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Executive Summary 

This report provides an overview of typical time and monetary resources 

required to provide transportation service by various contemporary modes in 

large urbanized areas. As such, it is intended as a general guide for plan

ners and decision makers dealing with transportation investment decisions. 

Its use would be appropriate in a long-range sketch planning environment 

where a wide range of investment strategies are being considered. Once the 

list of options has been narrowed through sketch planning, more precise costing 

procedures would be appropriate. Such methods and unit costs are covered in a 

companion report ''Costing Urban Transportation Alternatives: A Handbook for 

Transportation Planners." These methods and costs provide a more finely 

I 

tuned view of the potential cost of the short list of possible systems. For 

very accurate estimates, engineering studies are required. Fngineering studies 

specific to the area are expensive and are generally undertaken for only those 

systems with a very real chance of being built. 

This report is confined to a study of money spent for resources (capi

tal, operation and maintenance) and time spent traveling. Other aspects of 

the transportation supply question are specifically excluded from this analysis. 

These aspects include, but are not limited to, environmental, social, and 

ecological considerations. In addition. potential use of a transportation 

system for purposes other than simply moving people or goods between defined 

destinations is outside the scope of this report. 

The provision of transportation services requires expenditures on 
2/ 1/ 

capital investment- and on operation and maintenance of the systems. 

ij Specifically, vehicles, rights-of-way, and repair and storage facilities. 

y These ~ include fuel,. J a bar, tires_, oil, insurance, vehicle mainte
nance, administrative and general costs, and miscellaneous expenses as 
appropriate to the individual means of transportation. 
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The travel time is also an important element in the decision making process. 

Time has a different resource measurement. Within certain limits, time and 

money can be exchanged. In this research, travel time is defined as the 

average elapsed time required to travel from the primary origin to the final 

destination. It includes in-vehicle, waiting, walking, and transfer time as 

required by the modal characteristics. Access, line-haul, and egress portions 

of the trip are included in the total door-to-door travel time. 

The 25 modal combinations studied are the permutations of the separate 

modes, combined as necessary to provide door-to-rloor service. The 12 major 

modal combinat i ons are designated in Table F.-1. The modes that are combined 

serve all or part of the door-to-door trip. Those modes providing partial 

service must be supplemented by other modes providing access and/or egress 

services. Fully integrated modes, which provide door-to-door service without 

transfers, do not need supplementary services. These fully integrated mode s 

include single occupant automobile, carpool, two forms of rapid bus, and con

ventional bus. Partially integrated modes requiring access or egress modes 

include rail rapid transit and some forms of rapid bus. Line-haul only service 

may be provided by the rail rapirl transit and rapid bus, to which hath access 

and egress services must be added. Residential access modes are feeder bus, 

park-and-ride (PAR) auto, and kiss-and-ride (KAR) auto. T},e central business 

district (CBn) egress modes are feeder bus and rail rapid downtown distributor. 

Light rail transit (LRT) is not included in these comparative costs. 

The major modes studied in this report have been costed for an abstract 

city corridor, one-eighth of a circular city, with a 10-mile radius, serving 

a 1 square mile CBn. The population of the entire city is assumed to be 

between one and two million inhabitants. All money and time costs are deter

m-i-fl--el using t.hi,S _abstract city's requirements. These requirements are cost ed 

using average values of available data pertaining to each of the modes in use. 
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Tahle F:-1 

~fajor t-1odal r.ornhinations 

Mode Combination 
Af'.<": ESS LINF: -HATTL F.r:P.F.SS 

* 1. Single Occupant Automohile 
* 2. r.arpool ( 4 members) 
* 3. ronventional Bus on Arterial Streets 
* 4. Fully Integrated R.apid Bus on F:xclusive Busway, Surface nistrihution 
* 5. Fully Integrated Rapid Bus on Exclusive Busway, llnderground Distribution 

9. Park -and -Ride Partially Integrated Rapid Bus with Tlnderground T)istrihution 
10. Kiss-and-Ride Partially Integrated Rapid Bus with llnderground Distribution 
11. Feeder Bus Partially Integrated Rapid Bus with Tlnderground nistrihution 

19. 
>< 

Partially Integrate<l Rapid Bus with Surf"ace Collection I Rapid Rail Loop 

* 20. 
21. 

* 22. 

Park-and-Ride Rail Rapid Transit Line-Haul and llnderground nistribution Loop 
Kiss-and-Ride Rail Rapid Transit Line-Haul and llnderground Distribution Loop 
Feeder Bus Rail Rapid Transit Line-Haul and Underground Distribution Loop 

* Designates subset of" 7 common modes for summary purposes. 



The money costs have a common base year (1 976) and are derived with identical 

procedures. They are thus comparable across t he modes. 

For the 12 major modal combinations, the t ime versus cost per trip (of 

100,000 daily trips) trade-offs have been plotted (Figure E-1). The individ

ual points show the relative posit i ons of the separate modal combinations to 

each other and their characterization as fast or slow and expensive or inex

pensive. Any mode falling in the slow, expens ive quadrant (cost over $2 .5 0 

per person trip, travel time exceeding 30 minutes) is an inefficient choice. 

Four modal combinations are found to minimi ze t ime and/or cost. These are 

single occupant automobi le (fastest, expensive), carpool (fast, i nexpensive), 

ful l y integrated r apid bus with surface distr ibution (slow, inexpensive), and 

conventiona l bus (slowest, most inexpensive). RaiJ rapid modes are expensive, 

but fast. Those modes falling into the f a st, inexpens ive or slow and inexpen

sive require further scrutiny. For all potent ial choices , other characteristics 

and impacts of the modes should be considered in the decision making process. 

One of these considerations should be the probable demand for each, given cur

rent knowledge about r idership and attitudes ascribed to the modes by the 

potentia l users. 

The conclusions determined through the analysis and comparison of the modes 

are as follows: 

1. No single system is optimal over all cond i t ions. Trade-offs are required 
among times, money, and other environmental and societal costs . 

2. The construct i on costs of fixed capital investment for transit modes are a 
major determinant of the feasibility of t ransit services in a given corridor. 
Densely developed corridors, with high per son trip volumes daily, have 
more person trips over which these costs may be spread and have less excess 
capacity than low-volume corridors. This is especially true for rail 
rapid transit, where the minimum two tracks of line-haul are capable of 
carrying more than 300,000 persons per day and for rapid bus on exclusive 
busway, where the 44-foot wide busway is sufficient for all realistic 
volume levels. Volume impact shows dramat ical ly in the per trip costs of 
providing these services - rail rapid transit with PAR access drops from 
$4 . 98 per t r ip at 50,000 person trips dai ly to $2 . 64 per person trip at 
200,000 person trips daily. For a full y integrat ed rapid bus on an exclu-
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sive busway with underground CBn distribution, the equivalent drop is 
from $4.09 to $1.38 over the same range of volumes. Door-to-door travel 
time is constant at 27.4 minutes for the rapid rail transit/park-and-ride 
combination over all volumes, while the fully integrated rapid hus times 
drop from 41.~ minutes to 3n_q minutes as the volume increases . 

3. Automobile based modes are land hungry (see Chapter 4). Even with the 
assumption of reversible freeways (in which the same lanes serve both 
in-bound a.m. and out-bound p.m. travel), the automobile based modes re
quire ten times the land for line-haul service than is required by the 
transit modes. In addition, much of this land is needed in the CBD (to 
store the cars) and in the inner section of the corridor. This means that 
the land required is in the locations where it is the most expensive and 
difficult to obtain. This land ac~uisition cost is included i n the com
parative money costs presented in this research. The fixed capital costs 
of line-haul automobile facilities increase incrementally. Addi tional 
lanes of freeways are needed as the volume of vehicles rises . For this rea
son, the great economies of scale evident in the rapid transit modes do not 
exist for automobile modes. The cost per trip by single occupant automo
bile falls by 19 cents (from $2.92 to $2.73) as the volume rises from 
50,000 person trips daily and $0.80 at 2no,noo. The travel time for this 
mode is also constant at 26.2 minutes. 

4. The costs presented in this report are for providing service in a single 
corridor. The costs of underground loops, required for rapid rail tran
sit and by rapid busways for CBD distribution, are assigned only to trips 
from that corridor. The cost per person trips for those modes requiring 
the underground loop may be lowered by broadening the base user popu
lation to include possible uses as a downtown distributor and/or as a 
distributor for other city corridors. Additional fixed capital invest
ment in the loop is not needed until the passenger volume exceeds 3SO,OOO 
per day. As such, these fixed capital costs are spread over more trips, 
and the per trip cost falls. However, additional rolling stock and operating 
and maintenance costs will accrue in direct proportion to the added traf
fic. 

Y For a 1 square mile CBD, these per trip capital costs are $0 . 77 for 
50,000 person trips, $0.39 for 1on,noo person trips, and $0.21 for 200,noo 
person trips. 
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Chapter 1 

Introduction 

In recent years, when decision makers and planners have faced the problem 

of providing transportation systems to meet the needs of the traveling public, 

the resource costs of those systems tended to receive little attention in the 

decision making process. The choice of transportation systems often was made 

on the grounds of benefits to society, which include pollution control, urban 

rejuvenation, and improved quality of life for specific population groups. 

However, there is an increasing awareness of the limited capital available to 

invest in transportation. In addition, the resource costs of building, oper

ating, and maintaining transportation service are rising due to higher design 

standards as well as · to inflation. Decreased investment funds and increased 

provision costs have combined to force the closer inspection of the various 

transportation modes to determine the most effective and efficient choices in 

the broader context. 

Decision makers and planners facing these problems are hampered by a 

scarcity of information. Even when information on the resource costs of the 

available modes is available, it is calculated on different bases. Cost com

parisons hased on different sources, with different underlying assumptions, 

cause inconsistencies, which may lead to the choice of a less efficient trans

portation system to meet the travel demand. 

This report is confined to a study of money spent for resources (capital, 

operation and maintenance) and time spent traveling. Other aspects of the 

transportation supply question are specifically excluded from this analysis. 

These aspects include, but are not limited to, environmental, social, and 

ecological considerations. In addition, potential use of a transportation sys

tem for purposes other than simply moving people or goods between defined 

destinations is outside the scope of this report. 



This report provides an overview of typical time and monetary resources 

required to provide transportation service by various contemporary modes in 

large urbanized areas. As such, it is intended as a general guide for planners 

and decision makers dealing with transportation investment decisions. Its use 

would be appropriate in a long-range sketch planning environment where a wide 

range of investment strategies are being considered. Once the list of options 

has been narrowed through sketch planning, more precise costing procedures 

would be appropriate. Such methods and unit costs are covered in a companion 

report "Costing Urban Transportation Alternatives: A Handbook for Transporta

tion Planners." These methods and costs provide a more finely tuned view of 

the potential cost of the short list of possible systems. For very accurate 

estimates, engineering studies are required. Engineering studies specific to 

the area are expensive and are generally undertaken for only those systems 

with a very real chance of being built. 

The provision of transportation services requires expenditures on capital 
y 2/ 

investment and on operation and maintenance of the systems.- The travel 

time is also an important element in the decision making process. Time has a 

different resource measurement. Within certain limits, time and money can be 

exchanged. In this research, travel time is defined as the average elapsed 

time required to travel from the primary origin to the final destination. It 

includes in-vehicle, waiting, walking, and transfer time as required by the 

model characteristics. Access, line-haul, and egress portions of the trip 

are included in the total door-to-door travel time per person trip. 

The modal combinations studied are the 25 possible permutations of the 

separate modes, combined to provide door-to-door service. Some modes, such as 

ij Specifically, vehicles, rights-of-way, and repair and storage facilities. 

2/ These expenses include fuel, labor, tires, oil, insurance, vehicle maintenance, 
administrative and general costs, and miscellaneous expenses as appropriate 
to the individual means of transportation. 
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single occupant automobile, carpool, conventional bus, and fully integrated 

(i.e., door-to-door with a change of vehicle required) rapid bus service on 

exclusive busways, provide door-to-door service and need not be comhined with 

any other modes to provide access and/or egress. Others, such as r a il rapid 

transit and line-haul rapid hus on exclusive busways, require access and/or 

egress modes. The residential access modes are feeder bus, park-and-ride (PAR) 

auto, and kiss-and-ride (KAR) auto. T}e CBn egress mod es are feeder bus and 

rail rapid downtown distributor. Twelve of the possihle 25 modal comhinations 

are discussed in depth in Chapter 4. These are the major mode comhinations. 

Seven of these 12 are subjected to further detailed description in rhapter 4. 

The modes given detailed descriptions are those designated in Table 1-1. The 

definitions of the modes and the underlying assumptions are discussed in Chap

ter 2. 

The money component costs used to derive these comparative cost relation 

ships are ohtained from existing data. Where possible, data from operational 

modes have been analyzed to ohtain the unit cost values. If this was not 

possible, extrapolation from other modes with similar characterist i cs is 

used. In the case of Light Rail Transit (LRT), neither existing data nor 

similar modal data existed in an equivalent form to that available for the 

other modes. LRT costs have, therefore, heen omitted from this report. This 

omission does not imply that LRT is not a viahle alternative to the other 

modes. 

The modal combinations studied have been costed, using the requirements 

of an abstract city corridor as the determinants of quantities needed. Thi s 

abstract city corridor is defined as one-e ighth of a circular city, with the 

radius of urhanization surrounding the rBn, the area of t he rRn, and the travel 

volume of person trips per day destined from the corridor to th e CBD as t he 

3 
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Tahle 1-1 

i1a_j or I~odal r.omhinations 

Mode Combination 
ACr,ESS LINF-BAPL F.GRESS 

* I. Single Occupant Automohile 
* 2. Carpool (4 members) 
* 3. r.onventional Bus on Arterial Streets 
* 4. Fully Integrate<l Rapid Bus on Exclusive Busway, Surface nistribution 
* 5. Fully Integrated Rapid Bus on Exclusive Busway, llnderground nistrilmtion 

9. Park-and-Ride Partially Integrated Rapid Bus with Hnderground nistril>ution 
10. Kiss-and-Ride Partially Integrated Rapid Bus with llnderground Distribution 
11. Feeder Bus Partially Integrated Rapid Bus with llnderground Distri1'ution 

19. Partially Integrated Rapid Bus with Surface r,oilection I Rapid Rail Loop 
~ 

* 20. ParJr-and-Ricl.e Rail Rapid Transit Line-Haul and !Tnderground nistrihution Loop 
21. Kiss-and-Ride Rail Rapid Transit Line-Haul and l!nderground nistrihution Loop 

* 7.2. Feeder Bus Rail Rauid Transit Line-Haul and flnderground nistril>ution Loop 

* Designates suhset of 7 common modes for sUJ!lJT\ary purposes. 



main descriptors. The density of development in the corridor affects the 

travel volume, and for the purposes of this research, these are defined to be 
1/ 

50,000, 1nn,oon and 2no,nnn person trips daily, as described in Chanter 3. 

The components required to provide the separate services are costed with 

the costing methodology and values presented in '~osting 11rban Transportation 

Alternatives: A Handbook for Transportation Planners." The money costs have 

a common base year of 1~76. The time costs are door-to-<loor times, including 

walking, waiting and in-vehicle times. 

Only one mode at a time is assumed to meet the travel needs of the 

corridor. This assumption is made to overcome the intractable analysis problems 

associated with mixed mode corridors. It also facilitates the comparison of 

the resource costs and travel time requirements ac_ross the available modes. 

However, if the user is faced with providing traniportation services for a 

corridor of 100,nno person trips per day, for example, and feels that the 

volume would be divided equally between two modes of travel, it may be viewed 

as two 50,000-µerson-trips -daily corridors for purposes of comparison of modes. 

The travel time requirements and the resource costs expended per trip are 

higher for so,nnn-person-trip corridors. The choice as to the applicabil ity 

of this viewpoint to the study area is left to the user. 

The specific mean values for resource costs and travel time requirements 

appropriate to the individual modal combinations are presented in Chapter 4 

and in Appendix 3. In addition, the resource costs of providing the major 

modal combinations are broken down into the separate costs of fixed capital, 

rolling stock capital, and operating and maintenance costs. All costs are given 

in terms of providing an individual person trip within a specified daily volume. 

Y Examples of these average daily person trip volumes are Lindenwold Rapid 
Rail Line - 42,000; Lincoln Tunnel Bus Lanes - 100,noo (reverse lane in 
peak periods only); Santa Monica Freeway - 240,nno vehicle trips daily. 
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Capit al costs are spread over t he expected life of the facility, discounted at 

10 percent, then divided among t he daily person trips. naily operating costs 

are divided among the person tri ps made each day. Providing a completely new 

transportation system requires a ll these expenditures. Incremental service on 

existing systems requi red only expenditures on rolling stock and/or operation 

and maintenance. 

In t he final chapter, t he conclusions of this research are presented. No 

single mode or modal combination i s preferable in all situations. (onstruc

tion costs, l and requirements, and t raveler demand characteristics all miti

gate against t he choice of a single mode to serve the study corridor. However, 

a choice of several modal combin ations is probable and would allow the decision 

makers and pl anners to proceed t o more detailed planning, engineering esti

mates, and a mi xed mode corri dor pl an to meet the travel needs of the pub lic 

in the study ar ea. Thi s report is i ntended to aid in the decision making 

process . 

Three appendices are included in th i s report. In the first, the methods 

by which t he resource costs were derived are presented. The quantities of each 

component r equired to provide each type of service are given. The character

istics t hat i mpact the spec i fic values used for construction costs are also 

given . The second appendix contains the component requirements of the door-to

door travel t imes and the derivation procedures used to obtain the specific 

values presented in this report . The third appendix contains the resource costs 

and door - t o-door travel times for all 25 modal combinations and for each individ

ual abstract city configuration (defined by corridor length and CBn size). 

These specific values are presented in tabular form. 
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Chapter 2 

Comparative Money and Time Costs nevelopment 

The basic assumptions in this research relate to the underlying problems 

of measuring the components of travel. The objective, monetary costs of 

travel, form the basis of the costing procedures. Time sperit traveling is 

also estimated as a measuring stick for the travel service provided. No 

attempt is made to define a proxy value of time, through which the travel time 

spent is converted into money. 

Decisions as to the appropriate transportation system to meet the travel 

needs of a specific corridor are not made solely on money and time costs. 

Elements for which no common unit of measurement exists, are important in the 

decision making process, such as pollution (air and noise), congestion, dis

ruption, and quality of life, but are not quantified for entry into this com

parative costing process. 

The central assumptions of this research are divided into two sets. The 

first relates to the money costs of providing transportation services. The 

other pertains to the time costs of using that transportation system. There 

is a fundamental difference in the means of measuring the per trip costs of 

traveling in money and in time. The money costs pertain to actual provision of 

facilities and vehicles and the operation and maintenance of those vehicles. 

These have been quantified as fixed and variable costs to provide an assumed 

level of service for a given volume of travelers. The total costs or providing 

the service are divided by the volume level to obtain the per trip cost. 

Time costs are measured differently. The traveler going from a primary 

origin to a final destination requires a given amount of time to achieve the 

goal. This is not an average over a given volume level. It is an expected 

length of time based on previous experience with the mode and the time of day. 
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In addition, the monetary costs defined in this research are for vehicular 

modes only. Specifically omitted are any money costs for non-vehicular modes 

such as walking or bicycling. However, walking, waiting, and transfer time 

associated with the use of the analyzed modes are included. In short, the 

money costs are for vehicular travel, while the time costs are for all vehicu

lar and non-vehicular modes as needed to make the journey. The central assump

tions to the comparison of monetary costs are: 

1. The objective costs evaluated for comparison purposes are both privately 
(e.g., auto purchase costs) and publicly (e.g., highway construction) 
borne. The total economic costs of providing a service are the sum of 
both sets of costs. As a result, the economic costs of a specific mode 
will not equal the cost to the governmental unit making the decision, but 
will approximate the cost to society in resources consumed. 

2. The comparative costs useµ in this report are mean values. They are 
relevant to the planning process but not to specific construction require
ments. The specific study area will have individual costs, depending upon 
geological characteristics and existing land uses. This research and the 
comparative costs resulting from it are designed to present an approximation 
of the reality of transportation supply costs. 

3. The trends in construction costs for facilities for each mode are assumed 
to be stable over time. This allows extrapolation of past data to esti
mate current and future costs. The administrative structure of the trans
it industry, maintenance practices, and working rules and union agreements 
are assumed to be comparable across cities and to remain stable over 
time. 

4. No technological breakthroughs in the modes defined in this research are 
assumed. This is essential because the costs used are based upon existing 
technology and would, of necessity, change if the technology changes. 

5. Within the usual scale of operations, variation in that scale is assumed 
to have no impact on the cost estimates used in the comparisons. 

6. For comparative costing purposes, the facilities required by the line
haul modes must be built (i.e., exclusive busways, rapid rail lines, and 
expressways). The only new facilities required by the CBD distribution 
are for underground rapid rail or busway loops. No additions to the 
existing local street system are costed for the comparisons, nor are the 
costs of providing the existing streets entered into the comparisons. 
These street costs are "sunk costs," i.e., spent resources for facilities 
which cannot be retrieved for use elsewhere. 
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The central assumptions to the time comparative costs are: 

1. The times are for door-to-door travel. As such, the clock starts when 
the traveler leaves the primary or1g1.n and stops when the final desti
nation is reached. The times include walking, waiting, transferring, and 
riding times. They are assumed to have the same characteristics. It is 
not assumed, as has been found elsewhere, that one tYPe of time (specifi
cally waiting time) is more onerous than any other (specifically in-vehicle 
time). All are measured in minutes and hours without special weightings 
by activity to account for varying perceptions of the passage of time. 

2. A stable technology is assumed, which means that the modes defined as 
viable will retain their relative time relationships to each other over 
the long term. 

3. The modal characteristics of the vehicles in which the traveler spends time 
are assumed to have no effect on that traveler's perception of the elapsed 
time. 

Modal Definitions 

The modes used in this report are generally characterized as automobile

based, bus-based, and rail-based, depending upon the vehicle used. Within each 
(. 

base, a set of modes is defined in greater detail. The modes may be used to 

provide service along any portion of a primary origin to final destination trip 

(i.e., access, egress, line-haul, fully integrated, or partially integrated at 

1/ 
either end-). Modes required for only one tYPe of travel are so specified in 

the definitions. 

The modal definitions are based on the most common methods of operation 

for that mode. Deviation from these conventional definitions will alter the 

comparative costs an an unknown extent. 

Automobile-Based Modes 

The modes in this general set are: single occupant auto, carpool, park

and-ride access and kiss-and-ride access. In general, the automobile-based 

modes require investments in roads and parking facilities (often private), in 

l/ A fully integrated trip is one in which a single vehicle serves access, 
line-haul, and egress without transfer requirements. Partially inte
grated trips are those in which a single vehicle serves the line-haul por
tion as well as either access or egress travel, with the other segment 
requiring the use of another mode and a transfer. 
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the maintenance of those facilities, and in the purchase and operation of 

automobile s (usually private). The operator is unpaid, and no proxy value of 

time or wage rate for the unpaid driver has been used in the comparative costs. 

The total cost, for comparison purposes, of the automobile-based modes is the 

sum of the public and private costs. 

The specific characteristics of the individual modes are as follows: 

Singl e occupant automobile: Direct door-to-door service is provided by 

an unpaid owner-driver . 

Carpool: Includes collection, line-haul and distribution with detours to 

collect and discharge the assumed three passengers at the residential end. 

The driver is the fourth occupant. 

Park-and-ride access: Provides access service between the home and 

line-haul station, where the car is parked to await the traveler's return. 

Vehicle occupancy is defined to be one. 

Kiss - and-ride access: One household member provides this service for 

another. Two ho~e to line-haul station round trips are required to serve 

each home to CBn round trip of the traveler. For this service, car purchase 

is excluded because i t is available for other purposes. 

Bus-Based Modes 

These modes use diesel-powered buses to provide service along fixed routes 

and with fixed schedules. They operate either in mixed traffic or on reserved 

or specially built bus lanes for the line-haul portion of the trip. All capi

tal and operating costs are entered in the analysis. In short, costs accrue 

through vehicle purchase and maintenance, operation, and provision of the road

way. These costs also include those for the driver, who is paid union-scale 

wages. The modes are defined as convent ional bus on arterial roadways and rapid 

bus on exclusive busways. Individual characteristics are: 
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Conventiona l bus: Conventional Sn-seat transit buses operating in 

mixed traffic or on reserved lanes on existing city streets. The route struc

ture is such that one bus route may provide fully integrated service from 

primary origin to final des tination, through serving the access, line-haul, 

and egress portions of the trip. The bus stops to collect and discharge 

passengers throughout the trip, i.e., those travelers for whom the hus routes 

do not match their travel patterns. 

Rapid bus on exclusive busways: High standard SO-seat diesel buses 

operating on exclusive rights-of-way for the line-haul portion of the trip. 

These buses are capable of serving as collectors and distributors in resi

dential and CB~ areas, thus providing fully integrated service. They may also 

provide partially integrated service, with access facilities and terminals 

required at the transfer points. 

Line-haul only service is also possible under this definition, which 

requires access and egress facilities and terminals at both ends of the line

haul portion. The required surface and underground husways are huilt to Inter

state standards. 

Rail-Based Mode 

Conventional heavy rail transit refers to nonautomated systems with 

conventional vehicle control and signalization systems. Potential top speed 

of 60 mph is assumed. Higher speeds are feasible with additional capital and 

operating costs, but with typical station spacings, these higher speeds are 

infrequently achieved. Improvement in travel times with higher achievable 

speeds is min imal. 

The cost elements appropriate to heavy rail transit include building, 

operating , and maintaining the rights-of-way, terminals and stations; purchase, 

operation and maintenance of the vehicles; and labor costs for train crews. 
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All these morles are matched as needed to provide door-to-door service to 

the traveler. Some o-f the perrmtations are less feasihle than others and are 

omitted from the comnarative monev anrl time costs nresenterl in this report. 

The environment within which these modal comhinations are costed in monetary 

and temporal terms is de-finerl in C-:hanter 3. 
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Chapter 3 

Generalized City Corridor Description 

The comparative costs and times of transportation supply are calculated 

for an abstract city, which has been designed to approximate the characteris

tics of a corridor defined by the radius of urbanization surrounding the .CBD, 

the size of the CBD, and the person trip per day volume of travelers originating 

in the corridor and destined for the CBD. The CBD oriented corridor volumes of 

most of the higher population cities are given in Table 3-1. The abstract city 

is defined to have a population ranging from one to two million inhabitants, 

with varying densities in the study corridor volumes ranging from 50,000 to 

200,000 person trips daily. The specific descriptions in this chapter pertain 

to the abstract city characteristics used to calculate the time and cost values 

given in Chapter 4. However, the general form of the abstract city is the same 

for all corridor lengths, CBD sizes, and volume levels. Tables of time and 

cost values for 25 modal combinations, 9 city configurations, and 3 volume levels 

are given in Aopendix 3. 

The study corridor is measured along the radius of urbanization. Its 

configuration is designed to be pie shaped, one~eighth of the circular abstract 

city. Line-haul service is provided along the radius which bisects the area 

of the corridor. The zones in the corridor are 1 mile long, measured along 

the central radius, and are approximately trapezoidal in shape (Figure 3-1). 

A 10-mile long corridor will have 20 zones of varying area, depending upon the 

distance from the CBD, a 5-mile corridor, 10 zones, and a 15-mile corridor, 30 

zones. 

The CBD is assumed to be square, with a homogenous density. It is 

assumed to be 1 square mile in area, conforming to the CBD sizes of most 11.S. 

cities. Discharge stops for underground and surface distribution services are 

spaced such that the maximum walking distance to the final destination is no 
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City 

Chicago 

Boston 

Philadelphia 

Washington, D.C. 

Los Angeles 

Cleveland 

Detroit 

St. Louis 

Baltimore 

Atlanta 

Pittsburgh 

Milwaukee 

Dallas 

Minneapolis-St. Paul 

Providence 

Miami 

Rochester 

Kansas City 

TABLE 3-1 

Daily CBD Oriented Corridor Trip Volumes 

Corridors 

4-5 

7-8 

7-8 

7-8 

7-8 

4-,5' 

6 

6 

6 

8 

6-8 

4-5 

8 

8 

6 

6 

6 

8 

Daily Person Trip 
Volume/Corridor 

240,000-320,000 

150,000-200,000 

160,000-240,000 

160,000-240,000 

100,000-150,000 

120,000-160,000 

100,000-125,000 

100,000-125,000 

100,000-125,000 

80,000-120,000 

80,000-120,000 

80,000-120,000 

50,000-80,000 

50,000-80,000 

50,000-80,000 

25,000 

30,000 

12,000 

Peak Hour Person Trii 
Volume/Corridor 

30,000-40,000 

20,000-30,000 

20,000-30,000 

20,000-30,000 

12,000-20,000 

15,000-20,000 

12,000-15,000 

12,000-15,000 

12,000-15,000 

10,000-13,000 

10,000-13,000 

10,000-13,000 

6,000-10,000 

6,000-10,000 

6,000-10,000 

4,000 

4,000 

2,000 

SOURCE: J. R. Meyer, J. F. Kain, and M. Wohl, The Urban Transportation 
Problem (Cambridge, Massachusetts: Harvard University Press), 
1966. 
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more than three blocks. The location of underground loop stations and stops 

is given in Figure 3-1 for the 1 square mile CBn. Loop configurations for dis

charge stations for underground distrihution services in 2- and 4-square mile 

CBD's are given in Appendix 3 for use with the time and money costs of pro

viding such services. 

Residential collection services, when provided hy feeder buses, are 

assumed to follow fixed routes, three hlocks apart. These routes converge 

at the single station which serves as a transfer point for the line-haul 

modes for each contiguous pair of zones (Figure 3-1). The bus stops are 

located at each cross street. The route design is only pertinent for fixed 

route buses, since the automohile feeder modes of kiss-and-ride (KAR) and park

and-ride (PAR) are assumed to follow an unassigned minimum time path to the 

line-haul facility. 

Line-haul service, provided along the central radius, is defined to have 

interface facilities with the residential collection services at 1 mile inter

vals. This interface point is defined to be the midpoint of the zone boundary. 

Depending upon the type of line-haul facilities provided, the transfer point 

is defined to be an expressway interchange, a busway interchange, or a transit 

station. 

The trip volume levels for which the comparative money and time costs 

are presented are defined to be sn,nno, 1nn,nnn and 2nn,nnn person trips per 

day. A person trip is defined to be the travel from a primary origin to a 

final destination, e.g., from home to work. The round trip, e.g., from home 

to work to home, is defined to be two person trips. Tahle 3-2 presents repre

sentative hourly volumes for the given daily volume levels. ~hese hourly 

volumes are for an 18-hour day, with 4 hours and 6n percent of the volume in 

the peak and 14 hours and 40 percent of the volume in the off-peak (Figure 
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3-2). It is assumed that the average volume in each period equals the maximum 

and the minimum volumes in that period. This assumption requires constant 

volumes traveling throughout the peak and the off-peak. This is depicted in 

Figure 3-2 by the flat graph. 

17 



Daily Volume 

50,000 

100,000 

200,000 

TABLE 3-2 

Passenger Trip Volumes 

HOURLY VOLUME 

Peak 

7,500 

15,000 

30,000 

18 

Off-Peak 

1,430 

2,860 

5,720 
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Chapter 4 

Compar ative Money and Time Costs 

This chapter presents the comparisons of money and time costs for those 

modal combinations involving no trans fer or one transfer per trip. For the 

modes which do not provide full door -to - door service, the access or egress 

mode is mated with the partially i ntegrated l ine- haul service to carry the 

traveler the desired dis t ance. This mating i s not necessary for the fully 

integrated services such as carpool , conventional bus, and single occupant auto

mobile. Both money and t ime costs have been calculated for these mode combi

nations. The compl ete s et of avai l ab l e modes is given in Table 4-1, with 

those studied in depth designated. 
1/ 

Money costs per trip are the average cos t per trip with maximum defined-

seated occupancies per vehicle and 250 operat i ng days per year. The capital 
y 

costs of mode service provision are amortiz ed at a 10 percent discount rate 

over the facility life or vehicle lifespan postul ated in the companion r eport, 

"Costing Urban Transportation Alternat ives." Average operating costs, which 

are distance dependent, are defined by t he average traveler distances as given 

in Table 4-2 for access , line-haul , and ei t her surface or underground egress. 

The specific component cos t s are derived us ing the procedures presented 

in Appendix 1. The comparat ive money costs have been calculated for all 25 

possible modal combinat ions for three volume l evels (5 0,000, 100,000, and 

200,000 person trips per day) for 9 corridor configurations (5-, 10-, and 

15-mile radial corridors with 1- , 2-, or 4- square mile CBD's). All of these 

may be found in Appendix 3 in tabular form. 

1/ These are 1 per single occupant aut omobil e, 4 per carpool, SO per bus, and 
110 per rapid rail trans it car. 

2/ This discount rate is that required by mm Circular Number A-94, rev i sed 
March 27, 1972 . 

20 



N ..... 

TahJe 4-1 

Possihle Ho<lal rol"lhinations 

Access Line -Haul Egress 

** 1. Single nccupant Automohi l e 
** 2. rarpool (4 memhers) 
** 3. Conventional Bus on Arterial Streets 
** 4. Fully Integraterl Rapid Rus on Fxclusive Busway, Surface nistrihution 
** 5. Fully Integrated Rapid Bus on Exclusive Busway, llnderground nistri"bution 

6. Park-and-Ride Partially Integrated Rapicl Bus with Surf"ace nistribution 
7. Kiss-and-Ride Partially Integrated Rapid Bus with Surface nistrihution 
8. Feeder Bus Partially Integrated Rapid Bus with Surface Distrihution 

* 9. 
* 10. 
* 11. 

Park-and-Ride Partially Integrated Ray,id Bus with TTnderground nistrihution 
Kiss-and-Ride Partially Integrated Rapid Bus with !lnderground nistrihution 
Feeder Bus Partially Integrated Rapid Bus with flnderground nistrihution 

12 . 
13. 
14. 

Park-and-Ride Line Haul Rapid Bus Rapid Rail Loop 
Kiss-and-Ride Line Haul Rapid Bus Rapid Pail Loop 
Feeder Bus Line Haul Rapid Bus Rapid Rail Loop 

15. Park-and-Ride Line Haul Rapid Bus Feeder Bus 
16. Kiss-and-Ride Line Haul Rapid Bus Feeder Bus 
17. Feeder Bus Line Haul Ranid Bus Feeder Bus 

18. Partially Integrated Rapid Bus with Sur-Face rollection Feeder Bus 
* 19. Partially Integrated RaPid Bus wit~ Surf"ace rollection Rapid Rail Loop 

**20. 
21. 

**22. 

Park-and-Ride Rail Rapid Transit Line Haul and llnderground Distribution Loop 
Kiss-and-Ride Rail Rapid Transit Line Haul and llnderground nistrihution Loop 
Feeder Bus Rail Rapi<l Transit Line Paul an<l llnderground nistrihution Loop 

23. Park-and-Ride Rail Rapid Transit Line Haul Feeder Bus 
24. Kiss-and-Ride Rail Rapid Transit Line Haul Feeder Bus 
25. Feeder Bus Rail Rapid Transit Line Haul Feeder Bus 

** 
* 

Designates suhset o~ 7 usual modes and 12 major modes 
Designates subset of" 12 major modes only 

I 
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TABLE 4-2 

Average One-Way Traveler T)istances 
(by tti n portion) 

Access (residential) 

Line-Haul 

Surface F.gress (bus, auto) 

llnderground Egress (rail r apid t ransit, bus) 

Total distance travele<l : 

Auto and surface bus 

llnderground bus and rail rapid transit 

1 . 35 mi les 

5 .12 5 

n . 75 

1. 25 

7 . 225 mi les* 

7 . 72 5 miles * 

in -mile rania l corr idor 
1 square mile r. Bn 

* These distances differ because underground <listrihution requires following 
the set loop configurat i on , whiJe surface distrihut i on follows the minimum 
path. 
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Twelve of these 25 mo <le comhinations have been chosen for detailed 

presentation in thjs chap t er. This presentation is graphic, and unless other

wise s t at ed, pertains t o a 10-mi le radial corridor, serving a 1 square mile 

CBn , with 1nn,n()n person t rips daily (ls,nnn per tYP ical peak hour, 2 ,860 per 

typ ical off-peak hour). The peak perio<l requirements dominate, with excess 

capacity existing on all modes in the off-neak. This is an apnroximation of 

the usual situation with whi ch the user is faced. 

r:omparative time cos t s o-f travel l:ave also heen calculated for all modes, 

all vo l umes , and all corridor con-figurations as defined for money costs. 

Thes e door-to-r!oor times are presented in tahular form in Aonendix 3. 

The tahles and graphs present the ohjective, easily quantified money and 

time costs of providing and using the specified mode comhination to fulfill a 

person' s travel desires from the residential origin to the CBn destination. 

Thes e costs are the full economi c costs (resource costs) of providing the serv

ice. The fare paid by t he traveler is not part of the cost of using the serv

ice . The fare is payment for services rendered and is thus defined as a trans

fer cost . To sum the fare wi th the fixed and variahle costs of providing 

trave l services would he douhle counting the cost of the same facilities . The 

means by which the money and time costs presented in t his research are derived 

are fo und i n Appendices 1 and 2, respectively. 

r omparative Cnsts and Times 

In the graphic presentations of the money and time costs of the 12 mode 

choices (Figures 4-1 and 4 - 2), the modes are grouped "by common characteristics. 

As such, the sutomohile mode s of single occupant automohile and four-memher 

carpool are given as freestanrling hars, as is conventional hus. The rapid 

bus with undergrounrl distrihut i on mode sets are grouped, as are the rapid 

rail with r.Bn loop mode se ts. Variation among the groups of modes is due to 

change in the access or egress mode appropriate to the choice. 
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As is clear from Figure 4-1, the park-and-ride access mod e sets will 

always be more expensive in money terms than will the e~uivalent modes with 

feeder bus service. The time cost relationships for these two mode sets will 

always be the reverse, with park-and-ride mode sets the faster. The trade-off 

between money and time is left to the user. The user of this report should 

also rememher the unquantified elements of transnortation system supnly which 

are appropriate to the given situation. Other elements exist. The user's 

knowledge of the study area is extremely important to the determination of, 

and weight ascribed to, the unquantified elements pertinent to the specific 

corridor and given city. The costs given in this chapter are generalized costs 

and should be taken as a guide to, but not as, specific transportation supply 

provision costs. 

In Figure 4-3, the money costs of providing transportation services for 

these 12 modes for three volume levels , (sn,non, 100,nno, and 200.nno person 

trips per day) are shown. The impact of increased volume on the cost per trip 

shows dramatically. Figure 4-4 contains the travel time comparisons across 

volume levels for these 12 modes. Because of decreased waiting time for 

higher volumes, the impact of volume is not so dramati c for time costs as it 

is for money . 

(ost Versus Time Comparison 

In Figures 4-S, 4-6, and 4-7, the time and money costs per trip are 

displayed in comparison for the 12 modes. Fach figure displays the values for 

a single vol ume level. In these f igures, the relative positions of the modal 

values represent the trade-offs of time and money required hy each mode. As 

the person trip volume rises, the cost per trip falls. This is shown as move

ment from the upper right quadrant (slow and expensive) to the lower left quad 

rant (fast and inexpensive) as the volume r ises. 
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This shift from slow and expensive to fast and inexpensive as the volume 

levels increase is due to two very important factors: 

1. A large portion of the money costs of providing transportation services 
for all but automobile modes and conventional hus is for fixed facilities 
with required minimums (i.e., two tracks for rapid rail transit). This 
means that these fixed costs are shared hy more travelers as volume 
levels rise. 

2. The time element for modes requiring transfers includes intermodal 
waiting time, which decreases as volume increases. This is due mainly 
to decreased headways. These modes require less waiting time at the start 
of the trip and/or during the trip for transit options at higher volumes. 

It should he emphasized that underground construction is extremely expensive, 

especially in downto~m areas. Options are provided for comparing the costs 

and times of underground distribution systems (by hus or rail rapid transit) 

with those of surface distribution. In part, this cost differential is also 

due to the use of existing streets for surface distrihution, which are excluded 

from the comparative costs of the affected mode. 

The fixed facilities provided for each mode are quantified hy the 

requirements of the peak period. This is peak period dominance and means that 

the capacity required to provide acceptable service levels in the peak is 

costed. Excess capacity will exist in the off-peak, especially in such items 

as r ail tracks, lane miles of expressway, and husways. More rolling stock 

will also be available in the off-peak than is required by the off-peak 

volume levels. 

Component Money r.osts 

This chapter, to this point, has presented the money costs of providing 

transportation services as the total money cost per person trip by each of the 

12 modal combinations. These total money costs are comprised of individual 

component costs. These components are for construction (guideway, roadway, 

and busway; CBD parking; and stations and fringe parking), rolling stock capi-
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tal (automobile ownership, transit vehicles and yards), and operating and 

maintenance (automobile maintenance and operation, transit driver or train 

crew, other transit operating costs). 

In Figures 4-8, 4-q, and 4-ln, the total per trip money cost of seven 

common modal combinations are presented for a 10-mile corridor serving a 

square mile CBD. Each figure gives the per trip cost for a given volume level. 

The individual component costs are shown as proportions of the total bar. 

The numeric and percentage values used to define these graphs are given in 

tabular form in Appendix 3, Tables A3-23 to A3-25. 

Operating and maintenance costs and rolling stock capital costs are 

constant over the three volume levels for each individual mode. The decrease 

in cost per trip as the volume levels increase is in the construction costs. 

This is due to a larger volume over which to spread the capital costs. r:on

struction costs are determined by t he facilities to be provided and by the 

requirement to provide entire lanes for busways and freeways and to provide 

two tracks for rapid rail guideways. At the lower volumes, excess capacity 

exists. Thus, if the density of the corridor rises, resulting in higher 

volumes, incremental costs or providing additional transit service will be 

limited to purchase of rolling stock and operating and maintenance costs for 

the additional vehicle miles of travel incurred to meet the increased demand. 

In this research, average construction costs for freeways, husways, and 

guideways are used. The money costs for freeways and surface busways are 
1/ 

drawn from the Highway Needs Study.- They are for an unspecified mix of con-

struction types and geologic/geographic conditions. The roads are built to 

Interstate standards. The rapid rail guideway costs are averages of costs 

incurred in recently built systems and currently operating in the llnited States. 

Y FHWA Field Study Guide, "National Highway Functional Classification and 
Needs Study 1q70-1990," U.S. Department of Transportation, 1970. 
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Figure 4-8 Component Money Costs (50,000 person trips per day) 
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Figure 4-9 Component Money Costs (100,000 person trips daily) 
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Figure 4-10 Component Money Costs (200,000 person trips daily) 
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The underground di stribution loop provided for the rapid bus service and the 

5 miles of l i ne-haul underground busway that feed it are cos t ed through extra

polation from rapid rail underground construction costs, with additional costs 

fo r ventilation and bigger tunnel s included. The construction costs are 

amortized over a facility life of 35 years (surface busways and freeways) or 

50 years (other capital facilities) , a s suming a In percent discount rate and 

250 operating days per year. 

Automobile-based modes in this r esearch are not subject to minimum 

fac i l i ty requirements as are the transit modes. Freeway lanes are added incre

mentally , based on predetermined volume t o capacity ratios, as the number of 

automobiles traveling at a given t i me rises . The number of parking spaces pro

vided is also a direct result of the number of cars, whether CBD spaces for the 

single occupant automobile and carpoo l or line-haul station lot spaces in t he 

corr idor for park-and-ride travel er s . 

The land requirements of automobile -based modes are great. Purchase of 

land in the appropriate locations is i nc luded in the comparative money cost s 

presented in this report. For examp le, the se land requirement s are for a 

100,000 person trip volume in a in-mil e corridor with a 1 square mile CBD: 

a . Single occupant automobile: 53. 625 lane miles of reversible freeway, 
requiring 131.21 acres of right-of-way . 2.73 of these acres are in the 
CBD, 87 . 27 acres are in the inner 5 miles, and 41.21 in the outer 5 
mi les of the corridor. 

Six city blocks of 7-level parking facilities are also required to park 
those cars all day arriving in t he a .m. peak and to provi de par king for 
the cars arriving in 2 midday, off -peak hours. 

b . Park-and-ride lots are provided in the corridor. To park these cars, 
270 acres of land must be made into surface lots. Since there are 10 
line-haul stations, 27 acres of par king lots surround each station . 

c. Carpool: 25.5 lane miles of r eversible dedicated freeway, requiring 63 
acres of right-of-way, 2.4 acres in the CBD, 37 . 6 acres in the inner 5 
miles, and 23 acres in the outer 5 miles of the corridor. 

Freeway interchanges are included in these land requirements. 
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The high-capital transit modes require 24 acres of right-of-way in the 

outer 5 miles of the corridor. This is because the rapid busway and rapid rail 

trans it modes are costed as underground facilities for the inner 5 miles and 

elevated for the outer 4.5 miles of line-haul. Right-of-way is needed for only 

the above ground portion of the facility. Stations, but not PAR facilities, 

are included in this land requirement. Park-and-ride facilities are needed only 

if PAR is the chosen access mode. Feeder bus and kiss-and-ride facilities are 

provided as part of the station land needs if these modes are chosen as access 

to the line-haul. 

Conventional bus is the only mode costed in this research which does not 

require fixed capital investment. The highways used by conventional buses are 

assumed to exist as a sunk cost. 

If the underground distribution loop (for rail rapid transit or rapid bus 

with underground distribution) is used to serve additional travelers from other 

corridors or as a downtown distributor system, the .fixed capital costs of that 

loop are spread over a larger number of trips. This fixed capital cost ranges 

from 91 percent (or $0. 77 for the 1 square mile CBD) of the egress mode costs 

for 50,000 person trips daily through 84 percent ($0.39) of the per trip egress 

cost for 100,000 person trips to 73 percent ($0.21) of the cost for 200,000 

person trips daily. Rolling stock capital costs (for rail transit cars or 

buses) and operating and maintenance costs are directly related to the projected 

demand, and, therefore, these per trip costs will remain the same for all 

volume levels. 

An implication of the individual component costs that comprise the total 

costs per mode has to do with automation. Rail rapid transit modes are the 

only ones which can be automated, and for those modes, the train crews that 

would be replaced are a miniscule portion of the total costs. In order to 

automate the fixed guideway system, more capital must be invested in the fixed 
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facilities. Maintenance costs also increase. Automated rail rapid transit 

systems are thus cost ineffective when compared to rail systems using normal 

train crews. 

The fixed capital costs of providing the transportation system are a 

substantial portion of the total costs. Alteration of the costs of construc

tion would t hereby substantially alter the costs of service provision and,, (tthere 

fore, cannot be ignored. 

Construction Cost Sensitivities 

Due to data limitations, the impacts of variations in construction costs 

on transportation service provision can only be approximated. This is done by 

raising or lowering construction costs by 20 percent from the average. (Figure 

4-11 , 4-12, and 4-13 for sn,noo, 100,noo, and 2no,ooo person trips daily.) It 

is in t his way t hat the impact of geological conditions (e.g., percentage grades, 

rock versus earth tunneling, elevation of roadbed,,and climatic conditions) on 

construction costs is included. The variation from the average costs which 

would be appropriate for the given area must be obtained from individual sources. 

The change in per t rip costs would be the specific percentage of the construc

tion capital component cost due to the deviation from the average. All other 

trip money cost components (rolling stock and operating costs) are constant. The 

application of this money cost sensitivity discussion presumes that the us.er is 

able to obtain an approximation of the deviation from the average construction 

costs required by the user's circumstances. The actual money values upon which 

this discussion is based are found in the companion report, "Costing Urban Trans 

portation Alternatives: A Handbook for Transportation Planners." 

Since underground busway construction costs are extrapolated from under

ground rail construction costs, both components are likely to move in concert, 

where ~ do chan g_e . 
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Those modes with park-and-ride access include auto ownership in the rolling 

stock capital segment. The center bar in each group of three is the average 

cost per trip at the given volume level. The left-hand bar is the cost, assum

ing construction costs are reduced by 20 percent of the base case, while the 

right-hand bar assumes a 20 percent rise in construction costs. The numeric 

values upon which these figures are based are found in Appendix 3, Tables A3-26 

to A3-28. 
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Chapter 5 

Conclusions 

The comparative costs presented in this report are designed as guides for 

the decision maker and planner facing the problem of providing transportation 

services. These comparative costs are intended to aid in determining potentially 

viable alternative choices of transportation systems in a long-range sketch 

planning context. The resource costs and the time requirements are mean values 

for a general i zed context. The users' knowledge of the specific area for which 

transportation services are to be provided is invaluable and would be preferred, 

if available. However , such information is rarely available for all techno

logically feasible modal combinations for the specific area . 

For simplicity, this research is constrained to the question of the costs 

of supplying transportation services. Demand for those services is the other, 

equally important side of this coin. Information on both supply and demand are 

integral inputs to the decision making process. Demand information should be 

obtained from other sources. 

These comparative costs are designed to provide the user with information 

needed to narrow the field of feasible transportation systems to those that are 

potentially viable in the study corridor. They are not intended to lead the 

user to a s ingle modal choice. This is further supported by the finding that no 

single system is optimal over all possible conditions. Trade-offs are required 

among the various components to determine the best systems for the study area . 

Such trade -offs include speed (i.e., time) and money (i.e., resource costs). 

Other criteria, which are important inputs to the selection process, are the 

societal costs of congestion, pollution, and disruption, the desire for urban 

rejuvenation, the desire to improve the quality of life for specia l population 

groups, and the individual traveler ' s perceptions of the separate modes. These 

traveler perceptions are not completely defined, much less quantified, and 
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include schedule flexibility, privacy, reliability, personal safety, and 

convenience . These personal, nonmonetary components affect the mode choice deci 

sions of the travelers, and for these reasons, a single mode (such as conven

tional bus) cannot be prescribed as the only transportation service available 

for the corridor. 

While mixed mode corridors are needed to meet the varying needs of the 

travelers, this research has provided comparative costs based on a single mode 

meeting those needs . This was done to avoid the intractable analysis problems 

inherent in costing mixed mode corridors composed of several different modal 

combinations and various proportions of each mode. However, it is possible to 

view a corridor with 100,000 or 200,000 daily person trips, for compari son pur

poses, as two corridors each having an appropriate volume to represent modal 

usage. As such , a 100,000-person-trip corridor might be thought of as two 

50,000-person-trip corridors. The resulting comparison uses the t ime and cost 

values for the smaller corridor. It is more expensive per trip to provide 

several mode choices than to provide a single one. 

Volume levels defining the expected demand for transportation services 

also greatly affect the choices of modes available to the decision maker and 

planner. Because fixed facilities (guideways, stations, roadways, etc.) are the 

largest component of t he supply cost, and because, for most modes, they cannot 

be built in fractiona l quantities, the number of trips over which these costs 

can be spread is extremely important. This is especially true of line-haul 

rapid rail transit, where no fewer than two tracks are built. Automobile-based 

modes are not subject to such minimum requirements. The number of freeway lanes 

provided is a function of the number of automobiles, determined by given volume 

to capacity ratios, rounded to the next highest integer value. The parking 

spaces built to store the automobiles is also a direct function of the number of 

automobiles to be stored in a given location. 
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The impact of volume level projections on possible mode choices cannot be 

over emphasized. The volume level projections are, however, constrained by the 

population of the study area and by the modal service proposed. Only New York 

and Chicago have corridor volumes exceeding 200,000 daily person trips, and these 

volumes are influenced both by population and by geographic configuration. 

Users of this research planning for smaller cities are very unlikely to have 

corridor volumes exceeding 100,000 daily person trips on each of several modes 

in a mixed mode corridor. It is more likely that they will have corridor volumes 

of approximately 50,000 daily person trips on each mode in the corridor. This 

serves to limit the economically feasible options to those with lower minimum 

fixed capital requirements, meaning lower per trip construction costs. In 

Figures 4-3 and 4-4 the impact of lower volume levels shows in higher per trip 

costs. High-volume corridors have all modal combinations as potentially viable 

options. 

The user is cautioned that the costs presented in this report are for 

providing service for a single corridor. This means that the costs of the under

ground loops required by rail rapid transit and by rapid busways with underground 

distribution are assigned only to the trips from that corridor. The cost per 

person trip may be lowered for the underground loop modes by assigning the 

use of these underground facilities to other users, for example, ' as a downtown 

distributor and/or as a distributor for other corridors. The impact of spreading 

the construction cost load over a larger population is not defined in this 
1/ 

report. This cost is affected by the volume added to the downtown segment of 

the trip. More tracks are not needed until the passenger volume exceeds 350;000 

daily person trips on the downtown loop. Additional rolling stock and operation 

and maintenance costs will accrue in direct proportion to the added traffic. 

lJ For a 1 square mi le CBD, these per trip capital costs are $0.77 for 50,000 
person trips, $0.39 for J00,000 person trips, and $0.21 for 200,000 person 
trips. 
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Another aspect of the component costs, which comprise the money costs of 

providing transportation service, affects automation of the rail-based systems. 

Train crews are a small portion of the costs. Automation raises the construction 

costs. Maintenance and operating personnel costs also rise for automated t rains. 

Except for conventional bus, the transit modes for which comparative 

costs are derived have substantial fixed capital components. Transit mode s do 

not have substantial investments in land. Within the dense urban core, for t he 

most part, the guideways and busways are built underground, thus requiring no 

rights-of-way except for the surface entrances to the stations. Automobile

based modes, on the other hand, have substantially greater land requirements 

than transit modes. For the 10-mile radial corridor, serving a 1 square mil e 

CBD, with 100,000 person trips d~ily, .25 square miles, or 3 percent, of the 

corridor's area is dedicated to freeways and parking spaces for single occupant 

automobiles. This is the additional increment needed to build the new fac ili 

ties and is over and above the land used to provide the other streets required 

by the corridor. The major portion of this additional increment of land is 

required in the CBD and in the inner 5 miles of the corridor. The trans i t modes, 

by comparison, require 0.038 square miles, or 0.4 percent of the corridor's area. 

Further, the incremental land requirements are needed in the outer 5 miles of 

the corridor for stations and to provide yards and shops. 

For the 12 major modal combinations, the time versus cost per trip trade

offs have been plotted (Figures 4-5, 4-6, and 4-7). The individual points show 

the relative positions of the separate modal combinations to each other and 

their characterization as fast or slow and expensive or inexpensive. Four modal 

combinations are found to minimize time and/or cost. These are single occupant 

automobile (fastest, expensive), carpool (fast, inexpensive), fully integrated 

rapid bus with surface distr i bution (slow, inexpensive), and conventional ous 

(slowest, most inexpensive). Rail rapid modes are expensive, but fast. Any 
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mode falling in the slow, expensive quadrant (cost over $2.50 per person trip, 

travel time exceeding 30 minutes) is an inefficient choice. Conversely, those 

modes falling into the fast, inexpensive quadrant would be efficient choices. 

The modes which are either fast and expensive or slow and inexpensive require 

further scrutiny. 

From the findings of this research into the comparative costs of transpor

tation systems, it may be concluded that the decisions as to choice of modes 

not only include t he usual money and time costs of a mode to the society it 

serves, but also t he individual perceptions of the mode characteristics held by 

the users. 

This report uses the costs of the separate modes to society, including the 

costs borne by private individuals and various governmental units. Benefits 

ascribed to each mode, such as pollution control, urban rejuvenation, and quali

ty of life considerations, should be included in the final decision making pro

cess, but should not supercede the resource costs and travel times associated 

with providing those modes. In short, the societal costs of transportation can

not and should not be overlooked in the process of determining which transporta

tion services to provide. Th i s report is one step in this direction. 
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APPENDIX 1 

Component Cost Derivation 

The comparative costs presented in Chapter 4 for the various modes in 

combination are derived using the procedures described in the companion report 

"Costing Urban Transportation Alternatives: A Handbook for Transportation 

Planners." These procedures use the quantification of the components necessary 

to provide the given transportation service (e.g., vehicles, fixed capital 

facilities, and operating and maintenance requirements) for a given level of 

demand to determine the comparative cost of that mode for a given trip segment 

(e.g., access, egress, line-haul, or the various permutations thereof). The 

components thus quantified are multiplied by the individual unit cost of each 

and the products summed to ohtain the total daily vehicle cost per trip . The 

per person trip comparative cost is the quotient of the total cost divided by 

the given daily passenger load. 

Seven assumptions are made which greatly influence the comparative costs. 

These are: 

1. The flow of travel is undirectional in the peak periods, meaning that all 
traffic is CBn bound in the a.m. peak, residence bound in the p.m. peak. 
All fixed facilities are costed as though only one direction of travel is 
possible . Expressways have reversible lanes. Transit services collect (or 
discharge) along the line, deadheading on return. Off-peak travel is 
assumed to be equal in both directions. 

2. All travel is defined to be CBD oriented - meaning that either -the origin 
or destination is in the CBD. Travel between points in the corridor is 
excluded. 

3. Each mode or modal combination providing door-to-door service in turn is 
defined to carry either the entire trip load or none of it. Partial loads 
on several mode options are excluded because of intractable analysis 
problems. 

4. Each service is assumed to operate for 250 days each year. 

5. The corridor for which these quantities apply is 10 miles long, with 20 
zones, each 1 mile long along the radial, and half of the corridor's width. 
Each of these 20 zones is assumed to generate an average number of trips 
(e.g., 750 per peak hour and 286 per off-peak hour with 100,000 trips per 
day). 
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6. The trip segments are assumed to be separable so that each segment may be 
costed separately and then suIT1JT1ed to obtain door-to-door trip cost. 

7. The operating day is assumed to be 6 a.m. to 12 midnight. Peak hours are 
7 to 9 a.m. and 4 to 6 p.m. For a total corridor volume of 100,000, there 
are 15,000 trips per peak hour. Off-peak periods are 6 to 7 a.m., 9 a.m. to 
4 p.m., and 6 to 12 midnight. For 100,noo trips per corridor, 2,860 will 
be made in each off-peak hour. These trip flows are assumed to be constant. 

In addition to these assumptions, general information is ~eeded, describing 

the environment within which the comparative costs were derived. This is best 

given in the following manner: 

1. All capital components (freeways, parking facilities, busways, tracks, 
stations, terminals, and vehicles) are amortized over a given lifespan at 
a 10 percent discount rate. The specific lifespans are given in Table Al-1. 

2. Transit line-haul facilities are assumed to be two tracks for rail transit 
and 44-foot wide busways for rapid buses. 

3. All underground CBn distributor loops (RRT or busway) are single width, 
i.e., one track for RRT and 20-foot wide busway (12-foot lane plus 8-foot 
paved shoulder). Underground CBD stations are one sided. The costs of 
these are not half of full width costs, but are 40 percent of the cost of 
the length plus 60 percent of the remaining cost. 

4. All underground construction, whether line-haul or CBD distribution, is 
built as 75 percent cut and coverr, 12 1/2 percent rock tunnel, and 12 1/2 
percent earth tunnel. 

5. Line-haul facilities are provided for 9.5 linear miles in the 10-mile 
corridor due to the positions of stations and interchanges at the midpoint 
of the shared radial per zone pair. The inner 5 transit miles of facili
ties are underground in average development, the outer 4.5 miles elevated 
in sparse development. Freeways are the mix of facilities defined in the 
Highway Needs Report. The inner 5 miles are in fringe densities, the 
outer 4.5 miles in residential densities. 

6. All line-haul facilities are assumed to have an additional 1/8 linear mile 
into the CBn to serve as a connector to the appropriate CBD distribution 
system. 

7. Maintenance of fixed capital facilities is a function of the number of 
units of each, except for maintaining CBD and residential streets, which 
is a function of vehicle miles of travel. 

8. Operation and maintenance of the rolling stock (automobiles, buses, and 
trains) are a function of the vehicle miles of travel plus, for buses only, 

y FHWA Field Study Guide, "National Highway Functional Classification and 
Needs Study 1970-1990," U.S. Department of Transportation, 1970. 
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TABLE Al-1 

Average Life of Facilities~ Vehicles 
(in Years) 

Capital Recovery 
Life (CRF) @ 1()% 

Land Infinity 0.10 

Rail Line & Stations 5() 0.10085 

Underground Busways so 0.10085 

Busway Terminals 50 0.10085 

Surface Busways 35 0.1037 

Expressways 35 0.1037 

Rail & Bus Yards 50 0 .10085 

Parking Lots so 0.10085 

Bus Shelters 1() 0. 162 

Rail Car 30 0.1037 

Busway Rapid Rus 12 0.1468 

Conventional Bus 15 0.1313 

Auto 10 0.162 

Carpool Vehicle 10 0.162 
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the vehic l e hours of travel . These expenses are all variable costs of 
providing the service and inc l ude f uel, labor, tires, oil, insurance, vehi
cle maintenance, administrative and general, and miscellaneous expenses as 
appropriate t o the modes. 

9. The per person t rip variable cos t is the quotient obtained from dividing 
the operat i ng and maintenance cos t s per vehicle trip by the occupancy. 
Rolling st ock capital and person t rip i s the quotient of dividing the cost 
is the amortized daily cost over t he facility lifetime divided by daily per
son trips. The total person t rip comparative cost is the sum of these com
ponents: var iab le, r olling stock, and fixed capital costs per person trip. 

For convenience, the quantity of each component required in each modal type 

is presented in tabular form. The addit i onal information specific to each mode 

type is given in the support ing text. 

Automob ile-Based Modes 

The automobile-based modes defined i n this report provide either door-to

door servi ce through single occupant automobiles and four passenger carpools or 

access to the line-haul mo de through singl e passenger park-and-ride and ki s s

and-ride s ervices. Each of these four modes is costed separately . Although 

the costing procedures are the same, the component quantities required differ 

by mode. For each mode, the component s r equired in each category (fixed capi

tal, ro lling stock, and operating costs) of the service are given in Table Al-2. 

Sufficient f reeway capacity is provi ded to maintain an average of at 

least 45 mph at all times. No reverse commutation is allowed, since all trav-

el is defined to he CBD oriented. The lanes are reversible. with inbound traf

fic in the a.m. peak, outbound in the p .m. peak, and equal in- and outbound traf-
1/ 

fie in off-peak periods . 

All day parking is provi ded for al l aut omobiles arriving in the a.m. 

peak. Parking is also provided for automobiles arriving in 2 midday off-peak 

1/ Freeway lanes to provide reverse flow commuting are not costed in this 
report. Provision of additional lanes t o accommodate reverse flow traff ic 
in the peak periods entails additiona l costs for right-of-way, construc
tion, and maintenance. This would he offset by the additional travel served. 

so 



Tahle Al-2 
Automobile-Based Mode Component Requirements 
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2. Carpool 25,000 12,500 25.5 8,Q30 ------ 8. 725 5.125 3. 6() 

3. Park & 11)0,000 5n,oon ------ --- --- 41,440 1. 35 ------ 1. 35 
Ride 

4. Kiss & 100,000 na ------ ------ ------ 2.70 ------ 2.70 
Ride 
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hours for 2 hours stay (for the CBD) or 3 midday off-peak hours for 3 hours 

stay (for PAR lots). 

CBD parking is defined to be in 7 levels: 5-story structures and 2 

underground levels. PAR parking is in surface lots at the line-haul stations. 

Bus-Based Modes 

In this research, the bus-based modes are defined as conventional, rapid, 

and feeder bus services providing the full gamut of transportation services. 

Given the appropriate bus service type, these range from access, egress, and 

line-haul only through the partially integrated services (line-haul with either 

access or egress in the same vehicle) to fully integrated door-to-door service. 

Vehicle loads are defined to be 50 passengers for each round trip. This 

means that in the a .m. peak periods, the buses collect 50 passengers, then 

travel nonstop to the CBD. where they discharge their passengers before dead

heading back to pick up another load. The reverse occurs in the p.m. peaks. 

In off-peak periods, 25 passengers are carried both ways. Twenty-five passen

gers are carried into the CBD, whereup, another 25 are collected to carry back 

to the residential area. Along-th~-line service is not provided within the 

confines of these comparative costs. 

In Table Al-3, the quantities of each of the components required to 

provide the separate services are given. The maintenance requirements for the 

fixed capital facilities are a set amount per unit per year with the exception 

of residential and CBD street maintenance which is based on the .amount of travel 

in these areas. Yards and shops are also required. 

The underground distribution required by two of these services is a one-

way loop with 2.5 miles of single width (20 feet) husway and 8 stations with 3 

loading bays in each. If the service includes surface distribution, the existing 

CBD streets are assumed to have sufficient capacity to provide 12 mph running 

speeds {approximately 4 mph with stops for collection and distribution). · The 
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Table Al - 3 
Bus - Based Mode Component Requirements 
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residential streets used for residential collection are assumed to have 15 

mph running speeds. 

Line-haul stations, required by those services without residential 

collection, are on the surface. The line-haul husways are underground for the 

inner 5 miles, elevated for the outer 4.5 miles. Station access and egress 

from the busway is by ramp surface. 

An underground terminal is needed for interface between line-haul and CBn 

distribution when these trin segments are not in the same vehicle. This is 

not identical to the stations s i nce turn-around facilities are required in 

terminals. This underground terminal consists of five bus loading bays and 

0.1 mile of 20-foot wide turn-around loop. 

Bus operating and maintenance costs are defined hoth by bus miles and 

bus hours of travel. Both are needed to determine the varia"ble costs of bus

based transportation services. 

Rail-Based tfodes 

In the comparative costs, the rail-based modes are confined to rail rapid 

transit. Rail rapid transit (RRT) in this research is defined to provide line

haul only, line-haul with rBn distribut i on, or rBn distribution only service. 

Each rail rapid car is defined to carry a 110-passenger load on each 

round trip. In peak periods, this load is in the peak direction only. The 

train deadheads the return trip after discharging the passengers. Off-peak 

loads are 55 passenger loads in hoth directions, collected as CBn-hound passen

gers and discharged as residence-hound travelers. No along-the-line service is 

provided in this costing process. 

Table Al-4 descrihes the quantities of each component required to provide 

each type of service. Operation and maintenance costs are a function of car 

miles of travel. 
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Rail rapid transit, as a f i xed guideway system, uses tracks and stations 

to provide the service. The tota l linear distance to he huilt is the sum of the 

line-haul track length and the s t a tion length. The stations are 4nn feet long. 

For 10 stations, 0.76 linear mi les will be within stations, 8.865 miles will be 

the line -haul. 

The line-haul is split i nto the inner 5 miles of underground track and 

the outer 4.5 miles of elevated t r ack. 

Terminals are different f r om stations in that they have turn around 

facilities for the trains. They must be provided at the ends of each rail rapid 

line, the outermost point of s ervice, and if no underground CBn loop is pro

vided, at the interface point between the corridor and the CBn distribution sys

tem. 

Yards and shops are also prov i ded. When RRT serves the line-haul travelers 

in the corridor, these yards and shops are located at the outermost terminus 

of the line. They are in fringe areas and are built on the surface. Access 

is by a spur track from the las t pa ssenger boarding point. The s i ze of the 

facility is determined hy the number of cars. 

The CBn distributor loop is a one-way, single track facility with eight 

single-sided, 40n-foot stations . Yards and shops are provided as surface facili

ties built in fringe areas. Minimal access to these facilities is assumed to 

be included in the construction costs. This probably underestimates the true 

costs of providing an access spur to a (distant) fringe facility or building 

the yards and shops in the downtown area nearer the RRT distributor loop. 

The vehicle miles of trave l per trip of RRT is double the one-way 

distance. llnlike bus service, RRT service is required to travel the full dis

tance in order to turn around. Fach train also stops at each station. 

RRT operating and maintenance costs are determined by the car miles of 

travel. 
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In summary, the modal combinations presented in r.hapter 4 are costed by 

using the component quantities given in this appendix in conjunction with the 

unit costs obtained from the companion report "Costing 1lrban Transportation 

Alternatives." Those fully integrated modes defined in this research are, thus, 

costed for comparison in per trip terms. Partially integrated and line-haul 

only modes must be matched with access and/or egress modes as requ i red to pro

vide door-to-door service. The per trip cost of each mode must be summed with 

its complementary mode(s) to obtain the comparative per trip cost of the combi

nation. The quantities given here are for a 10-mile radial corridor feeding a 

1 square mile CBn, with lA□ ,nnn person trips per day. The other corridor 

lengths, CBD sizes, and trip volumes given in Appendix 3 are costed through 

the same process. 
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APPENDIX 2 

Comparative Times Derivation 

Chapter 4 and Appendix 3 present the travel times required by each of the modes 

and modal combinations. These travel times are based upon the clock time 

required for an average traveler to make the door-to-door journey by each mode 

or modal combination. The values presented in this appendix, as well as in Chap

ter 4 and Appendix 3, are for a traveler making a morning peak period trip from 

a residential origin to a CBD destination. The average line-haul distance 

traveled is approximately half the length of the corridor. The average trav

eler in a 5-mile corridor travels 4.225 miles, in a 10-mile corridor, 7.225 

miles, and in a 15-mile corridor, 10.225 miles. This door-to-door distance is 

broken down into line-haul, residential access, and CBD egress portions of the 

trip. 

This appendix presents the context, method, and assumptions appropriate to 

the derivation of the individual time components . The component time values 

are presented in Tables A2-l through A2-9. They are divided by modal type 

(automobile-based, bus-based, or rapid rail-based) and by corridor length (5, 

1n, or 15 miles). Within each table, the components affected by volume levels 

are given separate columns to show the different times appropriate to those 

volumes. Also within each table, .the CBD in-vehicle times for the egress modes 

or portion of the trip are given for a 1 square mile CBD. 

The values given in these tables are average times defined to be required 

by the average traveler to traverse the given distance by the specified mode. 

No weights have been assigned to the separate components of these total travel 

times in an attempt to reflect the behavioral perceptions of travel time com

ponents. 

58 



It is apparent from the tables that certain time components do not change 

despite corridor length, CBD size, or volume level. These are transfer time 

and walking time. Transfer time is definep to be 1 minute per transfer, and 

is required only when a change in vehicle is required by the modal combination 

being timed. The transfer time is in addition to waiting time and is assigned 

to the vehicle being boarded throughout the analysis. Walking time is defined 

as not to exceed 3 blocks at both ends of the trip, with a walking speed of 3 

minutes per block postulated. Bus routes and rail rapid transit distributor 

loops are designed to fit this requirement so that the change in CBD sizes and 

in corridor zone sizes due to differing geographic characteristics do not 

affect the walking time component of the door'....to-door trip travel time. 

The line-haul travel times given in these tables are based upon free 

flowing traffic. A line-haul average speed of 45 mph is postulated for the 

auto-based modes. Bus and rail transit times include loading and unloading 

times and acceleration and deceleration times for intermediate stops. CBD run

ning speeds of approximately 12 mph are assumed for all surface modes. Resi

dential speeds are assumed to be 15 mph for all modes. 

Waiting time is defined to be half of the transit mode headway, not to 

exceed 15 minutes. The waiting time required for a transfer between vehicles is 

in addition to the transfer time of 1 minute postulated ahove. Lower volumes 

require longer waits for both initial boarding and transfers involving transit 

vehicles because of the greater headways at the lower volumes. 

The tables in this appendix are presented without totals for each of the 

permutations of mode type or combination, corrido·r length and volume, and 

CBD size. The total times are those presented in Tables A3-12 through A3-20 

in Appendix 3. This appendix is meant as a presentation of the components 

used to compile these total time values, both as n what the c-omponefrt-5 ar◊ 
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and as which values are assigned to each of the appropriate components in a 

door-to-door trip. 
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TABLE A2-l 

Automobile-Based Mode Component Times 

5-mile corridor, 1 square mile CBD, 100,000 trips per day 

Single Occupant Auto* 

Carpool* 

Park-and-Ride 

Kiss-and-Ride 

,..::.:: 
rl 
Ci! 
:s: 

1.0 

1.0 

1.0 

1.0 

rl 
(I) Ci! 
rl . ..., 
(..) .µ . ..., i::::: ..c: (I) 
(I) "Cl 
:> . ..., 
I 

i::::: 
H 

3.4 

11.4 

3.4 

3.4 

f./) 

(I) 
!-; 

(I) 
rl rl 
u ;j . ..., Ci! 

..c: ..c: 
(I) I 
:> (I) 

I i::::: i::::: • ..., 
H rl 

3.4 

3.4 

na 

na 

(I) 
rl 
(..) . ..., 

..c: 
(I) 

:> 
I Ci 

i:::::i:o 
HU 

3.7 

3.7 

na 

na 

,..::.:: 
rl 
Ci! 
:s: 

1.5 

1.5 

na 

na 

* For these modes, transfer and waiting t i mes are zero. 

independent of the corridor length and of the CBD size. 

Walking time is 
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TABLE A2-2 

Automobile-Based Mode Component Times 

10-mile corridor, 1 square mile CBD, 100,000 trips per day 

Single Occupant Auto* 

Carpool* 

Park-and-Ride 

Kiss-and-Ride 

..:.:: 
M 
cd 

:s:: 

1.0 

1.0 

1.0 

1.0 

rl 
(I.) cd 
rl ·.-i u .µ 
•.-i s::: ..c:: (I.) 
(I.) "O 
> •.-i 
I If) 

s::: (I.) 
H H 

5.4 

13.4 

5.4 

5.4 

(I.) 

rl rl 
u ;::s 

•.-i cd 
..c:: ..c:: 
(I.) I 
> (I.) 
I ~ 

s::: ·.-i 
Hrl 

6.7 

6.7 

na 

na 

* For these modes, transfer and waiting times are zero. 

independent of the corridor length and of the CBD si ze. 
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(I.) 
rl 
u 

·.-i 
..c:: 
(I.) 

> 
10 
s:::~ 
HU 

3.7 

3.7 

na 

na 

..:.:: 
M 
cd :s:: 

1.5 

1.5 

na 

na 

Walking time is 



TABLE A2-3 

Automobile-Based Mode Component Times 

15-rnile corridor, 1 square mile CBD, 100,000 trips per day 

Single Occupant Auto* 

Carpool* 

Park-and-Ride 

Kiss-and-Ride 

..;,: 
H 
ell 

'.3: 

1.0 

1.0 

1.0 

1.0 

H 
(l) ell 

H •r-i 
u .µ 

•r-i i::: ..c: (l) 
(l) "d 
;> •r-i 
I !/l 

i::: (l) 
H H 

7.4 

15.4 

7.4 

7.4 

(l) 
H H 
u ;:::l 

•r-i ell 
..c: ..c: 
(l) I 
> (l) 

I i:::: 
i;:: •r-i 

H H 

10.0 

10.0 

na 

na 

(l) 
H 
u 

•r-i 
..c: 
(l) 

> 
I 0 

i::: i:o 
HU 

3.7 

3.7 

na 

na 

..;,: 
H 
ell 

'.3: 

1.5 

1.5 

na 

na 

* For these modes, transfer and waiting times are zero. Walking time is 

independent of the corridor length and of the CBD si?P- . 
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A2 - 4 
Bus - Ba s ed Mode Component Times 

5--mil e corridor , 1 square mi l e CBD 

.-1 0 
(\) QJ +' rl ·rl rl 
+' () >-< ;cl 

0 q .,.; QJ ro Cll QJ 
QJ ..c: G-, ::c: QJ +' Cll rl 'O QJ Cll I rl rl 

>-< 
QJ () -"' +' •rl > q QJ +' ;cl () >-< .,.; rl .,.; Cll I al q • r--( al ·rl QJ 
ol)..C: '° (\) QJ <=: H •rl ro ::c: ..c: G-, Cll ril QJ ;:,:: ;:,:: ~H E-1 ,..:i ;:,:: I QJ en en > 

QJ > Q QJ +' q , -"' Q I t1l >-< .,.; i:Q Q ,-j 

Dail y Corr idor Vol ume Dai l y Corridor Volume .,.; <=: ;., t\O 
~ O H t1l 

>-'l H E-< ril ;:,:: 

50,000 l QQ , 000 200 , 000 20 , 000 100 , 000 200 , 000 
Conventional 2 . 5 15 . 0 15 . 0 8 . o 5 , 9 0 
Bus 

0 0 0 6 . o 0 0 4 . 3 3 . 0 

Line -Haul na na na 1. 0 1. 0 0 . 5 0 . 25 2 . 7 na na na na 
Rapid Bus 

Line - Haul+ Surface na na na 1.0 4 . o 2 . 0 1.0 2 . 6 0 0 4 . 3 3 . 0 
°' Distribution Rapid Bus .,. 

Line-Haul+ Surface 2 . 5 8 . o 4 . o 2 . 0 5 , 9 0 0 0 0 2 . 6 na na na na 
Collection Ra pid Bus 

Line -Haul+ Underground na na na 1. 0 1.0 
Distribution Rapid Bus 

0 . 5 0 . 25 2 . 6 0 0 3 . 2 3 . 0 

Fully I ntegrated Rapid 2 . 5 15 . 0 15 . 0 8 . o 5 , 9 0 0 0 0 2 . 5 0 0 4 . 3 3 . 0 
Bus - Surface Collection + 
Distribution 

Fully Integrated Ra pid 2 . 5 8 . o 4 . o 2 . 0 5 , 9 0 0 0 0 2 . 5 0 0 3 . 2 3 . 0 
Bus - Surface Col lec t i on , 
Underground Distribut i on 

Feeder Bus Coll ection 2 .5 8 .0 4. o 2 . 0 6 . 7 na na na na na na na na na 

Feeder Bus Distribution na na na na na na na na 1.0 o . 8 o . 4 0 . 2 6 . 8 3 . 0 



Table A2-5 
Bus- Based Mode Component Times 

· 10-mi l e corridor, 1 square mil e CBD 

rl 0 
"' Q) +' 

•.-< rl rl 
+' C) ,.. ;::l 
S:: •.-< v ro 0 
Q) .r:: <+-<:::r: Q) +' en V 'O Q) en I rlrl en rl +' .,., :, s:: Q) +' 

;::l -~ 
,.. 

Q) C) .,-< • en I "' s:: . ,-< Q) ,.. •.-< 

"' Q) Q f.< .,-< "' ~.r:: <+-< en t,O.C 
..'G 

:;: 0:.H H ,..:i :;: I Q) en m r,i (l/ 
rl Q) :, s:: Q) +' :, ;=i S:: I "' ,.. .,-< q , "' Dai l y Corridor Vol ume Daily Corr i dor Volume j iS ,.. t,() 

"' ~ s:: ~ :;: E-< r,i :;: OH . 
~ 

50,000 100,000 200 , 000 50,000 100 , 000 200 , 000 

Con ventional 2.50 15.0 15. 0 15 . 0 8 .9 0 0 0 0 11.7 0 0 4. 3 3.0 
Bus 

Line-Haul na na na 1. 0 2.0 1. 0 0 .5 5 . 2 na na na na 
Rapid Bus 

Line - Haul + Surface na na na 1. 0 8 . o 4.o 2.0 5 . 1 0 0 4.3 3 . 0 

"' Distribution Rapid Bus 
V1 

Line-Haul+ Surface 2 .50 1. 50 8 . o • 4 . o 8 . 9 0 0 0 0 5 .1 na na na na 
Collection Rapid Bus 

Line-Haul+ Underground na na na 1. 0 2 . 0 1. 0 0.5 5 . 1 0 0 3 .2 7 . 20 
Distribution Rapid Bus 

Fully Integrated Rapid 2 . 50 15 . 0 15 . 0 15 . 0 8.9 0 0 5.0 0 0 4. 3 3 . 0 
Bus -Surface Collection 
and Distribution 

Fully Integrated Rapid 2 .50 15.0 8.o .4. o 8 . 9 0 0 5.0 0 0 3 . 2 7.20 
Bus-Surface Collection, 
Unde rground Distribution 

·Feeder Bus Collection 2 . 50 15.0 8 . o 4.o 9 .7 na na na na na na na na na 

Feeder Bus Distribution na na na na na na na na l 0 .2 6 . 8 3 . 0 



Tabl e A2 -6 
Bus- Based Mode Component ~imes 

15- mil e corr i dor , 1 square m~le CBD 

Ul 
rl 0 
"'QJ +o Ul .,.; rl rl (1) Ul QJ 

QJ +o CJ '" cj rl rl Ul "' rl CJ ~ .,.; ~&! cj CJ '" "' QJ CJ 
CJ QJ ..c "' .,.; (1) (1) '" .,.; 

<i: '1'.J QJ rn I ~ ..c "" '" bl) ..c 
+o •rl > ~ QJ +o I (1) "' bl) IS1 QJ 

~ .,.; rn I "' ~ .,.; QJ > ~ IS1 +o > ~ rl 
"' QJ ~ '" .,.; "' ~ I "' .,.; e:\ I rl 

"' p:; H E-ct...:l ;;: ..... ~ '" 0 a, il'.1 ~ "' ;;: ;;: 
,_:i H 8 +o ;;: U H ;;: 

Da ily Corr idor Vol ume Da i l y Corridor Vol ume 

50 ,000 100 , 000 200 , 000 ~ 100 , 000 200 , 000 

Conventional 2 , 5 15. 0 15 .. 0 15 . 0 11. 9 0 0 0 0 7 , 4 0 0 4. 3 3 , 0 
Bus 

Li ne-Haul na na na 1. 0 3 ,q 1. 5 0 . 75 7 , 7 na na na na 
Rapid Bus 

Line -Haul + Surf ace na na na 1. 0 12 . 0 6 . o 3 . 0 1.6 0 0 4 . 3 3 . 0 a--
a-- Distribution Ra pid Bus 

Li ne -Haul+ Surf ace 2 . 5 15 . 0 12 . 0 6 . o 11. 9 0 0 0 0 7 , 6 na na na na 
Collect~on Ra pid Bus 

Li ne - Haul + Underground na na na 1. 0 3 . 0 1. 5 0 , 75 7 , 6 0 0 3 . 2 3 . 0 
Distribution Ra pid Bus 

Fully I ntegr ated Rapid 2 . 5 15 . 0 15 . 0 15 . 0 11. 9 0 0 0 0 7 , 5 0 0 4 . 3 3 . 0 
Bus - Surf ace Col lect i on + 
Distribution 

Fully I ntegra ted Ra pid B~R- 2 .5 15 . 0 15. 0 6 . o 11. 9 0 0 0 0 7 -5 0 0 3 . 2 3 . 0 
Surfa ce Col l ec t ion+ 
Under ground Dis t ribut i on 

Feeder Bus Collection 2 . 5 15 . 0 12 . 0 6 . o 12 . 7 na na na na na na na na na 

Feeder Bus Distribution na na na na na na 1. 0 o .8 o . 4 0 . 2 6 . 8 3 . 0 
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Table A2 - 7 
Rail Rapid Tra nsit Component Times 
5- mile corridor , 1 square mile CBD 

0 0 
.µ (1) .µ Ul (1) 

r-1 rl r-1 Ul r-1 
:;...,~ ::Su H (!)CJ 
(1) Cu Cu •rl (1) ?--l •rl 
'+-l~ ~,.e 'HC/J bD.C 
Ul I I (1) Ul (f.l r£1 (1) 
s:: (1) .µ (1) !> s:: (1) .µ > .-'<1 
Cu Q •rl Q I Cu H •rl i:::l I r-1 
:;..., ·rl ro •rl S:: :;..., bO ro p::i S:: ro 
E--lH ts: H H E--lPil ts: UH ts: 

Daily Corridor Volwne Daily Corridor Volwne 
50,000 100 , 000 200,000 50,000 100,000 200,000 

'-I Rail Rapid Li ne - Haul 1.0 0.9 0 . 9 0.9 4.1 na na na na 

Rail Rapid wi t h CBD 
Loop 1. 0 0. 9 O. 9 0 . 9 4. 1 0 0 3 . 2 7. 2 

RRT Distributo r 
Loop na na na na na 1.0 0.9 0.9 0.9 3,3 7,2 



0 
.µ 

r-1 
H ~ 
(l) ro 

4-1 ::r:: 
rt.l I s:: (l) 
ro s:: 
f,; •rl 

E-l H 

°' Rai l Ra p;·d Line -Haul 1. 0 
00 

Rai l Rapi d with CBD 
Loop 1.0 

Distribu~or Loop 
(RRT) na 

: Table A2-8 
Rail Rapid.Transit Component Times . 

l0~mile corridor, 1 square mile CBD 

0 Q) 
Q) .µ 'O 

r-1 r-1 0 
~ CJ H~ 
ro •rl OJ ::r:: .c 4-1 rt.) 
I (l) rt.) rt.) 

.µ (l) > s:: Q) 
•rl S:: I ro ·H 

~ 
•rl Q H QI) 
HH E-l l:i1 

Daily C9r:ridor Volume 
50,000 . · 100,000 200,000 

0.9 0.9 0 . 9 8 .7 na 

0.9 0.9 0.9 8.7 0 

na na na na 1.0 

rt.) (l) 
rt.) rl 
(l) CJ 
H •rl 
QJ),C 

li1 (l) 
.µ > ;=i •rl ~· ro i:t1 Q cu 
::s: UH ::s: 

na na na 

0 3.2 7.2 

0.9 3,3 7.2 



0 
+' 

rl 
H :::5 
Q) (ll 

4-! :I1 
U) I 
s::: Q) 
(ll s::: 
H · rl 

E--l H 

°' \D 

RRT Line -Haul LO 

RRT with CBD Loop LO 

RRT Distributor Loop na 

Table A2 - 9 
Rail Rapid Transit Component Times 

15- mil e corridor, 1 square mile CBD 

0 
Q) +' 

rl rl 
:::5 C.J H 
(ll · rl Q) 

:I1 ..c:: 4-! U) 

I Q) U) U) 

+' Q) > s::: Q) 

•rl s::: I ro H 
ro · rl s::: H Q(J 

::s: HH E--l !i:i 

Daily Corridor Vol ume 
50,000 100,000 200,000 

0.9 0 . 9 0.9 13.1 na 

0.9 0 . 9 0 . 9 13.1 0 

na na na na L O 

Ul Q) 
Ul rl 
Q) C.J 
H •rl 
Q(J ..c:: 
!i:i Q) 

+' > ;=1 •rl QI 
ro P=l s::: ro 

::s: OH ::s: 

Daily Corridor Volume 
50,000 100,000 200,000 

na na na 

0 3.2 7 .2 

0.9 0 . 9 0 . 9 3.3 7 .2 



APPENDIX 3 

Specific Values for Comparative Money and Time Costs 

This appendix augments and supports the comparative money and time costs 

presented graphical l y in Chapter 4. In this appendix, the per trip costs (both 

money and time) of travel by all mode combinations (Table A3-1) are defined 

for 5-, 10-, and 15-mile radial corridors serving 1-, 2-, and 4-square mile 

CBD 's. The average one-way distances traveled by persons in the varying cor

ridor lengths and CBD sizes are given in Table A3-2. The CBD underground loop, 

needed by rail rapid transit and by rapid busway with underground distribution, 

follows the configurations of Figure A3-1. This conforms to the requirement 

that no point in the CBD be more than 3 blocks from a station. The loop is a 

sing le line, with one-sided stations. 

The per trip money and time costs are a function of the distance traveled, 

as we ll as of the corridor volumes. Time and money costs are determined for 

all 25 modal combinations for corridor volumes of 50,000, 100,noo, and 200,000 

person trips daily. The values for money costs are presented in Tables A3-3 to 

A3-11 , grouped by corridor length. The time cost values are given in Tables 

A3-12 through A3-20, also grouped by corridor length. 

This appendix also incudes the tables that support Figures 4-8 to 4-10, 

which present , graphically, the components that comprise each comparative money 

cost for a 10-mile corridor serving a 1 square mile CBD. The daily trip volumes 

are 50,000, 1no,ooo, and 200,000 person trips. These components are defined for 

the seven more common modes in Tables A3-23 to A3-25. 

Further , this appendix contains the tables that show the approximations of 

construction cost fluctuations on the per trip money costs. These approxima

tions are calculated for a 10-mile corridor, 1 square mile CBD, and 100,000 per

son trips daily. Tl1e seveli modes chosen to show the impact of these construction 
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cost fluctuations are the more common ones. Tables A3-26 to A3-28 support 

Figures 4-11 to 4-13. 

Corridors with volumes ranging upwards from 200,000 to 400,000 person trips 

daily may exist. For the user faced with such situations, the following sensi

tivities of money and time costs to increased corridor densities are presented. 

The context is the same, i.e., a 10-mile corridor with a 1 square mile CBD. The 

modes for which values· are derived are confined to the seven more common choices

single occupant automobile, carpool, conventional bus, integrated rapid bus 

with surface collection and distribution, integrated rapid bus with surface 

collection and underground distribution, and rapid rail with an underground 

distributor loop, and either park-and-ride or feeder bus access. For these 

seven modes, money and time costs per person trip at the greater volume levels 

are presented in Tables A3-21 and A3-22. 
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Tahle A3-l 

Possihle Modal r.omhinations 

Access Line-Haul Egress 

** 1. Single Occupant Automobile 
** 2. r.arpool ( 4 memhers) 
** 3. Conventional Bus on Arterial Streets 
** 4. Fully Integrated Rauid Bus on Fxclusive Busway, Surface nistrihution 
** 5. Fully Integrated Rapid Bus on Exclusive Busway, llnderground nistrihution 

6. Park-and-Ride Partially Integrated Rapid Rus with Surface nistribution 
7. Kiss-and-Ride Partially Integrated Rapid Bus with Surface nistribution 
8. Feeder Bus Partially Integrated Ranid Bus with Surface nistrihution 

* 9. Park-and-Ride Partially Integrated Rapid Bus with llnderground nistrihution 
* 10. Kiss-and-Ride Partially Integrated Rapid Bus with llnderground nistribution 
* 11. Feeder Bus Partially Integrated Rapid Bus with T!nderground Distribution 

12. Park-and-Ride Line Haul Rapid Bus Rapid Rail Loop 
13. Kiss-and-Ride Line Haul Rapid Bus Rapid !:(ail Loop 
14. Feeder Bus Line Haul Rapid Bus Rapid Rail Loop 

15. Park-and-Ride Line Haul Rapid Bus Feeder Bus 
16. Kiss-and-Ride Line l~ul Rapid Ru~ Feeder Bus 
17. Feeder Bus Line Haul Rapid Bus i::eeder Bus 

18. Partially Integrated Rapin Bus with Surface rollection Feeder Bus 
* 19. Partially Integrated Rapid Bus with Surface 1.ollection Rapid Rail Loop 

**20. Park-and-Ride Rail Rapid Transit Line Haul and llnderground nistrihution Loop 
21. Kiss-and-Ride Rail Rapid Transit Line J--!aul and 1Tnderground nistribution Loop 

**22. Feeder Bus Rail Rapid Transit Line Paul and l'n<lerground nistribution Loop 

23. Park-and-Ride Rail Rapid Transit Line Haul Feeder Bus 
24. 
25. I 

Kiss-and-Ricie Rail Rapic1 'T'ranstt Line Haul Feeder Bus 
Feeder Bus Rail Rapid Transit Line Haul Feeder Bus 

** 
* 

Designates subset of 7 usual morles and 12 major modes 
Designates suhset of 12 ~ajar modes only 



Table A3-2 

Average One-Way Traveler Distances 
(by trip portion) 

' Corridor length (miles)-CBD Size (mi) 5-1 5-2 5-4 10-1 10-2 10-4 15-1 15-2 15-4 
Acces$ (residential) 0.85 0.85 0.85 1. 35 1.35 1.35 1.85 1.85 1.85 
Line-Haul 2.625 2.625 2.625 5.125 5.125 5.125 7.625 7. 725 7.625 
Surface Egress (bus, auto) 0. 75 1.05 1.50 0.75 1.05 1.50 0.75 1.05 1.50 
Underground Egress 1. 25 1. 35 2.30 1. 25 1.35 2.30 1. 25 1.35 2.30 

(ratl rapid transit, bus) 

Total Distance Traveled in Miles: 
Auto and Surface Bus · 4.225 4.525 4.975 7.225 7.525 7.975 10.225 10.525 10. 975 
Underground Bus and 4. 725 4.825 5. 775 7. 725 7.825 8.775 10.725 10.825 11. 775 

---l 
Rail Rapid Transit 

(.,-l 



Figure A3-1 

CBD Distribution Loop (RRT and Busway) 

--

1/4 _ 1/4 _ 1/4 -
1/2 1/2 1 mile 

- -
1/4- 1/4 1/4 

1 mile 

1/3 _ 1/3 _ 1/3 -
1/3 1/3 

- --

CBD: 1 square mile 

8 stations 

2 .5 miles of single 
width roadbed 

CBD: 2 square miles 

1/3 _ 1/3 _ 1/3 
1.4 miles 16 stations 

-
1/3 1/3 

- -- -

1.4 miles 

1/4 1/4 _ 1/4 1/4 _ 1/4 1/4 _ 1/4 -- ~ - - - -
1/2 1/2 

1/4 _ 1/4 _ 1/4 _ 1/4 _ 1/4 _ 1/4 _ 1/4 - - - - - -
1/4 . 1/4 _ 1/4 _ 1/4 _ 1/4 _ 1/4 _ 1/4 - - - - - -
1/2 1/2 

1/4_ 1/4 _ 1/4 _ 1/4 _ 1/4 1/4 _ 1/4 
- - - - - -

. 2 miles 
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CBD: 

2 miles 

6 miles of single 
'width roadbed 

4 square miles 

32 stations 

10 miles of single 
width roadbed 



Table A3 - 3 

Money Cost per Person Trip 
5 mile corridor, 1 square mile CBD 

MODE Daily Corridor Volume 

1. Single Occupant Automobile 
2. Carpool (4 members) 
3. Conventional Bus 
4. Fully Integrated Rapid Bus with 

Surface Distribution 
5. Fully Integrated Rapid Bus with 

Underground Distribution 
6. Partially Integrated Rapid Bus 

with Surface Distribution, PAR 
Access 

7. Partially Integrated Rapid Bus 
with Surface Distribution, KAR 
Access 

8. Partially Integrated Rapid Bus 
with Surface Distribution, 
Feeder Bus Access 

9. Partially Integrated Rapid Bus 
with Underground Distribution, 
PAR Access 

10. Partially Integrated Rapid Bus 
with Underground Distribution, 
KAR Access 

11. Partially Integrated Rapid Bus 
with Underground Distribution, 
Feeder Bus Access 

12. Line Haul Busway, Rapid Rail 
Loop, PAR Access 

13. Line Haul Busway, Rapid Rail 
Loop, KAR Access 

14. Line Haul Busway, Rapid Rail 
Loop, Feeder Bus Access 

15. Line Haul Busway, Feeder 
Bus Distribution, PAR Access 

16. Line Haul Busway, Feeder Bus 
Distribution, KAR Access 

17. Line Haul Busway, Feeder Bus 
Distribution and Access 

18. Partially Integrated Rapid 
Bus with Surface Collection, 
Feeder Bus Distribution 

19. Partially Integrated Rapid 
Bus with Surface Collection, 
Rapid Rail Loop Distribution 

20. Rail Rapid Line Haul and 
Underground Loop, PAR Access 

21. Rail Rapid Line Haul and 
Underground Loop, KAR Access 

22. Rail Rapid Line Haul and 
Underground Loop, Feeder Access 

23. Rail Rapid Line Haul, Surface 
Feeder Distribtion, PAR Access 

24. Rapid Rail Line, Surface Bus 
Distribution, KAR Access 

25. Rapid Rail Line H~ul. Surfaca 
Bus Distribution and Collection 

75 

50,000 100,000 200,000 

$2.34 
0,74 
0.34 
2.63 

3.67 

3.70 

2. 77 

2.65 

4.74 

3.80 

3.69 

4.47 

3.53 

3.42 

3.75 

2.81 

2.70 

2.68 

3.40 

4.36 

3.43 

3.32 

3.80 

2.87 

2. 75 

$2.28 
0.69 
0.34 
1.47 

2.00 

2.54 

1.60 

1.49 

3.07 

2.13 

2.02 

2.91 

1.98 

1.87 

2.58 

1.64 

1.53 

1.51 

1.85 

2.94 

2.01 

1.90 

2.70 

1.76 

$2 .26 
0.66 
0.34 
0.89 

1.17 

1.96 

1.02 

0.91 

2.24 

1.30 

1.19 

2.15 

1.22 

1.11 

2.00 

1.06 

0.95 

0.93 

1.09 

2.24 

1. 31 

1.20 

2.14 

1.20 

1.09 . 



Table A3 - 4 

Money Cost per Person Trip 
5 mile corridor, 2 square mile CBD 

MODE Daily Corridor Volume 

1. Single Occupant Automobile 
2. Carpool (4 members) 
3. Conventional Bus · 
4. Fully Integrated Rapid Bus with 

Surface Distribution 
5. Fully Integrated Rapid Bus with 

Underground Distribution 
6. Partially Integrated Rapid Bus 

with Surface Distribution, PAR 
Access 

7. Partially Integrated Rapid Bus 
with Surface Distribution, KAR 
Access 

8. Partially Integrated Rapid Bus 
with Surface Distribution, 
Feeder Bus Access 

9. Partially Integrated Rapid Bus 
with Underground Distribution, 
PAR Access 

10. Partially Integrated Rapid Bus 
with Underground Distribution, 
KAR Access 

11. Partially Integrated Rapid Bus 
with Underground Distribution, 
Feeder Bus Access 

12. Line Haul Busway, Rapid Rail 
Loop, PAR Access 

13. Line Haul Busway, Rapid Rail 
Loop, KAR Access 

14, Line Haul Busway, Rapid Rail 
Loop, Feeder Bus Access 

15 . Line Haul Busway, Feeder 
Bus Distribution, PAR Access 

16. Line Haul Busway, Feeder Bus 
Distribution, KAR Access 

17. Line Haul Busway, Feeder Bus 
Distribution and Access 

18. Partially Integrated Rapid 
Bus with Surface Collection, 
Feeder Bus Distribution 

19. Partially Integrated Rapid 
Bus with Surface Collection, 
Rapid Rail Loop Distribution 

20. Rail Rapid Line Haul and 
Underground Loop, PAR Access 

21. Rail Rapid Line Haul and 
Underground Loop, KAR Access 

22. Rail Rapid Line Haul and 
Underground Loop, Feeder Access 

23. Rail Rapid Line Haul, Surface 
Feeder Distribtion, PAR Access 

24. Rapid Rail Line, Surface Bus 
Distribution, KAR Access 

25, Rapid Rail Line Haul~ Surface 
Bus Distribution and Collection 

76 

50,000 100,000 200,000 

$2.38 
0.76 
0.38 
2.66 

4.95 

3.73 

2.80 

2.67 

6.02 

5.08 

4.97 

5.55 

4.61 

4.50 

3.78 

2.85 

2.74 

2. 71 

4.48 

5.45 

4.51 

4.40 

3.83 

2.90 

2.79 

$2.33 
0.70 
0.38 
1.51 

2.70 

2.57 

1. 63 

1.52 

3.76 

2.83 

2.72 

3.49 

2.56 

2.44 

2.61 

1.68 

1.57 

1.55 

2.42 

3.52 

2.58 

2.47 

2.73 

1.80 

1.69 

$2.30 
0.67 
0.38 
0.93 

1.53 

1.99 

1.05 

0.94 

2.59 

1.66 

1.54 

2.44 

1.51 

1.40 

2.03 

1.10 

0.98 

0.96 

1.38 

2.54 

1.60 

1.49 

2.17 

1.24 

1.13 



Table A3-5 

Money Cost per Person Trip 
5 mile corridor, 4 square mile CBD 

MODE Daily Corridor Volume 

1. Single Occupant Automobile 
2. Carpool (4 members) 
3. Conventional Bus 
4. Fully Integrated Rapid Bus with 

Surface Distribution 
5. Fully Integrated Rapid Bus with 

Underground Distribution 
6. Partially Integrated Rapid Bus 

with Surface Distribution, PAR 
Access 

7. Partially Integrated Rapid Bus 
with Surface Distribution, KAR 
Access 

8. Partially Integrated Rapid Bus 
·with Surface Distribution, 
Feeder Bus Access 

9. Partially Integrated Rapid Bus 
with Underground Distribution, 
PAR Access 

10. Partially Integrated Rapid Bus 
with Underground Distribution, 
KAR Access 

11. Partially Integrated Rapid Bus 
with Underground Distribution, 
Feeder Bus Access 

12. Line Haul Busway, Rapid Rail 
Loop, PAR Access 

13. Line Haul Busway, Rapid Rail 
Loop, KAR 'Access 

14. Line Haul Busway, Rapid Rail 
Loop, Feeder Bus Access 

15. Line Haul Busway, Feeder 
Bus Distribution, PAR Access 

16. Line Haul Busway, Feeder Bus 
Distribution, KAR Access 

17. Line Haul Busway, Feeder Bus 
Distribution and Access 

18. Partially Integrated Rapid 
Bus with Surface Collection, 
Feeder Bus Distribution 

19. Partially Integrated Rapid 
Bus with Surface Collection, 
Rapid Rail Loop Distribution 

20. Rail Rapid Line Haul and 
Underground Loop, PAR Access 

21. Rail Rapid Line Haul and 
Underground Loop, KAR Access 

22. Rail Rapid Line Haul and 
Underground Loop, Feeder Access 

23. Rail Rapid Line Haul, Surface 
Feeder Distribtion, PAR Access 

24. Rapid Rail Line, Surface Bus 
Distribution, KAR Access 

25. Rapid Rail Line Haul, Surface 
Bus Distribution and Collection 

77 

50,000 100,000 200,000 

$2.44 
0.77 
0.42 
2. 72 

6.65 

3.79 

2.85 

2.74 

7.72 

6.79 

6.67 

6.86 

5.93 

5.82 

3.83 

2.89 

2.78 

2.76 

5.79 

6.76 

5.82 

s. 71 

3.88 

2.94 

2.83 

$2.39 
0,71 
0.42 
1.56 

3.48 

2.62 

1.69 

1.58 

4.55 

3.62 

3.50 

4.16 

3.22 

3.11 

2.66 

1.72 

1.61 

1.59 

3.09 

4.18 

3.25 

3.14 

2.78 

1.84 

1.73 

$2.36 
0.69 
0.42 
0.98 

1.99 

2.04 

1.11 

0.99 

3.05 

2.12 

2.00 

2.85 

1.91 

1.80 

2.08 

1.14 

1.03 

1.01 

1.78 

2.94 

2.00 

1.89 

2,22 

1.28 

1.17 



Table A3 - 6 

Money Cos t per Person Trip 
10 mile corr i dor , 1 square mile CBD 

MODE 

1. Single Occupant Automobile 
2. Carpool (4 members) 
3. Conventional Bus 
4. Fully Integrated Rapid Bus with 

Surface Distribution 
5. Fully Integrated Rapid Bus with 

Underground Distribution 
6. Partially Integrated Rapid Bus 

with Surface Distribution, PAR 
Access 

7. Partially Integrated Rapid Bus 
with Surface Distribution, KAR 
Access 

8. Partially Integrated Rapid Bus 
with Surface Distribution, 
Feeder Bus Access 

9. Partially Integrated Rapid Bus 
with Underground Distribution, 
PAR Access 

10. Partially Integrated Rapid Bus 
with Underground Distribution, 
KAR Access 

11. Partially Integrated Rapid Bus 
with Underground Distribution, 
Feeder Bus Access 

12. Line Haul Busway, Rapid Rail 
Loop, PAR Access 

13. Line Haul Busway, Rapid Rail 
Loop, KAR Access 

14. Line Haul Busway, Rapid Rail 
Loop, Feeder Bus Access 

15. Line Haul Busway, Feeder 
Bus Distribution, PAR Access 

16. Line Haul Busway, Feeder Bus 
Distribution, KAR Access 

17. Line Haul Busway, Feeder Bus 
Distribution and Access 

18. Partially Integrated Rapid 
Bus with Surface Collection, 
Feeder Bus Distribution 

19. Partially Integrated Rapid 
Bus with Surface Collection, 
Rapid Rail Loop Distribution 

20. Rail Rapid Line Haul and 
Underground Loop, PAR Access 

21. Rail Rapid Line Haul and 
Underground Loop, KAR Access 

22. Rail Rapid Line Haul and 
Underground Loop, Feeder Access 

23. Rail Rapid Line Haul, Surface 
Feeder Distribtion, PAR Access 

24. Rapid Rail Line, Surface Bus 
Distribution, KAR Access 

25. Rapid Rail Line Haul; Surface 
Bus Distribution and Collection 

78 

Daily Corridor Volume 
50,000 100,000 200,000 

$2.92 
0.99 
0.50 
3.05 

4.09 

4.13 

3.26 

3.08 

5.17 

4.30 

4.12 

4.90 

4.03 

3.85 

4.18 

3.31 

3.13 

3.10 

3. 81 

4.98 

4.11 

3.9'2 

4.41 

3.54 

3.36 

$2.79 
0.87 
0.50 
1.75 

2.28 

2.82 

1.95 

1.77 

3.35 

2.48 

2.30 

3,20 

2. 33 

2.15 

2.87 

2.00 

1.82 

1.79 

2 .12 

3.42 

2.55 

2.37 

3.17 

2.30 

2.12 

$2.73 
0.80 
0.50 
1.10 

1.38 

2.17 

1.30 

1.12 

2.45 

1.58 

1.40 

2.36 

1.49 

1.31 

2.21 

1.34 

1.16 

1.14 

1.29 

2.64 

1.77 

1.59 

2.54 

1.67 

1.49 



Tabl e A3 - 7 

Money Cost per Person Trip 
10 mile corridor, 2 square mile CBD 

MODE Daily Corridor Volume 

1. Single Occupant Automobile 
2. Carpool (4 members) 
3. Conventional Bus 
4. Fully Integrated Rapid Bus with 

Surface Distribution 
5. Fully Integrated Rapid Bus with 

Underground Distribution 
6. Partially Integrated Rapid Bus 

with Surface Distribution, PAR 
Access 

7. Partially Integrated Rapid Bus 
with Surface Distribution, KAR 
Access 

8. Partially Integrated Rapid Bus 
with Surface Distribution, 
Feeder Bus Access 

9. Partially Integrated Rapid Bus 
with Underground Distribution, 
PAR Access 

10. Partially Integrated Rapid Bus 
with Underground Distribution, 
KAR Access 

11. Partially Integrated Rapid Bus 
with Underground Distribution, 
Feeder Bus Access 

12. Line Haul Busway, Rapid Rail 
Loop, PAR Access 

13. Line Haul Busway, Rapid Rail 
Loop, KAR Access 

14. Line Haul Busway, Rapid Rail 
Loop, Feeder Bus Access 

15. Line Haul Busway, Feeder 
Rus Distr ibution, PAR Access 

16. Line Haul Busway, Feeder Bus 
Distribution, KAR Access 

17. Line Haul Busway, Feeder Bus 
Distribution and Access 

18. Partially Integrated Rapid 
Bus with Surface Collection, 
Feeder Bus Distribution 

19. Partially Integrated Rapid 
Bus with Surface Collection, 
Rapid Rail Loop Distribution 

20. Rail Rapid Line Haul and 
Underground Loop, PAR Access 

21. Rail Rapid Line Haul and 
Underground Loop, KAR Access 

22. Rail Rapid Line Haul and 
Underground Loop, Feeder Access 

23. Rail Rapid Line Haul, Surface 
Feeder Distribtion, PAR Access 

24. Rapid Rail Line, Surface Bus 
Distribution, KAR Access 

25. Rapid Rail Line Haul, Surface 
Bus Distribution and Collection 

79 

50,000 100,000 200,000 

$2.96 
1.()0 
0.53 
3.08 

5.37 

4.17 

3.30 

3.12 

6.45 

5.58 

5.40 

5.98 

5.11 

4.93 

4.21 

3.34 

3.16 

3.13 

4.90 

6.06 

5.19 

5.01 

4.44 

3.57 

3.39 

$2.84 
0.88 
0.53 
1.78 

2.96 

2.86 

1.99 

1.81 

4.05 

3.18 

3.00 

3.78 

2.91 

2.73 

2.90 

2.03 

1.85 

1.82 

2.70 

3.99 

3.12 

2.94 

3.21 

2.34 

2.16 

$2. 77 
0.81 
0.53 
1.13 

1.73 

2.20 

1.33 

1.15 

2.81 

1.94 

1.76 

2.66 

1.79 

1.61 

2 ; 24 

1.37 

1.19 

1.17 

1.58 

2.93 

2.06 

1.88 

2.57 

1.70 

1.52 



Table A3-8 

Money Cost per Person Trip 
10 mile corridor, 4 square mile CBD 

MODE Daily Corridor Volume 

1. Single Occupant Automobile 
2. Carpool (4 members) 
3. Conventional Bus 
4. Fully Integrated Rapid Bus with 

Surface Distribution 
5. Fully Integrated Rapid Bus with 

Underground Distribution 
6. Partially Integrated Rapid Bus 

with Surface Distribution, PAR 
Access 

7. Partially Integrated Rapid Bus 
with Surface Distribution, KAR 
Access 

8. Partially Integrated Rapid Bus 
with Surface Distribution, 
Feeder Bus Access 

9. Partially Integrated Rapid Bus 
with Underground Distribution, 
PAR Access 

10. Partially Integrated Rapid Bus 
with Underground Distribution, 
KAR Access 

11. Partially Integrated Rapid Bus 
with Underground Distribution, 
Feeder Bus Access 

12. Line Haul Busway, Rapid Rail 
Loop, PAR Access 

13. Line Haul Busway, Rapid Rail 
Loop, KAR Access 

14. Line Haul Busway, Rapid Rail 
Loop, Feeder Bus Access 

15. Line Haul Busway, Feeder 
Bus Distribution, PAR Access 

16. Line Haul Busway, Feeder Bus 
Distribution, KAR Access 

17, Line Haul Busway, Feeder Bus 
Distribution and Access 

18. Partially Integrated Rapid 
Bus with Surface Collection, 
Feeder Bus Distribution 

19. Partially Integrated Rapid 
Bus with Surface Collection, 
Rapid Rail Loop Distribution 

20. Rail Rapid Line Haul and 
Underground Loop, PAR Access 

21. Rail Rapid Line Haul and 
Underground Loop , KAR Access 

22. Rail Rapid Line Haul .and 
Underground Loop, Feeder Access , 

23. Rail Rapid Line Haul, Surface 
Feeder Distribtion, PAR Access 

24. Rapid Rail Line, Surface Bus 
Distribution, KAR Access 

25. Rapid Rail Line Haul, Surface 
Bus Distribution and Collection 

80 

50,000 100,000 200,000 

$3.02 
1.02 
0 . 58 
3.13 

7.07 

4 . 22 

3.35 

3.17 

8.15 

7.28 

7.10 

7. 29 

6.42 

6.24 

4.26 

3.39 

3.21 

3.17 

6.21 

7.37 

6.50 

6.32 

4.49 

3.62 

3.44 

$2.90 
0.90 
0.58 
1.83 

3.76 

2.91 

2.04 

1.86 

4 . 84 

3.97 

3.78 

4.44 

3.57 

3.39 

2.94 

2.07 

1.89 

1.87 

3.36 

4.66 

3.79 

3.61 

3.25 

2.38 

2.20 

$2.83 
0.83 
0.58 
1.18 

2.19 

2.26 

1.39 

1.21 

3.26 

2.39 

2.21 

3.06 

2.19 

2.01 

2.29 

1.42 

1.24 

1.22 

1.99 

3.34 

2.47 

2.29 

2.62 

1.75 

1.57 



Table A3-9 

Money Cost per Person Trip 
15 mile corridor, 1 square mile CBD 

MODE Daily Corridor Volume 

1. Single Occupant Automobile 
2. Carpool (4 members) 
3. Convent i .onal Bus 
4. Fully Int egrated Rapid Bus with 

Surface Distribution 
5. Fully Integrated Rapid Bus with 

Underground Di stribution 
6. Partially I ntegrated Rapid Bus 

with Surface Distribution, PAR 
Access 

7. Partially I ntegrated Rapid Bus 
with Surface Distribution, KAR 
Access 

8. Partially I ntegrated Rapid Bus 
with Surface Distribution, 
Feeder Bus Access 

9. Partially I ntegrated Rapid Bus 
with Underground Distribution, 
PAR Access 

10. Partially I ntegrated Rapid Bus 
with Underground Distribution, 
KAR Access 

11. Partially Integrated Rapid Bus 
with Underground Distribution, 
Feeder Bus Access 

12, Line Haul Busway, Rapid Rail 
Loop, PAR Access 

13. Line Haul Busway, Rapid Rail 
Loop, KAR Access 

14. Line Haul Busway, Rapid Rail 
Loop, Feeder Bus Access 

15. Line Haul Busway, Feeder 
Bus Distribution, PAR Access 

16. Line Haul Busway, Feeder Bus 
Distribution, KAR Access 

17. Line Haul Busway, Feeder Bus 
Distribution and Access 

18. Partially Int egrated Rapid 
Bus with Surface Collection, 
Feeder Bus Distribution 

19. Partia lly Integrated Rapid 
Bus with Surface Collection, 
Rapid Rail Loop Distribution 

20. Rail Rap i d Line Haul and 
Underground Loop, PAR Access 

21. Rail Rapid Line Haul and 
Underground Loop, KAR Access 

22 , Rail Rapid Line Haul and 
Underground Loop, Feeder Access 

23. Rail Rap i d Line Haul , Surface 
Feeder Distribtion, PAR Access 

24. Rapid Rail Line, Surface Bus 
Distribution, KAR Access 

25. Rapid Rail Li ne Haul, Surface 
Bus Distribut i on and Collection 

81 

50,000 100,000 200,000 

$3.48 
1.24 
0.68 
3.51 

4.54 

4.41 

3.79 

3.54 

5.45 

4,83 

4.58 

5,18 

4.55 

4.31 

4.46 

3,83 

3.59 

3,55 

4.27 

5.31 

4.69 

4.44 

4,75 

4.12 

3.88 

$3.30 
0.99 
0.68 
2,05 

2.58 

2.95 

2.32 

2.08 

3.48 

2.85 

2.61 

3.33 

2,70 

2.45 

2.99 

2.12 

2.09 

2.43 

3,66 

3.04 

2,79 

3.42 

2.79 

2.55 

$3,19 
0.95 
0.68 
1.32 

1.60 

2.22 

1.59 

2.50 

1.87 

1.62 

2.41 

1.78 

1.54 

2,56 

1.63 

1.38 

1.36 

1.52 

2.84 

2.21 

1.97 

2.73 

2.11 

1.86 



Table A3 -10 

Money Cost per Person Trip 
15 mile corridor, 2 square mile CBD 

MODE Daily Corridor Volume 

1. Single Occupant Automobile 
2. Carpool (4 members) 
3. Conventional Bus 
4. Fully Integrated Rapid Bus with 

Surface Distribution 
5. Fully Integrated Rapid Bus with 

Underground Distribution 
6. Partially Integrated Rapid Bus 

with Surface Distribution, PAR 
Access 

7. Partially Integrated Rapid Bus 
with Surface Distribution, KAR 
Access 

8. Partially Integrated Rapid Bus 
with Surface Distribution, 
Feeder Bus Access 

9. Partially Integrated Rapid Bus 
with Underground Distribution, 
PAR Access 

10. Partially Integrated Rapid Bus 
with Underground Distribution, 
KAR Access 

11. Partially Integrated Rapid Bus 
with Underground Distribution , 
Feeder Bus Access 

12, Line Haul Busway, Rapid Rail 
Loop, PAR Access 

13. Line Haul Busway, Rapid Rail 
Loop, KAR Access 

14. Line Haul Busway, Rapid Rail 
Loop, Feeder Bus Access 

15. Line Haul Busway, Feeder 
Bus .Distribution, PAR Access 

16. Line Haul Busway, Feeder Bus 
Distribution, KAR Access 

17. Line Haul Busway, Feeder Bus 
Distribution and Access 

18. Partially Integrated Rapid 
Bus with Surface Collection, 
Feeder Bus Distribution 

19. Partially Integrated Rapid 
Bus with Surface Collection, 
Rapid Rail Loop Distribution 

20. Rail Rapid Line Haul and 
Underground Loop, PAR Access 

21. Rail Rapid Line Haul and 
Underground Loop, KAR Acce$S 

22. Rail Rapid Line Haul and 
Underground Loop, Feeder Access 

23. Rail Rapid Line Haul, Surface 
Feeder Distribtion, PAR Access 

24. Rapid Rail Line, Surface Bus 
Distribution, KAR Access 

25, Rapid Rail Line Haul, Surface 
Bus Distribution and Collection 

82 

50,000 100,000 200,000 

$3.52 
1.25 
0.71 
3.54 

5.81 

4.63 

2.82 

3.57 

6.91 

6.11 

5.86 

6.44 

5.64 

5.39 

4.67 

3.87 

3.62 

3.59 

5.36 

6.57 

5.77 

5.52 

4.96 

4.15 

3.91 

$3.34 
1.00 
o. 71 
2.09 

2.28 

3.16 

2.36 

2.11 

4.35 

3.55 

3.30 

4.08 

3.27 

3.03 

3.20 

2.40 

2.15 

2.13 

3.00 

4.42 

3.61 

3.11 

3.63 

2.83 

2.58 

$3.23 
0.96 
0.71 
1.36 

1.96 

2.43 

1.62 

1.38 

3.03 

2.23 

1.98 

2.85 

2.05 

1.80 

2.47 

1.66 

1.42 

1.40 

1.81 

3.31 

2.50 

2.26 

2.95 

2.14 

1.89 



Table A3-ll 

Money Cost per Person Trip 
15 mile corridor, 4 square mile CBD 

MODE Daily Corridor Volume 
50,000 100,000 200,000 

1. Single Occupant Automobile $3.58 $3.40 $3.29 
2. Carpool (4 members) 1.27 1.02 0.97 
3. Conventional Bus 0.76 0.76 0.76 
4. Fully Integrated Rapid Bus with 3.59 2.14 1.41 

Surface Distribution 
5. Fully Integrated Rapid Bus with 7.53 4.06 2.42 

Underground Distribution 
6. Partially Integrated Rapid Bus 4.68 3.21 2.48 

with Surface Distribution, PAR 
Access 

7. Partially Integrated Rapid Bus 3.87 2.41 1.68 
with Surface Distribution, KAR 
Access 

8. Partially Integrated Rapid Bus 3.63 2.17 1.43 
with Surface Distribution, 
Feeder Bus Access 

9. Partially Integrated Rapid Bus 8.61 5.14 3.49 
with Underground Distribution, 
PAR Access 

10. Partially Integrated Rapid Bus 7.81 4.34 2.69 
with Underground Distribution, 
KAR Access 

11. Partially Integrated Rapid Bus 7.56 4.09 2.44 
with Underground Distribution, 
Feeder Bus Access 

12. Line Haul Busway, Rapid Rail 7.75 4.74 3.28 
Loop, PAR Access 

13. Line Haul Busway, •Rapid Rail 6.95 3.94 2.48 
Loop, KAR Access 

14. Line Haul Busway, Rapid Rail 6.70 3.69 2.23 
Loop, Feeder Bus Access 

15. Line Haul Busway, Feeder 4. 72 3.25 2.51 
Bus Distribution, PARAccess 

16. Line Haul Busway, Feeder Bus 3.91 2.44 1.71 
Distribution, KAR Access 

17. Line Haul Busway, Feeder Bus 3.67 2.20 1.46 
Distribution and Access 

18. Partially Integrated Rapid 3.63 2.17 1.44 
Bus with Surface Collection, 
Feeder Bus Distribution 

19. Partially Integrated Rapid 6.67 3.67 2.21 
Bus with Sur.face Collection, 
Rapid Rail Loop Distribution 

20. Rail Rapid Line Haul and 7.88 5.08 3. 71 
Underground Loop, PAR Access 

21. Rail Rapid Line Haul and 7.08 4.28 2.91 
Underground Loop, KAR Access 

22. Rail Rapid Line Haul and 6.83 4.03 2.66 
Underground Loop, Feeder Access 

23. Rail Rapid Line Haul, Surface 5.00 3.68 2.99 
Feeder Distribtion, PAR Access 

24. Rapid Rail Line, Surface Bus 4.20 2.87 2.19 
Distribution, KAR Access 

25. Rapid Rail Line Haul, Surface 3.95 2.62 1.94 
Bus Distribution and Collection 
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Tabl e A3 -12 

Travel Time per Person Trip 
5 mile corridor, 1 square mile CBD 

Daily Corridor Volume 
MODE 

1. Single Occupant Automobile 
2. Carpool (4 members) 
3. Conventional Bus 
4. Fully Integrated Rapid Bus with 

Surface Distribution 
5. Fully Integrated Rapid Bus with 

Underground Distribution 
6. Partially Integrated Rapid Bus 

with Surface Distribution, PAR 
Access 

7. Partially Integrated Rapid Bus 
with Surface Distribution, KAR 
Access 

8. Partially Integr ated Rapid Bus 
with Surface Distribution , 
Feeder Bus Access 

9. Partially Integr ated Rapid Bus 
with Underground Distribution, 
PAR Access 

10. Partially Integr ated Rapid Bus 
with Underground Distribut ion, 
KAR Access 

11. Partially Integr ated Rapid Bus 
with Underground Distribut ion, 
Feeder Bus Access 

12. Line Haul Busway , Rapid Rail 
Loop, PAR Access 

13. Line Haul Busway , Rapid Rail 
Loop, KAR Access 

14. Line Haul Busway, Rapid Rail 
Loop, Feeder Bus Access 

15. Line Haul Busway , Feeder 
Bus Distribution, PAR Access 

16. Line Haul Busway, Feeder Bus 
Distribution, KAR Access 

17. Line Haul Busway, Feeder Bus 
Distribution and Access 

18. Partially Integrated Rapid 
Bus with Surface Collection, 
Feeder Bus Distri bution 

19. Partially Integrated Rapid 
Bus with Surface Collection, 
Rapid Rail Loop Distribut i on 

20. Rai l Rapid Line Haul and 
Underground Loop , PAR Access 

21. Rail Rapid Line Haul and 
Underground Loop, KAR Access 

22. Rail Rapid Line Haul and 
Underground Loop, Feeder Access 

23. Rai l Rapid Line Haul, Surface 
Feeder Distribtion, PAR Access 

24. · Rapid Rail Line, Surface Bus 
Distribution, KAR Access 

25. Rapid Rail Line Haul, Surface 
Eus Dist~ibution and Collection 
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50,000 100,000 200,000 

13.7 
21.2 
36.5 
33.2 

29.4 

19.2 

19.2 

32.0 

19.4 

19.4 

32.2 

21.6 

21.6 

34.4 

20.9 

20.9 

33.7 

30.9 

31.3 

20.9 

20.9 

33 . 7 

22.2 

22.2 

35.0 

13.7 
21.2 
36.5 
33.2 

25.4 

17.2 

17.2 

26.0 

18.9 

18.9 

27.7 

20.9 

20.9 

29.7 

19.8 

19.8 

28.6 

26.3 

27.3 

20.9 

20.9 

29.7 

21.7 

21.7 

30.5 

13.7 
21.2 
29.5 
26.2 

23.4 

16.2 

16.2 

23.0 

18.6 

18.6 

25.4 

20.6 

20.6 

27.4 

19.8 

19.8 

26.1 

24.0 

25.3 

20.9 

20.9 

27.7 

21.5 

21.5 

28.3 



Table A3-13 

Travel Time per Person Trip 
5 mile corridor, 2 square mile CBD 

Daily Corridor 
MODE 50,000 100,000 

1. Single Occupant Automobile 
2. Carpool (4 members) 
3. Conventional Bus 
4. Fully Integrated Rapid Bus with 

Surface Distribution 
5. Fully Integrated Rapid Bus with 

Underground Distribution 
6. Partially Integrated Rapid Bus 

with Surface Distribution, PAR 
Access 

7. Partially Integrated Rapid Bus 
with Surface Distribution, KAR 
Access 

8. Partially Integrated Rapid Bus 
with Surface Distribution, 
Feeder Bus Access 

9. Partially Integrated Rapid Bus 
with Underground Distribution, 
PAR Access 

10. Partially Integrated Rapid Bus 
with Underground Distribution, 
KAR Access 

11. Partially Integrated Rapid Bus 
with Underground Distribution, 
Feeder Bus Access 

12. Line Haul Busway, Rapid Rail 
Loop, PAR Access 

13. Line Haul Busway, Rapid Rail 
Loop, KAR Access 

14. Line Haul Busway, Rapid Rail 
Loop, Feeder Bus Access 

15. Line Haul Busway, Feeder 
Bus Distribution, PAR Access 

16. Line Haul Busway, Feeder Bus 
Distribution, KAR Access 

17. Line Haul Busway, Feeder Bus 
Distribution and Access 

18. Partially Integrated Rapid 
Bus with Surface Collection, 
Feeder Bus Distribution 

19. Partially Integrated Rapid 
Bus with Surface Collection, 
Rapid Rail Loop Distribution 

20. Rail Rapid Line Haul and 
Underground Loop, PAR Access 

21. Rail Rapid Line Ha ul and 
Underground Loop, KAR Access 

22. Rail Rapid Line Haul and 
Underground Loop, Feeder Access 

23. Rail Rapid Line Haul, Surface 
Feeder Distribtion, PAR Access 

24. Rapid Rail Line, Surface Bus 
Distribution, KAR Access 

25. Rapid Rail Line Haul, Surface 
Bus Distribution and Collection 
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15.2 
22.7 
38.5 
35.2 

36.8 

23.2 

23.2 

36.0 

20.8 

20.8 

33.6 

22.5 

22.5 

35.3 

22.9 

22.9 

35.7 

32.9 

32.6 

22.2 

22.2 

35.0 

24.0 

24.0 

36.8 

15.2 
22.7 
38.5 
35.2 

29.8 

20.2 

20.2 

29.0 

19.8 

19.8 

28.6 

22.0 

22.0 

30.8 

21.8 

21.8 

30.6 

28.3 

28.6 

22.2 

22.2 

28.2 

23.5 

23.5 

32.3 

Volume 
200,000 

15.2 
22.7 
35.5 
32.2 

25.8 

18.7 

18.7 

25.5 

19.3 

19.3 

26.1 

21.8 

21.8 

28.6 

21.3 

21.3 

28.1 

26.0 

26.6 

22.2 

22.2 

26.2 

23.3 

23.3 

30.1 



Table A3-14 

Travel Time per Person Trip 
5 mile corridor, 4 square mile CBD 

MODE 
Daily Corridor Volume 

50,000 100,000 200,000 

1. Single Occupant Automobile 
2. Carpool (4 members) 
3. Conventional Bus 
4. Fully Integrated Rapid Bus with 

Surface Distribution 
5. Fully Integrated Rapid Bus with 

Underground Distribution 
6, Partially Integrated Rapid Bus 

with Surface Distribution, PAR 
Access 

7. Partially Integrated Rapid Bus 
with Surface Distribution, KAR 
Access 

8. Partially Integrated Rapid Bus 
with Surface Distribution, 
Feeder Bus Access 

9. Partially Integrated Rapid Bus 
with Underground Distribution, 
PAR Access 

10, Partially Integrated Rapid Bus 
with Underground Distribution, 
KAR Access 

11. Partially Integrated Rapid Bus 
with Underground Distribution, 
Feeder Bus Access 

12, Line Haul Busway, Rapid Rail 
Loop, PAR Access 

13. Line Haul Busway, Rapid Rail 
Loop, KAR Access 

14. Line Haul Busway, Rapid Rail 
Loop, Feeder Bus Access 

15. Line Haul Busway, Feeder 
Bus Distribution, PAR Access 

16. Line Haul Busway, Feeder Bus 
Distribution, KAR Access 

17. Line Haul Busway, Feeder Bus 
Distribution and Access 

18. Partially Integrated Rapid 
Bus with Surface Collection, 
Feeder Bus Distribution 

19. Partially Integrated Rapid 
Bus with Surface Collection, 
Rapid Rail Loop Distribution 

20. Rail Rapid Line Haul and 
Underground Loop, PAR Access 

21. Rail Rapid Line Haul and 
Underground Loop, KAR Access 

22. Rail Rapid Line Haul and 
Underground Loop, Feeder Access 

23. Rail Rapid Line Haul, Surface 
Feeder Distribtion, PAR Access 

24. Rapid Rail Line, Surface Bus 
Distributi on, KAR Access 

25. Rapid Rail Line Haul, Surface 
Bus Distri bution and Collection 
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17.4 
24.9 
40.8 
37.5 

39.0 

28.5 

28.5 

40.3 

23.0 

23.0 

35.8 

24.3 

24. 3 

;n.1 

25.2 

25.2 

38.0 

35.2 

34.8 

23.9 

23.9 

36.7 

26.8 

26.8 

39.6 

17.4 
24.9 
40.8 
37.5 

32.0 

23.5 

23.5 

32.3 

22.0 

22.0 

30.8 

24.0 

24.0 

32.8 

24.1 

24.1 

32.9 

30.6' 

30.8 

23.9 

23.9 

32.7 

26.3 

26.3 

35.1 

17.4 
24.9 
40.8 
37.5 

28.0 

21.5 

21.5 

28.3 

21.5 

21.5 

28.3 

23.9 

23.9 

30.7 

23.6 

23.6 

30.4 

28.3 

28.8 

23.9 

23.9 

30.7 

26.1 

26.1 

32.9 



Table A3-15 

Tra vel Time per 
10 mile corridor , 1 

Person Trip 
s quare mil e CBD 

MODE 

1. Single Occupant Automobile 
2. Carpool (4 members) 
3. Conventional Bus 
4. Fully Integrated Rapid Bus with 

Surface Distribution 
5. Fully Integrated Rapid Bus with 

Underground Distribution 
6. Partially Integrated Rapid Bus 

with Surface Distribution, PAR 
Access 

7. Partially Integrated Rapid Bus 
with Surface Distribution, KAR 
Access 

8. Partially Integrated Rapid Bus 
with Surface Distribution, 
Feeder Bus Access 

9. Partially Integrated Rapid Bus 
with Underground Distribution, 
PAR Access 

10. Partially Integrated Rapid Bus 
with Underground Distribution, 
KAR Access 

11. Partially Integrated Rapid Bus 
with Underground Distribution, 
Feeder Bus Access 

12. Line Haul Busway, Rapid Rail 
Loop, PAR Access 

13. Line Haul Busway, Rapid Rail 
Loop, KAR Access 

14. Line Haul Busway, Rapid Rail 
Loop, Feeder Bus Access 

15. Line Haul Busway, Feeder 
Bus Distribution, PAR Access 

16. Line Haul Busway, Feeder Bus 
Distribution, KAR Access 

17. Line Haul Busway, Feeder Bus 
Distribution and Access 

18. Partially Integrated Rapid 
Bus with Surface Collection, 
Feeder Bus Distribution 

19. Partially Integrated Rapid 
Bus with Surface Collection, 
Rapid Rail Loop Distribution 

20. Rail Rapid Line Haul and 
Underground Loop, PAR Access 

21. Rail Rapid Line Haul and 
Underground Loop, KAR Access 

22. Rail Rapid Line Haul and 
Underground Loop, Feeder Access 

23. Rail Rapid Line Haul, Surface 
Feeder Distribtion, PAR Access 

24. Rapid Rail Line, Surface Bus 
Distribution, KAR Access 

25. Rapid Rail Line Haul, Surface 
Bus Distribution and Collection 
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Daily Corridor 
50,000 100,000 

18.3 
26.2 
45.4 
38.7 

41.9 

27.7 

27.7 

48.5 

24.9 

24.9 

45.7 

27.1 

27.1 

47.9 

26.4 

26.4 

47.2 

43.4 

43.8 

27.4 

27 .4 

48.2 

28.7 

28.7 

49.5 

L 

18.3 
26.2 
45.4 
38.7 

34.9 

23.7 

23.7 

37.5 

23.9 

23.9 

37.7 

25.9 

25.9 

39.7 

24.8 

24.8, 

38.6 

35.8 

36.8 

27.4 

27.4 

41.2 

28.2 

28.2 

42.0 

Volume 
200,000 

18.3 
26.2 
45.4 
38.7 

30.9 

21.7 

21.7 

31.5 

23.4 

23.4 

33.2 

25.3 

25.3 

35.1 

24.0 

· 24.0 

33.8 

31.5 

32.8 

27.4 

27.4 

37.7 

28.0 

28.0 

37.8 



Table A3 -16 
Travel Time per Person Trip 

10 mile corridor, 2 square mile CBD 

Daily Corridor Volume 
MODE 

1. Single Occupant Automobile 
2. Carpool (4 members) 
3. Conventional Bus 
4. Fully Integrated Rapid Bus with 

Surface Distribution 
5. Fully Integrated Rapid Bus with 

Underground Distribution 
6. Partially Integrated Rapid Bus 

with Surface Distribution, PAR 
Access 

7. Partially Integrated Rapid Bus 
with Surface Distribution, KAR 
Access 

8. Partially Integrated Rapid Bus 
with Surface Distribution, 
Feeder Bus Access 

9. Partially Integrated Rapid Bus 
with Underground Distribution, 
PAR Access 

10. Partially Integrated Rapid Bus 
with Underground Distribution, 
KAR Access 

11. Partially Integrated Rapid Bus 
with Underground Distribution, 
Feeder Bus Access 

12. Line Haul Busway, Rapid Rail 
Loop, PAR Access 

13. Line Haul Busway, Rapid Rail 
Loop, KAR Access 

14. Line Haul Busway, Rapid Rail 
Loop, Feeder Bus Access 

15. Line Haul Busway, Feeder 
Bus Distribution, PAR Access 

16. Line Haul Busway, Feeder Bus 
Distribution, KAR Access 

17. Line Haul Busway, Feeder Bus 
Distribution and Access 

18. Partially Integrated Rapid 
Bus with Surface Collection, 
Feeder Bus Distribution 

19. Partially Integrated Rapid 
Bus with Surface Collection, 
Rap i d Rail Loop Distribution 

20. Rail Rapid Line Haul and 
Underground Loop, PAR Access 

21. Rai l Rapid Line Haul and 
Underground Loop, KAR Access 

22. Rail Rapid Line Haul and 
Underground Loop, Feeder Access 

23, Rail Rapid Line Haul, Surface 
Feeder Distribtion, PAR Access 

24. Rap i d Rail Line, Surface Bus 
Distribution, KAR Access 

25. Rapid Rail Line Haul, Surface 
Bus Distribution and Collection 
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50,000 100,000 200,000 

19.8 
27.7 
47.4 
40.7 

42.3 

33.7 

33.7 

54.5 

27.3 

27.3 

48.1 

28.0 

28.0 

48.8 

28.4 

28.4 

49.2 

45.4 

45.1 

29.7 

29.7 

49.5 

30.5 

30.5 

51.3 

19.8 
27.7 
47.4 
40.7 

42.3 

27.7 

27.7 

41.5 

25.3 

25.3 

39.1 

27.0 

27.0 

40.9 

26.8 

26.8 

40.7 

37.8 

38.1 

29.7 

29.7 

42.5 

30.0 

30.0 

43.8 

19.8 
27.7 
47.4 
40.7 

35.3 

24.7 

24.7 

34.5 

24.3 

24.3 

34.1 

26.5 

26.5 

36.3 

26.0 

26.0 

35.8 

33.5 

34.1 

29.7 

29.7 

39.5 

29.8 

29.8 

39.6 



Table A3-17 
Travel Time per Person Trip 

10 mile corridor, 4 square mile CBD 

Daily Corridor Volume 
MODE 

1 . Single Occupant Automobile 
2. Carpool (4 members) 
3. Conventional Bus 
4. Fully Integrated Rapid Bus with 

Surface Distribution 
S. Fully Integrated Rapid Bus with 

Underground Distribution 
6. Partially Integrated Rapid Bus 

with Surface Distribution, PAR 
Access 

7. Partially Integrated Rapid Bus 
with Surface Distribution, KAR 
Access 

8. Partially Integrated Rapid Bus 
with Surface Distribution, 
Feeder Bus Access 

9. Partially Integrated Rapid Bus 
with Underground Distribution, 
PAR Access 

10. Partially Integrated Rapid Bus 
with Underground Distribution, 
KAR Access 

11. Partially Integrated Rapid Bus 
with Underground Distribution, 
Feeder Bus Access 

12. Line Haul Busway, Rapid Rail 
Loop, PAR Access 

13. Line Haul Busway, Rapid Rail 
Loop, KAR Access 

14. Line Haul Busway, Rapid Rail 
Loop, Feeder Bus Access 

15. Line Haul Busway, Feeder 
Bus Distribution, PAR Access 

16. Line Haul Busway, Feeder Bus 
Distribution, KAR Access 

17. Line Haul Busway, Feeder Bus 
Distribution and Access 

18. Partially Integrated Rapid 
Bus with Surface Collection, 
Feeder Bus Distribution 

19. Partially Integrated Rapid 
Bus with Surface Collection, 
Rapid Rail Loop Distribution 

20. Rail Rapid Line Haul and 
Underground Loop, PAR Access 

21. Rail Rapid Line Haul and 
Underground Loop, KAR Access 

22. Rail Rapid Line Haul and 
Underground Loop, Feeder Access 

23. Rail Rapid Line Haul, Surface 
Feeder Distribtion, PAR Access 

24. Rapid Rail Line, Surfaae Bus 
Distribution, KAR Access 

25. Rapid Rail Line Haul, Surface 
Bus Distribution and Collection 
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50,000 100,000 200,000 

22.0 
29.9 
52.7 
46.0 

44.5 

41.0 

41.0 

61.8 

29.5 

29.5 

50.3 

29.8 

29.8 

50.6 

30.7 

30.7 

51.5 

47.7 

47.3 

30.4 

30.4 

51.2 

33.3 

33.3 

54.1 

22.0 
29.9 
52.7 
46.0 

44.5 

34.0 

34.0 

47.8 

27.5 

~~~-~ 27.5 

41.3 

29.0 

29.0 

42.9 

29.1 

29.1 

43.0 

40.1 

40.3 

30.4 

30.4 

44.2 

32.8 

33.8 

46.6 

22.0 
29.9 
52.7 
46.0 

37.5 

30.0 

30.0 

39.8 

26.5 

26.5 

36.3 

28.6 

28.6 

38.4 

28.3 

28.3 

38.1 

35.8 

36.3 

30.4 

30.4 

40.7 

32.6 

32.6 

42.4 



Table A3 -18 
Travel Time per Person Trip 

15 mile corridor, 1 square mile CBD 

·naily Corridor Volume 
MODE 

1. Single Occupant Automobile 
2. Carpool (4 members) 
3 . Conventional Bus 
4. Fully Integrated Rapid Bus with 

Surface Distribution 
5. Fully Integrated Rapid Bus with 

Underground Distribution 
6. Partially Integrated Rapid Bus 

with Surface Distribution, PAR 
Access 

7. Partially Integrated Rapid Bus 
with Surface Distribution, KAR 
Access 

8. Partially Integrated Rapid Bus 
with Surface Distribution, 
Feeder Bus Access 

9. Partially Integrated Rapid Bus 
with Underground Distribution, 
PAR Access 

10. Partially Integrated Rapid Bus 
with Underground Distribution, 
KAR Access 

11. Partially Integrated Rapid Bus 
with Undergr ound Distribution, 
Feeder Bus Access 

12. Line Haul Busway, Rapid Rail 
Loop, PAR Access 

13. Line Haul Busway, Rapid Rail 
Loop, KAR Access 

14. Line Haul Busway, Rapid Rail 
Loop, Feeder Bus Access 

15. Line Haul Busway, Feeder 
Bus Distribution, PAR Access 

16. Line Haul Busway, Feeder Bus 
Distribution, KAR Access 

17. Line Haul Busway, Feeder Bus 
Distribution and Access 

18. Partially Integrated Rapid 
Bus with Surface Collection, 
Feeder Bus Distribution 

19. Partially Integrated Rapid 
Bus with Sur face Collection, 
Rapid Rail Loop Distribution 

20. Rail Rapid Line Haul and 
Underground Loop, PAR Access 

21. Rail Rapid Line Haul and 
Underground Loop, KAR Access 

22. Rail Rapid Line Haul and 
Underground Loop, Feeder Access 

23. Rail Rapid Line Haul, Surface 
Feeder Dist r ibtion, PAR Access 

24. Rapid Rail Line, Surface Bus 
Distribution, KAR Access 

25. Rapid Rail Line Haul, Surface 
Bus Distribution and Collection 
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50,000 100,000 200,000 

23.6 
32.3 
54.2 
44.2 

47.4 

36.2 

36.2 

58.0 

30.4 

30.4 

52.2 

32.6 

32.6 

54.4 

31.9 

31.9 

53.7 

48.9 

49.3 

31.9 

31.9 

53.7 

33.2 

33.2 

55.0 

23.6 
32.3 
54.2 
44.2 

44.4 

30.2 

30.2 

49.0 

28.9 

28.9 

47.7 

31.0 

31.0 

49.8 

29.9 

29.9 

48.7 

44.8 

46.3 

31.9 

31.9 

50.7 

32.7 

32.7 

51.5 

23.6 
32.3 
54.2 
44.2 

38.4 

27.2 

27. 2_ 

40.0 

28.1 

28.1 

40.2 

30.2 

30.2 

43.0 

28.9 

28.9 

41.7 

38.6 

40.3 

31. 9 

31.9 

44.7 

32.5 

32.5 

45.3 



Table A3-19 
Travel Time per Person Trip 

15 mile corridor, 2 square mile CBD 

Daily Corridor Volume 
MODE 

1. Single Occupant Automobile 
2. Carpool (4 members) 
3. Conventional Bus 
4. Fully Integrated Rapid Bus with 

Surface Distribution 
5. Fully Integrated Rapid Bus with 

Underground Distribution 
6, Partially Integrated Rapid Bus 

with Surface Distribution, PAR 
Access 

7. Partially Integrated Rapid Bus 
with Surface Distribution, KAR 
Access 

8. Partially Integrated Rapid Bus 
with Surface Distribution, 
Feeder Bus Access 

9. Partially Integrated Rapid Bus 
with Underground Distribution, 
PAR Access 

10. Partially Integrated Rapid Bus 
with Underground Distribution, 
KAR Access 

11. Partially Integrated Rapid Bus 
with Underground Distribution, 
Feeder Bus Access 

12. Line Haul Busway, Rapid Rail 
Loop, PAR Access 

13. Line Haul Busway, Rapid Rail 
Loop, KAR Access 

14. Line Haul Busway, Rapid Rail 
Loop, Feeder Bus Access 

15. Line Haul Busway, Feeder 
Bus Distribution, PAR Access 

16. Line Haul Busway, Feeder Bus 
Distribution, KAR Access 

17. Line Haul Busway, Feeder Bus 
Distribution and Access 

18. Partially Integrated Rapid 
Bus with Surface Collection, 
Feeder Bus Distribution 

19. Partially Integrated Rapid 
Bus with Surface Collection, 
Rapid Rail Loop Distribution 

20. Rail Rapid Line Haul and 
Underground Loop, PAR Access 

21. Rail Rapid Line Haul and 
Underground Loop, KAR Access 

22. Rail Rapid Line Haul and 
Underground Loop, Feeder Access 

23. Rail Rapid Line Haul, Surface 
Feeder Distribtion, PAR Access 

24. Rapid Rail Line, Surface Bus 
Distribution, KAR Access 

25. Rapid Rail Line Haul, Surface 
Bus Di~tribttti&R and Collection 
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50,000 100,000 200,000 

25.1 
32.8 
56.2 
46.2 

47.8 

42.2 

42.2 

63.0 

33.8 

33.8 

55.6 

33.4 

33.4 

57.6 

33.8 

33.8 

55.6 

50.9 

50.6 

33.2 

33.2 

55.0 

35.0 

35.0 

56.8 

25.1 
32.8 
56 .2 
46.2 

47.8 

35.2 

35.2 

54.0 

30.8 

30.8 

49.6 

32.0 

32.0 

50.8 

31.8 

31.8 

50.6 

46.9 

47.6 

33.2 

33.2 

52.0 

34.5 

34.5 

53.3 

25.1 
32.8 
56.2 
46.2 

44.8 

30.7 

30.7 

43.5 

29.3 

29.3 

42.1 

31.3 

31.3 

44.1 

30.8 

30.8 

43.6 

40.6 

41.6 

33.2 

33.2 

46.0 

34.3 

34.3 

47.1 



Table A3 -20 
Travel Time per Person Trip 

15 mile corridor, 4 square mile CBD 

Daily Corridor Volume 
MODE 

1. Single Occupant Automobile 
2. Carpool (4 members) 
3. Conventional Bus 
4. Fully Integrated Rapid Bus with 

Surface Distribution 
5. Fully Integrated Rapid Bus with 

Underground Distribution 
6. Partially Integrated Rapid Bus 

with Surface Distribution, PAR 
Access 

7. Partially Integrated Rapid Bus 
with Surface Distribution, KAR 
Access 

8. Partially Integrated Rapid Bus 
with Surface Distribution, 
Feeder Bus Access 

9. Partially Integrated Rapid Bus 
with Underground Distribution, 
PAR Access 

10. Partially Integrated Rapid Bus 
with Underground Distribution, 
KAR Access 

11. Partially Integrated Rapid Bus 
with Underground Distribution, 
Feeder Bus Access 

12. Line Haul Busway, Rapid Rail 
Loop, PAR Access 

13. Line Haul Busway, Rapid Rail 
Loop, KAR Access 

14. Line Haul Busway, Rapid Rail 
Loop, Feeder Bus Access 

15. Line Haul Busway, Feeder 
Bus Distribution, PAR Access 

16. Line Haul Busway, Feeder Bus 
Distribution, KAR Access 

17. Line Haul Busway, Feeder Bus 
Distribution and Access 

18. Partially Integrated Rapid 
Bus with Surfa_ce Collection, 

. Feeder Bus Distribution 
19. Partially Integrated Rapid 

Bus with Surface Collection, 
Rapid Rail Loop Distribution 

20. Rail Rapid Line Haul and 
Underground Loop, PAR Access 

21. Rail Rapid Line Haul and 
Underground Loop, KAR Access 

22. Rail Rapid Line Haul and 
Underground Loop, Feeder Access 

23. Rail Rapid Line Haul, Surface 
Feeder Distribtion, PAR Access 

24. Rapid Rail Line, Surface Bus 
Distribution, KAR Access 

25_. Ra.pi_d Rail Line ~ Surface 
Bus Distribution and Collection 
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50,000 100,000 200,000 

27.3 
35.0 
58.5 
48.5 

50.0 

43.5 

43.5 

65.3 

36.0 

36.0 

57.8 

35.3 

35.3 

57.1 

36.2 

36.2 

58.0 

53.2 

52.8 

34.9 

34.9 

56.7 

37.8 

37.8 

27.3 
35.0 
58.5 
48.5 

50.0 

40.5 

40.5 

59.3 

33.0 

33.0 

51.8 

34.1 

34.1 

52.9 

34.2 

34.2 

53.0 

49.2 

49.8 

34.9 

34.9 

53.7 

37.3 

37.3 

27.3 
35.0 
58.5 
48.5 

47.0 

34.5 

34.5 

47.3 

31.5 

31.5 

44.3 

33.5 

33.5 

46.3 

33.2 

33.2 

46.0 

42.9 

43.8 

34.9 

34.9 

47.7 

37.1 

37.1 



1. 

2. 

3. 

4. 

5. 

20. 

22. 

TABLE A3-21 

Travel Cost per Person Trip 
in-mile corridor, 1 square mile CBD 

Mode Daily Corridor Volume 
20n,nno 300,nno 400,000 

Single Occupant Automobile $2.73 $2.72 $2. 71 

Carpool (4 members) 0.80 0.76 0.75 

Conventional Bus 0.50 0.50 0.50 

Fully Integrated Rapid Bus with 1. 1n 0.88 0. 78 
Surface Distribution 

Fully Integrated Rapid Bus with 1.38 f.;" ~ •c 1.()8 0.93 
Underground Distribution 

Rail Rapid Line-Haul and 2.64 2.37 2.38* 
Underground Loop, PAR Access 

Rail Rapid Line-Haul and 1.59 1. 32 1. 33* 
Underground Loop, Feeder Access 

* At this 
demands 
tracks. 
opposed 

volume level, the number of trains required to meet the 
of travelers exceeds the capacity of the usual number of 
For CBD distribution purposes, two tracks are required, as 

to one for all smaller volumes. 
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1. 

2. 

3 . 

4. 

5. 

20. 

22. 

TABLE A3-22 

Travel Time per Person Trip 
10-mile corridor, 1 square mile CBD 

Mode naily Corridor Volume 
200,000 300,noo 400.noo 

Single Occupant Automobile 18.3 18.3 18.3 

Carpool (4 members) 26.2 26.2 26.2 

Conventional Bus 45.4 41.0 39.6 

Fully Integrated Rapid Bus with 38.7 34. 3 32.9 
Surface Distribution 

Fully Integrated Rapid Bus with 30.9 29.6 28.9 
Underground Distribution 

Rail Rapid Line Haul and 27.4 27.4 27.4 
Underground Loop, PAR Access 

Rail Rapid Line-Haul and 37.7 36.2 35.2 
Underground Loop, Feeder Access 

94 



Table A3 - 23 
Component Mo ney Costs per Trip 

50,000 pers on trips per day 
COMPONENTS 

00 s:: oil 
•ri 

-"' Q) 
oil ,.. :;, " >, "' 0. ,.. Q) s:: s:: ~ "' p.. ·r< "' 0 ,.. 

"' 0 
~ ~ >, 

bl) s:: .c Q)"' 0 S:: •M ·r< s:: 0 Q) "' .-l otj ,.. Q) ..., ..., 
~ otj ~ ·r< •ri 00 ,.. ",.. Q) s:: ..., "' ,.. a, 

-"' ..., s:: Q) •ri a, > .,-< s::,.. Q),.. 
•r-1 m 0 0,.. a, •M ! .c >< •ri a, •ri Q) .c Q) 

"' 0 "' 
p'.1 a, ..., ,.. 

~ oil 
,.. ,.. ~g, ..., 0. 

MODE <.'l p:; p'.1 OP.. Cl) JO« 0 E-< 00 TOTALS 

$ % $ % $ % $ % $ % $ % $ % $ % 
1. Single $0. 56 l g{. $1.03 35% na na $0 .60 21% na na na na $0. 73 25% na na $2 . 92 loo% 

Occupant 
Automobile 

2. Carpool $0 . 34 35% $0 . 26 26% na na $0.16 16% na na na na $0 . 23 23"/, na na $0 . 99 100% 
(4 members) 

3- Conventional $0. 00 0% na na na na na na $O. l2 25% $0. 19 37 -5% na na $0 .19 37 -5% $0. 50 100% 
Bus 

5 . Fully Integrated $3 -52 86% na na $0. 17 4% na na $0.09 2% $0.12 3% na na $O.l8 5% $4.o8 100% 
Busway with 
Underground 

ID Distribution 
u, 

4. Fully Integrated $2. 60 85% na na $0 . 00 0% na na $0.11 4% $0 . 15 5% na na $0.19 6% $3.05 100% 
Busway with 
Surface 
Distribution • - C 

20 . Rail Rapid $2 .88 58% na na $0.75 15% na na $0.76 l 5'fo $0 . 07 2% na na $0 .52 10'1, $4. 98 100% 
Transit with 
Underground 
Loop , PAR Access 

22 . Rail Rapid $2. 88 73% na na $0.29 8% na na $0.21 5% $0.15 4% na ne $o.4o 10'1, $3-93 loo% 
Transit with 
Underground Loop, 
Feeder Bus Access 

l O-mile redia l corridor 
l square mile CED 
6afo peek, 40,, off-peek 



... 
.• 

COMFONENTS 
:,, " 

~ ~:,, 
~ -d ~ 

MODE ·s ~ gi 
0 i:r; 111 

l. 

2 . 

3 -

5 , 

<D 

°' 

4 . 

20 . 

22. 

$ 

Singl e $0 . 43 
Occupant 
Automobile 

Carpool $0 . 22 
(4 members) 

Convent iona l $0.00 
Bus 

Fully Integrated $1. 76 
Busway, Under-
ground 
Dist ribut i on 

Fully Integrated $1. 30 
Busway, Surface 
Distribution 

Ra il Rapid $1. 33 
Transit Under -
ground Loop , 
PAR Access 

Rail Rapid $1.33 
Transit Under -
ground Loop, 
Feeder Bus Access 

10-mile radial corridor 
l square mil e CED 
60% peak, 40% off-peak 

gp 
. .--, 
.-'1 

o8 la 

~~ 
~ 0 QJ . .--, :j gp .-'1 

r::, la "' . .--, 
~~ .µ la 

C/.l r,,.. 

% $ % $ % 

15% $1. 03 37% na na 

25% $0 . 26 30% na na 

0% na na $0 . 00 0% 

77% na na $0.13 6% 

74% na na $0. 00 0% 

39% na na $0 . 74 22"/o 

5€P/o na na $0 .28 12"/o 

Tabl e A3 -24 
Component Money Costs per Trip 

100 , 000 person trips per day 

o8 

la ~ 
QJ 

o8 '-' P, a a ~ . .--, "' 0 la "' 0 .c: QJ lac.:, a . .--, . .--, 
"' rl QJ .µ .µ 
la -~ ~ QJ a .µ "' la a, 
QJ > . .--, 0 la QJ la 

~ 
.C: la . .--, "' • .--, QJ ~a ~~ la la ~ g. TOTALS r::, E-< 00 

$ % $ % $ % $ % $ % $ % 
$0 .60 22"/o na na na na $0 . 73 2€P/o na na $2 . 79 lOaJ,, 

$0.16 18"/o na na na na $0.23 27% na na $0.87 100% 

na na $0 .12 25% $0.19 37 -5% na na $0.19 37 -5% $0 . 50 100% 

na na $0 . 09 4% $0. 12 5% na na $0. 18 8% $2 . 28 100"/o 

na na $0.ll €P/o $0 .15 9% na na $0 .19 11% $1.75 100"/o 

na na $0.76 22"/o $0 . 07 2% na na $0 . 52 15% $3 . 42 100"/o 

na na $0 . 21 9% $0. 15 6% na na $0.40 17% $2.37 100"/o 



Table A3-25 
Component Money Costs per Trip 

200,000 person trips per day 

bD 
COMroNENTS .:: oil .... 

-"' Cl) 

oil ... oil :,, CJ 

~ "' 0. ... Cl) .:: .:: 00 
"'p., .... "' 0 ... "' 0 .:: 

~ '>, bD .:: .c: Cl) 0 .:: .... .... 
>, "' .:: 0 Cl) "' ~ ... Cl)..., ..., 

~~~ 
.... .,-, bD H CJ"' Cl).:: ..., "' ... "' 
-"' ..., .:: Cl) .... 'O > .... .:: ... Cl) ... 

•M tn m A>< "' .... .:: .C: H .... "' .... Cl) .c: Cl) 
::, ::, 0 11< "' 

..., ... 6 Cl)., >< H ., 0. ..., 0. 

MODE C, 11< p:; uP.. U:,Ji. > :,... A E-< ::e:o 00 TOTALS 

$ % $ % $ % $ % $ % $ % $ % $ % $ % 

l. Single $0 . 37 13% $1.03 3F:ifo na na $0.60 22% na na na na $0.73 27% na na $2.73 100% 
Occupant 
Automobile 

2. Carpool $0.15 19% $0.26 3'2"/o na na $0.16 2o% na na na na $0.23 2g,/,, na na $0.80 100% 
(4 members) 

3- Conventional $0.00 o% na na $0.00 o% na na $0.12 25% $0.19 37-5% na na $0.19 37-5% $0.50 100% 
Bus 

5. Fully Integrated $0.88 64% na na $0.11 8% na na $0.09 7% $0.12 f:ffo na na $0.18 13% $1.38 100% 
Busway, Under -

\D 
ground Distribution 

--.J 

4. Fully Integrated $0.65 59% na na $0.00 o% na na $0.11 lo% $0.15 14% na na $0.19 17% $1.10 100% 
Busway, Surface 
Distribution 

20 . Rail Rapid $0 . 62 23% na na $0 . 67 25% na na $0.76 29% $0 . 07 3% na na $0.52 20% $2.64 100% 
Transit, Under -
ground Loop , PAR 
Access 

22. Rail Rapid $0 . 62 3'J'/o na na $0.21 13% na na $0.21 13% $0. 15 10% na na $0.40 25% $1. 59 100% 
Transit Under-
ground Loop , Feeder 
Bus Access 

10-mile radial corridor 
l square mil e CBD 
60%, peak, 40%, off-peak 



1. 

2 . 

3 . 

5 . 

4 . 

20 . 

22 . 

" !>, " c.u !>, Q() 
:-s: co !>, i:::: 
Q) :-s: 

~ 
•rl 

'D 'D ..>::: 
.,-1 (\l Cf.) i::::i >--< 
⇒ 0 ⇒ p'.:i (\l 
CJ~ p'.:i u Pa 

Single 0 .56 1.03 
Occupant 
Automobile 

Carpool 0 . 34 0 .26 

Convention- 0.00 na 
al Bus 

Fully 3 . 52 na 
Integrated 

Table A3 -26 
Construction Cost Sensitivities 

50,000 person t rips per day 

Q() 
i:::: i:::: 

·rl 0 
..>::: •rl o8 Q) 

o8 >--< +:> C) 
co C) bO i:::: 

Cf.) Pa rl ⇒ i:::: co 
i:::: (.\j >--< rl ·rl i:::: 
0 Q) +:> +:> co +:> Q) 

•rl Q() 0 Cf.) >--< +:> c.u +:> +:> i:::: +:> i:::: ~ '6" Q) ·rl >--< i:::: co •rl ,D 0 ,.C °' Q) •rl 
+:> >--< ⇒ C) C\J (' ' +:> (\l g~ UJ r=r., UJ ------ I + OU 

na 1.59 1.27 1. 91 0 . 60 0 .73 

na 0. 60 o . 48 0.72 0 .16 0 .23 

na 0.00 0 . 00 0 . 00 0 .12 0.38 

0 .17 3 . 69 2 . 95 4.43 0 . 09 0 . 30 

Bus , Underground Dist ribution 

Fully 2.60 na 0.00 
Integrated 
Bus , Surface Distribut ion 

Rail Ra pid 2. 88 na 
Transit , Underground 
Loop, PAR Access 

Rail Rapid 2. 88 na 
Transit, Underground 
Loop, KAR Access 

10-mile radia l corr idor 
1 square mile CBD 

0.75 

0.29 

2 . 60 

3 . 63 

3.17 

601/4 travel in peak , 401/4 off-peak 

2 . 08 3 .12 0 .11 0 .34 

2 . 90 4 . 36 0 .76 0 . 59 

2.54 3 . 80 0.21 0.55 

98 

~ ~ 
rl 

C\J C\J 
(\l ,.--._ + +:> >--< 
0 Q) H H H +:> ,.C 

~ ~ E=1 ,D +:> 
⇒ 0 0 0 0 

(I.) ------ E-l E-l 8 

1. 33 2.92 2.60 3.24 

0 . 39 0.99 0.87 1.11 

0 .5 0 0 . 50 0.50 o. 50 

0 . 39 4.08 3 . 34 4. 82 

o .45 3 .05 2.53 3 . 57 

1. 35 4.98 4.25 5.71 

0 .76 3.93 3.30 4.56 



Table A3-27 
Construction Cast Sensitivities 

100,000 person trips per day 

~ 
C\J 

I 

~ 
C\J 
+ 

~ · 
C\J 

+ 
H 

g 
E-l 

1. Single o.43 1. 03 na 1.46 1.17 1. 75 . 60 0.73 1.33 2.79 2.50 3.08 
Occupant 
Automobile 

2. Carpool 0.22 0.26 na 

3. Conventional O. 00 na 
Bus 

na 

o.48 0.38 0.58 0.16 0.23 0.39 0.87 0.77 0,97 

o.oo o.oo o.oo 0.12 0.38 0.50 0.50 0.50 0.50 

5. Fully 1.76 na 0.13 1.89 1,51 ·2.27 0.09 0,30 0.39 2.28 1.90 2.66 
Integrated 
Bus, Underground Distribution 

4. Fully 1. 30 na 0.00 1.30 1.04 1.56 0.11 0.34 o.45 
Integrated 
Bus, Surface Distribution 

20. Rail Rapid 1. 33 na 
T·ransit, Underground 
Loop, PAR Access 

0.74 2.07 1. 66 2.48 0.76 0.59 1.35 

1. 75 1.49 2.01 

3.42 3.01 3.83 

22. Rail Rapid 1. 33 na 
Transit, Underground 
Loop, KAR Access 

0.28 1. 61 1.29 1.93 0.21 0.55 0.76 2.37 2.05 2.69 

10-mile radial corridor 
1 square mile CBD 
6Cfl/o travel in pea k, 4CP/o in off-peak 

99 



11 

2 . 

3. 

5 . 

4. 

20. 

22. 

" 
:>, " 
(I) >, Q[) 
:-s: (I) :>, .::: 
(!) :-s: (I) •ri 
'd 'd :-s: ~ 
·rl (I) !)J r=:i ::-, 
:::l 0 :::l p'.1 (I) 

0 P'.< p'.1 u P-< 

Single 0.37 1.03 
Occupant 
Automobile 

Carpool 0.15 0.26 

Convention- 0.00 na 
al Bus 

Fully o . 88 na 
Integrated 

Table A3-28 
Construction Cost Sensitivities 

200,000 person trips per day 

Q[) ~ 

.::: .::: 
·rl 0 
~ •ri o8 (!) 

o8 ::-, +> CJ 
(I) 

rl g Q[) .::: 
!)J P-< .::: (I) .::: cu ::-, rl •ri .::: 
0 (!) -P +> (I) -P (!) 

•rl Q[) 0 !)J ::-, -P (I) -P 
-P .::: -P .::: ~ ~ (I) •ri >-< .::! 
(I) •ri ..0 0 ..c: Pi (!) •ri 

-P ::-, ::s CJ C\J C\J -P (I) p_, (I) 
Cf.l µ:, Cf.l .._____, I + OU 0~ 

na 1.40 1.12 1.68 0.60 0 .73 

na o.41 0.33 o.49 0.16 0 .23 

0.00 0.00 0 . 00 0 . 00 0. 12 0.38 

0.11 0.99 0.79 1.19 0.09 0 . 30 

Bus, Underground Distribution 

Fully 0 . 65 na 0 .00 
Integrated 
Bus, Surface Distribution 

Rail Rapid 0.62 na 
Transit, Underground 
Loop PAR Access 

Rail Rapid 0.62 na 
Transit, Underground 
Loop KAR Access 

10 mile radial corridor 
1 square mile CBD 

0.67 

0.21 

0.65 

1.29 

0.83 

601/4 travel in peak, 401/4 in off-peak 

0 . 52 0 .78 0.11 0 . 34 

1.03 1.55 0.76 0 . 59 

.66 1.00 0 .21 0 .55 

* U.S. GOVERNMENT PRINTING OFFICE, 1 978-266 · 532/6224 

100 

~ ~ 
rl 

C\J C\J 

(I)~ + 
-P >-< 
0 (!) H H H 

-P ..c: ~ ~ ~ ..0 +> 
;:::l 0 0 0 0 

Clj .._____, E--! E--! E--! 

1.33 2.73 2.45 3.01 

0.39 0.80 0 .72 o . 88 

0 . 50 0.50 0.50 0 . 50 

0.39 1.38 1.18 1.58 

o .45 1.10 0 . 97 1.23 

1.35 2.64 2.38 2.90 

0 .76 1.59 1.42 1.76 
















