OCCUPANCY VEHICLE LANE TECHNOLOGY

This technology is referred to by a variety of names,'including HOV
lanes, authorized vehicle lanes (AVL's), busways, and transitwayé. Many of
these facilities are developed within freeway rights-of-way; techniques in-
clude separate busway facilities; concurrent flow 1anes,'tontfaf10w lanes,
and pridrity entry ramps. These techhiques are described in other'souﬁces
(4,5), and a detailed description of the techniques is not included in this
report. In essence, to implement these priority techniques the manner in
which a freeway facility is designed or operated is altered to provide
priority treatment for high-occupancy vehic]és {buses, vanpools, carpools);
the pkiority treatment offers a travel time reductiOn'to HOV occupants rela-
tive to other freeway traffic. These projects tend to be "successful" when 1
minute of travel time savings is provided per mile of priority']ane'(g), and
where a minimum time savings of 5 minutes is realized by the HOV's. To -
'accomplish this, it is important to provide 50+ mph operation on the HOV
lane. Total lane volumes must be controiled to assure this.

. Recently, attention has also been focused on transitway facilities
developed in separate rights-of-way. The data presented in this section
apply to all fypes of priority lanes, both within and outside of freeway
rights-of-way.

General Advantages and Disadvantages

A brief overview of some of the major advantages and disadVantages
associated with the priority high-occupancy vehicie_]ahes'is presented in
this section. Much of this information is expanded upon subsequently in this
'report. The advantages and disadvantages are generé]]y in compérison to a-

rail technology.
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Advantages

Implementation Cost. These facilities often represent the lTeast costly fixed
transitway facility. ' : ' '

Implementation Time. These facilities can'be planned, designed and con-
structed in a 3 to 8 year time frame. . The construction involves well-known

“highway constructlon techno]ogy, a technology possessed by numerous firms in
Texas. ' '

Staged'Opening, Transitways can be opened relatively easi]y as each section
.is completed. The ent1re facility does not need to be finished before bene-
fits can be realized. ' : ' o

- Limited Risk. The tfacilities are relatively inexpensﬁve to construct. If

the transitway is not sufficiently utilized, it.can be converted to other

useful functions such as additional mixed-tlow lanes or emergency shoulders.

Cost Effectiveness. Evaluation of transitways on congested highways in
Dallas and Houston has shown that the benefit/cost ratios for such- proaects

_are frequently in excess of 6.

Multi-Agency Funding. Transitways are eligible for local, state, and federall
funding from both highway and transit agencies,

‘Multiple User Groups., In addition to transit vehicles, vanpools and carpoois
“can also utilize the transitway, thereby increasing potential total person

movement.

Labor Disputes. During'trensit strikes, vanpools and cerpools can continue
to use the transitway, transporting approximately 75% of the person movement
_that occurred on the fac111ty prior to the strike. o

Operating Costs. Bus operafing cost (cents per passenger mile}) on transit-
ways are significantly lower than for local bus service. Also, the transit-
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way operating costs'(cents per passenger mile) are comparabTe to rail
operating costs. No direct subs1dy is required for the vanpoo] and carpool
users of these facilities.

Operating Speed. Transit service on transitways is often express and non-
stop. As a result, the 1ine-haul travel speeds are extremely high., .The

- systems in Houston are intended to operate at 50+ mph.

Park-and-Ride Lot Locations. Lots and bus transfer facilities can be Tocated
remote from the transitway on relatively inexpensive 1and without requ1r1ng

a transfer at the line-haul transitway.

Flexibility. The vehicles us1ng the transitway can use the ex1st1ng street
‘system for the collect1on/dlstr1but1on function.

'Disadvantages

Activity Center Distribution. Attempting to serve large volumes of buses on
the dentown street system will pose problems., The extent of these'prob1ems
1s a function of the street layout, intersection 1evels-of-service,-and
" sidewalk width. Also, operating speeds wiil be low in.the downtown area.

Types of Trips Served. Transitways are typically oriented toward serving the
long-distance urban commute trip; transitways typicaily do not have the

frequent station spacing often associated with rail lines.

Location of Freeway Transitways. While 1ocat1ng high- occupancy vehicle lanes
in the freeway reduces right-of-way costs and speeds implementation, that
location also forces additional vehicular travel onto the already congested
freeway corridors and the arterials serving those corridors. The median

‘location of many transitways is not conducive to serving walk-in travel.

Construction Disruption. Users of the mixed—flow lanes are impacted by the
freeway-oriented HOV construction. Desirably, needed freeway improvements

will be made at the same time.
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_ Potential Labof SaVings.' With current operations, trans1tways compare favor-
ably with rail systems in terms of 0perat1ng cost per passenger mile. Much
of the operating cost is labor. A better potential appears to exist for rail

(i.e., driverless vehicles} to reduce current labor costs in the long run.

Minimize Transfers. To the extent feasible, it is desirable to minimize
tranSfers. If some rail is developed to serve travel into the major activity
centers, patrons using buses on transitways may be forced to transfer from
Vbus to rail to complete their trip, " Th1s decreases the attract1veness of

transit.

Environmental. In some highly sensitive areas, the noise and air quality

concerns associated with bus transit may pose significant problems.

- Theoretical Transitway Capacity

Considerable disagreement exists over'the capdcity of a transitway.
Frequently, low capacity is cited as a reason for selecting rail over
transitways. | | ST | |

The available data suggest that line-haul capacity is not an issue;
'trans1tways have more than suff1c1pnt capacity to serve the volumes be1ng
estimated tor corridors in Texas (refer to Table 10) ' '

Capacity of a Freeway Lane

The capac1ty of a 51ngle ]ane trans1tway is at least somewhat re]ated to

- the capacity of a single freeway lane; the capacity of a freeway 1ane is -

generally considered to be 2000 passenger car equivalents per hour (7). This
"is confirmed by observation of volumes on Houston freeways (Tab]e 12). At
' that vo]ume, the freeway operates at 30 to 35 mph. : '
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Table 12 Observed Volumes an Houston Freeways

Freeway ’ Date and Time Hourly Volume valume Per Lane
Katy Freewsy, W8 at Wirt 12/22/80, 3-4 an. 6437 2146..
Katy Freeway, EB at Bunker Hill | 6/14/83, 6-7am | 5360 | 1787

¥. Loop, SB at Buffalo Bayou | 415/80, 7-8 am - | - 9273 . 1855

¥. Loop, N8 at Buffalo Bayou 7/21/83, 2-3 pm. 7391 1848

SW. Freeway, NB at Kirby 7/26/83, 5-6 pm 7388 - 1847

Source: Texas Transportation Institute traffic counts’

Theoretical Capacity of a Transitway Lane
Estimates of theoretical fransitway capacity are shown in Table 13.

While the capac1t1es shown in Table 13 vary consaderab]y, al] are well
in excess of the demand volumes shown in- Table 10. It is important to rea]1ze
that most of the Table 13 volumes are for the line-haul section of the
transitway; in planning, it is important to also consider the capacity of the
co]lection and_distribution system as well as the stations that_interface_
with the line-haul sections to assure that the capacities are in-line with
each other. Otherwise, the high line- haul capacity can become meaningless.
The capacity of the col]ect1on d1str1but1on system and stations is addressed
subsequently in this report.

Existing Bus Volumes on Transitways

Table 13 shows theoretical capacity. Bus utilization on ex1st1ng
facilities is shown in Table 14. As shown subsequent]y, carpool volumes also
.use several of the facilities shown in Table 14.
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Table 13. Typical Theoretical Bus Volumes

‘Average
Bus Stop Average Equivalent
_ o Buses _Heédway _ Spacing Bus Speed | Passengers
Facility or Source | Per Hour {Seconds) (Feet) {mph) Per Hourl
- G.M. Proving Grounds: ' 14502 ' 2.5 | No Stops 33 | 72,500 -
Unintertupted Flow (8) : ' ' :
(Initial Studies)
H_ig@ﬁy Capacity Ménual (j_),
1965 ,
Freeway - Level of Service D 940 58 | No Stops 33 " 47,000
Level of Service C 690 52 No Stops . 40—6_0 34,500 - .
G.M. Proving Grounds: ' | L | o
6~Bus Platoons, 30-sec On-Line _
~ Stops (8) ' 400 . 9.0 ‘Variable 15 206,000
Estimates from E1 Monte Busway ' . '
(2 o 800 45 No Stops 50 40,000~ 43, 750

_ lequivalent passengar volume assumes 50 passengers per bus.
N 2Sut:seqn.lent studies have -reported'bus volumes of 900 to 1,000 vehicles per lane per hour, these are
consistent with Teported flows. '

Note: Carpools also use several of these facilities, refers to Tables 15 and 16.

With the exception of the Lincaln tunnel operation, all the projects in
Table 14 are well below the capacity estimates shown in Table 13, The
_ operatofs'of the Lincoln Tunnel believe they can handle up to 1000
.buses/hour,. This contraflow lane is narrbw_and has relatively poor
~geometrics, both horizontal and vertical. |

Existing Carpool Volumes on Transitﬁax;

- One of the advantages of transitways is that, in addition to the bus
~ volumes served (Table 14), some of these facilities also serve carpools and
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~vanpools. There is some "overlap" between modes; that is, if carbools were

not allowed to use transitways, some of the carpool patrons would use
Data from the E1 Monte Busway (9) suggest that as many as 25% of
carpoolers may have been drawn from transit. Nevertheless, given the large

transit.

percentage of total transitway person movement-served by vanpools and
carpools (Table 15), permitting these vehicles to use the transitway does

~increase total person movement.

Table 14 Existing Peak-Direction, Peak-Hour Bus Volumes on HOV Lanes

Location Type of HOV 'Peak-Hour Volume Per Lane
) Treatment Persons Buses
Lincoln Tunnel, New York City Contraflow 30,000 600
.L_ong Island Expressway, New York City Contraflow 7,000 150
Gowanas Expressway, New York City Contréflow 5,800 130 .
Brooklyn-Queens Expressway, MNew York Clty Concurrent Flow 5,100 140
Shirley Highway, wasi‘tingtoh o.c.t Exclusive Lanes . 12,000 200
I-66, Washington, D.C. _ 2-lane, 2-way 2,800 80
El Monte-Busway, Los Angeles Exclusive Lanes 3,400 - 75
PatWay, Pittsburgh 2-Lane, 2-way 5,000 60
I-45N, Houston _ Exclusive Lane 3,300 &6
Katy Transitway, Houston Exclusive Lane 1,100 22
8~Lane Freeway (for comparison). 4 Lanes/Direction| 9,000 | -0-

J:%efl'he Shirley Highway is a 2-lane reversible facility. The volume shown is a 2-lane volume.

Note: Carpools alss use several of these facilities, refer to Tables 15 and l6.

Source: Data pruvi_ded or estimated by operating agencies.

As shown in Table 15, between 21% and 88% of total person movement is
served by carpdo]s or vanpools. On I-66 in Virginia (10) lowering the car-
poolldefinition from 4+ to 3+ increased person movement by"approkimatEly 48%.
Even though:carpooiing does draw some patronage from buses to carpools, in
all instances where the volume of vehicles allowed to use an HQOV lane has
been increased, total perédn movement has also increased. These data are
summarized in Table l6. ' | ' '
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Table 15 Estimated Carpool and Vanpool Utilization of HOV Lanes . |

Vanpool and Carpool

Total

Facility and Time Periocd Bus Passengers
. Passengers Passengers
_No. % No. N
Houston, I-45N Contraflow '
{buses and vanpools) .
6-8:30 a.m. 5,100 63% 3,000 3% 8,100
Houston, Katy Transitﬁay | .
(buses and vanpools)
6-9:00 a.m. | 2,000 6% %00 3% 2,900
Shirley Highway, Wash, D.C.
(buses and 4+ carpools) _ o
7-8:00 a.m. 11,800 .| 5% | 11,000 48% 22,800
6-9:30 a.m. 23,700 5% | 19,700 4% 43,400
 El Monte Busway,.Los Angeles
(buses and 3+ carpools)
6-10:00 a.m. | 8, 470 5% | 7,330 a6% 15,800
peak-hour 3,450 5% | 3,040 47% 6,450
1-66, Wash,, OC ' '
{buses and 3+ carpools)
a.m peak hour 2,600 29% 6,500 % 9,100
1-95 Miami Concurrent Flow |
“a.m. peak hour 60 | 2m | 2200 7% 2,840
. WU S 10l.Marin County
a.m. peak hour 3,700 9% 980 21% 4,680
Santa Moniea, 1.os Angeles |
| peak period 3,810 20% | 15,289 80% 19,099
Banfield, 1-80, Portland
(buses and 2+ carpools) _
a.m. peak hour 300 1% | 2,100 88% 2,400
" Average, non-weighted -— 46% -— 54 -—

lIn_clude_s illegal vehicles (i.e., less than 3 persons/vehicle) in the priority lanes .

Source; Texas Transportation Institute Surveys.
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Table 16. Estimated Impact of Increasing the Yolume of vehicles Eligible to

Use a High-Occupancy vehicle Facllity

Vehicles Allowed

Project _
Time Period in HOV Lane  |HOV Vehicle Volume { HOV Person Volume | Violation Rate | HOV Speed (MPH)
Type of HOV gefore | After |[Before| After] % gefore | After| % Before | After | Before |  After
. (data}{ (date) chg. i Cha. ’
Banfield, I-80 Buses | Buses
Portland, Ore. 3+ 2+ |
(W8, A.M. Peak Hour) (1975) | (1979)
Bus 16 | 1§ 300 | 300
Carpool 200 | 0 550 {2100
TOTAL 216 916 | 324 850 | 2400 | 182% | 18%-22¢] &%-10% 4. 50
-.1-95, Miami Buses | Buses
T3 2+
(Feak Hour) (1976) | (1977)
Bus ' 20 | 20 600 640
- Carpool 215 1100 00| 2200 o
TOTAL 935 j1120.| 20% 2500 2840 1& 67% 3& | 50-55 |50-55
Route 101, Concurrent Bus Buses
San Francisco Only 3+
(s8, A.M. Peak Hour) (1974) | (1978)
CBus . 94 97 368001 3700
Carpool = | 28 —| M -
TOTAL 94 385 |31 3600 ) 4679 3] 1%-3% | e¥-18% 46 46
Barden State Pwy. - 3+ 2
" New Jersey {1980) | (1981}
{peak hour) _ .
. Carpool 320 S00 {181% 870 1800] 108% | 13%-35%| &%~16%| 58 56
El Monte, Los Angeles fuses | Buses
(we, 6-10 mv) Only 3+
: . (L973) | (1977)
Bus 160 180 5200 | 5200
‘Carpool == |10 ==} 400
TOTAL 160 {1380 [763% 5200 | 9200 T [1: 1 10% 55 55
1-66, Virginia Buses | Buses
(AM, Peak Hour) 4 3+
: (1582} | (1984)
" Bus 70 79 2240 | 2600
Carpool 500 |1900 3900 | 6500
TOTAL 970 1979 (104K €140 | 9100 48%| 1% 108 52 51
_Shirley Hwy., Virginla Buses | Buses
(EB, 6-9:30 AM) only &
(1970} | (1973)
Bus’ 310 | 350 13500 | 15700
Carpool -— (L ——— | 4500
TOTAL 310 |1450 [367%{ 13500 | 20200 505 [0:4 1% NA NA

Note: Some of the data, as presented in this table, are not available. In those cases, the estimates shown were made
. by combining data from several sources. = Thus, some numbers shown are TTI estimates.
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In assessing carpool utilization, it is important to mainfain total
 vehicu1ar flow at a level (perhaps less than 1200 vph/lane) that can be
served at a high speed. High carp001'v01umes are beginning to ?ower the
level-of-service provided on both the Shirley Highway and the ET Monte
Busway. This is a major concern in considering potential carpool
uti}izatioh. It shou]d:be noted that, for all the projects listed ih_Table
16, adding new vehicles to the lane did not impact level-of-service. Had
level-of-service been impacted, person movement may have been adverSely
impacted. | e

* Daily Transitway Volumes

Most of the ridership Va1ues presented have been peak-hour or peak
period. Daily ridership for selected facilities is shown in Table 17.

Table 17. Estimated Daily Ridership on Selected Transitway Facilitles

Facility and Hours of Operation Déilj Passengers
. I-45N, Houston, 5 hr. /day (2. 5/peak) | 16,600
Katy Freeway , I-!dustnn, 6 hr, /day. (3/'péak) . . 5,700
Shirley Highway, Washington, 0.C., 20 hr/day - 80,000
I-86, Washington, D.C., 4 hr,/day (2/peak) 28,000

El Monte Busway, 24-hr., both directions 36,000
Pat‘ﬂay,. Pittsburgh, 24-hr., both. directions 49,000
Lincoln Tumnel, 3 hr. (7-10 a.m.) 50,000

Source: Texas Transportation Institute Surveyé
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Growth Trends in HOV Volumes

Once a tr‘ansitway is implemented, most individuals need to make a mode
“shift to be able to use the facility. As a result, ridership does not
develop immediately but rather, continues \_t'o grow for a peridd_ of several
years. Figures 4-6 show growth t'rends on sélected trarisitwa_y projects. It
is also evident from those figures that permitting carpoo]s'to use transit- .
ways has increased total person movement, confirming data shown in Table 16.

More detailed growth rates for the projects shown in Figures 4-6 are
summarized in Table 18. '

Table 18. Estimated Annual Growth Rates in Utilization of Selected
Transitway Projects

Year _ Shirley Highway El Monte Busway ' I-43N Contraflow
© 6=9:30 a.m. ~6-10 a.m. both 2.5 hr. peak periods
Volume % Increase Volume % Increase Volume % Increase
1970 4,500 J—
o 9,000 +100% -
1972 12,000 + 33%
1973 13,500 + 12% o 1,700°|  ---
1974 1 20,000t + 48% 3,500 | +105%
1975 24,000 .20 4,600 | + 31%
1976 29,000  + 21% 8,000l "+ 74%
1977 34,000 + 17% 9,200 |+ 15%
1978 1 37,000 v 9% 10,000 | + 9%
1979 . .| 43,000 + 16% 13,000 | + 30K 4,324 -
1980 43,500 1% | 13,700 § + 5% 9,746 +125%
1981 43,500 0% 14,700 | + 7% 14,808 + 52%
1982 | 41,%00(est) - & 13,100 | (11%) 14,870 + 1%
1983 | 40,300 - & 14,500 | +11% 15,800 |+ 7™
1988 | wa - 15,90 |  +10% 16,640 + 5%
Average, non-weighted 2% . 26% o 38%
.Average , lst 5 years 43% : » 47% 38%

_ 1Ea::;::m:n.‘Ls introduced onta project.
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It appears that, for successful projects, ridérship_can be expected to
increase by over 100% during the first year of operation. Significant addi-
tional increases will continue to occur after that tirst year; for the first
5 years, average annuai increases of 40% to 50% might be expected.

Mode Split

Mode spiit,_defined'as'the perCEntage of total trips between an origin
. and a destination served by transit; is greatly impacted by the provision of
priority treatment.. Data collected in Houston suggest that mode split in-
creases by 120% through provision of priority treatment (Table 19).

Table 19. Bus Mode Split For Downtown Trips at Park-and-Ride Lots With
. and Without Transitways, Houston

Park-and-Ride Lot/Priority Treatment Percent of Travel by Bus
North Shepherd (with priority treatment) 3 '
Addicks (without priority treatment) 15%

Note: Mode split is defined as the percent of park-and-ride lot market area
population uiorking in downtown i:hat uses the park-and-ride service.
Source: "“Effectiveness of Transit Operations in Texas Cities'_', TacMical Report
1077-1F, Texas Transportation Institute, 1984 |

" The ab;olute mode splits served by transitways are significant;
transitwdys have demonstrated the capability to serve the mode splits
referred to previously in this report that are assoc1ated W1th the iOng-range
transit planning in Texas (Tabie 20) . '



Table 20. Mode Splits Associated with Selected Transitway Projects

Project : o Mode Split
I-45N Contraflow, Houston '
Bus ' 3%
‘Vanpool ' .19
TOTAL | e
El Monte Busway, Los Angeles

| Bus - 25

Carpdol _ ' S : gg

TOTAL ST 45%
" Note: Mode split as defined in Table 19, For I-45N, these are

tfips from the park-and-ride market areas to downtown, For
- Bl Monte, these are trips from the east end of the busway
to. downtown, ' o o
Sdurce:' TTI surveys and data provided by Southern California
' Rapid Transit District. '

Bus Service on Downtown Streets

~ A drawback of the busway concept is, while it works well in each
- individual corridor, the transit vehicles operating in all the corridors
converge on the downtown. Whether or not the bus volume can-be handled
-satisfactorily in the downtown is a function of several factors, including
the bus volume, the downtown street and sidewalk system, and the
volume/capacity relationship at the critical intersections.

The vo]qme of buses entering major downtown areas is estimated in Table

21. A]so, while line-haul speeds are high on trénsitways, the'djstributidn
“inside the activity center will typically occur at 4 to 6 mph.
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Table 2L Estimated Peak-Hour Bus Volumes Entering Major Downtown Areaé_

City | Peak-Hour Bus
. Vo luﬁe
Chicago 855
Dallas _' 591
Fort Worth 120
Housfon _ ' - - 400
Los Angeles 700
New York City (Manhattan)| 5000
Pittsburgh . 700-800"
San fntonio S 22
Seattle = - 500

1 additlon, ‘approximately 100 light rail tranmsit

vehicles enter and operate at;street level.

Table 22.summarizes_bhs volumes served on major downtown streets. As a
"rule of thumb", the capacity of a reserved downtown street lane appears to
be in the range of 100 buses per hour.. According to data in reference 8,
peak-hour bus volumes of 90-120 can be expected; headways will be 30 to 40
seconds for a bus stop eﬁefy 500 feet on average with.a résulting bus speed
5-10 mph. | | o

The all busway p]an for Houston is estimated to bring 1000-1200'buses_
into the downtown during the peak hour. This is, with the exception of
Manhattan, greater than any of the values shown in Table 21.
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Table 22, Peak-Hour Bus Volumes Served on Specific Downtown Street Facilities

. Buses/Hr. /Lane

New_York City

Madison Avenue (2 curb lanes)

Sth Averwe (L curb lane +

mixed~flow)

2nd Averue contraflow

City Facility
Chicago State Street Malll a.m. 130 SB 155 NB
Michigan Avenue (mixed-flow) 100 |
Contraflow Lanes 60-70
Dallas In mixed flow? 120
- Houston Main (2 directions)?2 107
'_Louisiana2 _100
Travis? 84
Minneapolis Nicollet Mall &0

- 220/hr. /2 lanes
.;_200/hr¢/2 lanes

100-120

Portland Portland Mal13 "~ a.m , 158 5th Ave.,
175 6th Ave,
p.m, 167 5th Ave.,
| 142 6th Ave,
San Antonic Downtown contraflow - 28

lThis 1s a 2-lane mall (1 lane each direcfion) with 3 lanes at intersections.
“These are volumes per street rather than per lane. ' ' o

,3The mall consists of 2, 3-lane streets (2 lanes on each street for buses).

Bus Transit Center leumes

One means_of serving relatively high bus volumes is to bring the buses
into a terminal. This reduces the demand for curb space and street lanes.
The operating capacity of selected bus terminals is shown in Table 23. The

'A“high volume served at the Linco]n'annei (Table 14) is made possible in part
by the high-capacity bus terminal serving that.faqility.: '
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Table 23, Buses Served Per Bus Berth, Sel_ected Bus Transfer Facilities

Bus Terminai, City | Peak-Hour Buses | Buses/Berth/Hour
Port Authority, New Yorkl . 730 ) 40
George Washington Bridge, New_Ybrk 108 . . 2.5

. Transbay, San Francisco 350 0 - : 9.5
Denwver Mall, Demver . ' - : 15.0
Dixie, Cincinnati ' 7 43 : 8.0
Wilson Subway, Toronto 136 : . 7.6
McKeesport, Pittsburgh o 20 : 43
Lockwocd, Houston. (est.) 95 | 6.8
1

Includes intercity buses.
Source: “Lockwood Transit Center, Conceptual Planning and Design," Texas Transportaticn

Instltute ‘March 1983,

Capital Costs

Capital costs are diffichlt'to_estimaté since it is not always possible
to tell precisely what is included in the cost va1ues; Table 24 summariies
available cost data. The qualifying statement regarding capital cost
comparisons presented in the "Summary" should .also be recognized in
interpreting these values. |

In reviewing the cost numberé; it must be realized that additional buses
are required, bus maintenance facility expansioh is needed, and suppbrt
facilities (park-and-ride lots, bus transfer facilities) must be developed.
The following might be used as guidelines for total cost per corridor. -

8 50 buses at $140,000 | - $ 7,000,000

#6000 park-and-ride spaces " $25,000,000.
(5 1ots at $5M/1ot) o

s 1 bus transfer tacility | % 4,000,000

e 1/2 bus operating facility ~ $10,000,000

TOTAL - $46,000,000
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_Table 24, Estlimated Cost of Exclusive HQV Facilities

Lacation . | oistance Estimated Cost Cost/Mile
(miles) (millions of dallars) (millions)
Houston —
Katy Fwy., Phase 11 5 : $12 - $2.4
Katy Fwy., Phases 1-3 11 40 - . 3.6
North Fuwy., Phases 1-42 | 176 | . 75 A3
Qulf Fw., Pases 1-3% s | s 5.3
‘Northwest 4 13.8 © 100 ' 7.2
Southwest® - 10 _ 110 e 11.0
Cttawa® ; 18.6 250 ' 13,4 -
Pi_ttsbergh _ | | . |
Soutn Patwy’ . | 45 oz | so
| Fast Patway® o 6.8 us - 16.6
Baltimore (proposed)” | 12,7 ' : 127 ' 10.0
Shirley Highway (1s70)10 © | 11 | 3 | e
Propused Extension 13 98 N . 52
El Monte (1973)11 ' 11 B . 56 . 51
Proposed Extensionl? 1 ‘ 20 ' 20.0
AVERAGE {non-weighted) —— : C——— : $a81

J.—lane reversible in freeway median, l-grade separated ‘access point.
21 lane reversible in freeway median, 4 grade-separated access points, 1 bus transfer center,
2 park-and-ride lots, 2 vanpnol staging areas.
-lene Teversible in freeway median, 4 grade-separated access points, 1 bus transfer center,
2 park-and-ride lots, 2 vanpool staging areas. .
al-lane reversible in freeway median, 5 grade-separated access points,2 perk-and-ride Iots.
52-.‘L:e|ne, 1- or 2-way in freeway median, 6-grade sepereted access pqints, 2 park-and-ride lots.
'62-lane, 2 direction on exclusive right-of-way, includes 26 stations, |
72—1ane, 2 direction on exclusive right-of-way.
2—lane, 2 direction on exclusive right-of-way, includes $7.5 million for R.O.W., 1/2 of
construction cost to relocate RR.
2-lane, 2 direction on exclusive right-of—way, includes $28M for vehicles. _
- 102_1ane, 1 direction in freeway median. |
llZ«-lane, 2-direction in freeway media_ﬁ, includes costs to relecate RR, construct 3
_ . passenger stations, 'and build .nr modify mrferous highway, pedestrian and RR structures.
12A fully grade separated section extending into downtown Los Angeles

Note: In general, costs are shown in construction year ‘dollars. No attenpt has been

‘made to express all costs in cufren_t dollars.
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-.Assuming'thdt an average corfidor might be 15 miles in 1ength;.the cost
per mile for support facilities would be roughly $3 million. ' :

Multi-Agency Funding
- An advantage of the transitway concept is that it can be funded by a
variety of agencies. - Table 25 summarizes funding for the Houston transitway

system.

Table 25. Proposed Funding by Agency of Transitways In_l-loﬁston

Transitway ' . : Cost by Agency
'  (millions of dollars)
METRO | WMTA | SDHPT/ | TOTAL
FHWA
Katy (11 miles) $ 25 $12 $ 3 $ 40
North (18 miles) | 14 55 | 6 | 75
Gulf (15 miles) | 30 0o | .77 80
Southwest (10 miles) _ a4l 55 11 110
Northwest (14 miles) 90 | so | 11 | 100
- ToTA $125 | s172 | $108 | $450
Gy | (420 | @m)

‘Note: 1In all cases, the State Department of Highways and Public
Transportatidn is making the'ﬁ_:eeway' rﬁedian right-of-way
available. That could be valued at as much as $200 million.

'lIncluded in this $83 million is $39 million in LMTA Sectiﬁn 9 money.

_ Operating Cost

Operatidg cost for regular route bus transit systems is in the general
range of 25 cents to 30 cents per passenger'miie (Table 26). The cost'per
passenger-mile for bus transitway opefations is roughly half that cost (Tabie
27). However, therektent and reliability of the data reported in Table 27
“are less than desirable. "1984 APTA Operating statistics® show, for the
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Table 26. Estimated 1982 Operating Cost Per Passenger Mile,
_ Regular Route Transit Service

City ' Cents Per Passenger Mile
Atlanta o 24 cents
Chicago ) ) 28 '
‘Dallas s

New York City - 30
Baltimore : 23,

Los Angeles 22
Pittsburgh o %7

San Antonio 29

Miami S 25
Washington, D.C. - . 31

-San Diego ' R 19 |

San Francisco = 16
Philadelphia 38

New Orleans ' ' 26

Range - ) ' 16-50 cents
Non-Weighted Average . 27.7 cents

Source; .1982- APTA Dpefating Statisties

Table 27. Estimated Operating Cost Per Passenger Mile,
Bus Transit on HOV Lanes

City _ Cents Per Passenger Mile
. Houston contraflow lane_ '
‘contract carriers _ 15. &4 cents
METRO buses 8.9
Los Angeles, EL Monte '
Busway SCRTD 55
San F’ranéis_cn, Golden Gate _
Bridge Golden Gate Transit a7
Range ' 5.5 - 15. 4 cents
Non-Weighted Averaﬁe 9. 9 cents

Source: Métropolitan Transit Authority of Harris County survey.
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entire Golden Gate Transit opérdtion, an operating.cost of 18 cents per

passenger mile.

Cost Effectiveness

As part of the p]ann1ng process in Texas, Texas Transportation Inst1tute
has used computer simulation to estimate the benefit/cost ratios for proposed

transitway prOJects. The methodo]ogy used results in a conservat1ve estimate
_ of_the'benefit/cost ratio. These estimates are summarized in Table 28,

- User Characteristics

The persons using buses on transitways are educated,'white-co]lar'Texans

' (Tab]e'29),

In another question, contratlow riders were asked how important the
presence of the priority lane was in their decision to use transit.
Responses are summarized in Tabie 30. This further corroborates the mode
Sp]lt Increase associated with HOV lanes referred to prev1ous1y in this

,report.
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_ Table 28. Estimated Benefit/Cost Ratios for Proposed Transitway Projécts

In Texas
City, Freeway, and Improvement Benefit/Cost Ratio
Houston |
~ Southwest Freeway (W. Bellfort to Spur 527)
1-lane reversible ' 1.7,
. 2-lane reversible 7.5
3-1éne, 2 direction 5.4
Eastex Freeway
' 1-lane reversible ' ' ) ‘ 6.8
2=lane reversible ' _ 4l
West Loop (US 290 to Fournace)
1-lane reversible _ . - 13,7
2-lane, 2 direction o 7.2
Katy'Freewéy (SH & to Washington) -
- 1-lane reversible ' : 103
‘pallas '
‘East R.L. Thornton
' i-lane reversible . : . 33
Stemmons |
- i-lane reversible _ ' . 5.4
~ 2-lane, 2 direction o - 68
North Central Expressway .
1-lane reversible io.o
2-lane reversible ' ' 8.0
LB3
2-lane, 2 direction ' 6.1

Note: Benefits are travel time savings to transit and highway users,
reduced fuel consumptlon, and reduced transit operating cost.
- 20-year analysis period, 10% discounf_réte, $7/hour value of
time, $1.20 per gallon of fuel, and $50/hour for bus operations.
_ Source: FREQ computef simulatidn model usiﬁg input values from the
- Highway Economic Evaluation Model. Texas Transportation Institute.
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Table 29. ' Characteristics of Persons Using Buses on the I-45N Contraflow

Lane, Houston

Characteristic.

Report 205-25

Report 1077-1F2

Age (years)
50th percentile
85th percentile
Sex fpercent)
Male :
Female _
Lést Year of School Completed
50th percentile
85th percentilé
Occupation {percent}
~ Clerical
Managerial
Professional
Other
Previous Mode of Travel (percent)
Drove Self
Carpool/Vanpool
Regular Route Bus
Did not make trip
Other
Save Time Using park-and-Ride (percent)
Yes
o
No -Change
- Save Money Using Park-and-Ride (percent)
Yes S
No
No Change
Not Sure

31
- 45

4%
S55%

'l5
16

35%
i9%

21%

2%

T4

19%

89%
7%
%

1% -

33

435

57%

45%
2%

26%

87%

1

"Houston Park-and-Ride Facilities, An Analysis of Survey Data",

205-15, Texas Transportation Institute, 1981.

2"Eff'ectiveness of Transit Operations in Texas Clties," Technical Repert 1077-1F,

Texas Transportation Institute, 1984
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Table 30. Importance of the Contraflow Lane to North Freeway
Park-and-Ride Users '

| Qu_e_stinn | o North Freeway
| | . __CFL Lots
In deciding to use park-and-ride, how important _ -
was the avallablility of the CAL? - . {n=1139)
Not irportant _ ' S 1%
Not a major factor 4
very Important ' 95
Would you use park-and-ride if the CFL did not o
exist? | " (nl140)
Yes 7 A 24
No ' ' - 33
Not sure _‘ - 43

' Source: "Effectiveness of Transit Operations in Texas '_ Cities," Technical

Report 1077-1F, Texas Transportation Institute, 1984,

" Land Use Impact

There is also reason to believe that the presence of the contraflow lane
in Houston has had an impact on both where peopIe choose to live and work.
The data shown in Table 31 represent surveys of park-and-ride lots served by
the contraflow (CFL) lane and surveys of park-and-ride lots not served by the

contraflow lane. It is apparent that the presence of both park-and-ride and
priority treatment (1n this case, contraf]ow) 1nf1uence dec1s1ons regarding

' where to 11ve and work.

Automated Busways

In recent_years, attention has been given to a new concept, automated
busways. These systems are intended to take advantage of certain
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Table 31, Changes in Job and heaidentiai Locations Since Park-and-Ride

Lot Opened, With and Without Priority Freeway Lanes

Guestion

North Freeway Katy & SW Freeway Total
CFL Lots | Non CFL fots Sample
Have you changed job locations since _
Park-and-Ride (or P& and CFL) opened? (n=1118) (n=558) (n=1676)
Yes ' a% 27% e
No _ 59 73 64
If "yes", did the avallability of Park- |
and-Ride {(or P&R and CFL)‘influence
decision? (n= A445) (n=147) (n= 592)
' Yes 51% A% 48%
No . 60 52
Have you changed residential locations |
since Park-and-Ride (or P&R and CFL)
- opened? ' (n=1122) (n= 563) (n=1685)
Yes _55% S& 55%
No 45 4 45
If "yes", did the availability of Park-
and-Ride (or P&R and CFL) influence '
decision? ' (n= 603) . (P= 303) (n= 906)
Yes 57% ' 50% 5%
Na 43 50 26

Note: CFL means contraflow. The North Freeway Park-and-Ride lots are served by the pribrity

contraflow lane. No priority treatment was available on either the Katy or Southwest

Freeway at the time of the survey.

Source: "Effectiveness of Transit Operations in Texas Cities", Technical Report 1077-1F,

Texas Transportation Institute, 1984,
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characteristics of bus and rail. The specially designed vehicles can be
'operatéd on city streets for'cirtuldtion purposes under driver control. The
vehicles can also operate on a guideway without driverrcontrb]. Thus,
transfers are minimized while the rail benefits of guideway_opehation_
_(station spacing, environméntai) are also realized. Buses could also operate

in light ratl transit tunnels.

The technology has been developed in West Germany by Daimler-Benz. A
4,200 foot test track opened in Essex, Germany in 1980; this was the first
~ bus guidance system for passenger operation. Two other small, mainly
~ experimental automated buswayé have opened in wittenbérgstrab1e (1983) and

Furth (1984). R | |

_ The systems.can be either mechanically or eIectroﬁical]y operated. With
‘the mechancial system (Essen and'WittenbergstrabIe), the buses use special
Curbs to "feel" their way along the quideway. With the electronic system
{Furth) steering is accomplished by a hydraulic actuator linked to an
- electronic control system. The course of the bus is marked by cables buried
'in the surface. Antennae located below the bus are used to measure deviatién
- from the path. ' |

With this 0-Bahn system, no shoulders are provided; in the event of a
breakdown, the next bus pushes the stalled bus. On-line stations are used,
and capacity is estimated at 93 buses per hour. ' '

Adelaide, South Australia

The first non experimental system is currentiy under consfruction in
Adelaide. It will be 7.3 miles in length and will cost $86 miilion, or $11.8
“million per mile. Vehicles on the guidéway will travel at speeds of 60 mph.

An alternative Tight rail transit system was estimated to cost $140 million,
or 63% more. | | B
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THE CASE FOR RAIL TRANSIT

The previbus section of this report dealt primarily with bus
transitways. The advantages and disadvantages of transitways, as documented
in the previous section, are, in effect, the advantages and disadvantages of
transitways as compared to rail transit. ' o

"Rail transit is being given.stfong'consideration for'development in
. majok Texas cities. Much of the remainder of this report deals with rail
transit. Set forth in this section are six possible reasons for selecting
rail transit technology as'oppdsed to transitway technology. The validity of
-each;df these reasons will vary from city-to-city and, in some cases, from
corridor-to-corridor. ' '

.

Potential Reasons For Selecting Rail Transit

In the opinion of the author, the.fo]lowing reasons might be used to
Justify development of rail as opposed to bus transitways. '

‘ The Urban Image

While this -reason is not frequently expressed, the "image" and
9statement"'made by @ rail system appear to be positively viewed. A feeling
seems to exjst that, if Washington, Baltimore, Atlanta, Miami, San Francisco,
~etc., have rail transit, it must provide the desired image for a dynamic,
growing urban area. ' | ‘

It is further argued that development of this type of transit system
results in favorable features that are difficult to measure and quantify. An
analogy might be that, while the City of Dallas probably could have con-
structed a city hall at a lower cost that would effectively have housed the.
city departments, a decision was made to spend additional funds to construct
an extremely attractive and well landscaped structure that made a “"positive



statement" concerning the City of Dallas. Similarly, rail transit provides
-an image and provides an energy-efficient, relatively non polluting form of
. transportation, '

Distribution Within the Activity Center.

~Transitways in all major corridors will generally function quite well
within the corridor itself. However, all the corridors combined will result
in extremely high bus volumes in‘the downtown area during peak hours.
_ Analyses in Houston suggest that as many as 1000 to 1200 buses might be
operating on the city streets‘during the peak hour. |

Whether a downtown can support this volume of buses is-primarily.a
~ function of the street'}ayout and width, volume/capacity ratios at major
intersectibns, allocation and control of curb space, and sidewalk width.
0bvious1y,'these features vary considerably between cities and, in some -
cases, may preclude at-grade operation of high bus volumes on city streets.

Strictly from the standpoint of internal distribution, air quality,
noise, and aesthetics within the activity center, rail in subway has to be
considered superior to buses operating on city streets. It is reasdnab]e to
assume that, if large volumes of buses are to be served on city streets, some
~relatively expensive improvements to that street System will be required. =

Potentia]‘fof'Lowgr Future Operating Costs

It is frequently argued that rail systems have lower operating costs and
require fewer employees. - Data presented in this report refute these.conten-
tions based on current operating data.

Future fechno]dgy advanéements may have more of an impact on rail opera-
tions than on bus operations. Effectiye'techniques may be developed for
operating trains without on-board operétors. If so, rail‘labor requirements
can be reduced and operating costs lowered. While automated busway systems
are also being developed, that technology does not appear to be as advanced
as rail technology. . - ' '

54



Since labor represents -approximately 70% of transit operatingfcosts,ﬁthe
posSibility'bf significant reductions in labor_requirements is an important
concern in selecting the long-range transit technology. . |

" Trip Patterns Served

Transitways are ideal for'serving:]ong-distance, peak-period urban
commute trips to major activity centefs. “As shown in Figure 7,-that‘type:of
service is ideal for trip patterns in several Texas corridors, Figure 7 also
>: depicts one reason why North Central is considered to'be a good candidate
rail corridor. ' |

_ Rail'operations; with moré frequent statioh spacing, can be better
suited for serving relatively short trips. This arrangément should also be
‘more effective at serving the tranéit demand that exists during'off-peak”
periods. | . ' ' )

The trade-off is that express buses on trahsitways operate at 50+ mph dn.
the line-haul portion of the trip. As shown subsequently in this'reporfg as
rail station spacing decreases, fai],operating speeds also become re]étive]y
slow; thus, by efféctively'serving short trips, the attractiveness of serving

long-distance trips is decreased.

As a'reSu1t, the characteristics of trip patterns in a particular
corridor will help toridéntify an appropriate transit technology.

~ Minimize Transfers

To effectively serve the polynucleated Texas city with transit, some
‘transferring will be essential. However, transfers are not a desirable
feature of transit systems.
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" Percent Of Total CBD Work Trips

_'As a result, if rail is developed for any of the reasons stated
in this section, some extension of the rail system may be helpful in

‘minimizing the need for transters and, thereby, making the tr‘ansit_'sys‘tem'

more attractive for the user.

Environment

“In some highly sensitivercorridors, the more favorable air and noise
impacts of rail may help justify selection of that form of transit.

100~ - | |
~ . KATY & NORTH FREEWAYS, HOUSTON
75
N
N
- ~
| NORTH CENTRAL, DALLAS
25-

5 | 10

| 'Distance' From Downtown (Miles)

Figure 7. Percent of CBD Work Tr‘1ps on the Freeway at Vamous D1stances
~ from Downtown, Selected Freeways ' : _ _
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HEAVY RAIL TRANSIT TECHNOLOGY

- Heavy rail transit, often referred to as rail rapid transit or

conventiona] rapid transit, has been operating in the United States since the
late 1890's. It 1is typically characterized by a fully gradé-separated\dua?
track transit guidewdy'with a "third rail" power supply, high-]eﬁe] stations,
-and frequent, high-capacity train seEvice. Several systems {e.g., New York
_CTA; Philadelphia SEPTA, Boston MBTA, and Chicago CTA) were principaliy
developed in the late 1800's and early 1900's. A system was initiatéd'in
Toronto in 1954 and in Montreal in 1966. Systems were begun in San
Franc1sco, Washington, D.C., and Atlanta in the 1970 s systems were 1n-
u.1t1ated in Ba}t1more and M1am1 in the 1680°s.

General Advantages and Disadvantages

The advantages and disadvantages of HOV lanes, as presented previously,
were relative to a rail system. The preceding section of this report docu-
ments potential reasons for selecting rail transit.

Heavy rail transit offers a fully grade-separated transit guideway. It
is capab]e of moving large volumes of persons and effectively distributing
“them at the major employment centeérs. '

Capacity Considerations and Existing Volumes

Rai] transit routinely moves more persans than the projected demand for
any transit corridpr in Texas (refer to'Table'lQ). In major heavy rail
. transit corridors, approximateiy 25,000 seats per hour are provided by the'
service. Actual ridership is genera]ly h1gher since as many as two thirds of
total passengers may he standees.
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Table 32 summarizes peak-hour service on selected rajl lines in major

*North American cities. On one line in New York City, 28 trains move over
_53,000 persons in the peak hour. In general, 20% to 30% of the inbound daily

ridership'is served in the peak hour {10% to 15% of total daily ridership}.

Heavy Rail Transit System Characteristics

- Characteristics such as rail miles by system, percent of trips with at
least one downtown trip end;_aVerage speed, and employees per passenger are
presented for selected North American transit prqperties. '

Rail Miles By System

Table 33 presents the extent of selected rail systems. Considerable
variation exists in factors such as ml]es of track per capita and ridership
per mile of track

'Downtown_Orientation

" Heavy rail transit is most effective at serving targe volumes of travel
to the downtown. For all systems summarized in Table 34, over 60% of total

trips had at least one trip end in the downtown. On average, 75% of the

trips have at least one trip end in the downtown area.

' Reverse commuting is minimal. Peak-hour directional splits of between
80% and 95% have existed for 1ines in the Washington, D.C. system.

Average Speed

While commonly referred to as rail rapid transit, average speeds
(excluding layovers) are almost always less than 35 mph (Table 35). .The term
rapid was app11ed in relation to alternat1ve travel modes ‘in the 1ate 1800's
and early 1900's. '

58



Since trains typically- stop at all stations, average speed is a direct
function of station spacing. Figure 8 illustrates this relationship.
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Figuré 8. Relationship Between Average Speed {Excluding Layovers) and
Average StationVSpacing, Selected North American Heavy Rail

- Systems.

Employees Per:Passenger

Since one train operator can transport many more persons than can a bus
driver, rail transit is often assumed to be less labor intensive. That, in

turn, is used as an argument that rail operating -costs are lower.
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'This level of analysis overlooks the fact that rail systems require
| personhe] for'several'other functions, such as security, maintenance of track
-and way, and station attendants. As a result, per passenger transported,
regular route bus service and rail trahsit requike a comparable number of
employees. -These data are summarized in Tables 36 and 37. |

: Capital'Costs

Capital costs are difficult to estimate Since it is not always possible
to identify what is included in the cost values. Heavy rail transit, with
fully grade sepakated and protected right—of—way, is the most capital
intensive transit technology. Table 38 summarizes avaflable capital cost
data for rail transit systems. Again, in reviewing the capital cost, the
QUa11fying comments presented in the "Summary" should be récognized. | '

Operating Cost

" Operating cost per passenger mile for selected North American heavy rail
" transit systems is summariZed_in Table 39. These costs are commonly in the
range of 16 cents to 17 cents. o

User Characteristics

'Patrqns of heavy rail systems ténd to be choice riders. They tend to be
educated, with relatively high incomes, and use the rail transit system for
the work trip (Table 40)..
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Lgnd Use Impact

It is commonly argued that rail transit represents a means of'
inf]dencing land use and attracting growth. The validity of this argument
- has nof been satisfactorily resqived; ,Pushkarev-(g) provfdes a good summary
of the land uée Tmbact_arguments, and the foT]owing are excerptedufrdm'hfs

report.

"A fixed guideway can do little to change the growth prbspects of an
- urban area; it can do more as a catalyst for land use controls and
. urban design improvements;" | '

_"Empirica] studies of the impact of transpoftation improvements on
" land value vary wideTy in quality. One of the more rigorous studies
 (which contains an analysis of the voluminous literature) indicates
that land values in Washington do indeed rise with proximity to
Metrorail stations, and are also influenced by the opening date of
stations. However, factors unrelated to rail transit--those having
to do with popu]ation compositicn and the character of the sites --
have a much larger impact on property values than transit access.
Several studies of the Lindenwold line show a substantial increase
in property values -- up to a $3,000 difference in sales price per
single family house }or each dollar of travel savings per day.

Increased Tand values are reflected in intensified development. At
the suburban end of the 1ine, inteﬁsified residential deve]opment
has been documented on the Lindenwold 1ine and on the South Shore
extension in Boston. The effect of.BART on residential development
has been much more limited. To what extent suburban rail extensions
may reallocate fesidential development away from central cifies is a

" question that has not.been answered conclusively, Offsetting forces
are at work which may make this effect negligible.
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The most pronounced impact of new rapid transit lines coqu be .
‘expected in downtoWn'areas, where the improvement in access is

cbnceﬁtrated, and amplified by'noh~1inear agglomeration effects. In
Toroﬁto, the increment of growth along the original Yonge Street
.:SUbway; compared to growth in the'rest of the city, was enough to
produce more than $5 million in annual property taxes, compared to
_abouf $4 million in annual carrying chérges-for the bonds issued for
"construttion,r In washington, ongoing or committed private
development in various ways related to Metrorail has been put at
about $3 billion since 1976. Figures of this hature abound, but it
is viktual]y impossible to prove to what degree such development

is in fact related to the transit improvement, how much of it would
have occurred anyway, and how much of it would have occufred else-

where,"

62



Table 49. Automated Guideway Transit, System size and Estimated Average

~ System Travel Speed

System, Year. Line No. of Stations -Avg. Trip Length Avg. Speed (rriph)
Miles .' . {miles) Incl. Layover | Excl, Layover

People Movers
Dallas (Airtrans), 1977 6 4 28 1.4 10.0 —-_—

- Seattle-Tacoma, 1977 0,85 6 0. 36 8,2 9.2
Tampa, 1577 0.7 8 .17 6.8 8.8
Morgantown, 1977 2.1 3 1.62 9.7 16.5

Fairlane, Mich,, 1977 0.5 2 0. 47 9.7 17.8

TS | |
Lille, France (MAfRA) 8.5 18 6. 4 — 22.0.
Torontoc (Scarborough) 43 5 — —— ———
Vancouver, B.C. l_:’». 5 15 -— _— —

Range —-— -;-- 017 - 6.4 6.8 - 10,0 8.8 - 22,0

Avg. , Non-Weighted -— —— 1.8 8.9 149

" Source: Reference 2 and "VAL The 1983-84 Record of Experience", presented at the International

Confersnce on Automated People Movers, March 1985,

Table 50. Automated Guideway Transit, Employees Per Passenger (1977 data)

System, Year Line Annual _Passéngers Employees Employees Per
' Miles (millions). ' 'Million Passengers
People Movers
Dallas (Airtrans) | 6.4 6 1 160 26.1
Seattle-Tacoma 0.85 1G. 1 24 2.4
Tampa 0.7 145 16 1.1
Morgantown 21 1.8 51 | 26.7
Fairlane, Mich, 0.5 g, 25. 10 40.0
piac]
Lille, France (MATRA) 8.5 28.0 175 6,25
1985 ,
Range — —— —— 1.1 -4G0
Avg. , No_r_’u—'ﬂeighted — ——— —— 17,1 |

'Source: 'Ref’erenqe 2 and "VAL The 1983-84 Repord of Experience", presented at the International

Conference on Automated People Movers, March 1985,
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Table 51. Automated Guideway Transit, Estimated Capital Costs

System Line | Capital Cost Capitai Cost Per Mile
Miles | ($ millions) . ($ millions)

People Movers ' ' - '

© Miami _

 Initial System | 1.9 $145 763

© Planned Extension 21} a0 | 100.0
Detroit 29| 210 724
Jacksonville {planned) 0.7 . 29 41, 4
Houston (planned) 45 | © o112 _ . 249
Tampal : 1 o7 13 ~ 18.4
Seattle-Tacomal o9 32 ' _ 37_. 4
Morgantown’ . 21 | a2 20.4

o _
vancouver, B.C. 13,5 615 85,6
Toronto (Scarborough) 4.3 19 . 347
Lille, France (MATRA) 85 | 328 38.6

Range - — —_ $18. 4 - $100.0

Avg. ; Non-Weighted ——— — $46.4

11977 cost from Reference 2..
Sources: Reference 2, "U_rban Experience with AGT in North America" and "VAL The 1983~
84 Record of Service" presented at the International Conference on_AQtomated
- People Movers, March 1985, and data provided by systems. | .
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Table 52. Automated Guideway Transit, Estimated Operating Cost Per

Passengerrand Per Passenger Mile

Operating Cost

System Annual Operating ~ Annual Ride:shipr (dollars)
Cost (% millions) Passengers | Passenger Miles | Per Per
| Gmillions} (millions) Passenger |Passenger
_ Péugle Movers _ .
Dallas {(Airtrans), 1977 - $3.0 61 8.6 s0.49 | $0.35
 seattle-Tacoma, 1977 075 101 3.6 007 | a2
Tanpa, 1977 0.8 145 2.5 0.03 0.19
Morgantown, 1977 1.37 L9 3.1 72 | o0.44
. (ses) ‘2.5 — — — —
Fairlane, Mich, (1977) 0.4 0. 25 a12 1.60 3,33
ICTS
Lille, France (MATRA), 8. 4 28.0 180.0 029 | 0.05
1985 ' _ . ,
Range ! _— —— ———— $0. 03~$0. 72{ $0. 05-50. 44
Avg. , Non-Weightedl — SUU E— - $0.32 $0. 25

1

Excludes Fairlane data.

Source:. Reference 2 and'“VAL.The 1983-84 Record of Experience", presented at the International

Conference on Automated People Movers, March 1985,
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Table 32, Heavy Rail Transit, Peak-Hour Patronage on Selected Rail L:I.nes
(6 a.m. - 9 a.m., inbound to CBD)

System, Line Year

Peak-Hour - Inbound

8-9am asal
of all day inbound

Trains Passengers Cars Passengers
" Marhattan, 1976 _ _
N IRT, Lexington Ave, Express ] 35,700 9. 9% 28, 5%
* E IND Queens 28 " 53,330 10,5 33.9
N IRT Broadway, Express .19 27,290 8.5 246
TOTAL/Avg. , NVCTA 352 433,040 10,0 2.5
Torento, 1976 ' ‘
. N Yonge-University 30 22,900 2.0 226
E Danforth 22 22,700 7.4 25, 2
W Bloor 22 21,500 7.5 22,4
N Spadina (1980) 25 10, 427 -— ———
Montreal, 1976
N Line 2, Rue Berri 23 : 28,230 9.2 28,8
E Line 1 Blde Mais. . 17 19,110 7.3 27.3
TOTAL/Avg. , Montreal 70 65,586 8.2 27.2
Chicago, 1976 '
SW Dan Ryan 17 12,498 11,8 245
NW W=NW 22 10,213 12.2 25.5
TOTAL/Avg. , Chicago 21 52,816 10. 6 20,5
Philadelphia, 1976
N SEPTA Broad 23 10,600 12.6 17.3
TOTAL/Avg. , Philadelphia 169 43,900 12.6 20.5
Boston, 1976 ‘
S Red Line 22 8,651 16. 2 22,9
TOTAL/Avg. , Boston 137 43,061 9.0 26. 4
San Francisce, BART, 1977
E Transitway Tube 11 8,016 11.7 27.8
W Mission Street 10 . 6,510 01 345
Cleveland, 1976 '
E Joint Tract 9 4,100 11.0 240
W Airport 14 5,413 12.9 240
Washington, 1980
W Blue Line 20 13,000 8. 4 ©25.0
N Red Line 12 12,000 8.8 25 2
E Blue Line 20 8,000 8.4 27.0
Atlanta, 1980 - - _ -
East Line 6 4,250 7.7 21,2
west Line 6 3,725 7.7 21.9

Source: Referemce 2
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Table 33, Heavy Rail Transit, Extent of Systems

Miles of Track

System | Route | Uzban Population | Annual Direct ional Millions of
Miles | 1980 (millions) | Ridership |Miles of - |Per Million  |Riders Per
(1980) | (millions)| Trackl | Populat ion Mile of Track
Atlanta 1Z 1.6 39.9 6.8 2.2 ~z8
Baltimore (1985) 8. L 11. 4 — —- —
‘Boston 33 2.7 | 1249 106.0 39,3 1.17
Chicago %0 6.8 149.8 205. 6 30,2 073
Cleveland 19 1.8 6.8 4.0 5.8 0.17
Miami (1985) 20.5 2.6 51 e 7.9 —-
Montreal 24 2.8 164 2 58.0 20,7 2.83
New York City 258 15.6 1005.3 685.5 4.9 1. 47
(CTA, PATH, SIRT) ‘
Lindenwold | 15 41 10.7 30,5 7.4. i 0.35
SEPTA 24 4l 98.3 70. 4 17.2 5.72
TOTAL _ al 109.0 100.9 246 108
San Frarcisco (BART) [ 71 32 57.7 184 2 57.6 0.31
Toronto | 34 3.0 243, 1 95.0 31,7 2,56
RANGE - — — _— 3,8-57.6 0.17-5. 72
AVG. , Non-Welghted - —— - 27.8 1.75

lDaf‘initipn. The total miles of R.0.W. over which rail vehicles travel vhile in reverue sarvice.

If vehicles travel i'n both directions on a Z-way track, both sides of"the track are included.

A ane mile segment of rall over vhich tmains operate on tracks in both directions is reported

as 2 miles of directional track.

Source: "APTA 1984 Operating Statistics"”, Referemce 2.
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Table 34 Heavy Rail Transit, Estimated Percent of Trips with at Least Dne

Trip End in the Downtown

% With One Trip

System, Year - % 'Origins % Destinations in
) in CBD _CED End_in CBD
New York City, 1974 41 ar . 82
Chicago, 1972 36 BE7 I 72
Philadelphia,

Lindenwold, 1976 43 43 g7
SEPTA, 1975 35 35 70
Boston, 1973 a2 w2 84

San Francisco, 1977 40 ®© 79
Toronto, 1976 _.36 . 36 72
Cleveland, 1976 35 35 70
Atlanta, 1980 - - 75
Miami, 1985 -- - 6l
Washington, D.C., 1984 - - 68
RANGE 32% - 47% 32% - 43% 61% - 86%
AVG. , Non-Weighted 38% 38% 7 75%

:Smrce: Reference 2, 11, 12 and supplemental data provided by Miami and ¥ashington, 0.C.
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Table 35, Heavy Rail Transit, Estimated Average System Travel Speed -

System, Year Avg. Speed (mph) No. of Stations Distance ‘Between
' incl. layover |excl. layover | ' Stops (mi)
New York CTA, 1976 | 1&3 SUMRE T3 —
Toronto, 1976 ' 20. 4 _— 7 " o . 0. 54
Chicago, 1576 18,9 246 | 182 081
San Francisco, 1977 33.6 - 00 34 23
‘Washington, D. C., 207 30.0 _ | 37 \ 0.94
1980 ) | '
Philadelphia _
SEPTA, 1976 . 17.5° - -} 53 0. 4
PATCO, 1976 - 28,0 348 | 13 1.18
Boston, 1976 15.6 e : 43 0.78
Baltimore, 1984 — —— 9 o 0. 90
Atlanta, 1980 ' 24,5 33,7 13 . o8
Miami, 1985 | — —_ 2 1.00
Clevelanﬁ_, 1976 1. 228 | 2%.0 18 ' - L13
RANGE 15.6-33.6 24.6-40.0 — : 0.40-2.30
AVG. , Non-Welghted 22.1 320 — .91

" Source: Reference 2 and "State of the Art of Primary Transit System Technology" by SEWRPC, 198l.
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Table 36. Heavy Rail Transit, Employees Per Passenger
System Annual Rail Rai'J_. _Errpiqyees ﬁnplbyees Per Million
' Patronage | ' Passengérs
{millions) _ '
Atlanta 39.9 75 17,9
Boston 1249 2,995 24.0.
~ Chicago 149.8 4,286 8.6
Cleveland 6.8 302 4.4
Montreal 164, 2 1,837 L2
New York City 1,005.3 33,046 32,9
Philadelphia | |
Lindenwold. (PATCO) 10,7 319 29, 8
SEPTA 98,3 1,837 18.7
San Francisco (BART) 57.7 2,010 348
Toronto 2431 -— —
RANGE -—- —- 11 2+44 4
AVG. , Non-Weighted -— — 2%.9

Source: "APTA 1984 Operating Statistics®
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Tab_lé_ 37. Regular Route Bus Service, Employees Per _Pas'senéf.!:
System Annual Bus Patronage | Bus Employees | Employees Per Million
' | | Passéngers
Atlanta © 84,936,000 2,034 23,9
Boston 102,747,898 2,646. 25.8
Chicago 473,985,528 7,423 15,7
Cleveland 73,876,902 1,642 22,2
pallas 35,810,000 1,108 30,9
Fort Worth 5,282,367 242 As, 8
Houston 52,138,837 2,194 42. 1
Los Angeles 415,865,888 8,361 _ 201
Milwaukee 76,574,249 1,462 S 19,1
Miami 64,132,677 1,918 29,9
New York City 1,062,142,366 15,328 144
Ottawa 111,518,152 1,882 - 16.9
Philadelphia 186,466,939 3,470 18.6
Pittsburgh 83, 545, 438 2,381 28, 5
Portland; Oregon 47,355,400 1,716 36,2
San Antonio 33,433,000 911 2.2
‘Seattle 60,563,944 2,374 39.2
~ vancouver, B.C. 102,876,624 - 2,941 28.9
Washington, O.C. 178,038,930 4,410 248
RANGE —_— | e 14 4-45.8
AVG, , Non-Weighted' —— | - 2.9

-~ Source: "1984 APTA Operating Statistics®
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Table 38, Heavy Rail Systems, Estimated Capital Cost and Current Daily Ridership

System Service Date & | Length |  Cost © CostMile | Current Daily
Status (miles) | (§ Millions)| ($ Millions) Ridership
Athens, Greece Proposal 15 41,000 | $667 N
Atlanta (§ 1979) 1979 1 o= 7 | eso 160,000
o ' Ultimate 53 3,400 | 64l NA
Baltimore 1984 8 97 99,6 38,000
_ Extension 6 | 198 33.0 -
Houston . 1983 bond | 18 1,700 a4 |
' propusai _ o |
Los Angeles Initial Plan 44 - 1,180 268, 2 -~ NA
| | untinate | 116 | 3,400 182.8 NA
Miami | 198485 = 20.5 © 1,050 5.2 15,000-2C, 000
San Francisco ($ 1972} 1972 " 7.5 01,6002 22,4 200,000
BART ' _ '
Washington, D.C. 1976 | 393 2,700 69.2 360,000
o | ' | - (60,5 mi. System)
planned 8e.s | 7,100 79.3 NA
Ultimate? 10 | 12,000 120,0 NA
 RANGE : e - —— $22, 4-$268, 2 -
AVG. , Non-Weighted _— ' _— p—— $93. 8 —

Iconnects to a 1.9 mile people-mover for downtown distribution. ?eopl_e-mover cost iIs $146 million,
or $76.8 millibn per mile; See "Automated Guideway Transit™ section. 7 '
2this is 1972 dollars. Currently valued at over $5 billion, or about $70 million per mile.

*this is the Initial 39 mile section. Currently, 60.5 miles are in_ operation.

QCurrent dollars.

_ Note: In genefal,_ costs shown are in construction year dollars, No attempt has been made to

express all costs in current dollars.
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Table 39. Heavy Rail Transit Systems, Estimated Operating Cost Per

Passenger and Per Passenger Mile

System Anrual Annual Avg. Trip -Annual_Operating‘ Est. Operating Cost (§)
Passéngers _Passenger-Miles Length Cost ($ millions) Per Per
(millions) (miilioﬁs) (miles) | ' Passenger Passenger-Mi
Atlanta 398 131.4 3.3 22.3 $0.56 $0.17
Baltimbre 11. 4 ——— -— iB.O 1,57 —
Boston 1249 3741 3.0 118.4 0.95 0.32
Chicago 149, 8 1,093, 2 7.3 1749 1.16 0.16
Cleveland 6.8 69.9 10.3 12z | a7 017
Montreall 164, 2 574.7 3, 52 109.8 0. 67 . 0,19
New York City | 1,005.3 17,0600 7.0 11,6940 0.68 Q.24
Philadelphia
" Linderwold 10.7 92.8. 8.7 16,2 1.51 . 0.17
SEPTA | 98,3 540,3 5.5 95.0 0.97 e
San Francisco 57.7 725.1 12.5 125.3 2.17 017
~ (BART)
Toranto! 243, 1 851.0 3.5 " 1100 0. 45 .13
Washington D.C. 105, 4 453, 3 A3 122, 4 1.16_ 0 27
RANGE — — 3,0-12.5 — $0, 45 $0.13
$2.17 $0.32
AVG. , n-Weighted — — 7.5 — $1.06 $0. 20

lCana_dian dollars

assumed to be the same as the Toronto'trip length.

Note:

in the year of the data.

Sources:

Report",

Board,

Estimated from data included in:
"1982 UMTA Section 15 Data®,

"APTA 1984 Operating Report",

"APTA 1983 Operating

Some of the values in this table are different from values in Table 33 due to differences

and data developed for the Interim Oallas Transit
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Table 20. Heavy Rail Transit, Characteristics of Riders

70%

Characteristic | | System .

' | Atlanta | San Francisco|Washington, D.C.| Boston Chicago| New Jersey | Toronto
L (AT | (770)

% Work Trips . 80% 7% 69% S — |

Previous Mode of TraiQel _

' Bus s 35% 58 -—f - — ——
Auto 35% 56% 26% -1 - - -
Other 1% 9% 13% R - —

_Arrival Mode to Station '
Bus 58% 18% 4% 3%|  36% 8% 72%
Auto 31% 38% 30% 12%] 1% 37%. 14%
walk _ 11% A4 27% ss%|  63% 5% 1%

% College Graduates - - 46% 66%! _— | a- - —

% With Income Over $25,000| -- 55% So% I - ——

% Male 40% 8% - S - —

% Ride Every Day 6% 762 S - '

Lincome over $24,000

24 or more days per week

. Source: Re_'ferences 11, 12, 13 and 14 and "Public Transportation im Torento", TTC, 1975
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* LIGHT RAIL TRANSIT TECHNOLOGY

‘Due to certain flexibilities that decrease implementation costs, light
rail transit has become the more popular form of rail transit in recent
years. It is characterized by a tracked transit guideway wh1ch 1ncorporates

the use of overhead catenaries as a power source.

The use of the overhead power source eliminates the need for the fully
 grade separated and protected guideway characteristic Qf heavy raiT trénsit.
Thus, at-grade operatidn is possible with light rail transit. It is the at-
grade operating potential that allows lower implementation costs. A fully
grade separated light rail system costs as much as a héavy rail system;_

Relative to heavy rail, the principal advantage is flexibility that
permits Tower implementation costs. Depending upon the characteristics of
the at-grade oepration, intérference'with auto traffic may cause operating

problems; the result is also likely to be somewhat Tower operating speeds
(tor comparable station spacing) than heavy rail systems. '

Capaéity Considerations and Existing VYolumes

While 1ight rail does not have the capacity 6f heavy rail, light rail
systems do have the capacity to serve the demand that can be expected in
B Texas corridors. Capacity i1s, essentially, a function of car size, train
1ength {often contro]]ed by platform length), and minimum headway.

Modern 1ight rail systems, in order to attain higher speeds, generally
do not operate at headways of less than 2 minutes. Train consist will
generally be no more than 2 to 4 cars per train. Based on data presented by
Pushkarev {(2), light rail operation with articulated 2-car trains moves 6,800
persons per direction per hour; this is increased to 15,900 if trains of 4
Somewhat']arger cars are assumed. This value is more than.30% greater than
the highest estimated transit demand for a Texas corridor (Table 10).
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, Va_r'ious systems in Europe have demons-trated the capacity to serve the
demands expected 1n'Texas (Table 41).

“Table 41. Line Capacity for Selected Light Rail Systems

Private Maximum Maximum Achieved
Right-of-Way . Frequari:y L Capacity
City (Fercentage) (vehicles per Hour) (Passengers per Hour)
Brussels |  NA 5172 9,600
Cologne 77% : 56-62 | . 13,600
Dusse Idorf 36 e | . 14000
Frankfurt 65 23 N . 8,200
11,000
Stuttgart . 58 W@ | 12,000
Hannover - 46 : - 80 o - . 18,000
Gothenburg | . 84 88 7,200
_ 12,000
Bie Isfeld @ 24 4,300
Basel N/A . - .60 : 14,500

Source: V. Vuchic, "Light Rail Transit Systehs, A Definition and Evaluation,"
1972 PB-213447 with updated percentages from Cr. Friedrich iehner.

Current volumes on selected North American light rail systems are shown
in Table 42. A1l those peak-hour volumes are well below the estimated
maximum Texas demands shown in Table 10.

Light Rail Transit System Characterisfi_cs

“Characteristics of light rail, such as miles per system, average speed,
and employees per passenger are presented for selected 1ight rail transit
systems. : '
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Rail Miles and Ridership by System

Table 43 presents characteristics of somean the more recently deve]bped_
and/or proposed light rail systems. Table 44 presents daily ridership data
“for selected North American systems. ' T

Average Speed and Trip Length

Average speeds for light rail systems are less than for rail rapid
(heavy rail) systems. Operating speed data for sé]ected systems is presénted
in Table 45. As was the case for heavy rail trans1t, station {or stob)
- spacing d1rect1y influences operatlng speed.

Speed is also a function of the extent.of grade separations and at-grade
operatidn. Those systems operating in the range of 10 mph are, essentially,
"streetcar‘operations. Figure 9 overviews a speed relationship for light rail
systems. ' ' R ‘

Employees Per Passenger

As was the case for heavy rail transit, the average'number of employees
per passenger for 1ight rail transit. is not that different than it is for bus
transit (Tables 37 and 46). Howevef, the.re1at1ve1y'wide vériation in
employees per passenger between LRT systems makes the dverage value "at least
éomewhat Suspect. The newer systems (i.e., San Diego, Caigary and Edmonton)
do have fewer employees per passenger.

Capital Cost

The capital cost of light rail transit depends iarge]ylon the extent of
grade separation. When grade separation becomes extensive, as in Buffalo,
Iight.rail can cost as much as heavy rail. On the other hand, systems built
entirely at grade on readily available right-of-way can be bui]t for as
Tittle as $8 to $10 miliion per mile. Table. 47 summarizes capital ¢ost_data
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Figure 9. Relationship Between Average Schedule Speed and Station Spacing
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for recent er_proposed 1ight rail systems. Characteristics of thoee systems
are provided in Tab}e 43, In reviewing the capital costs, the qua]1fy1ng
statements presented in the "Summary" need to be recogn1zed

Operating Costs
“Limited operating cost data are available. The ihformation provided by
_APTA is presented in Table 48.

The average for the 5 systems shown is 19 cents per passenger mile.
Excluding Boston from the calculations results in an average of 11 cents per
passenger mile. ' :
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Table 42, Light Rail Transit, Peak-Hour Patronage on Selected Rail Lines
' "(8-_9'3..111. y inbound to CED) '

System, Line, Year

Peak-Hour Inbound

8-9am asa%

of all day inbound

Trains | Cars Pa‘séehgars Cars Paésengars
Philadelphia, 1976 : '
Market St. Tunnel 3 | 73| 300 10.8% 24 8%
Boston, 1976 _ _
W. Green Line 36 | e8| es00 8.0 191
San Francisco, 1977 '
Munil 68 68 4900 9.3 12.3
Pittsburgh, 1976
South Hillsl 51 51 3800 16,1 30,7
Newark, 1976
Newark Subway 30 | 30 1500 12.8 25.7
Edmonton, 1978 12 24 2100 92 23,2
Range ] - - 8.0%-16. 1% | 12. %-30. 7%
Avg. , Non weighted - - - 10. 6% 22, 9%

lstreet operation prior to tunnel 'cnn'pletion

Source: Reference 2.
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Table 43, Light Rail Transit, Characteristics of Selected Systems
System/Location Length - Characteristics
(miles) '
Canada
‘Edmonton 6. 4 Operational
‘ Subway in CED, otherwise at grade in RR R/W
8 stations (4 in subway)
Calgary 7.7 Operational .
' €80 mall, mostly at grade with separations
at major streets, 15 stations (8 downtown)
45 Began operations in May 1985
' Incl. grade separations, located in fwy.
median, and tunneling to avoid traffic.
France (new systems)
Paris 56 Under construction, 22 stations operational in 1988
At grade
Nantes 8.6 Operational, 22 stations
Grenoble 55 Operational in 1987, 20 stations
Strasburg 81 Operational in 1987, 28 stations
" United States
Buffalo - Operational, 1.2 mi., in CBD mall, 5 2 mi,
_ in subway, 14 stations (6 in CBD)
Dallas 160, C Conceptual plan, 98 stations, mostly in RR
' R/W
Detroit 15,0 Preliminary eng., 4 2 mi. in CBD subway, 3.5
‘ o mi. elev., 7.3 mi at grade, 17 stations (6
. _ - in CBD)
Houston varies CBD subway, mostly in RR or Fwy. R/W
' 0 to 75 ' '
Los Angeles :
Long Beach 245 CBD subway, planned for 1988 opening, 25
stations '
Century Freeway 17.5 Located in freeway median, in engineering, 10 stations
Mllwaukee 143 Planning stages .
Oklahoma City 17.4 Preliminary Planning
Pittsburgh 18.5 Stage ! wgrade, incl. 1.2 mi. subway and
: v _ maintenance facilities
Portland, Ore. 15,0 Open in 1986, reserved area on CBD st.,
uses RR, fwy. & st. R/W, at-grade, 25
. stations
-St. Louis 18,0 Prel. plng., existing CBD RR tunnel, mostly
at grade, new R/W east of CI, RR R/W west
_ ~ of CED
Sacramento 18.3 Open in 1987, CBD mall, single track,
‘ virtually no new R/W, 27 stops




Table 44 Light Rail Transit, Typical Daily Passenger Volumes

System, Year - " Length Typical Weekday Patronage -
(miles) ' ' '
Canada’
Calgary, 1981 - 7.5 : 38,000
Eimonton, 1981 R 4.5 o 20,000
Toronto, 1976 S 86,3 " . 350,000
‘United States (1976)
‘Boston
Green Line - : 27,2 : 151,000
Mat tapan-Ashmont - 2.6 ' : 14,000
Clevelard, Shaker Hts. - 131 - 19,000
New Orleans, St. Charles St. 6.5 : 25,000
" Newark, Subway o A2 : 12,000
Philadelphia
Streetcars - 51.2 . o 130,000
Subway-Sur face o 22,3 _ 65,000
Media-Sharon Hiil 11.9 _ 14,000
Norristown , ' 13.8 10,000
Pittsburgh, South Hills 248 o 24,000
San Diego (1984) t 16 16,000
San Francisco, MUNL 18.2 ] 35,000

Sources: Reference 2, "Evaluations of Operating Light Rail Transit and Streetcar
" Systems in the United States™ by John Schumann, "This is LRT" prepared
for third National Conference on Light Rail Transit, 1982, and data
provided by individual properties. S
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Table 45. Light Rail Transj;t, Estimated Average System Travel Speed and Trip Length

System, Year Avg. Stop'| % Grade Avg, Trip Avg. Speed (mph)
: Spacing | Separated | Length Incl. Layover | Excl. Layover
(miles) | .| (miles)
Canada
" Calgary, 1983 -_— —— .55 _— 20,0
Edmonton, 1976 0.9 22% 3.5 18.0 22,0
. Toronto, 1976 - -— 6.2 2.0 9.7
United States
Boston, 1976
Green Line a.58 | 55 A5 10.1 12.4
Mat tapan-Ashmont 0.6 99 —_— ——— 12,0
Buffalo 0. 45 81 — — 23,0
Cleveland, Shaket Hts. 1983 0.76 53 7.2 16.8 23.0
New Orleans, St. Charles, 1976] -—-- 0 2.2 _— 9.3
Newark, Subway, 1976 0. 40 99 2.8 15.0 21,5
Philadelphia, 1576
Streetcars — 0 — ——— 3.0
. Subway-Surface — —-— 31 9.0 11,2
Media-Sharon Hill G 42 — -— -— 16.0
Norristown 1,05 100 ——— 22.0 30.0
Pittsburgh, South Hill, 1978 Q.37 3 - 7.0 11.8 13.6
Port land 0.60 -— -— —_— 20,0
San Diego,. 1983 0.88 (#] 8.5 —_— 29.0
San Francisco, MUNL1, 1976 0.23 17 2.9 9.4 -
Range o 0.231.05| %-10% | 2.2-8.5 9.0-22.0 9.0-30.0
Avg. , Non Weighted ‘080 44 49 13.5 17.6

Sources: "1984 APTA Operating Statistics",

div:.dual properties.

Reference 2, "Evaluation of Operating Light Rail
Transit and Streetcar Systems in the United States™ by John Schumann, "State of the
Art of Primary Transit System Tecl‘nology. "

8l

SEWRPC, 198l, and data provided by in-




Table 46. Light Rail Transit, Bmuployees Per Passenger

System S . - | Anual Rail Rail Employees Employees Per
: Patronage s I Million Passengers
(millions)
Canada -
Calgary, 19831 12,2 106 ' 8.7
‘Hmonton, 19762 - . . ' 6.3 13 ' 17.9
Toronto, 19762 : : 112.6 1048 ' 9,3
United States
Boston
19831 ' b 226 380 16. 8
19762 - C 460 1391 S 302
Cleveland
1983L. - . a7 263 56,0
19762 ' A7 147 - 31.3
New Orleans, 19831 61 115 ' 18.9
Newark, 19762 o 22 - 44 20,0
Philadelphia C
19831 o 44,6 1371 307
19762 N 148 ©a07 . 27.5
Pittsburgh
1983} : | | as " 387 79.0
19762 ; a5 403 62.0
San Diego, 19831 o 42 71 16.9
San Francisco
1983l 8.2 899 ' 18.7
19762 _ 19.3 : 329 17.0
Range | ' e — 8,7 - 79.0
Avg. , Non Weighted _ ———— S — 22,

lpata presented in "APTA 1984 Operating Statistics®

Zpata presented in Reference 2 - :

Pittsburgh data not included in the average, Including Pittsburgh data results in an average
of 28,8, greater than the bus or heavy rail data. : ' :
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Table 47. Light Rail Transit, Estimated Capital Cost

System/Location Length Capital Cost ($ millions)
- (miles) Total Cost/Mile
‘Canada
Edmonton 6.4 $ 92.21 $ 14 4
Calgary 7.7 $176. 0t 2.6
45 C 2340 37.3
France
Paris 5.6 66.6 119
Nantes 6.6 66.0 10.0
Grenoble - 5.5 88.0 1.0
Strasburg 8.1 1240 . 15,3
| United States
Buffalo 6 4 5000 78.1
Dallas 16G.0 3,200.0 20,0 .
Detroit © 15,0 - 720,90 48,0
Houston
Consultant Report?2 106. 5 3,185.0 29.9
METRQ Plan® 62,9 1,158.0 18. 4
Los Angeles
Long Beach 22.5 690.0 30,7
Century Freeway 17.5 255.0 17.5
Mi1waukee 143 166.0 1.6
Oiklahoma City 17. & 1540 8.2
Pittsburgh 10. 5 552.0 " 53,2
Port land 15.0 210,04 140
St. Louis - 18.0 229.0 127
Sacramento 18.3 156.0 8.5
San Diego 15.9 2240 141
o _ A5 33.0 7.3
San Jose/Santa Clara 20,0 382.0 19,1
Range - ————— $7.3-%768. 1
Avg. , Non Weighted B I —— $22.6

lcanadian dollars

tside consultants assessment of a previous Houston LRT plan
*Data for Westpark, FWaD, and MKT corridors. Does not incl. yards and shops, SC&C
and rolling stock. ‘ :
An additional $100 million is being spent for freeway improvements.
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Table 48.. Lig'\t Rail Transit, Estimated Operating Cost Per

Passenger and Per Passenger Mile

Opefat_ing Cost ($)

System Annual ~ Annual Annual Operating
Passengers Passenger Miles -Cost {$ millions) (.. Per Per .
{millions) (millions) Passenger | Passenger Mile
Canadal
" Calgary 11 4 6% 0 $ 384 $0. 34 $0. 06
Toronto 923 - 572.0 44.65 0. 48 0.08
United States
Boston 22,6 31.7 15 90 g, 70 0. 50
Cleveland 47 3.2 6. 83. 1,46 Qlis
San Diego 4.2 _ 345 4,20 - 1,01 012
Range ——— — ——— $0.34-$1.46 | $0.06-3$0. 50
Avg., Non Weighted — —_— ——— $0. 80 $0. 19

lCanadian dollars

zExclucIing Bostcn, the average is 11 cents/passenger mile

Source:
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AUTOMATED GUIDEWAY TRANSIT |

Of all the technologies discussed in this report, the amount of
~consistent data for automated guideway tranéit;(AGT) is relatively small. In
general, these systems cdnsist of relatively small, e]ectrica]]y—pbwered
vehicles operating on fully grade separated guideways. Automatic control_
(i.e., no train operator 1s'requiféd) is a typ1ca1 character1st1c.

‘ The role of the AGT technology is not easy to define. These systems,
sometimes referred to as people movers, are used to prov1de an 1nterna1'
circulation function (refer to the first section of this report) However,
in some instances, referred to a intermediate capac1ty transit systems (ICTS)
or advanced 11ght rail transit (ALRT), th]S techno]ogy is used to prov1de
line- -haul transit service and is similar to light rail transit technology.

: In reviewing the data presented in this section, it is important to

realize that: 1) the data base is relatively small; and 2) some of the
~ system data presented are for “people mover" systems while other data refer
to ICTS. Thus, the reliability of the data presented is more open to ques-
tion; th1s is especially true in considering "average“ values due to the
' substant1a1 var1at10n between. systems. '

Cagacitz-

Automated guideway transit capacity is a function of train headways,‘
cars per train, and passengers per car. As wouid be expected, there is a
wide range in capacities. ' '

The soeca1led_1ntermediate capacity transit systems were.deveToped to
- serve demands in the 10,000 to 25,000 passenger per hour'per direction range.
The capacity of the Lille MATRA System is estimated to be 12,500 persons/hour
per direction with a 2~¢ar consist and twice that with a 4-car. consist; this
operation is providing train service at one-minute headways. '
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In terms of the peop]e_mevers; high capacity is not necessarily a
requifed attribute; maximum daily ridership of 40,000't0 50,000 might be
expected; this might translate to peak-hour demands ‘per direction of below
7500. The Dallas Airtrans system can theoretical]y'handle about 9800
passengers pef hour per direction, while the Morgantown system can handle
about 4100 passengers per hour per dihection...The ICTS systems have the
" capacity required to serve the demand that might be expected to exist in

Texas corridors (Table 10). ' ' '

Mutomated Guideway Transit System Characteristics

Characteristics such as extent of systems, average speed, and emp]oyees
per passenger are presented for se1ected propert1es. '

 Guideway Miles By System

Table 49 shows se]ected'data'oh'system length and average operating
speed, The people movers, which generally have more than 1 station per mile,.
have average operating speeds between 9 mph and 18 mph. The ICTS system has
an average speed of 22 mph; this is roughly 70% of the average speed
characteristic of heavy rail trans1t.

Employees Per Passenger

Table 50 presents available employment data for AGT sysfems. Due to the
limited data and the substantial variation in the data, the value of the
averages is highly questionable. Perhaps fhe appropriate conclusion would be
that the various systems have unique characteristics and requ1rements, no
general conc1u31ons can be drawn from this table '
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Cepital Cost

Table 51 summarizes available capital cost data for AGT systems. The 3
data points’ for ICTS are reasonably cons1stent the average cost is r1ght at
: $40 million per mile,

A w1der varaat1on ex1sts in capital cost for people mover systems. For
Vthe new systems, costs typ1ca]1y are in the range of $40 to $75 million per
-mile.

In reviewing these capital cost data, the qualifying statements

presented in the "Summary" should be recognized.

Operating Cost -

Table 52 summarizes operating cost data for AGT systems. Again, the
data-sourcés are limited and the range in values is substantial. It is
~ difficult to draw any conclusions, and the average values need to be viewed

with extreme caution.. '
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Table 49.
'System Travel Speed

Automated Guldeway Transit, System S5ize and Estimated Average

System, Year Line No, of S.tat.i_ons Avg. Trip Length Avg. Speed (mph)
. o - Miles (miles) Incl. Layover | Excl. Layover
.People Movers _
Dallas (Airtrans), 1977 | 6.4 | . 28 1.4 10.0. -
‘Seattle-Tacoma, 1977 o.85 6 0.36 8.2 9.2
Tampa, 1977 0.7 8 017 6.8 8.8
Morgantown, 1977 2.1 3 162 9.7 16.5
Fairlane, Mich,. 1977 0.5 2 Q47 5.7 | - 178
cTS
Lille, France (MATRA) a5 18 6.4 —— 22.0
Toronto (Scarborough) 43 ' 5 ——— - —— ——
: Vancouver, B.C, 13,5 _15  m— — —
"Range - - 0.17 - 6.4 6.8 - 10,0 | 8.8 - 22.0
Avg. , Non-Weighted - — 1.8 89 149

Source; Reference 2 and "VAL The 1983-84 Record of Experience”, presented at the International
Conference on Automated People Movers, March: 1985.
Table 50. Automated Guideway Transit, Enployees Per Passenger (1977 data)
System, Year = Line Annual Passengers Employees Employees Per
Miles (millions) Million Passengers
People Movers
Dallas (Airtrans) 6.4 6.1 160 26.1
Seattle-Tacoma 0.85 lal 24 2.4
Tampa 6.7 145 16 L1
Morgantown 23] 1, _9. -51 . 26.7
Fairlane, Mich. Qs 025 10 40.d
" Lille, France (MATRA) | 8.5 28.0 175 6.25
- 1985 '
"Range — —— -— 1 - 4(].'0
Ava. , n-Weighted —_— — — 17.1_. o
Source-' Reference 2 and "VAL The 1983-84 Record of’ Experience", presented at the International

Conference on Automated People Movers, March 1985,
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Table 51, Automated Guideway Transit, Estimated Capital Costs

System : Line | Capital Cost | Capital Cost Per Mile
Miles | ($ millions) . ($ millions)

People Movers o 1 '

. Miami - o

Initial System | Ly | $145 : $ 76 3
Planned Extension 21 210 0.0
Detroit - 29| 210 72.4
Jacksonville {(planned) 0.7 . 4.4
Houston (planned) 4.5 | 12 249
Tampa® B ' a7 ' 13 18. 4
Seattle-Tacomal 0.9 32 37.4
Morgantownl o - 2.1. 42 . 20,4

o _
Vaﬁ:ouver,’ B.C. 135 615 S 45,6

| Tororit_cr {Scarborough) 43 1 347
Lille, France (MATRA) 8.5 . 328 38,6

Range =~ = R S $18.4 - $100.0

J'A;b., Non-Weighted —— _— ' $46. 4

11977 Cost from Reference 2.

Sources: Reference 2, "Urban Experience with AGT in North America" and “VAL The 1983-
84 Record of Service" presented at the International Conference on Automated
People Movers, March 1985, and data pi‘ovided by systems.
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Table 52, Automated Guideway Transit, Estimated Operating Cost Per

Passenger and Per Paséenger Mile

Operating Cost

System Anrual Operating -Annﬁél Ridership. {dollars)
Cost ($ millions) Passengers | Passenger Miles| Per | Per
' ' (miliions) (millions) Pasﬁeﬁger |Passenger
Peoglg Movers _ '
Dallas (Airtrans), 1977 $3.0 6.1 8.6 $0.49 | $0.35
Seattle-Tacoma, 1977 | 0.75 0.1 3.6 0.07 )
Tampa, 1977 0. 48 145 2.5 0.03 | 019
Morgantown, 1977 137 13 3.1 0,72 0,44
' (1984) 25" e — —— _—_
Fairlane, Mich, (1977) 0.4 25 0,12 .60 | 333
- Lille, France (MATRA), 8. 4 28.0 180.0 0. 29 0.05
1985 ' o .
Range 1 — —- ——- 50. 03-50. 72| $0. 65-$0. 44
Avg. , Non-Welghted? — —— S Cs0.32 | sazs
 eycludes Fairlane data. o -

Source: Reference 2 and "VAL The 1983-84 Record of'Experienbe", presen;ed at-thé‘Interhétional

Conference on AutomatedrEeople_Mayeré,_March 1985,
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