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INTRODUCTION

This technical memorandum describes two aspects of the evaluation
work: (1) an overview of the consultant team process of evaluating

the two basic alternatives developed in Task 8.1 and (2) the technical
activities of Alan M. Voorhees & Associates (AMV) on specific elements
of the system évaluation work. The evaluation work herein covers that

analysis described as Tasks 8.5,1 and 8,5, 2,

The end product of Task 8, 5.1 is the definition of a final set of
top-rated candidates for long-range systems and the primary data

results produced for them on AMV's specific work elements.

The first part of the consultant team effort was concerned with the
evaluation process to be applied, review of community comments on
Phase II findings, and identification of route and system segménts
worthy of new analysis. This work contributed to the definition of
basic system alternatives being developed in Task 8.1. The team
effort then shifted to a comparison of Task 8.1 results, review of
Task 8.2 and 8.3 results, searching for improved concepts in
system segments and levels of service, and finally the definition

of four top-rated candidate systems for final evaluation, as a basis
for agreement in Task 8.5.2 upon a consultant team consensus

recommendation for long-range system development.

AMV's work elements in Task 8. 5.1 involved analyzing and evaluat-
ing patronage, revenue, and operating costs. These elements are in-
volved in system and subsystem analysis generally and with

traveler impact measurements needed specifically for the evaluation

process.
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The work in Task 8,5.2 emphasized consultant team integration of the

information and conclusions developed throughout the study.

It is clear that there are advantages to developing major amounts of
bus-on-freeway service with bus priority over other traffic. 1Itis
also clear that there are advantages to developing fixed-guideway
rapid transit service. Results of Task 8. 5.2 describe the way in
which the consultants believe that these two express transit modes |
should be fitted together to meet long-range transit development
goals. The process of analysis and evaluation that led the team to
the conclusions of Task 8. 5.2 has been guided by continuous attention
to a number of concerns and issues facing the region. Some of

those which we have been best able to articulate are the following:

Is a low-capital-cost system preferred in the long run over a

high-capital cost system? If not in the long run, in the short-

term, is a low-cost approach deserving of high-priority actions
to defer the initial high-capital commitment or reduce the rate
of spending for the high-cost system? If the answer is yes to
the latter question, is an ultimate mixed system of low- and
high-capital-cost facilities both technically and politically

practical?’

Can the use of existing freeways by buses provide the same high

performance and passenger attractiveness as fixed guideway at low

capital cost? Using freeways is one of the most apparent ways of

using existing rights-of-way and avoiding high capital costs. It

has appeared to date that the high performance which is provided by
fixed-guideway rapid transit can only be provided in Los Angeles
with costly underground construction in critical parts of the system.
It is the high cost of guideway construction and right-of-way or
tunneling which makes fixed-guideway "high cost" rather than
"moderate cost." Similar questions are being asked about the

performance and cost implications for greater priority use of
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streets by buses, the instituting of commuter rail service, and perhaps

other low-cost measures.

Can general traffic and major new bus circulation needs be satisfied

in major urban centers, especially the Los Angeles CBD and Wilshire,

without grade-separated transit? If bus-on-freeway could be made

equivalent in performance to fixed guideway, in general, it may

not be feasible to bring all the buses from the freeways to the local
streets for circulation and passenger distribution/collection without
major transit construction in the larger urban centers. One
possibility to examine, in lieu of construction, is the elimination

or major reduction in the use of many streets--say, Wilshire on the

Wilshire corridor--by autos and trucks in these centers.

How are local community transportation desires /needs to be met

through the transit program? Jitneys, dial-a-bus, and conventional

buses are one way to meet these desires; however, bicycle paths,
better sidewalks, taxi subsidies for selected categories of citizens
(e. g., the elderly) are examples of other ways to help. Satisfaction
on this growing concern for more local mobility and less reliance on
the auto may be essential to obtaining general concurrence with any
large-scale regional transit program, as evidenced by recent

public meetings and statements of city and other community officials.
SCRTD is not legally responsible for all of these possible trans-
portation actions nor has it had the funds to provide these costly
transit services. Owing to limited funds, it has not been able to
provide even conventional transit service in all of the communities
that make up Los Angeles County. One approach to conceptual
planning of local circulation transit services has been developed

in Task 8.3 of this study.

How do we treat the energy crisis in evaluating transit policies

and programs? The energy crisis and air quality problems will

affect short-term actions and perhaps longer term actions as well,



Expert opinion is at odds as to the extent of the crisis in the near
future and the duration of the crisis in general--some view it as ser-
ious for only a few years; others, as serious into the mid-1980's.
There needs tc be a transportation response to the immediate prob-
lems which are being created by the energy crisis. This response:
may be consistent with the control strategies of the Clean Air Act,

or it may replace those strategies. In the long run, if the crisis per-
sists, urban habits and lifestyles may have to change so much that
the needs of the transit program could prove to be much different
from those projected in current studies. An adaptable program ap-
pears desirable, but this does not necessarily imply avoidance of
high-capital-cost projects and use of buses only. The sensitivity
analysis of patronage projections that is Task 8.2 provides partial
insights into the impact of air quality measures and the energy cri-

sis on transit system decisions.

How much should we rely upon major institutional changes or altered

public policies in evaluating transit options? For example, if

transit could have all the priority it needed on freeways and streets,
enormous short-run transit service improvement would likely result,
and the high-capital cost of a rapid transit solution might well be
reduced significantly. Other possible institutional, legislative,

or local policy changes need to be identified which could have major
consequences on long-range transit financing needs and transit
performance. Transit planning to date has assumed continuation

of conventional practices, but conditions may be changing rapidly.
For example, up to now, planning has assumed that the relative cost for
using an auto, using transit, and parking an auto would be unchanged
{e. g., no increase in gasoline costs). Also, although there will be
less highway construction in the future than previously planned,
freeways are assumed by many planners to be operating in the

future with only moderate congestion, even though capacity probably

may not grov; as rapidly as does demand.



If financial resources appear to limit the program, what are the

consequences? In addition to considering the low-cost-system ap-

proach in its own right, there are two other solution approaches to
consider. One is to take a contingency approach and design a pro-
gram which is flexible regarding near-future decisions, with a low
rate of expenditure in the initial years. The other is to reconsider
just how "good" a new transit system ought to be provided. For
example, "goodness" may be expressed in terms of the degree of
traffic relief, increased mobility, or enhanced land developments
that appears achievable. New transit will not eliminate freeway
congestion, but will provide a degree of relief, How much relief is
appropriate? Similarly, the degree of betterment of community
mobility will relate generally to the level of community financial
support; the degree of rationalization of development decisions will
relate generally to the extent of the community commitment to

transit, however "extent" is measured.

How important is it to refine the more specific system elements

during Phase III? There is a large number of corridor, subarea,

and community questions about the long-range development of
facilities. The community meetings have produced an extensive
inventory of questions and concerns; each was considered for
Phase III response. However, while a number of these were
addressed in Phase III, many more will have to he carried over
to preliminary engineering and project implementation work.
Several of the questions which are addressed in Phase III may be
secondary to re so‘lving many of the critical issues; they still
must be addressed to 2 degree to maintain credibility with those

who raised the questions originally.

How equitable will the program need to appear to each interest

group to achieve general public support? Integration of short- and

long-range projects and objectives, with emphasis on early service

improvements, is clearly needed. However, beyond this objective



there are a number of other matters. For example, to identify trans-
portation deficiencies and to propose transit improvements to over-
come them, using conventional planning approaches and objectives,
will mean that different kinds of communities in the region may re-
ceive vastly different amounts of new transit service. That is, it
may appear that some places need, and will use, new transit much
more than will others, at least over the next decade or two under
most assumptions. However, if it is decided that public policy is to
create a region in which all the .communities can Arely much less on
the automobile or to use new transit as a way to stimulate develop-
ment much different from what has appeared likely, the result will be
lesser geographic differences in proposed improvements. If everyone
in the region is to support the program equally through, say, a sales
tax, there may be pressure to move toward the latter view. At issue

is how far, if at all, to move from the conventional planning approach.

How can public agencies and citizens be sufficiently informed and

given more of a chance to exchange ideas? There is much more com-

munity awareness now of the need to act on transit than there was even
a year ago. This new interest has evoked more concern as to the best
way to respond to this need. There are many varied-interest questions
which Phase I and II work seems to have generated, especially among
the many newly interested persons and affected parties only now brought
into the public policy debate. Basic questions of objectives, equity,
community development and planning in general, which have been an-
swered at least in part in years past, warrant renewed discussion.

Can the ballot proposition discussion of the proposed transit program
be conducted to provide for flexible commitments by the SCRTD, in-
cluding contingency plans, Additionally, can it, at the same time,
assure continuing equity between taxes and benefits and continuing dia-
logue between the public and the SCRTD adequate to protect the public

interest as the program is implemented year by year?
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Not all these issues are likely to be resolved by our technical work,
Phase III has attempted to identify and describe, if not illuminate, any
unresolved conflicts in terms that might permit the affected parties
(citizens as well as local agencies) and the policymakers {local juris-
dictions as well as SCRTD and SCAG) to reach a near-consensus, se-
cure financial resources through ballot propositions, and accomplish

other steps to implementation..
SUMMARY AND CONCLUSIONS REGARDING REGIONAL RAPID TRANSIT

The purpose of this technical analysis, upon which the consultant team
has spent a major portion of its effort since last July, has been to re-
view conclusions regarding the most appropriate system of regional

rapid transit for Los Angeles.

Fixed-Guideway Rapid Transit

Despite the fact that high-capacity, exclusive right-of-way, trunk-line,
or "fixed-guideway" rapid transit is expensive and time-consuming to
develop, many large cities have found it to be the best option for improv-
ing public transportation. The recommendations of the consultant team

last summer reaffirmed this conclusion for the Los Angeles area.

Fixed-guideway systems have high speed, high capacity, and high relia-
bility and can be installed in the most dense areas--where the need is

gr.eatest- -often by tunneling.

But Los Angeles is unusual. Its large population is extended over a
larger area--with correspondingly lower average density--than a typi-
cal large city. These unique characteristics of the Los Angeles area
make areawide application of fixed-guideway rapid transit especially
expensive because of the extent of system required. Since the consult-
ants' report last summer, this point has been made clear by many of
the residents of Los Angeles as well as by officials of the Federal
government--on which extensive fixed-guideway systems must depend

for capital resources.
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Yet there are several corridors in the region that connect dense con-
centrations of activity {both centers and strip developments) where fixed-
guideway rapid transit is strongly recommended as the viable transpor-
tation improvement if sufficient capital resources can be generated for
transit development. These corridors have been intensely studied, re-
studied, and given priorities over the years. The principal question

that remains is, "At what rate can the extensive fixed-guideway system
be built, in light of the continuing uncertainty regarding the availability

of capital for development? "

One big cost component of fixed-guideway rapid transit is the construc-
tion of the guideway itself. This consists of the cost of right-of-way and
structures, or the cost of tunneling. This cost factor leads inexorably
to various approaches for placing rapid transit on existing rights-of-
way, if not on existing structures as well. Among these concepts, bus
rapid transit using existing freeways is emerging in the United States

as a most cost-effective approach.

Bus Rapid Transit

If there is one element that makes the Los Angeles area unique, it is
the vast network of freeways which dominates the existing transportation
system. Consequently, the concept of bus rapid transit on existing free-

ways has greater potential here than perhaps anywhere else in the world,

Varying degrees of operating efficiency can be achieved with bus rapid
transit, depending principally on the extent to which priority treatment
is provided to increase the speed and ease of travel by bus. This con-
cession can range from no priority (e.g., buses operating in mixed
traffic on a metered fréewa.y) to completely separate and exclusive bus
lanes within the freeway right-~of-way. The El Monte-Los Angeleé bus-
way, an example of the latter kind of bus rapid transit facility, has ex-

perienced a notable increase in usage since service began.



Between these extremes are many variations in priority treatment
which allow buses and carpools to achieve higher operating speeds
than low-occupancy vehicles, over which buses and carpools may re-
ceive preference in ramp entry or lane usage. Physical constraints
on realization of any of these intermediate priority treatments are few;
any of the intermediate priority treatments can be designed and imple-
mented quickly. In fact, the California Department of Transportation
has indicated it will undertake in Los Angeles experimentation with a
variety of priority treatments to assess the relative attractiveness,

safety, and community impact of each.

The consultant team has concluded that bus rapid transit, when appro-
priate, should be applied within the Los Angeles area for several rea-
sons. If the region is to respond rapidly to the increasing level of ur-

gency of rapid transit development, bus rapid transit is an appropriate
response. It can be implemented in the near future and within the

scope of foreseeable financial resources.

An "All-Bus" Rapid Transit System?

Large areas of Los Angeles lie too far from freeways for immediate-
length trips to benefit from the kind of high-speed service which only
a grade-separated facility such as a freeway can provide. Many of the
areas exhibit high transit dependency rates. Regional mobility and
accessibility for these areas would not be appreciably improved if an

"all-bus™ system were the goal of the region,

Some of these areas thatare not, and cannot be, well served by bus
rapid transit are also major concentrations of land activity, with a
high density of population and employment. The regional core con-
tains several of these activity concentrations. It is the planning policY
of the City of Los Angeles, as well as the entire region, to increase
accessibility to and among these areas of concentrated activity., In

many of these areas, activity concentration is already so great that,

]



even if buses could achieve much greater speeds on surface streets,

the areas could not be penetrated by a high level of bus rapid transit

service.

There are other unanswerable questions concerning high-volume pri-
ority bus operations; most notably, how the public may react to re-
serving lanes. Execution of high-volume transfers between bus rapid
transit lines appears difficult. Furthermore, potential problems have‘
been recognized in the development of high-bus capacity on surface

streets.

In summary, the conclusion of the consultants' studies is that a bus
rapid transit system, although deserving of a major role, will not suf-
fice as an exclusive regional solution. The all-bus approach simply
breaks down in many of the critical areas of the region where rapid

transit needs are greatest.

"All Fixed Guideway"?

On the other hand, in order to fulfill anywhere near all the rapid transit
requirements of the Los Angeles area, any fixed-guideway system
would have to be developed over considerable time., Because fixed-
guideway facilities are costly, lines must necessarily be widely spaced.
But with such fixed-guideway spacing, large areas would also be poorly
served for some years by rapid transit. These areas would include not
only extensive residential developments, but also a number of signifi-

cant outlying centers of activity.

Personal Rapid Transit (PRT) is one form of transit that has received
considerable interest in Los Angeles and elsewhere. PRT is a radically
different concept that could provide a high-quality form of transporta-
tion. While there are many versions of the concept, basically it involves

providing nonstop or nearly nonstop service from a passenger's origin

10



station to his destination station through the use of small vehicles oper-

ating on a fixed guideway. A network of guideways could be constructed,

with stations spaced close to one another.

The engineering and environmental consultants conducted a careful re-
view of PRT and some advanced versions of it designed for completely
nonstop, single-party travel service. This review included independ-
ent studies and discussions with organizations that have undertaken sub-

stantial research and development.

The review confirmed that PRT, as conceptualized, would provide a
highly attractive transportation service that offers the prospect of at-
tracting large numbers of patrons. However, many problems were

uncovered which could not be fully resolved.

The principal technical problem concerns the difficulty of handling
large numbers of travelers in areas of dense activity such as in the
regional core. It was concluded that substantial congestion would he
caused on the guideways and in the stations, much as congestion is
now experienced on downtown streets. Additionally, vehicles would
have to be very closely spaced to achieve the required carrying ca-
pacity. Close spacing would require an advanced control system to
solve a number of potentially serious safety problems. Such control

systems are only in the concept stage at present.

Most PRT proposals suggest the use of elevated structures because of
the need to separate the dense network from surface streets. Although
careful design can minimize the adverse visual impact in many areas,
it is believed that an intolerable situation would be created downtown,
where one or two guideways would be needed on every block, along with
closely spaced elevated stations. | Psychological problems that might
be faced by PRT riders have also been suggested, but not proven. In
terms of economics, it is difficult to forecast the capital cost of the

PRT systems, since none have been developed with the capability that

11



appears to be reguired in the Los Angeles region. Almost all experts
agree that a considerable amount of research and development will be
required before the more desirable versions can be considered to be
"on the shelf." As a result, limited use of PRT in Los Angeles is
visualized as part of the first-stage system, and only in feeder and

distribution, rather than line-haul service.

In all areas, fixed-guideway design and construction will take time--
probably a longer time than any part of the region is willing to wait for
significant rapid transit development. Most areas do now warrant and

deserve at least the high level of service affordable by bus rapid transit.

A Balanced Rapid Transit System

Unfortunately, there is no simplistic answer to the transportation prob-
lems facing Los Angeles, After long and hard study, the consultant
team has reached the conclusion that neither an "all-bus®” nor an "all
fixed-guideway" system is the solution to this area's needs for rapid
transit, On the other hand, each of these basic approaches--where ap-
plied in a balanced manner--can provide greatly improved transit serv-

ice for the region.

Therefore, the consultant team has concluded that the region should
undertake a balanced rapid transit system development process. Such
an approach will make the best utilization of both bus rapid transit and
fixed-guideway rapid transit. The approach recommended here will

provide the flexibility to maximize public transportation services

e - immediately, by committing large amounts of resources and
energy to near-term improvements including the introduction
of bus priority rapid transit, and

[ ] over time, since the fixed-guideway transit system corridors
will be implemented using a flexible contingency approach which
" makes the most effective use of any available future flow of
funds.

12



Because of the uncertainty concerning the available amount of Federal
financial resources required to assist with the high-capital costs, the
fixed-guideway elements on any balanced public transportation goal for
the region must be discussed and planned for, using a building block
approach based upon the corridor priorities of the region. The con-
sultant team has developed an incremental approach by which SCRTD
may implement a comprehensive improvement of public transportation
in conjunction with continual development of a regional rapid transit

system.

The first step is a transit improvement program incorporating
immediate-action projects to satisfy many important local circulation
needs and opportunities as well as to begin the process of developing
a balanced rapid transit system. Together with the County of Los
.Angeles and individual cities, SCRTD has set up a continuing process
for identifying and implementing near-term improvements as rapidly
as financial resources can be obtained. It is anticipated that a ma-
jority of the projects in the latest inventory (described in the Task 8.7
Technical Working Paper) will be implemented, with buses in opera-

tion within the next three-year period.

Consideration by the consultants of the need for local circulation within

communities has produced a document entitled Conceptual Planning of

Local Circulation and Feeder Transit Systems (the Technical Report of

Task 8.3). Rather than attempting to solve specific community prob-
lems, the document proposes one possible methodology for application
at the local level throughout the District. It alsc served to direct con-
sultant formulation of specific circulation and feeder components of

our Phase II] recommendations.

The second step recommended toward balanced rapid transit involves
major surface and freeway bus improvements built upon the establish-

ment of bus priority measures., The RTD Board has received a report

13



from Wilbur Smith and Associates concerning implementation of pri-
ority measures for high-occupancy vehicles, Both Caltrans and the
City of Los Angeles are proposing experimentation with various types
of traffic priority measures on facilities within their jurisdictions.
The extent to which bus priority operation is included in thé first one-
to-three years' transit improvements program depends upon the im-
plementation of reqluisite traffic improvements by these agencies,
Furthermore, SCRTD should continue expanding its bus fleet to capi-
talize on continuing expansion by Caltrans, the County, and the various

municipalities of successful bus priority measures.

In this manner, bus priority should be fully exploited to further improve
service levels and to build up patronage for intermediate-length trips
(between five and ten miles) as the foundation of a balanced rapid transit

system,

The high-capital-cost, fixed-guideway elements of the public transpor-
tation gc;ai must be developed through the concept of incremental build-
ing blocks, which may be combined into various levels of system de-
velopment to correspond to available levels of Federal financial

assistance,

As an approach to matching system development levels and Federal as-
sistance levels, the consultant team has developed a series of four
"Rapid Transit Building Block" levels. Each level provides a complete
picture of the level of system development achievable with a given level
of Federal funding, including a continuing process for bus priority im-
plementation and bus system expansion to fully exploit the potential of

bus rapid transit.
OVERVIEW OF THE PHASE III PROJECT METHODOLOGY

The basic flow of the primary work tasks of the Phase IIIl Work Program

is charted in general form in Figure 1. It can be noted that this project

-
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has relied heavily upcon sensitivity and sketch plan techniques; it is,

therefore, worthwhile to develop an understanding of this process.

-In the transportation planning process, it is possible to analyze alter-
native transit and highway configurations either in very fine or coarse
detail. Constraints on the level of detail are usually imposed by cost
and time considerations since detailed analysis is both time consum-
ing and expensive. Often, the transportation planner is faced with the
choice of analyzing many alternatives at a coarse-grained scale or a
few alternatives at a fine-grained scale. In recent years the issues
in transportation planning have become increasingly complex, while
the variety of possible alternativés has expanded at a rapid pace. Con-
temporary planning efforts are, therefore, more inclined to perform-
ance of systems analysis at coarser detail so that all important issues
are addressed. Sketch planning is a relatively new process which al-
lows the planner to perform coarse-grained analysis in a systematic
and efficient manner. Acceptance of the notion that there is, in fact,

a wide range of alternatives is essential to the whole design of the

work to be accomplished.

The Major Steps

All previous studies have provided a foundation for development of the
Phase 11l recommendations, Citizens' feedback from previous phases
and Governmental agency reviews of these studies have constituted
sources of community input. In addition, regular, frequent work ses-
sions and coordination meetings were held jointly with the team and
interested agency staffs to provide a continuous interflow of ideas and
review, This is shown at the top of Figure 1.

The first major thrust of the work effort was concerned with develop-
ing procedures and tools for generation and evaluation of alternative

concepts. One important tool was tabulation of those policies and
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strategies which could serve as system building blocks. During the
study, the sensitivity of a number of individual policy matters and
combinations of policies were assessed; those which produced signif.
icant, favorable impact were incorporated into the recommended plan.
An evaluation process was developed to guide the generation of alter-
native plans and to provide a guage for impact assessment. Also de-
veloped were two detailed transit computer network concepts at a full
1300-zone scale. Detailed patronage estimates were produced from
these two network concepts. One of these networks represents a rela-
tively high-capital-cost system similar to the Phase II recommended

plan. The Task 8.1 Technical Working Paper, 1990 Patronage, Reve-

nue and Cost Estimates for Two Transit Concepts, documents the de-

velopment and analysis of these networks. The networks provide
standards around which and between which other alternative concepts,
systems, and capital -cost programs were tested, using what is re-

ferred to as "sketch plan" techniques.

After these evaluation and analysis tools were developed, it was pos-
sible to hypothesize and quantify impacts of modifications to the two
detailed "base" alternative systems. During this part of the study,
many alternatives were generated and analyzed. Some alternatives
were route location concepts; others related to specific technology
concepts; still others focused on implementation strategies. These
alternatives produce various concepts of line-haul, feeder, and cir-
culation systems for sketch plan testing. Patronage, revenue, cost,
and other impacts pertinent to the evaluation criteria were quantified
and evaluated to determine many logical combinations of alternativeé.
This process of generating alternatives and testing them allowed sys-
tematic piecing together of different regional transit system plans,
which resulted in input for review and selection of a recommended
consensus plan. The piecing together of "good" system ideas is noted
in the.basic Work Plan as one of the last steps of Task 8.5.1--the de_-

velopment of "top-rated candidate" alternatives. The achieving of a
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consensus plan from among the top-rated candidates took place at the

outset of Task 8.5.2 after a final evaluation process,
Evaluation

The most rigorous evaluation work in the overall Phase III project oc-
curred at the end of Task 8.5.1. Evaluations were developed for each
top-rated candidate plan, with impacts quantified or described in rela-
tion to the previously defined evaluation criteria. This evaluation proc-

ess allowed the plans to be ranked in various ways.

The folldwing section does not describe the entire evaluation process,
Two facets of the Phase III work, which is different from Phase I/1I
and studies elsewhere in general, and which required different ap-
proaches to an effective evaluation of the various analysis results,

- are these:

~ L] There is a wide divergence in many characteristics, and a
major difference in weighing of criteria, between extremely
low-capital-cost and high-capital-cost systems, and

° The sensitivity analysis and the sketch planning analysis of
many alternatives produce information not previously avail-
able. For example, decisions on the preferred long-range
system plan and, say, the first major development stage of
that system depend greatly on (1) evaluation of the degree of
probability of institutional flexibility and change {i. e., what
portion of a freeway can be assigned to buses, priority use of
a single lane, exclusive use of a lane, exclusive use of sev-
eral lanes, many ramps, etc.); {2) prospects for Federal
grants for constructing high-capital-cost facilities or estab-
lishment of major operating subsidy programs; and (3) impact
of energy/gasoline shortages or air pollution control programs,

One further issue that had to be dealt with was that many of the alter-
natives to be compared did not easily lend themselves to conventional
alternative comparison methods. In many cases, the consultant team

was comparing policy/system options in which the significant differences
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are measured in terms of the degree of probability of obtaining Federal
operating or capital costs, of institutional flexibility and change, of
energy or air pollution crises, etc. The manner in which these issues
were addressed by the team will be described cn an individual basis

as each issue is encountered in documenting the Phase III evaluation.

PHASE 111 EVALUATION PROCEDURES

Introduction

The purpose of this section is to describe the basic procedural frame-
work utilized by the consultant team in evaluating alternative public

transportation options. The procedure was developed around the

recommendations of Gruen Associates prepared for SCAG._1 A modi-

fication of the Gruen procedure was developed and applied last year to
Phases I and 11 of the SCRTD Study.z Certain further meodifications of

the latter approach have been made; the most significant of these are

. Costs were separated from other factors, and tradeoffs be-
tween costs and impacts were emphasized.

° Rating of alternatives avoided numeric aspects, although some
numerical scoring was useful in focusing team thinking.

° Use was not made of the four "affected groups" method to sum-
marize results; summarizing by functional categories was
slightly different from Phase I/II. Evaluation of individual cri-
teria in each category by the arbitrary numerical approach of
Phase I/II was replaced by individual rater's judgments (which
have been documented).

. Individual criteria were revised (changed, deleted, added)
based on study team experience in Phase I/II, citizen meetings,
etc. :

1 .
Gruen Associates, Transportation Plan Evaluation Process, prepared
for Southern California Association of Governments, July 1973,

2

Pe?.t, Marwickf Mitchell & Co,, "The Long-Term Transit Solution:
Cho1-ces of Corridors, Modes, Route Extent, Alignments and Station
- Spacing," Chapter III, July 30, 1973.
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The reason for using a systematic evaluation process was to assure
rigorous consideration of a set of decision criteria. The results of
such an analysis will then be useful for describing the rationale behind
a certain decision. Systematic consideration of the criteria was most
important because from it the decision must follow. As evaluators con-
sider each criterion, patterns will usually emerge whereby certain al-
ternatives are distinctly better than others. In some cases alternatives
will not be distinctiy different, in which case other decision criteria

such as political expediency may become the deciding factors.

The evaluation of various criteria requires consideration of certain im-
pinging factors, both quantifiable and qualitative. The consultant has at-
tempted to document the manner in which these factors were weighed in
arriving at the evaluation for each criterion. Hopefully, this will provide
an explanation for all decisions so that review and revision by others will

be facilitated.

It is also important to understand the basis for evaluating criteria. Many
issues emerge during consideration of transportation improvement pro-
grams. For each of these issues the region must define goals toward
which it desires to move. For the various goals objectives must be de-
fined as more definite achievement targets. Only then can evaluation
criteria be established to ascertain how well the objectives can 'be met
by the various candidates. The evaluation, therefore, indicates how

well the candidates respond to the issues of concern to the region.

Previous Evaluation Processes

The Gruen and Phase I programs differed slightly in certain respects.
The Phase III program is based upcn both of those programs, taking
good aspects of each and adding or modifying where necessary. These

changes do not, however, alter the intent of either previous program.
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To describe the manner in which the Phase III program derives from
and modifies those methodologies, pertinent important aspects of both
programs will be discussed., This discussion will not be comprehen-
sive since both proposals can be reviewed in readily available reports.
The discussion will deal mainly with major program characteristics

to be changed in order to point up variations.

The Gruen report1 developed a general approach for evaluating trans-
portation systern alternatives. That program called for organizing in-
dividual evaluation criteria in major categories and summarizing results
by category for presentation to various interest groups. The individual
evaluations should be well documented to serve as backup for the group
results,

The proposal also calls for initial technical evaluations by technical
staff and consultants. These would be tentative (subject to revision),
using information obtained in reviews with decisionmakers and lay
groups. The program would be a continuously iterative process of re-

views and revisions until a consensus is reached.

The Gruen program calls for ranking of possible alternatives according
to how well they satisfy various criteria. Thus, the best plan is ranked
first; the worst is ranked last, This é.pproach does not permit reflect-
ing nearly identical evaluations for two or more alternatives. It also
suggests use of numerical ranking, which could be summed to obtain a

grand score. Some means of avoiding these two situations is desirable,

The Gruen program proposed assigning different value systems to the
criteria and then having the staff evaluate each value system. However,

it would be quite difficult for an individual to objectively evaluate any

1 .
Gruen, op. cit.
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value system other than his own. Also the extensive exposure and iter-
ation proposed for the evaluation should effect the same results if ex-
ternal inputs are properly integrated into the analysis. It appears that.
proper care to reflect reactions expressed by external groups would
better achieve the desired effects than use of alternative value systems,
particularly if the base evaluation is executed by professionals from
consultant staffs experienced in reactions from various community
strata, Reactions must be documented, in much the same manner as

public participation meetings are being documented.

The evaluation process developed in Phase I of the current study is
built from the Gruen plan, More specific details and procedures are
defined for use within the context of the Gruen procedure. Several im-
portant new considerations were proposed however. Considerations
of the impact on four affected groups was suggested. This was an ex-
tension of alternative value systems proposed by Gruen. The groups
considered were: travelers, community, transit operators, and gov-
ernment. These groups may well be affected differently, but probably
not independently. It was stated in the report that impacts on govern-
ment really were effects on other programs, which could be carried
further to mean community and traveler impacts. Also, impact on the
transit operator should probably not be separated from impact on the

traveler and the community if the operator is a public agency.

The Phase I/Il report also included evaluation criteria defined by mem-
bers of the consultant team, These criteria were prepared for the
major responsibility areas of the team: engineering, traveler, socio-
economic, environmental, and financial. Although not used as such,
these groupings present an appropriate means of summarizing individual
criteria in the manner suggested by the Gruen report. These five cate-
gories correspond with the three Gruen categories: Performance (bene-
fit) criteria, Impact criteria, and Implementation criteria. ' It was-
therefore decided that the five categories used in Phase I/Il be adopted

to facilitate evaluation of the consultant disciplines involved.
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The Phase I/1I procedures called for scoring the alternatives accord-
ing to their raﬁking. The scores were then manipulated mathematically
to obtain a total score for each alternative. Although such an approach
appears to make the decision effort easier, it has many inherent dif-
ficulties. The main problem has to do with importance or value ratings
of individual criteria. Different pecple attach different levels of im-
portance to various criteria. Any numerical sum of scores implies
some importance valuation of individual criteria. That valuation may
differ from those of decisionmakers or citizens. The Phase III evalua-
tion indicates how each alternative compares with the others for a given
criterion, but does not assign relative values to the criteria. The de-
cisionmakers (or citizens) can weigh the individual crite_ria as they wish

to reach their own decisions,

Cost Separation

The Phase I/II evaluation criteria have been modified to separate cost |
from other factors because of the extreme importance of cost in select-
ing a system. Because it is so important, cost might tend to overshadow
all other criteria and therefore bias the evaluation. Most of the other
criteria may be of approximately the same order of magnitude of impor-
tance, thus they can be treated simultaneously in the evaluation. Once
that evaluation is complete, the significance of one system's evaluation
with respect to others should be weighed to determine whether the mar-
ginal benefits are worth the extra cost (assuming the better system costs
more). If not, the cost of the second-best system in the evaluation
should be compared to that of the system next best to it to ascertain
whether the marginal benefits justify the additional cost. This pro-
cedure implicitly amounts to tradeoff studies between costs and im-
pacts and probably can be effectively used by decisionmakers and under-

stood by the community in making tradeoffs.
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Ranking Score

The score assignment should be modified to avoid numeric aspects of
ranking. Such a modification would use graphic symbols where the size
of symbols or, in some cases, bands, indicates the relative satisfaction
of criteria. By using variable-size graphical presentation, numerical
summing of scores is almost precluded--using different types of sym-
bols probably still permits numerical scoring but makes it more diffi-

cult than using numbers.

The consultant team's numerical scoring approach may yet be the best
way to represent the relative attractiveness of various alternatives.
Use of numerical scores for team evaluations could be better controlled
to preclude summing than for use in review and presentation. When
using numeric scoring, the direct summing of individual scores has
been avoided even at the team level. Decisions in all cases were based
upon the sense of relative attractiveness developed by the rater during
the process of individual evaluations. The numerical ratings by the

tearmn were translated to graphic display for review and presentation.

Group Evaluations

Evaluating alternatives from the viewpoint of four affected groups has
been avoided. Impacts on the operator and government are really more
properly considered as impacts on the community and travelers. In ad-
dition, certain criteria are directed principally at either the traveler
or community, and so would be almost meaningless if directed at the
other group. To attempt a complete evaluation for four separate im-

pact groups therefore seems to unnecessarily complicate the process.

It should be emphasized that two subgroups are included in the traveler
group. These are facility users and non-users. Transportation im-

provements affect each differently--directly or indirectly depending on

the nature of improvements.
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Category Suimmaries

Evaluations of the individual criteria can be summarized according to
categories for presentation to decisionmakers and elsewhere. The
major categories defined in the Gruen and Phase I programs can be

rearranged according to the following stratification:

Gruen Phase III Phase I
Categories Categories Categories
Performance COST Engineering
ENGINEERING
HARDWARE Traveler (System)
USER Traveler (Trip)
NON-USER
Impact SOCIOECONOCMIC Sociceconomic
ENVIRONMENTAL Environmental
Implementation FINANCIAL Financial

{Individual criteria in each category have been prepared by consultant
team members responsible for respective functional areas, These are
revisions of criteria described in a Phase I technical memorandum.)

The evaluations for individual criteria were generalized {not summed)
for their category by the raters, surmising the sense of relative ac-
ceptability of each system alternative. The resultant category evalu-
ations and costs are being documented and presented to decisionmakers
and the community. Individual criteria evaluations serve only to ex-

plain or back up the category results.

Corridor Analysis

The evaluations of line locationalternatives were first conducted for
individual line segments and then summarized systemwide. (The mode
technology aspects were evaluated separately in Phase I.) The location

alternatives in each corridor were compared separately. In some
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situations hardware implications required consideration of hardware/
location combinations. Decisions regarding location were made for
each corridor; these decisions were then considered and revised as

necessary to yield a recommendation for the total system.

Individual Criteria

Provision was made in Phase III for revision of the individual criteria
proposed for each of the functional areas in the Gruen and Phase I re-
ports. Revisions included additions or changes in application. These
modifications resulted primarily from observations in community meet-

ings and application of the criteria in Phase II,

The Evaluation Process

The evaluation process is shown in Figure 2, The process was initiated
with a definition of the issues to be considered and followed by a definition/
redefinition of the objectives already a matter of record in current re-
ports. Individual evaluation criteria were then redefined, based on the

objectives.

There were two streams of evaluation work in Phase III: (1) comparing
the low-capital-cost concept for the region with the high-capital-cost
concept and (2) identifying a preferred element in each subarea or

corridor.

Here is described only the subarea/corridor process. The first step
was to define the corridors of interest and the alternatives to be eval-
uated within each corridor. While this process is normally straightfor-
ward, overlap problems did occur, especially when comparing express
bus with fixed guideway. For example, one guideway location may serve
parts of corridors served by two locations in a competing bus alterna-
tive, Where a fairly clear definition of corridors could not be resolved,
corridor combinations were considered. Given the criteria and alterna-

tives, the next step was to prepare materials required to evaluate each
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criterion. This included cost estimates, patronage estimates, and im-
pact studies. As part of defining the evaluation criteria, a means by
which to measure or judge their satisfaction also had to be established.
Various studies were then designed to concentrate on preparation of
such measures. The cost and patronage estimates were the most ob-
vious of such measures. Impact measures are generally more difficult
to conceive and define but easier to prepare. Considerable effort was
devoted to defining these details in the Gruen report. It is important
that the criteria and appropriate measures be defined a priori to assure
a meaningful, effective, and efficient analysis. In cases where neither
cost nor other quantifiable measures could be defined, a qualitative,
analytical procedure had to be defined to evaluate alternatives. Review
of the criteria and the measures proposed in the Gruen report was per-
formed by each consultant to assure su.fficiency' and applicability of the

criteria and measures to the effort at hand.

Once all measures had been prepared, the consultant tearn members
prepared displays which summarized measures of criteria in their re-

spective functional areas.

All rationale during the evaluation process was documented both for ref-
erence in team review and for description and justification at later stages.
This documentation is particularly important for nonquantifiable factors

since judgment on them is most likely to be questioned.

P

The resultant category evaluations and cost-impact tradeoffs are now
being presented to and discussed with technical advisory groups and the
RTD board. Modifications based on judgment variations will most cer-
tainly occur, particularly those due to criteria weighing variations.
Questions and suggestions will be reconsidered by the team to determine
whether revision of individual evaluations would be appropriate. This
entire evaluation process will continue iteratively, even after plan

adoption, in the manner described in the Gruen report.
Id

28




EXTENDING THE SEARCH FOR ALTERNATIVES

To obtain a broad range of community input and reaction to the consult-
ants' Phase II prelimninary recommendations, eighteen formal cofnmunity
meetings were held throughout the County between August 23 and October
29, 1973. In addition, several hundred direct contacts and presentations
have been made in all municipalities within the District as well as to
County, State, and Federal officials., Working papers prepared by the
socioeconomic/environmental consultant will document the public's re-
sponse to the preliminary plan at the community meetings and other

Presentations.

During those hearings, 925 responses were received from citizens and
public officials. The communities' concerns as of last summer are
shown below in five summary categories. The percentages shown in-
dicate the percentage of the total 925 responses associated with each

topic.

35% Stations, Alignments, Hardware, and Technology--New
alignments, station location, alternative hardware, air-
conditioned vehicles, etc.

29% Service and Safety--Questions concerning how the system
would work, timing, feeder service, and safety.

15% Funding, Financial and Costs, and Benefits--How much
the community will have to pay, for how long, and for what
benefit; what funding alternatives there are, etc.

8% Environment--Visual aspects, secondary impacts of stations
such as congestion and pollution, energy questions, etc.

13% Political/Public Participation--How the individual commu-
nities can be involved with plan refinement, jurisdictional
questions, etc.

Moreover, the consultants held a continuing series of working sessions
and both formal and informal reviews with agency members of the Tech-

nical Advisory Committee to critique the Phase II recommendations.
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Each staff documented for the consultant team the conclusions of their
appraisals and their own planning processes. The consultants responded
to these community and technical reactions via new patronage studies

of additional and relocated rapid transit lines, review of environmental
and community factors, and reassessment of potential rights-of-way

and associated capital costs.

The most significant effect resulting from this community and technical
interaction was the extension of the search for alternatives to improve
transit in the region. In parallel with the team's response, which was
a refinement and modification of the Phase II recommendations, the
evaluation acquired a renewed emphasis on low- and medium-cost sys-
tem concepts. In order to focus toward the development of data to es-
tablish a new set of evaluations and to determine priorities for rapid
transit implementation, the study team held general discussions which
attempted to lay out a large number of conceptual options along the
spectrum of possible alternative solutions. Through this exercise the
consultants attempted to span a range of possibilities for transit sys-
tem improvement, Approximately two dozen scenarios were discussed
as reasonably different approaches to system development. Specifically
intended to represent differing levels of service and cost (both capital
and operating costs), the scenarios were considered either alternative

end -states or incremental stages in the developmeht of a system.

The kinds of approaches resultant from this search for alternatives

included
[ ) Improvement of existing SCRTD system
(] All-bus system with priority measures for buses moderately
successful
[ All-bus system with priorities gener_a.lly successful
[ All-bus system with priorities extremely successful
o Limited commuter 1;a.i1 services with an all-bus system
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° Limited fixed-guideway (10-40 miles) construction with an
all-bus system

o Moderate amount of fixed-guideway (40-80 miles) construc-
tion with improved existing SCRTD system

° Moderate amount of fixed guideway with an all-bus system

. Large amount of fixed-guideway (80-120 miles) construction
with improved existing SCRTD system

o Large amount of fixed guideway with an all-bus system
supplementing
. Progressively larger amounts of fixed-guideway construc-

tion with an all-bus system supplementing

° Extensive fixed-guideway construction in most areas with
small all-bus system supplementing

It was clear to the study team that to fairly assess the potential of this
wide range of alternatives some common basis for analysis needed to

be developed. The team decided to combine the most salient input from
community/technical interactions with recent !:hinking about possible
alternative solutions to form an extensive set of "segments" which could
be assessed individually and conjointly. This collection of possible sys-
tem components thus became a common denominator in study team eval-
uation. Each segment was assessed--evaluated in a general way--by
the study teamm. This assessment resulted in evaluations at the category

‘level by the consultant responsible for each functional area:

] Capital costs and engineering issues
] System usage potential

] Physical impacts

. Social impacts and planning policy

The assessments were progressively refined over the course of the
study effort, especially during the testing phase when as many optional

concepts as possible were considered.
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Documentation of the segment evaluations takes the form of a file main-
tained by the study team. The file consists of the individual assessments
plus the sensitivity ratings of the evaluation of each segment to changes
in individual category assessments. The maps presented in the consult-

ants' working papers reflect this voluminous file.

Development of Data Base

Recognition and initial assessment of the range of alternatives indicated
that certain kinds of information would be necessary in order to select
from among the alternatives, These needs for detailed information were

used to define new systems for computer testing in Task 8. 1.

The Simplified Representation of Alternatives (Figure 3) indicates one
dimension for differentiation of possible approaches--capital cost (or
investment). Operating cost and level of service are other dimensions.
The approach proposed by the study team was to develop sufficient de-
tailed information to responsibly evaluate optional concepts at any point
along the spectrum of possibilities. The Phase II recommendation~-
built upon earlier computerized transit system testing--had already
provided detailed information on a moderately-high-capital-cost ap-
proach., SCAG had nearly completed similar testing (network T2D) of
the Phase II recormnmendation for about 120 miles of fixed guideway.
The set of information thus developed might represent a "large amount
of fixed-guideway construction with improved existing SCRTD system,"
As documented in the Task 8.1 Technical Working Paper, it was decided
that a test was required of a somewhat "larger amount of fixed guide-
way together with a supplementing all-bus system." Hence, the study
team prepared networks R2A and R2B--with about 150 miles of fixed
guideway and an all-bus system supplementing--to represent a high-

capital-cost system.

Also regarded as involving high capital costs was an all-bus system

network prepared and analyzed in detail by SCAG and designated T1D
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FIGURE 3
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(see the Task 8.1 Technical Working Paper). This systemn might rep-
resent an "all-bus system with priorities extremely successful." To
pfovide an information base for all-bus systems with priorities only

- moderately to generally successful, the study team prepared networks
R1A and R1B--all-bus systems with maximum bus-on-freeway speeds
of 55 mph and 40 mph, respectively. See the Task 8.1 Technical Work-
ing Paper for documentation of this network development. The R1 tests
were intended to represent a low-capital-cost system; an all-bus ap-

Proach, to represent a moderate-capital-cost system.

Combined bus and fixed-guideway approar;hes to moderate-capital-cost
systems could be evaluated by adjusting and modifying through sketch
plan analysis the results of detailed testing of a low-capital-cost sys-
tem and the array of higher-capital-cost systems. System development
concepts approaching an "extensive mass rapid transit system” could

be evaluated by extrapolation of the results of the testing of high-capital-
cost systems. Very-low-capital-cost approaches, such as an improved
existing SCRTD system, could be assessed based on earlier LARTS

transit system testing,

In this manner the study team assembled a set of detailed tests of op-
tional concepts that either had been conducted or would be conducted
within the study itself. The procedures used for conducting new tests
are documented by AMYV in the Task 8.1 Technical Working Paper,
Also documented in that paper are parametric descriptions of the R1

and R2 system networks and the results of respective testing.
For tomparative purposes, relevant information concerning transit

system tests to date (performed by LARTS/SCAG or the study team)

is given in Figure 4, Los Angeles Regional Transit System Tests.

Revenue Estimates

Estimates of revenue for each of the detailed-analysis systems was cal-

culated by multiplying the transit trip table (zone-to-zone trips) by the
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FIGURE 4. LOS ANGELES REGIONAL TRANSIT SYSTEM TESTS“)

1967 Observations

Buses Only--
Improved and
Integrated

LARTS Seven-~

Corridor Rapid
Transit

SCAG Version
of Phase II
System

SCAG All-Bus
System

AMYV Low~Capital-
Cost Systems

AMYV High-Capital-
Cost Systems

Notes: (1) These tests are discussed in detail in the Task 8.1 Technical Working Paper.

Express
Intra- LARTS Trunk-
SCAG Total zonal Area Line
Transit Highway Approximate Region Person- Person- Transit Transit
Network Network Date of Population Trips Trips Trips Trips
Used Used Test {millions} (millions) (millions) (millions) (millicns)
1967 Survey 9.0 22.2 n/al?) 0.49 None
TIA H2B/H3A  Aug 72 15,7 54, 3 n/a 0. 84 None
T2B H3I Apr 73 13.9 48.5 12.2 1. 66 1.46
T2B H3I Apr 73 15.7 54,3 n/a 1.82 n/a
T2D H3N Nov 73 13.9 48.5 14.5 1.45 1.01
T1D H3N Dec 73 13.9 48,5 14.5 1.84 1.30
R1A H3N Jan 74 13.9 48. 5 14.5 1.23 0.81
R1B H3N Jan 74 13.9 48. 5 14.5 1.20 0.76
R2A H3N Jan 74 13,9 48.5 14.5 1,32 0,61
R2B H3N Jan 74 13.9 48. 5 14.5 1. 32 0.63

(2) n,a. = Data not available or not obtained by AMYV,



zone-to-zone fare matrix., The fare was assessed based solely upon the
corresponding highway distance between zonal pairs. Fare was calcu-
lated using the current SCRTD base amount (35¢) for an initial travel
distance plus the current incremental fare (8¢) for a prescribed length
of fare zone. The 1990 average daily revenue for each of the primary

test systems is

Alternative System Average Daily Revenue
RZA $667, 800
R2B 668, 500
R1A 607, 600
R1B 591, 800

These estimates reflect patronage forecast assuming an auto operating
cost of 5. 76¢ per mile; see the Task 8.1 Technical Working Paper for

forther discussion of this subject.

Tests were conducted under Task 8.1 to determine the impact of (1) a

flat fare of 25¢ per trip and (2) increases in the base fare to 40¢ and the
zone fare to 10¢. In the former test, 1990 ridership increased appreciably,
but average daily revenue for R2A dropped to $371,500, With higher base
and zone fares, decrease in ridership did not offset the increase in aver-
age daily revenue to $709, 800 for R2A. The results of this one test seem
to indicate that for travel on a high-quality rapid transit system SCRTD
might be able to increase fares beyond the present base/zone rate with

a net increase in operating revenue. Such an indication is significant in
designing a program to meet operating expenses of any rapid transit sys-
tem. Further discussion of patronage sensitivity to fares is included in
the Task 8.2 Technical Working Paper.

Vs

Orange County Travel Generation

The test networks analyzed in Task 8.1 gquite possibly may have resulted

in underestimation of the amount of travel that might accrue to an SCRTD
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rapid transit system because of possible transit improvements in Orange
County., The Orange County Transit District developed test networks of
their own for the OCTD Corridor Study. These networks represented
greatly expanded feeder and circulation transit services--including ex-
tensive demand-responsive service--in all areas of Orange County.
OCTD also utilized a subregional modal choice model which forecasts

transit usages in Orange County as a response developed over time to

high-quality trunk-line, as well as local, transit.

OCTD designed test networks primarily for comparing alternative con-
cepts for transit within Orange County and to connect Orange County
with Los Angeles and Riverside Counties. Whether these tests are valid
for other purposes (e.g., input to SCRTD tests) or as absolute estimates
of usage given 1990 conditions remains to be investigated. For the sake
of conservative estimating, the SCRTD and SCAG test networks have
utilized (1) the LARTS regional modal choice model in all areas and (2)
the network representation of local transit selected by the SCAG Systems
Task Force. This approach may have understated the impact of possi-
ble OCTD services on SCRTD lines.

The study team has recognized the range of possible travel generation
attributable to OCTD actions both in developing trunk-line profiles for
systemn sizing purposes and in considering the importance of and possi-

bilities for system staging.

Consideration of Special Generators

Another category of travel that is very probably underestimated in the
network analysis includes trips attributable to "special generators" (or
attractors)--those land uses for whi‘ch LARTS is unable to forecast ac-
curate travel demand on the basis of population/employment factors alone,
This category includes colleges (student trips), airports (air traveler
trips) and other transportation interface points, and entertainment/

recreation facilities such as parks, beaches, stadiums, arenas, race

B



tracks, amusement parks, tourist attractions, and cultural (music/

theatre) centers.

To be compatible with the study's planning horizon and the basis of all
other travel forecasts, one would need a projection of the relative usage
and significance of these special generators/entities, Undoubtedly,
there exists today a usable data base covering usage or attendance rela-
tive to many of these entities--there are several that are significant
generators of traffic (mostly auto). However, there has been no sub-
stantive research conducted that might provide the basis by which to
estimate the relative share of travel attributable to these facilities and

for which purposes public transportation might accrue.

The study team has, however, attempted to include consideration of
significant special generators in developing trunk-line profiles for sys-
tem sizing. It must be remembered that many of these activities occur
during off-peak times so that their contribution to the sizing of a transit
system is negligible, Other activities are seasonal, or infrequently at-
tract the average tripmaker., The question must be raised as to whether
an objective is to design a transit system with the capacity to handle

any and all irregular peak loads.

The study team has not factored special generators into the forecasting
of operating revenue or considered them the basis for major system

decisions.
OPERATING COST ANALYSIS

Operating and maintenance cost estimates were prepared by AMV for
several preliminary and final alternatives to a complete local and rapid
transit system, The results of the preliminary analyses contributed

to defining a final top-rated set of candidates, from which resulted the

definition of the consensus system recommendation,
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Two methodology items are worth noting, First, in the Task 8,1 Tech-
nical Working Paper the basic approach to cost estimating as applied in
Phase 11T was described. The point was made that a three-factor cdst
model was used in order to recognize the cost implications of the un-
usually high speed of freeway buses compared with the average fleet
bus today, It was found that it costs less to operate a bus at a higher
speed because a driver {a major cost element) can be more productive;
i, e,, more passengers can be served with the same amount of effort
and time expended. Secondly, the basic cost estimates were subjected
to additional analysis in which the values for selected operational fac-
tors were varied. Some of this sensitivity work was noted in the Task
8.1 Working Paper, where it was used to check the validity of the es-
timating method; however, additional calculations were made, and the

results are described below.

The same genre of comment which AMV has made for its patronage
work pertains to the operating cost estimates: (1) a systematic analyti-
cal approach was applied; the comparison among alternatives was sound;
and the difference in operating costs between alternatives can be evalu-
ated with confidence; and (2) the approach is based on approximations

of future operating conditions. These applications are a sound guide to
the probable 1990 operating costs, albeit a number of refinements can,
and probably will, be made as system definition work proceeds to pre-
liminary and design engineering and on to the development of actual op-

erating plans and refined patronage estimates.

The most useful and reliable data resulting from these estimates are
the total operating costs, cost per passenger, bus and rail fleet size,
vehicle -miles of use per vehicle by type of service, and average bus
operating cost per vehicle-mile by type of service. While the calcula-
tions for the express services were made on a trunk-line-by-trunk-line
basis, the results for each line should not be used for analysis of alter-
native lines except in the most general way. For example, the total

system results are sound, but individual lines have a number of
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assumptions pertinent to them that are related to how buses on lines

interact, where peak-load points are located, etc.

Factors and Assumptions

All alternatives were analyzed using a standard set of assumptions as
to levels of service, demand variations during the day, hours of oper-
ation, etc. Factors on express system speed and data on patronage for
express, feeder, and local service were tailored to individual alterna-
tives. For each alternative a base test was calculated by uniformly
and consistently applying the factors and assumptions. In the prelimi-

nary alternative testing, variations of certain factors were also tested.

The major factors or assumptions and the values used for them in the

base tests are

. Average number of equivalent 315 w/d - costs
weekdays per vear 300 w/d - revenue
] Vehicle speeds in peak
Fixed guideway, typical 40 mph
Fixed guideway, short runs 35 mph
Bus on freeway Varies by alternative
Busways 35 mph
Surface bus, typical 13 mph average
Feeder bus 13.5 mph daily average
) Passengers per vehicle in peak
Fixed guideway, typical 120 passengers
Fixed guideway, short runs 150 passengers
Bus on freeway 36 passengers
Busway 36 passengers
Surface bus, typical 45 passengers
Feeder bus 45 passengers
[ Spare vehicles over peak demand
Fixed guideway 10 percent
Bus on freeway 12 percent
Busway 12 percent
All other buses 8 percent
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] Passenger demands in peak hour
(one-way as a percentage of
daily two-way)

Express service, very long runs 16
Express service, long runs 15
Express service, medium runs 14
Express service, short runs 13
Surface bus, typical 14
Feeder bus : 15

Results for Preliminary Test Systems

Estimates were made of base tests for T1D and T2D, and then for R1A,
R1B, R2A, and R2B. A summary of the results for selected key items
is provided in Figure 5, followed by the actual worksheets for each test
system. The costs are given in 1973 dollars, Certain refinements in
the operating cost estimates which were considered later in the final
evaluation are not reflected in this preliminary analysis. For example,
the costs of operating freeway bus priority measures, such as metered-
ramp by-passes, and operating bus stations on the freeways, were not

included.

The Tl and T2 data were of limited interest inasmuch as the alternative
system concepts were of limited value; i.e., they were used only to
better define the R1 and R2 concepts, The Tl concept would require,
for example, about 7,900 buses with over one-half to be assigned to
freeway operations--if, in fact, the concept had been possible to imple-
ment, The operation cost per passenger (excluding the major stations
and transfer operating problems and costs) would not be out of line with
the costs per passenger for other more realistic concepts--approxi-

mately 65¢ per passenger.

The R1 bus-on-freeway concepts, defined as R1A and R1B, developed
per passenger costs similar to Tl, R1A had operating speeds on the
freeway similar to Tl and faster than R1B. The operating costs per

passenger reflect this Rl concept difference. RI1B is about 5 percent
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FIGURE 5. 1990 OPERATING RESULTS FOR PRELIMINARY
ALTERNATIVE CONCEPTS(1)

Number of
Annual Cost Cost per Pass Vehicles
($ million) ($) ({including spares)

(2) (2)

Network Total Express Total Express(z) Total Express

T1D 358 187 0. 65 0. 48 7,909 4,224 (B)
(B)

T2D 242 120 0.56 0. 40 882 882 (FG)
(FG)

3,404 471 (B)
(B)

(3)

R1A 243 119 0. 66 0. 49 5.291 2,702 (B)
: {B)

R1B 224 107 0. 68 0. 54 5,044 2,615 (B)
(B)

R2A 223 101 0. 56 0.48 735 735 (FG)
(FG)

3,358
(B)

RZ2B 232 98 0. 59 0. 52 728 728 (FG)
(FG)

3,589
(B)

Notes: (1) These are "base test" results, with comparable assumptions
for all; costs are expressed in 1973 dollars,

(2) Express = fixed guideway, bus-on-freeway portion of trip,
and busway; it does not include the feeder bus and non-
freeway portion of bus-on-freeway services, -

{(3) FG = Fixed-guideway car; B = Bus
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DelLY FEECER yEWmICLE MILES = 141327,.5

DalLf FLFLURN vEMILLE wNURL & tD4NE,T

FEELER YFrlCLES *#ERUINED = 11me,9

FEEGE~ malnThnahCh UPERATING COST = §  H45A4S0,0

FEENEFM mULRLY DPERATING CUST = § 25062064.9

FEEDES 2DwINISTwaTIVE €NST = § J4536541,0 .
FEEGE® SYSTE™ OPERATING COST = § 4b0STO40,0

CBD Thunk LINE DISTRIBUTION CUST = 3 17308508.0

GAanD annuaL OPERATING COST = ¢ 203284720,0
UPEMATING CUST PEF PaASSErbErR = § 0,858

PaSS PER tosT PER aVERAGE MaINT COST HOURLY COST ADMIN COSTS ToTal CNsT

MODE VEn MILE PaSSENGER SPEED PER MILE PER MILE PER MILE PER MILE
TRURK 1,30 0,490 52,19 0,190 0,236 0,179 0,605
SUAF LLE 2,50 0,488 13.00 0.190 0.585 0,333 1,108
FEEUES 2,86 0. 597 13,50 0190 0,563 0.327 1.079
SYSTEM 1.32 0,658 21,718 C.190 0,349 0.229 0.827

VERICLE
MILES

1961¢73n2,0
SiudaInd, g
Gub1dleg,d
2940489728,0

VEH MILES
PER VEm

T2014,3
37500,¢
368281.3
S5003,5
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R-2R BASIC MRI/BUSWAY SYSTEM UPERATING CUST 1990 PRELIM 27FEBT4 = BASE TEST

THIS IS THE R=g2B BaSE TEST
ThIS IS NUT A VARIATICN

Cod PROQUCTIONS = a,0
SUPPDIET CAST » oD PROVDCTIULNY = & 0,20
SyYPPLAT VERICLE SPARES = "0,08

PELr UNE=mbv/24=Hyui Twiyy=wa¥ P4SSENGER R&TIL (SURFACE) 5 0,14
PER& UNE=adY/28-m0uK Twdenaf PASSERGLER HATIU (FEEDER) 3 0,15
PEad 2=mR 24=nk ZEWM]CLE MILE RATID = u,9

NUYRER (F TRUN® MUPES = 3

UFERATING OAYS FEW YEAR = 319,0

THTAL DAILY TwansSIT PASSENGERS = 1319257,0

Tpter Delcy FEEVER TRANWSIT PASSENGERS = 114227.0

TOTEL DALY Su~FECE (D= TRUNK) PASSENGLRS = 890804, 0

FEfzes JEmICLE #Jib nENE®aTifn WATE PER FEEDER PASSEWGER = 0,350
SosbaCE VERICLE “I(E GENERATIN HeTé pER SURFACE pASSENGEN = 0,400
AVEWLRGE Dalty SHEFD PER FEELFR VEHWICLE = 13,9

AvkReGE UalInY SPEED PEW SURF2CE venlCLE 3 13,0

3zaTy PEWN Nibe=TiUnw vem]lCLE 3 44,0

KNOn=iruse VEHAICLE FRAL LUSD FACTOR = 1,4

SGheTEUn® verICLE enAUAL cuMINISTRATIVE CUSYT = 8§ 12500,0
hineTRUNE VERICLE miURLY cradGE PER HUUR = § 7,60

NOS=Tiune VEMLCLE mAINTENAnCE CUSY PEW MILE = % 0,19

Pi2e nIUP Tepi®5 FER SURFACE VLAICLE = 1,00

PELe riluw THIFS kph FEEDEW vERILLE = 1,25

REVENLE DaYs PEx YEAR = 330,0

HIDE VERICUL &R PEaK FRaACT AUM CUST  CUST FER cOsST PER A¥G DAILY HODAL
SEATS FaCtun SPARE YEH PER YEHW VEK HH YEH MILE SPEED DESCRIPTION
1 TH.n 1,6 0,10 0,0 0,0 1,28 41,0 MRT = FaST, LUNG
2 75,6 2,9 0,10 0,0 0,0 1,20 30,0 MRT = 5L Na, SAQrT
3 40,0 0.9 0,12 15000,0 7,60 0,19 34,0 BUS OIN FREEWAY
24=4R PK=HR P =pR Pr=2HR DAILY RUUND YEHICLES NET FK LIKE Pran TOTAL UP
LINE Miz LD PT Pr-DIR YERS T VEHICLE VEHIRLE 1RIP REGUIREN MODE LIKE LINE Umas2d-ni Ce»T PER
VO UME vUL GHE Max LD PT MILES MILES T11IME + SPARES TYPE LENGTH SPLED PASS RaTlD Day
See 29600,0 T700,0 U, 2 b625,.2 298313 ,4 88,9 1041 1 29,4 8,0 t,1u4 $ 375=20,9
SF5 37¢I0.0 5550,¢ 46,2 © 6923,.6 293%8,0 120.9 1u2,5 1 45,3 LY ] 0,1% $ etod, 5
sLA 3ENN0,N usAg,n 3,2 274%,2 10319,4 12,0 41,2 2 21.0 39,0 0,13 § lasi2.e
850 20556.0  3530.0 2500 Bun, 7 sBi9se 290y 13,3 1 9,7 a0 n.1% § aira,u
sad TELAL 1171C0,0 97.5 1e482,4 Tui70,6 144,9 259,0 i 4p, 3 49,0 o, lh 5 Gichu,9
4P 500006,0 8a08,0 66,7 B16h,T 367%0,0 105,0 124,3 1 35,0 40,90 0416 § w0305,
P2 vBGO0,0 9520,0 79,3 5h5% 3,9 22T40,9 Sa,b 79,4 1 18,2 40,0 0,14 $ 2c153,5
14k $H86,0 nB0,0 24,4 2523,9 113%7,5 104,1 a7,s 3 29,5 34,0 Qelty ¢ eco57,3
15 2a00,0 $848,0 B9 690, 7 3108, 0 4,4 13,0 3 22,2 34,0 0,18 5 1£71,B
a 1509,9 2ed,0 6,7 SE3,3 £625,0 an,2 11,0 3 29,0 34,0 0,40 3 15367
Y 11665,0 1760,0 ug,9 usek,7 26559,0 9,2 B6, 0 3 26,7 34,0 0,18 § SEa50,%
3 3a006,0 Suu,h 15,1 judl, e LY R 96,4 21.¢ 3 2743 34,0 a,in $ 3505,5
q 1u{0,7 224,10 6,2 705,86 3175,2 114,4 13,3 3 32,4 34,0 O0sl0 8 14p1,2
5 6ado,0 14624, 6 28,4 1140, 9 Ylp7,2 ut, 2 23,0 3 11,4 34,0 Dala $  ?993%,n
b ©00%,.0 1230,0 35,6 25938, 7 114e4,0 T2,0 47,8 3 20,0 34,0 Gult § oco%90,}
7 1000,0 160,0 4,u 1940, 4 B815,0 4u 1 3,7 3 12,5 3u,0 Va6 § 512,9
[ 3606,0 us o 1,3 26,6 119,7 20,1 0,9 3 5,7 33,0 0,18 s 72,2
9 12500,0 2000,0 bbb u31n,? 194¢5% 0 e, u 41,3 3 22.2 4,0 0,la $ 113e00,2
to 2066,0 326.0 8,9 45,2 20044,0 51,5 8,6 3 14,6 36,0 O.lt 3 1154,1
11 2060,0 320,90 B,9 124,10 569,0 14,1 2.3 3 40 34,0 Vale 5 324,3



. DAleY ANNLIAL
YODE vEmICLE vErlCLE
MILESR MItEs
1 19600%0,1 6194aTBY, ¢
2 10319,4 3250e06.0
3 tod70.8 27500iTo.y

LINE=%aL TRUNS SYSTEM ANNUSAL

TOTAL TOT AL TATaL TOHTAL
VEHICLES ADMINTIST HOURL Y VEMIGLE MILE
REQUIHED enNsIs CnSTS tOs1s

od6,7 0,0 0.9 78050368,.0
4y,2 0.0 0.0 409576140
103, 4 uy2e2tu, 0 6317140,0 5199573.¢0

OPERATING CUST = % 98187104,0

{NTTEY EXTR4 €8T OF tRuvs LINE yvERICLES DUE TU WIGH YEHICLE MILEAGE NDY INCLUDED)

SURFAlE BuS ESTIMATES == (2LL

CafLy SURFeCE WERICLE MILES =
DAILY Fomfact vr=~ICLE muuks 3
Susralt vE-ICLES RELUIRED = 2
SURKFACE MAINTENANCE QOPERATING
SUSFAIE mMOUKLT UPERATING COST°
SUSTLTE ARvINISTRATIVE COST =
SJIREACE Sy STEmM UPERaTING CUST

FEENEWN 8US ESTI%ATES

Caliy FEEGED vEmICLE MILES =
PATLY FEESER VEWICLE MUUKS =
FESCES wEWICLES HeQUIRED = Q
FEECE? »alNToAavEE UPERAYING C
FEENES wlindp Yy (rERATING CUST

FEEQEW &00TANISTRATIVE CN8T = §
FEEJER SYSTEM DPERATING CUOST 2

C8D TRUSN< LINE DISTRISGUTIUN CO

GrenD annaL DREKRATING COST =

URPERATING L0081 PER PASSENGER =
BAS5S PER CnsT PE

#0OCE VEM MILE PASSENG

TRLMNA 2,14 veh2l

SURFACE 2.50 T3
FEEOER 2,84 0. 397
5vSTEm 1,94 0,588

NOK=TRUNKs NON=FEEDER, NON=CR3D DISTRIBUTION)

276321.6
21e%%.%
3211
CUST = & 165%37842,0
= § 508485004,0
L 290137u4,0
= % %pasT2dH,0

109979 ,4

Bildc,b
05,0
NST = % &582268.0
4 19503008,0
153121867.90

3 37397424,0

5T = § 0.0

s 232021776,0

s 0,584

] AVERAGE MAINT CDST HOURLY COST

ER SPEED PER WILE PER MILE
18,47 0.944 0,066
13,00 0.190 0,545
13,50 0. 190 0,583
18.36 0,518 0,397

ADMIN COSTY
PER MILE

0.051
0333
0,327
0,210

TOT4L €OsY
PER HILE

leabl}
1.4n8
1,07
1,083

VEWICLE
nILES

9256155240
BlnulgB0,0
Juouldn20,0
2lu2ubisSd.q

YEW MILES
PEK VEM

BeBd1T,4
37500.0
53281,3
49udd.2
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Re24 BASIC MRT/BUSWAY SYATEW OPERATING COST 19909 EST REY LIFFA74 » BaSE TEST

THIS 19 THE R=24 BASE TEST
THIS I8 NOT A VARIATION

C8b PRODUCTIONS =
SUPPNAT €381 / CRp Pﬂunucrluu s $ 0.20
AUPPORT VEHICLE SPARFS = 0,08

PEAc DNE=wAY/20-HNUR THOwrkY PASIENGER RATIO (SURFACE) » 0,14
PEAK ONE=wa¥/2d%HOUR THwWAY PASSENGER RATTIO (FEEDER) = 6,15
PEAX 2erR/24wnR VEWICLE MILE RATIO = 4,5

NUWBER OF TeUNK MONES = %

NPFkATING DAYS PFR YERR = 315,n

TUTAL RATLY TRANQIT PASSELGERS = 1317714,.0 )

TOTAL DaTLY FEEGFR TRANSTI PASSENGERS o 3066R2,0

TUTAL DATLY SURFACF {NONLTRUNK) PASSENGERS = 616089,0

FEEDER VEMTCLE MILE GENERaTINN RATE PLR FLEDER PASSENGER &  p,350
SUAFACF VEMICLE MILE GEYERATTOV RaTE PER SURFACE PASSENGER s 0,400
AVEsALr DATLY SPFEh PER FEFDFR VFHICLE ®= 13,5

AvERAGE DAILY 5pFED PER SURFACE VENIELE = 13,0

SEATA PER MNON=TR:nk VEWTICLE = 45,0

KONaTRUNK VEWICLE PEAK LOAD FACINR = 1,8

NONeTRUNK YEXTCLE AWMUAL ADMINTISTRATIVE COST = § 12500,0
NONmTRUNK VE-TCLE ROMRLY CHEASGE PER WOUR = 8 7,60

NLHaTh!NKE VERICLF MATHTENAHCE €St PFR MILE = 3 0,19

PEaAK WNUA TRT?S PER SURFACE vEHICLE = 1,00

PEAX #NUR TKIPS PER FEFLER VvFHTCLE = {,2%

REVENUE RAYS PER YEAR » 300,0

HNDF VERTCULAR PFAM FRACT ADM COST CpSt PER COST PFR  AYG DaILY “ODat
AEATS FACTNR gPARE VER PER VEH VFH HR YEM MILE -3PEFD CESrRIPTION
1 75,0 1.6 0,07 0,0 0,0 1,26 41,0 MRY = FaST, LONg
2 75.n 2.0 0,07 6,0 0,0 1.26 36,0 MRT . SLNW, SHWOARAT
3 40,0 6,9 0,12 13000,0 7,60 a,19 34,0 BUS ON FREEWAY
20e=uR Py=uf P aMA PKe2HR pAILY ROUIND L INF . NFT PX LINE PEAK
LINE MAX LD PT PX=DIR YEHS AT VEMIC| E YEHICLE TRIP VEMICLES MODE LINE LINE Naw/24=KR
YOLUME YOI uME MAX 1D PT MILES MILES TIME REGQUIREpD TYPE LENGTH SPEED PaSS RATIO
S4B 64000,5 LTV Ta,7 130667 $8810,0 150,90 1997 1 50,0 40,0 n.14
sFB 36000,0 Sano 0 45,0 347> 28562 ,6 126,9 97.0 1 40,3 40,6 0,15
SLR 37000,0 Latg,0 32,1 2356‘9 106050 2,0 a2 2 21,0 15,0 0,13
R3T 200¢0,0 35649,0 25.0 848 7 3819,4 29,1 13, o 1 9,7 40,0 n,15s
sB8 81000,0 12150,0 101,3 15086 2 69687 ,8 151.1 236,7 ! a3.7 ab,0 0,15
APD a1090,9 6560 ,0 54,7 3252° o 14637, 51,0 09\7 1 17,0 40,0 6,16
0 68000,90 9520 .0 79,3 5053 3 22740,9 54,6 11,2 1 18,2 40,0 0,14
1A 5400,0 Bou, 0 24,0 zars n 11154,0 tga 1 ae, 16 3 29,5 38,0 0,18
18 6000,0 9h0 .0 26,7 2072% W0 9324, 78,4 39‘0 3 22, 2 34,0 0.16
24 1%¢0,0 Zno. 6,7 583y 2625 .p AR, 2 1.0 b 25.n 34,08 0.1
28 13000,0 20800 57,8 53993 20297 .9 94,2 1016 b 26,7 34,8 0,18
3 2950, 0 78470 21,8 208029 9363,9 96,0 39,2 3 27,3 34,0 0.1e
a600,0 136.0 20,4 2318 ‘a tn432.8 114,49 n}‘b 3 2.4 34,0 0.16
5 6400,0 10240 28,4 113479 5107,2 un,2 21,4 3 11,4 34,0 0. 186
6 T400,0 1184 ¢ 32,9 234803 10567,2 72,0 aq 2 3 20,4 34,0 0,16
7 1000,0 160, -0 a,a 1944 875,90 4o ,1 3,7 3 12,5 34,0 8. 16
8 200,06 2] , 0 0,9 177 79,8 20,1 0. 3 5,7 34,0 o.1e
9 1000,0 11200 31,1 zn17‘3 10878, 0 78,4 as5.s 3 22,2 34,9 0,10
10 2000, 320.0 L usaz 20484,0 51,5 B.b 3 14,6 54,0 0.16



is

Dalyy ANNItA TOTAL TOTAl TATAL TOTAL

MeoE  YEHICLE VEMICIE YEHICLES ADMINEST HOURLY VERICLE MILE
MILFR MIVF& REQUIRFD resTs cnsv3 £nsTs
1 198247,8 624479200  47%,a 0.0 0.0  78684320.0
2 10696,0 3340901 .0 43,2 0.0 0,0 4209532,0
3 #p760,6  30478528,0 apa,? 52608A3 0 4811952.0 5796160,0

LINE#HAUL TRUNK SYSTEM aNNUAL OPERATING COUST = $100756832,0
(NNTEy EXTRa €NgT NF TQUNK LTINE VEMICLES DUE TN HIGH VEHICIE HILEAGE NfT INCLUDED)

SURFACE BUS ESTIMATES «= (sLL NUNATRUNX, NONSFFERLR, NON=CAD DTISTRIBUTIUMN)

DaTlY SueralE VEWICLE MI1ES = 286435,b

DAILY SURFACF VEWICLE MjdS 2 1R9S4,4

BURFALE WEWICLFS KFunIQEr &  2070,1

SUPFACE MATNTENANCE OPERATING COST = § 14749167,0
SURFALE HJURLY GPESATIRG COST = ¢ asyg20%2,0
SJTFACE 10~:V15TPATIVh CNST = § 25R756%6,.0
SUQFACE RYSTEw (JPERATING COST a § abnuaaao.o

FEFCE®R duUs ESTIMATES

Dal| ¥ FEFDER VEWICIE MTLES 3 1073387

DATLY FEFCFR yE~TICLE HNYRS = 7951,n

FEETER WEMICLES SERUTRED =  BB3,2

FEFDFR waINTENANCE COPERATING CNST = ¢ 6ﬂ2n219:0
FEEDER mluluv DFERETING COST = 5 190347¢4,0

FEoofa adwInIsTwaTIVE Cust = 5 1104054¢5,0
FEEDER SYSTEM JPFRATING rOST = § 36499456,0

L8R THUNK LINE DISTRIBUTION cOST = § 0,0

GRAND ANNUAL OPERATING CNAT = % 2232631468,0
OFERATING COST PER PASSENGER = & 0,565

PaSS PER CnsT PER AVERAGE MaINT COST HOURLY COST AOMIN COSTY TOTay coigT
MDDE ¥En MILE PaSSENGER SPEED PER MILE PER MILF PFR MILF PER MILE
TRENY 2,350 pLuTe 38,32 0,921 1.071 0,055 1ona?
SURFACE 2.50 0, 1u6s 13.00 0,190 6,585 0,333 1,108
FEEDER 2.88 0,397 15.50 0,190 6,56% 04327 1,079
SYSTEM 2,00 0.565 18,90 0.529 a,3543 0,203 1.07%

YEMICLE
MILES

96263340, W0
77621300 0
!331]680 1)
207702224,0

VEW MILES
PER ¥Fn

85055.6
37500,0
3A281.3
51000,3
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Te2l BASIC MRT/BUSWAY SYSTEM UPERATING COST 1990 EST REY 11FES74 = GASE TEST

THIS 15 TWE T=2D BASE TEST
THIS IS NOT & VARIATION

Cab PRODUCTIUNS = 0.0
SUPPLKT C28T # C&D PRODUCTIUN =2 § D.20

SUPPORT VEHICLE SPARES = 0,08

PEAK ONEamAY/24ardUR TmlawhY PASSENGER RATIO (SURFACE) = 0,14
PEAX ONEwnAY/2u=mDUR TW(=mhY PASSENGER RATIO (FEEDER) =2 0,15
PEAX 2anR/2u=nd VERICLE MILE RATIO & 4,5

NUYSEA UF TRU4GK #UTES 3§

OPE«ATILG D&YS PEw TEAW = 315,0

TOTAL DALILY TRanSIT PASSENUERS 3 1450000,0

TOTAL OAILY FEFUER TR&NY1TD PASSENGERS = S05000,0

TOTaL DaILY SUKFACE (NOn=TRUNK) PASSENGERS = aa0000,0
FEEDEN vEnICLE HILE GENERATION RalE PEH FEEUER PASSBENGER & 0,350
SLIFalE vEHxCLE MILE GENERATIUN RATE PgR SUKFACE PASSENGER = 0,400
AVEPAGE Dalty SPEED PER FREWEA VERICLE = 13,5
AvERAGE DalLyY SPEED PER SymFaCE vEHICLE = 13,0
SELTS PEH NUH=THUuK VEMECLE ® 45,0
Moo TRUNK YEHICLE ®Eavx LUAD FalTOR = 1,0
MOhaTayutd YERICLE annUal AUMINISTIRATIVE COST o § 12500,0
NOnweTaUYK VEMICLE #idLY CwmaRGE FER HUUR = 8 7,0
NOneTRUNE VEMICLE “aINTENANCE CUST PEAR MILE = 3 0,19
PEax mOUR TRLIFS PLR SWURFILE vEWICLE = 1,00
PEasx wOuR TRIPS PER FEEDEW YERICLE = 3,25
REVENUE OAYS PER YEAR = 300,0
HODE VEnICyLeER PEaX FRaCT ADM CUST CQST PER CUS1 PER AVG DalLy MOD AL
SEAT FaCTOR SPake VEHA PER VEH VEH HR YEH MILE SPEED DESCRIPTION
1 75,0 1,6 ' 1u 0.0 0,0 1,26 19,0 MRT = FaST, LUNG
2 75,0 2,0 0.1 0,0 0.0 1,26 35,0 MRT = S_ 0%, BHORT
3 45,0 0,8 0, la 13000,0 7,60 0,19 18,0 BUS ON BUSWAY
2UakR PheHR Fr=HR Pr=2HH DalLy ROUND LINE
L INE Mix |LD PT PKk=DIR YEHS Al VEwIC E VEMICLE TRIP VERICLES MOLE LINE
YOLILME VULUME MaX LD PT MILES MILES T1HE REQUIRED TYPE LENGTH
LT ] 96009,0 134490,0 112,0 18658 4 B4142,8 1431 293.,8 1 a7, 7
SFB 99006 ,¢ 14650,0 125,8 17238 ,4 7757286 119,4 270.9 1 39,8
SaR 75040,0 11100,.0¢ 92,5 S892,2 26519,1 Su,6 92,6 1 16,2
Lab FEL2G,0 11160,0 92,5 11784,5 53030,2 169,2 185,2 1 36,4
SLK 56C00,0 7540,0 50,3 2199,2 9896, 2 az,9 39,5 2 12,5
Bul T6175.0 11868,0 129,7 6576,8 29595,8 20.1 123,8 3 5,7
Bu2 SBUGb, [ 9295,4 2%8,2 16435,8 8296149 T2.0 347,0 3 2044
DaILY AMMULL TUTAL TUTAL TOTAL TOTAL
HMODE VEHICLE VERICLE VERICLES  ADMINIST HUOURL y VEHICLE MILE
*1LES MILES REQUIRED CosTs costs CusTS
1 241201,86 ¥S5997088,0 842,5 0.0 0,0  95756272,0
2 9896, 2 3117516.0 39,5 0.0 0.0 3927815,0
3 112556,8 35455376,0 a7o,8 6120727.,0 To98878,0 6736521,0

L!NE-nAuL THUNK SYSTEM AKKUAL OFERATING CUST = 5120240176,0
{NOTEY EXTRA COSt OF TRUNK LINE VEHICLES DOE TO HIGm VEHICLE MILEAGE NOT INCLUDED)

NET PN
LIXE
SPEED

40,0
40,0
49,0
40,0
15,0
34,0
ld.0

LINE PEaAK
Qans/24=nR
Ps55 RATIOQ

6,14
6,15
6,15
0,15
0.13
O.l0
Oslo
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SURFACE BUS ESTIMATES == (ALl NUN=TRUNX, NON=FEEDER, NON=CBD DISTRIBUTIQON)

DalLY SURFACE VEMICLE WILES & 175%999,9

DATLY SURFACE VEMICLE HUURS & 13538,5

SUnFaCE vEHICLES NEQUIRED = 1478.4

SURFACE “AINTENANCE OPERATING CUST = 3 105335930
SURFACE MOURLY QPERATING CUST = § 32a11020,0
SURFACE ADMINISTRATIVE CUST = $ $8479968,90
SURFACE SY3TEw UFERATING CUST = 8 &1a24592,0

FEELER DU'S ESTEWATES

DALY FEEDER YEICLE MILES = 1767499

CAILY FEEDER VERICLE HnuWd = 13092,4

FEEDQES vE»ICLES REGCYIRED = 14%4,4

FEEPEX MAINTENANCE UPERATING COST = § Los78482,0
FEENER ™DUILY CPERATING cUST = % 313a3e32,0
FEECER aCwINISTRATIVE COST = 3 181799480

FEEPER SYSTEM UPERATING CUSTY = § 60102080,0

CED TRUNX LINE DISTRISUTIUN COST = 8 0,0

GRAWD ANNUAL UPERATIRG COSY 2 8 241766848,0
CPERATING COST PER PASSEMGEH = § 0,556

PASS FER cnsT PER AVERAGE MAINT COST
~JDE vEn MILE FASSENGER SPEED PER MILE
TRUNK 2,18 0,397 31,56 0,929

SURFACE 2.4%0 C.N85 13,00 0,150

FEEDER 2,86 0,397 13,50 Ge190

SYSTEHM 2,02 0,556 19,73 0,565

HUURLY COST
PER MILE

0,067
0,585
0,563
0,317

ADMIN CUSTS
PER MILE

0,053
0,333
0,327
0,1%0

T0TAL COST
PER MILE

t,009
1.1¢8
1.079
1,071

VERIGLE
MILES

11456%776,0
55u439%68,0
Shoie224,0

225685984,0

VEH MILES
PFR VEMH

B4689,8
3790C40
38281,.3
$2661,3



s

CAD PHIDLETIUNG =
SURPOHART CO3T » CHD PRONDUCTION 3 & 0,20
SUPPURT VEMICLE SPawES = 0,0

TyTel gally
TUTal LeliY FLEUER
TUTal UAILY SUHFACE

AVERAGE U

Bty kLI
ST I SUENN
N)s=TRUA
Nt TR
AGnm TaRung
PEAK HLUR
PEAN HLuR

“ULE

-

LIMNE L

1A
1B
2L
2h
34
in
La
4n
Sa
Sh
5C
[
Th
10
Ha
B5
G4
So
104
16k
114
118
12
13
14
154
154
15¢C
16
17
18
19

PEARA UGE®ndY/28=nyUR TrhU=nAY PASSENGER RATIU (SURFACE) = 0,14
PEAW NuEeniy/sAdeninii TwienhY PaAsSENGER RATI() (FEEUER) = 0,15
PLAd jarn®/20er? YERICLE MILE nATIU = "1
nddei R OF Tautae MLLES =z 03
GPFRaT) 6 $eYs PEW YEAW = 315,90
Tra 51T PaSHESGERS = 1637263,90
IHENSTT FASSENGERS = LUTEII, 0
{HUre ThUNKY PASSENGERS = S41477,0
FEEUEF vEmICLE ATLE GEMEWATIUN RATF PER FEEDER PASSENGER = 0,350
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1 17.¢ 3a,0 o.16 $20457 4
1 26,0 34,0 0,16 $21770,8
1 k1,0 3u,0 0,106 $ Toul,
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more costly per systemwide passenger than R1A. The fleet size of the
R1 concept would require an approximate tripling of the current bus fleet,
with just over one-half of the fleet operating on freeways. The surface
street bus needs, including the buses operating as feeders to the freeway
portion of express trips, would be about 50 percent greater than today's

surface street bus fleet.

The R2 fixed-guideway-oriented concepts, defined as R2ZA and R2B, de-
veloped systemwide costs per passenger similar to T2, despite the shift-
ing of passenger routings which took place between express and local
services. R2ZA had the same 56¢ systemwide operating cost per passen-
ger as T2, while R2B was slightly higher at 59¢. However, separation
of the express system costs (running the trunk-line service only) and
passengers from the total costs does reflect the change in the proportion
of passengers using express service., The express system cost per pas-
senger in T2 was 40¢. However, with lower express volumes, R2A had
a figure of 48¢ and the R2B system, which examined the impact of a sig-
nificant shift in the express route structure in some parts of the region,

was up to 52¢.

The R2 concepts would require a bus fleet nearly double today's bus fleet.
About 3, 000 buses would be on the surface streets and about 400 more on

freeways, depending on the specific R2 concept.

One of the reasons for differences in cost between any two systems would
be a difference in the length of the average passenger trip--the shorter

the trip, the lower the operating cost per passenger. In these tests, there
is really a larger difference in passenger cost in favor of R2 over Rl be-

cause R1 trips are about 10 percent shorter than R2.

Several variations from the base test conditions, not reflected in the

Task 8.1 Technical Working Paper, were made. With the R1A system
concept, the variations were (1) reduced freeway bus speed, (2) reduced
passenger loadings for freeway buses, and (3) use of double-decker buses,

rather than conventional buses, on freeways.
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Only one factor was varied from base conditions in each estimate; pas-

senger volumes were held constant. The results were

° Variation--reduce bus-on-freeway peak-hour average speeds
(including station stops) from 30 to 26 miles per hour for
short lines and from 34 to 29 miles per hour for long lines--
about a 13-percent reduction. Effect on systemwide opera-
ting costs was a 5-percent increase per passenger; bus fleet
was increased by 420,

. Variation--reduce bus-on-freeway peak-hour passengers per
average bus from 36 to 32--an 1] -percent reduction. Effect
on systemwide operating costs was a 6-percent increase per
passenger; bus fleet was increased by 320.

] Variation--use double-decker buses with 63 passengers per
average bus in peak hour for all freeways and busways. Ef-
fect on systemwide operating costs was an l8-percent re-
duction in systemwide costs per passenger, to a value slightly
lower than that with fixed guideways in R2.

The amount of vehicle miles per bus and the operating cost per bus mile
operated on the express systems are different from conventional bus
systems. The specific alternative tested is not so important as the fact

that

[ ) Vehicle miles per SCRTD bus today total about 35, 000 an-
nually. Bus-on-freeway and bus-on-busway services are
simulated in these tests to be about double that amount of
mileage assurmning that moderately high freeway speed would
be achieved on a regular, everyday basis. With moderately
slow freeway speed assumptions, however, a 50-percent in-
crease can be expected.

® The SCRTD operating cost per bus mile, which is the most

conventional and simple measure of costs, was in excess of
$1.15 in 1973. The bus-on-freeway and bus-on-busway
services as simulated in these tests would have bus-mile
costs much lower than value. Rule-of-thumb techniques
using the single bus-mile value would be misleading; the
high freeway bus speed assumptions reduce the cost to about
60¢. The slower speeds on freeways, however, would bring

down to 75¢.
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DEVELOPMENT OF BASIC TRAVELER CRITERIA

To be consistent with the SCAG Transportation Plan Evaluation Process,
AMYV has developed measures of traveler criteria under the subcategor-
ies of Service Effectiveness, Congestion Relief Effectiveness, and Safety
Effectiveness. The first subcategory pertains to users of transit; the
second, tonon-users (i. e., auto users); and the third, to both users and
non-users. These measures were developed for R1 and R2 concept net-
works in full detail, using the complete LARTS 1325-zone system for
analysis. (For a discussion of the relationship of R1 and R2 to SCAG's
Tl and T2 networks, see the Task 8.1 Technical Working Paper.) For
ease of interpretation and display, most measures were compressed to
a system of 25 modified Regional Statistical Areas (RSA's). These dis-
tricts are shown in the map on the next page. Twenty of them comprise

the County of Los Angeles.

Within the time and resource constraints of the study, it was not pos-
sible to perform the precise exercises prescribed by the SCAG Evalua-
tion Process. However, AMV feels that we have adequately covered the
principal analytical intent of that process through utilization of data that
were more readily available and more easily manipulated--most signifi-

cantly by computer.

Service Effectiveness

The components of this subcategory include

Demand satisfaction--projected demand
Demand satisfaction--latent demand

Choice satisfaction

Service satisfaction

Although it appears likely that the intent of demand satisfaction--pro-
jected demand and choice satisfaction is to measure the same effect,

AMYV has separated the two components for the sake of clarity.
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The measure of projected demand satisfaction can be simply a compari-

son of transit-trip productions or attractions across optional concepts.
Figu}e 6, presented on the next five pages, is such a comparison for
LARTS zones (1325-zone system) with the five districts {(modified RSA's})
in and around the regional core. It is within these areas that the varia-
tion in projected demand satisfaction is most significant. In general,

the R2 networks (R2A and R2B are nearly identical; only R2B is shown)
are consistently more effective in satisfying projected demand at the
nonhome end of trips {attractions), while in some areas the R1 all-bus

concept is more effective at the home end of trips (productions}).

In measuring choice satisfaction, it became apparent that some indica-

tion of the relative satisfaction of latent demand could be obtained simul-

taneously. The key element in measuring these components is the modal
split--the proportion of tripmakers choosing the transit system. In the
process of network analysis, a modal split is calculated (from the rela-
tive attractiveness of specific transit and highway networks) for each pos-
sible trip. A possible trip is represented by linking two LARTS analysis
zones. T‘he modal split for a specific comparison of transit and highway
networks can be expressed as a matrix of percentage values--one for
each possible trip. These percentages may range from zero for trips

not served by transit to a practical high of 60 to 70 percent for trips

extraordinarily well served by transit.

For each one of the R1 and R2 concept networks, AMYV prepared a fre-

quency distribution of the corresponding modal split matrix versus each

of three tables:

» Respective transit-trip table
] Person-trip table representing projected travel demand
° "Ones table” (or unit matrix) representing equal demand

for every possible trip
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These distributions are plotted on the next three pages. Inspection of
the distributions reveals few significant differences among the R1 and

RZ2 concept networks.

Choice satisfaction can be measured by comparison of the transit-trip

distribution with the person-trip distribution. The disparity between the
two can be construed as representing the wide variation in transit levels
of service throughout the region. This is a direct result of configuring
a regional transit system that endeavors to situate express facilities
where they serve the greatest number of travelers whilg trying to min-

imize total costs.

The highly indeterminate factor referred to as latent demand can be in-
dicated to a very limited degree by comparison of the transit-trip dis-
tribution with the unit matrix distribution. The "ones table" can be
thought of as representing a situation where demand for travel between
any set of two points is equally likely. A refinement of this concept
might be to introduce population into the matrix. However, it is suf-
ficient to say that disparity between the transit and the unit curves might
be an inverse indication of the extent to which a particular transit sys-
tem concept might serve to foster travel not likely to be represented in

state-of-the-art demand forecasting.

Service satisfaction is compared directly by measurement of perform-

ance results--chiefly travel time aspects. These measures were ob-
tained for each test network by inspecting various travel-time matrices--
both individually and conjointly with matrices of transit rider volumes.
An indication of the relative stance of the R1 and R2 concepts on the basis
of travel time is shown by the network maps on the next four pages,
Contour lines of travel time via the transit system are plotted for travel
to and from the Los Angeles Central City and to and from the suburban
commuhnity of Lakewood. These plots are known as "isochronal" (equal

time) maps.’
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Combination of the transit trip table for each test network with transit
time tables yields another set of system performance results. Sum-
marized in Figure 7 are statistics on total transit travel time and the
transfer time component of that total for the R1 network tests and the
RZA network concept. Figures 8 and 9 indicate the transit travel times
and transit transfer times for trips originated in and trips attracted to

each analysis district.

Congestion Relief Effectiveness

Measurement of congestion relief experienced by the highway system
resulting from a particular transit system is a time-consuming and
tedious process. Because of the compound effect of time constraints
and problems using the Caltrans highway assignments, AMV employed
a specially déveloped, sketch-plan highway network prepared for use
in the Task 8.2 sensitivity analyses (see Task 8.2 Technical Working
Paper). Highway trip tables were compressed to the 196 zones of the
sketch-plan model. Trips were then assigned to the highway network

using an average occupancy factor of 1,26 persons per auto.

Results of this sketch-plan analysis were plotted over the entire network
for the R1 tests and on freeways for the R2 tests. Differences in impact
among the test networks were found to be small, primarily because of
variations in highway capacity due to differing assumptions concerning

the method of managing the freeway facilities.

Freeway capacities were computed according to the following assumptions:

() R lA--major priority for buses: exclusive bus lane with 55
mph maximum speed; other auto lanes with maximum
capacity

'y R1B--moderate priority for buses: metering of all traffic

with 40 mph maximum speed

® R2--fixed guideway with bus: metering of all traffic with 40
mph maximum speed on freeways with priority bus operation
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FIGURE 7. TRANSIT TRAVEL TIME RESULTS

Total Transit Travel Time
(minutes)

3

Average Travel Time
(minutes)

Transfer Time (minutes)

Average Transfer Time
(minutes) .

Transfer Time As
Percentage of
Total Travel Time

Transit System Test Network

R1A

R1B

RZA

32, 807, 447

28.5

3,515, 367

3.1

10. 7%
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32,259, 403

29.6

3, 393, 109

3.0

10‘ 2%

30, 165, 640

27.4

4,216,529

3.8

14. 0%
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Capacity figures‘were adapted from the instructions included in the SCAG
Transportation Plan Evaluation Process report. Major arterial streets
were selected for inclusion in the analysis. Basic capacity for an arterial
was assumed to be 45, 000 vehicles per day; capacity for an individual ar-

terial may have been adjusted because of special circumstances.

Because of the nature of the sketch-plan highway network, AMYV felt that
the best manner in which to analyze congestion relief effectiveness was
to directly inspect a series of screenlines. A screenline represents an

imaginary cross-section, cut across a system of arterials and freeways.

Sixteen screenlines were identified and inspected. Seven screenlines
(representing combinations of the sixteen) were selected for discussion
purposes and are shown in Figure 10. Comparison of highway travel
demand with capacity for each of these screenlines is given in Figure

11. It is clear that greater congestion relief is obtained with the fixed-
guideway concept of the R2 tests than with either of the all-bus-priority
concepts. Even with fixed gui:deway, some of the screenlines retain a
capacity deficiency. The difference in impact between fixed guideway
and the R1B moderate-priority concept is not great because there is ex-
tensive moderate-priority bus service included in the R2 concept. The

R 1A major -priority concept of reserving an exclusive bus lane effects the
least congestion relief. The impact of R1A is probably not as great as
shown here, since in reality the auto traffic lanes might experience some
further capacity reduction due to buses weaving to enter and leave the

exclusive bus lane.

While the scope and time constraints of the study precluded the exercise,
the next step beyond the comparison of highway travel demand and ca-
pacity attributable to each transit concept would be to revise the high-
way network parameters to reflect the degree of congestion relief. Fol-
lowing that, new transit patronage forecasts would be developed and the

process would be repeated until a balanced state is reached.
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FIGURE 11. COMPARISON OF HIGHWAY TRAVEL DEMAND AND CAPACITY FOR
SEVEN SCREENLINES

R1B R1A R2A

Moderate Priority Major Priority Fixed-Guideway
Sravel (D 9 gy

Screenlines Demand Capacity  Ratio Capacity Ratio Capacity  Ratio
A 389, 530 400, 000 0.974 380, 000 1. 025 450, 000 0. 866
B 5217, 638 530, 000 0.996 500, 000 1. 055 580, 000 0.910
C 890, 146 830, 000 1. 072 810, 000 1. 099 830, 000 1. 072
D 637,804 . 540, 000 1. 181 520, 000 1.227 540, 000 1. 181
£ 1, 783, 721 1, 620, 000 i. 101 1,570, 000 1. 135 1, 650, 000 1.081
F 390, 567 430, 000 0.908 420, 000 0.930 430, 000 0.908
G 694, 720 730, 000 0.952 725, 000 0.958 780, 000 0.891

Note: (1) Ratio = demand/capacity



Safety Effectiveness

While not attempting to quantify reduction of accidents in terms of dol-
lars or even lives saved, AMYV did measure the relative performance

of the test networks in reducing vehicle-miles and vehicle-hours traveled
by automobile. Application of accident rates (and values) by type to the
resultant vehicle-mile (or vehicle-hour) statistics could give a projected

safety benefit.

Residual highway statistics were developed by combining the highway
trip table resulting once transit system trips were accounted for with

the following two matrices:

® Highway distance matrix (for H3N}) to get vehicle-miles
traveled

. Highway travel-time matrix (for H3N} to get vehicle-hours
traveled ’

These residual statistics are given in Figure 12 for the R1 and R2 con-
cepts. The statistics compare very closely across test networks, vary-

ing by no more than one percent.

INTERIM EVALUATION OF TRANSIT SYSTEM CONCEPTS

Of the many proposals for Los Angeles transit, the two major technical

approaches to the problem might be classified (for ease of exposition) as
[ Fixed Guideway--high-speed vehicles on fixed guideway
] All-Bus--buses operating on highway lanes reserved for

their use; exclusivity of use ranging from none to complete

To reach final recommendations, widely divergent schemes using these

systems and combinations thereof have been investigated.
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FIGURE 12. HIGHWAY STATISTICS AFTER ACCOUNTING FOR
TRANSIT TRIPS(1) ‘

Transit System Test Network

R 1A R1R RZA
Remaining Highway Trips:
Persons 22,187,720 22,215,584 22, 136, 439
Vehicles 17, 609, 300 17, 631, 400 17, 568, 600
Vehicle-Miles 135, 217, 900 135, 637, 900 134, 480, 900
Vehicle-Hours 47, 665, 100 47, 808, 800 47,420, 700

Note: (1) Statistics for Los Angeles County only.
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Large-Scale Fixed~-Guideway Systems

Heavy use of fixed-guideway systems could provide a reasonable response
to the problem. Despite the fact that costs are high and the system takes
time to build, most of the large cities in the world have reached this con-
clusion. The system is high speed and reliable and can be located in the
most dense areas, especially with intensive use of subway operation, and

it is compatible with environmental and energy issues.

Los Angeles is not, however, a typical city-=-with its large area, low
density, extensive system of freeways--and, although a system of fixed
guideway could generate reasonable volumes, an all-bus operation is

warranted in conjunction with any fixed-~guideway elements.

Bus Priority Approaches

The biggest single cost of a fixed-guideway system is typically the con~
struction of the fixed guideway itself. Could all or some of it be replaced
by an all-bus system making extensive use of freeways and streets? An
all-bus system utilizes existing freeways and the street system in conjunc-
tion with operaticonal restrictions on existing traffic; reserve lanes, ramps,
and sometimes whole street sections are designated for the exclusive use
of buses. These bus facilities allow buses to operate at high speed, sepa-
rated from interaction with other traffic. Reserved lanes generally carry
fewer vehicles than before and fewer than adjacent lanes. However, be-
cause of the high occupancy of buses as compared with other vehicles on
the road, the passenger-carrying capacity of the lane is much increased.
There are, however, a number of other factors to be carefully considered:
rider attractiveness in terms of time and cost; image held by potential
riders and the public at large; service reliability and dependability; proven
operating record; and total annual cost (operating plus capital). In general,
something of value will be relinquished in order to conserve scarce capital

and substitute a low-cost solution.
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For two decades, U, S. planners have sought ways to make use of the
emerging urban freeway programs for express bus purposes, and in
theory it should be a good idea. However, no city has developed more
than a single bus-on-freeway project (i.e., a network of bus-on-freeway
routes has never materialized) creating a vacuum of technical operating
information on which to base decisions. The absence of such a large sys-
tem has also created a sense of uncertainty among public officials on the
wisdom of choosing bus-on-freeway transit at its lower initial cost over

a proven rapid transit technology.

There are major technical questions for large bus-on-freeway systems

in most large cities. Among them are (1) how to provide transfer of rid-
ers between buses while on the freeway and at freeway interchanges--be-
cause it is not feasible to give everyone a direct point-to-pbint bus ride
and (2) how to handle the large number of buses downtown as well as in
other major activity centers. These and other guestions are discussed
below. As there is little experience on which to draw, there are no real
answers to all the questions surrounding large all-bus schemes, We must
carefully weigh the probability of successful experimentation and then com-
mit to forthright demonstration of the most attractive concepts. The risks-

are low, the payoff is potentially high.

Los Angeles is perhaps uniquely able to use an all-bus concept because
of its large network of freeways. The use of exclusive lanes on the free-
ways of the Los Angeles basin, for example, at once provides an exclu-
sive transit facility. Reservation of lanes for bus priority use can be
accomplished on arterial streets also; in fact, reserve lanes on arterials
are in operation currently in many cities throughout the world. A study
of this subject last year indicated that there were a number of opportun-
ities for such improvements in the Los Angeles a.ream.l Experience with
arterial exclusive bus lanes has shown their capability to provide faster

bus service, often with only few disbenefits to other traffic. The recent

1Alan M. Voorhees & Associates, A Special Program of Low-Capital-Cost
Transit Improvements for Los Angeles, prepared for SCRTD, July 1973.
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Los A.ngelés study indicated that average bus speeds could be increased
from 12 to 15 mph through a combination of exclusive bus lanes and traf-
fic signal improvements. By coupling these changes with express bus
service, it is possible to increase the average speeds to as much as 20

or 25 mph in some cases.

Freeway bus lanes could potentially provide speeds of 45 to 55 mph, or
in the same range as the line-haul portion of fixed-guideway systems.
Trips of 10 miles or more would be accommodated within a 25- to 30-
minute period. The need for service for trips in the 5- to 15-mile trip
length (which in 1990 are expected to make up at least 20 percent of all
trips and at least 60 percent of all person-miles of travel) is one justifi-
cation for the major fast link segments of fixed guideways and/or free-
way portions of an all-bus system. Arterial bus lanes are a necessary
component of any all-bus system, but they do not replace or eliminate
the need for the high-speed freeway links required to handle the longer

trips.

Local officials should move aggressively toward development of several
arterial bus priority projects to determine their feasibility in actual op-
eration and especially to determine the actual savings achievable in travel
time. F¥or example, the operation of local and express buses in the same
lane, while feasible, will probably result in some diminishing of the ex-
press bus potential speed. The recent proposal by the City of Los Angelesl
for bus lanes in the Wilshire corridor called for several route jags to
provide movement from a crowded street segment to a less-congested
parallel segment. These and other necessary features of arterial bus
lanes may reduce average express speeds to 20 mph or 3 minutes per

mile.

1Department of Traffic, City of Los Angeles, Priority Bus/Multi-Occupant
Vehicle Priority L.anes on Arterial Streets, July 7, 1973,
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In the R1B scheme, the same saturation bus approach was applied except
that lower freeway bus speeds and off-freeway passenger stops were as-
sumed, producing lower performance and lower patronage. Such freeway
bus speeds in practice might be 20 to 40 percent lower than in the R1A

concept.

The R1B scheme would utilize bus priority lanes on local streets and
special exclusive ramps for access to freeways which were assumed to
be metered to reduce delays and congestion. The lower-performance
all-bus scheme analyzed would rely on a major freeway control system,
with ramp-metering throughout the region. Such a scheme is a part of the
development plans of Caltrans. The method involves limiting the number
of vehicles entering the freeway through control signals so that the free-
way never gets overloaded and relativelyhigh speeds can be maintained.
Lines of motorists awaiting their turn to enter the freeway would consti-
tute a barrier for expeditious entry of transit vehicles. To overcome
this, it is proposed that special exclusive bus entrance ramps be con-
structed. The buses gain a travel time advantage by bypassing the ve-
hicles waiting at the entry ramps and by travelling on the controlled free-
way at auto speeds, Buses on the freeway would be freely mixed with
other traffic and travel at similar speeds.” Where possible, park-and-
‘ride parking lots would be provided at entrance ramps to encourage motor-

ists to shift to buses.

Success with the Caltrans control scheme is essential to R1B bus-on-
freeway schemes; it will be an experimental program without region-
wide experience. It is assumed that this program would be moderately
successful in providing congestion relief but would provide neither 100
percent free-flow conditions nor eliminate all congestion-producing inci-
dents. Some delays would occur from time to time, and bus schedules
would need to be based on occasional delay conditions rather than on

average conditions,

In the R1B scheme, the buses would operate in two modes while on the

freeway: (1) some would operate express to downtown and to a limited
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number of other major centers and (2) others would operate in a limited-
stop mode, collecting and discharging passengers adjacent to the freeway
in a skip-stop concept, with buses leaving the freeway by ramp to the
local street. Simple bus shelters would be the only facility at most such
stops. The bus would then re-enter the freeway via a ramp-meter bypass.
In both R1A and iilB schemes, most busés would collect passengers on
local streets by cruising through local neighborhoods; they would then
enter the freeway, stopping only at major transfer points, and leave the
freeway for distribution on local streets. A dense network of regular
fixed route buses operating on local streets would also provide for short

trips and local circulation needs.

One of the potential advantages of all-bus schemes is the ability of a bus
to perform both the collection/distribution and the line-haul function,
eliminatiné the need for a passenger transfer. However, this advantage
is more theoretical than real because a no-transfer ride requires a single
vehicle to make the trip between the passenger's origin and his destina-
tion. Our studies have shown that over 1.7 million separate and distinct
bus routes would be required to provide for nonstop service between all
the potential service areas in Los Angeles. Moreover, the number of
passengers moving between these points is such that a 50-passenger bus
could be filled on the average only twice per day or less. Since 10- to
15-minute headways would be required to prbvide an acceptable passen-
ger waiting time, it is clear that very few interpoint combinations would
justify nontransfer service. Even the richest transit trip generation in
Los Angeles, the central business district (CBD), would justify nonstop,
nontransfer service from most areas only if headways of 1 hour or more
were scheduled. Generally, the passenger would be better served by pro-
viding more frequent service with an intermediate transfer than with di-
rect but infrequent service. Thus, while on cannot specify precisely the
most effective method to operate an all-bus system, it is likely that major
transfer points will be réquired at intersections of major links and pas-

sengers will be required to transfer at least once for most trips.
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Alternative Systems

Two other test system networks were conceptualized, employing a mix

of all-bus and fixed-guideway schemes. These networks--R2A and R2B--
provide high-speed rail service to major corridors of the region and are
responsive to the views expressed in citizen responses over the past
several months. This concept assumed that an extensive network of

local feeder buses would serve the stations. All-bus schemes are also

assumed in those corridors where rail service does not exist.

Figure 11 has earlier shown the capacity estimated for each of the sev-
eral concepts. It may be observed that all of the concepts serve patron-
age substantially above present levels. This can be explained in part by
the fact that the area will be growing during the period between now and
1990; in addition, the added bus service included in all the systems tested
results in additional riders. Restrictions on auto use, high parking taxes,
altered land use, and so on will affect the alternatives proportionally;
studies of these conducted in Task 8.2 will not select the preferred sys-

tem but rather suggest the capacity of the recommended system.

R1B gains substantially less ridership than R1A, even though both repre-
sent all-bus schemes. The difference between the concepts lies in the
differences in the assumptions about the speed performance to be expected
on the freeway bus portions of the system. It was assumed, for example,
that the R1B freeway bus links were metered freeway links with special
bus entrance ramps. Average schedule speed of the freeway portion of
the system was about 28 mph, whereas the equivalent rate for R1A was

about 35 mph.

R1A is more attractive to nondowntown (i.e., crosstown) transit travel
than the R2 networks. However, all concepts are equally attractive to
the central city. Regional benefits in terms of travel time savings, re-
duced highway loads, and secondary benefits stemming from these meas-
ures thus should be similar for each concept. This has been documented

in an earlier section of this volume.
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Unanswerable Problems With All-Bus Schemes

Analysis of all-bus systems reveals a number of major problems which
tend to subdue the otherwise strong attributes of the all-bus approach,

The most serious concern about such systems is whether they will work,
under what conditions they will work, and how well they will work. All-
bus schemes have been recommended as the best low-cost method of es-
tablishing high-speed transit in a city at low expense for almost two dec-
ades. Thus advantages have been apparent ever since large freeway sys-
tems have been contemplated for large urban areas. In spite of its obvious

advantages, however, no city has ever implemented such a system.

Accidents and other capacity-impairing incidents frequently occur on
freeways. Delays will occur under bus-priority operation, but studies
have shown that delays for buses under these conditions are fewer than

if there were no priority lane on the freeway. Freeway operation in a
priority lane with carpools is more likely to cause delays due to increased
likelihood of accidents or breakdowns of cars. Priority operation is
generally in the left-hand lane, which means for most L.os Angeles iree-
ways there is no breakdown lane. There are also no breakdown }anes

on CBD streets or on ramps onto freeways, Delays caused to buses on
freeways will increase if the ramps onto the freeway do not allow bus

priority or if there is congestion in the streets near the ramps.
To make priority bus rr:n,rnpsl successful, there must be

[ Adequate space for waiting vehicles

. Adequate alternate routes for traffic diverted from the

entrance ramp

If no alternate routes exist, traffic is forced to either back up on the

ramps, causing possible intersection congestion, or seek entrance ramps

lEverall, Paul F., Urban Freeway Surveillance and Control, November
1972.
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further upstream. Extra capacity is generally available where the free-
way has continuous frontage roads or on parallel arterial streets. Ca-
pacity at terminals and transfer stations downstream must be sufficient
to prevent backups and consequent loss of travel time savings by use of
priority ramps. When buses enter the freeway, they must weave to the
median lane, which increases the congestion in lanes downstream from
the entrance ramp and further increases travel time for local traffic en-

tering the ramp.

Energy Consumption-- The all-bus system also is a greater user of oil

and petroleum products than the fixed-guideway system. With current
and future shortages of oil, any system that uses less oil per passenger-
mile is advantageous. Tables of vehicle fuel consumption within the

United States show the following consumptions for various vehicles:

Vehicular Fuel Consumption

Vehicle Miles Vehicle Person Miles
Per Gallon QOccupancy Per Gallon

Car National Average 12 1.4 16.8
Congestion 7 1.4 9.8
Urban Average 9.8 1.4 13.7
Bus National Average 4,1 15 - All Day 62
Average
Cityin Peak 4 40 - Peak 160
Intercity 6 40 - Peak 240
Average
Rail 2 60 - All Day 120
200 - Peak 400
l/&ﬁé}oﬁ BTU = 1 gallon, where 1/3 = efficiency of conversion of

gas to electricity

Considering all-day averages, fixed guideway. is the most economical
user of energy, with twice the person-mileage per gallon of all-bus and

seven times that of cars. Note, however, that these figures rely heavily
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on vehicle occupancy and efficient loading of vehicles.

For example, in

the peak hour, the efficiency of fuel consumption is much increased for

both schemes.

Figure 13 shows the fuel consumption as a function of

mode split for all-bus operation.

Air Pollution--Improved transit will result in a reduction of automobile

travel in the Los Angeles region and consequently a reduction in air pol-

lution caused by automobiles (one of the major contributors).

This reduc-

tion will be of greatest benefit in the CBD and other high-density locations.

Fixed guideway does require electric power, and an amount of pollution

will occur in the vicinity of the generating plants.
emit air pollutants on the freeways and city streets.

shows the major sources of air pollutants and their effects.

All-bus operation will

The following table
1

MAJOR COMPONENTS OF AIR POLLUTION AND ASSOCIATED EFFECTS IN THE
TRI-STATE REGION

Pollutant

Primary
Emitters

Effects

In Laboratory

In Prescent Regional
Concentrations

Carbon monoxide
Sulfur oxides

Partieutates -

Sulfur oxides and
particulates
combined

Nitreogen oxides
and kydro-
carbens

Motor vehicles

Power plants,
space heaters,
industrial
sources

Power plants and
incinerators

Power plants and
incinerators

Motor vehicles
and power
plants

Kills animals
Produees respiratory
disease

Produces infection

Produces respiratory
disease and infec-
tion

Produces cancer

None verified

Can shorten tife of aged,
chronically ill, and
very young

Irritating to membranes,
increases cleaning
cost

Can increase death rate
of very old, very
young, and ekronieally
ill

Minor eye smarting, due
to good alir drainage

The table on the following page shows vehicle emissions in grams per

vehicle-mile in California.

1Bellorno and Edgerley,

Hig

ighway Research Record 356, 1971,
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Vehicle Emissions in Grams Per Vehicle-Mile in California

co HC NO,
Light-Duty Vel'licles1
1973-1974 : 19,0 2.70 2.30
1975 1.8 0.23 2,30
After 1975 1.8 0.23 0,31
Diesel Enginesz _
Built before 1970 49,2 9, 84 51,50
Built after 1970 32.5 3.80 76, 40

Assuming a bus occupancy of 40 and a car occupancy of 1.4, the following

table reflects pollutants produced per passenger-mile.

Pollutants Per Passenger-Mile in California

Co HC NO,
Light-Duty Vehicles
1973-1974 13.6 1.93 1.70
1975 1.3 0.17 1.70
After 1975 1.3 0.17 .22
Diesel Buses
Built before 1970 - 1.25 0.25 1.29
Built after 1970 0. 81 0.01 1.91

If buses are given priority on freeways, the mode choice will shift in
favor of buses. Under 1973-1974 emission conditions, this will result
in a considerable reduction in total pollutants emitted per passenger on
the freeways. Figure 14 shows the effect of mode split on the amount

of air pollutants per passenger-mile.

1U.S. Compilation (California), Air Pollutant Emission Factors, Second
Edition, Research Triangle Park, North Carolina, 1973,

2Argonne National Laborétory, Transportation Air Pollutant Handbook,
T.D. Wolsko, et al., Chicago, 1972,
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By 1975 vehicle emission standards would result in a reduction of car
emissions to slightly more than those for buses. After 1975 it is as-
sumed emissions of nitrogen oxides will be considerably less per
passenger-mile, while CO emissions will be slightly greater and HC
emissions considerably greater., If it is assumed that these standards
are attained and bus emissions are not controlled, or a pollution-free
bus is not developed, then the effect of changing mode split is minimal.
In addition, with promotion of higher car occupancy, the effect is further
reduced, If a pollution-free bus is produced or bus emissions are re-
duced, then the bus system will result in a lessening of air pollutants.

This will be important in the CBD and in stations.

Diesel buses are a well known source of unpleasant exhaust odor, par-
ticularly in congested traffic as in the CBD or in stations. The odor is
easily identifiable by the public, and will be one of the issues most readily
raised against high-volume bus operation. In contrast, there is no odor

associated with rail operation.

Noise Pollution--The noise level of fixed guideway can be reduced to a

minimum by modern design and construction techniques. Since the fixed
guideway separates vehicles from other traffic, the noise impact would

be small. For buses operating on freeways with other traffic and in down-
town streets with other traffic and pedestrians, the noise level would be
greater., Through careful design, however, engine and tire noises could

be reduced to a minimum.

All-bus systems can only be implemented by initially reducing the capa-
city of existing highway facilities. Reserved lanes can only be truly effec-
tive where traffic congestion already exists such that transit traffic is im-
peded. To reduce road capacity by significant amounts at the very times
and locations where traffic is at its worst is likely to be very unpopular
with motorists. It is true that over the 1o'nger term, as motorists

switch to the bus to take advantage of its now more favorable speeds, the
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greater passenger-carrying efficiencies of the bus will begin to be rea-
lized. If enough people shift to bus transportation, all traffic--both bus
and car--will be improved over its original condition. Thus far, local
officials throughout the country have judged that the risk of failure of an
all-bus system was too great. Except in a few special circumstances, no
significant all-bus schemes have been implemented on freeways where

existing traffic would be likely to suffer.

Another problem that needs attention is reliability. When rail systems
suffer a breakdown in rolling stock, it usually is in one motor on one car
in a train several cars long. Thus, the broken train component is pushed
by the others and the system continues to function. When new busways
are designed, they normally have special lanes wherever possible to al-
low disabled vehicles to pull out of the main traffic pattern to avoid slow-
ing the main system. On existing Los Angeles freeways, this breakdown

lane may not be possible.
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CONCLUSIONS ON A SYSTEM BASIS

One sees that beyond the question of public acceptability is the lack of
operating experience with all-bus schemes on freeways. This defi-
ciency causes a void in information on the best way to operate road
systems using the all-bus approach, There are potentially major
safety problems associated with buses moving at high speed along a
lane which is not physically separated from lines of blocked cars,
There are inherent problems in bus movement from freeway entrance
ramps across several lanes of congested traffic to gain access to re-
served transit median lanes. There are problems associated with
locating special bus exit and entrance ramps for transfer stations in
the midst of the most complicated freeway interchanges. There ig also
the problem of how to handle the large number of buses in downtown and
other major activity centers, These are only a few of the problems
which must be faced and resolved. Fﬁrther, their resolution will re-
quire a number of experiments under actual operating conditions and,
in some instances, at considerable financial risk {e.g., finding the
best way to fit transfer stations within existing interchanges). This
experimental nature further complicates the problem of public accept-
ance. It is difficult enough for local officials to force motorists into
poor operating conditions when they are certain that the end result will
improve conditions for all travelers and that they will not be exposed
to embarrassment by an operating failure. It is almost impossible to
arrive at such decisions when it is known at the outset that the end

result is uncertain.

The history of all-bus systems is such that it borders on irresponsibility
to recommend the deferral of a much-needed system that is certain of
working in favor of a system that might or might not work, The problem
is further complicated because of SCRTD's ability to make the decision
to defer the construction of the fixed-guideway system, whereas they
cannot unilaterally make the decision to test any all-bus scheme, One
can easily imagine one agency deferring action on its plans, awaiting

the outcome of experiments which another arm of local government can-

not bring itself to accomplish, /
98



Nevertheless, the benefits of the all-bus approach are of such magnitude
that it should be tried before being abandoned. The conclusion of the
interim evaluation of alternative concepts at the system level must be
to refine the definition of the all-bus schemes and carry them into the

final evaluation.

Alternative A: All—Bus. Concept--Moderate Priority Measures

This alternative fully exploits the saturation bus concept, including
extensive community—llevel circulation services, bus-on-freeway, and
expanded arterial service. However, it assumes a limited degree of
bus-priority measures and moderate success in terms of bus travel
time performance. The concept would have the lowest capital cost of

the four candidate concepts.

The limited improvement in bus performance specified here results
from an assumption that a regionwide freeway metering program would
be moderately successful in highway congestion relief but would provide
neither free-flow conditions nor an absence of incidents, which would
create congestion on some days.. A bus schedule speed of about 25 mph
on the freeway i‘s assumed. Bus-on-freeway services would be given
ramp-meter bypasses for priority entry ‘a.t many locations, which would
require construction in many cases. The buses would become mixed
with other freeway traffic upon entry. New arterial services would
operate as previously described in a modified grid pattern, approxi-

mately as coded in new computer tests R1 and R2,

The buses would operate in two modes: (1) while on the freeway, some
would operate express to downtown and to a limited number of other
major centers and (2) others would operate in a limited-stop mode,
‘collecting/discharging passengers along the freeway in a skip-stop
pattern, with buses leaving the freeway by a ramp to the local street.
Simple bus shelters would be the only facility at most such stops, Major
park-ride facilities would be provided. The bus would then re-enter

the freeway via a ramp-meter bypass,

99



Near downtown, the buses would leave the freeways via bus-only ramps--
some newly constructed, others existing and assigned to buses only. In
the downtown area, some buses would use local streets only on a priority
basis; however, many would rely primarily on off-street terminals for
distribution. Operational feasibility of various ways to handle downtown
distribution of bus system passengers is being investigated. New down-
town bus distributor routes would be added, and a people-mover guide-

way distributor would be beneficial.

Alternative B: Saturation Bus Concept--Major Priority Measures

Like Alternative A, this alternative fully exploits local circulation
services and the bus-on-freeway and bus-on-arterial saturation con-
cept. However, it assumes a greater degree of success in improving
bus travel time performance through greater priority for buses on the
freeway. This would entail higher capital cost than Alternative A and

would remove lanes from normal trafficuse.

Implementation of such major priority measures would depend upon
institutional, legislative, and local public policy changes concerning
the manner in which the region's streets and freeways are operated.
Specifically, an exclusive lane for buses would be created by using an
existing lane of the freeway or arterial street. Stations, including a
bus bypass lane, would be built at widely spaced intervals (probably
each 2 to 3 miles) to directly serve the freeway exclusive bus lane.
Development of these transfer facilities would require complete recon-
struction of freeway overcrossings at a number of locations. Of course,
on freeways not yet built bus lanes and transfer facilities 'could be de-
‘signed for bus use (perhaps like the El Monte Busway or even more

completely separated from other traffic).

As in Alternative A, a significant number of buses would operate in
express mode, not stopping at all stations, although they would use the
bus lane. Some buses would operate in the mixed freeway traffic,

occasionally leaving the freeway, making a local street stop, and then
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returning to the freeway. Others would use only the exclusive lane
stations. The exclusive lane users would weave across the freeway
lanes when entering and leaving the freeway. As in Alternative A, it

is assumed that an extensive and moderately successful freeway meter-
ing program is operational and peak-period congestion is reduced, mak-
ing the use of freeway lanes a reasonable assumption. A bus schedule
speed of about 35 mph on the freeway is assumed. Major park-ride

facilities would also be provided at appropriate locations.

As with Alternative A, passenger distribution in the downtown area re-
quires special analysis, Downtown ramps, terminals, distributor

buses, and people-movers would need tobe provided, but the terminals
would be more extensive and costly, reflecting the greater passenger -

demand,
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Subarea Evaluation

The previous sections of this report have described the service charac-
teristics of the all-bus and fixed-guideway systems in terms of their
aggregate impact on regional travel patterns. While such comparisons

are useful in evaluating the overall effectiveness of a transit system, they
do not provide an assessment of the levels of service provided to the various
individual communities and activity centers of the region. The purpose of
this section of the report is to examine the subarea service characteristics
associated with all-bus to determine if, where, and how this system should
be augmented to provide the desired levels of transit service to these prin-

cipal subareas.

Service Area Limitations of an All-Bus System

In spite of Los Angeles' extensive freeway network, which forms the back-
bone of an all-bus system, there remain a number of intensely-developed
areas which are not well served by a bus-on-freeway system. Figure 15
includes the extent and location of some of these poorly serviced or in-

accessible sections of Los Angeles.

While the Wilshire Corridor is probably the most significant of these areas,
other important areas include South Central L.os Angeles, the South West
Corridor, the San Fernando Valley Corridor and the Glendale-Pasadena
Corridor. The characteristics of these areas relative to the need for
improved transit service have been inventoried and documented since

the outset of Phase I.

Recall Figurelb from the Phase II summary report which indicates that
many of these areas exhibit high transit dependency rates. Improvement
of regional mobility and accessibilities for these areas is a goal of this

planning process.
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Some of these areas are also major concentrations of land activity.
Figure 17 from the Phase Il summary report reminds us of the areas
with high « 1sity of population and employment. The regional core con-
tains several of the greatest activity concentrations. The planning policy
of the City of Los Angeles is to increase accessibility to and among these

centers.

There are two ways that the all-bus systemn could be augmented to improve
transit service in these corridors. The first consists of bus-on-arterial
improvements. The second consists of providing limited segments of

fixed-guideway transit.

A previous study made an extensive examination of the extent to which
transit service or arterials could be improved through various bus priority
and operational measures. This analysis indicated that significant service
improvements could be achieved when compared to existing bus speeds.
Tablel 8 indicates the speeds which could be achieved by various types of
transit service through the use of bus priority lanes and signalization. As

is shown in this table, limited stop service with priority lanes and signali-
zation could achieve an overall speed of 20 miles per hour which is approxi-

mately equal to auto travel speeds,

While the concept of improved bus service on arterials appears to offer

an opportunity service the previously described unserved corridors, it

is unlikely that the full transit potential of these areas would be exploited
by such a service. It would seem that such a program would best be used
as near-term interim solution. The map on Figurejgindicates those street

sections where such treatment appears applicable and feasible.

Central Area Bus Capacity Limitation

A second shortcoming of the all-bus system is the limited street capacity
of the central area to accommodate a major increase in buses. Total

person-trips to the CBD are expected to grow from 815, 600 to 1,274, 000
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TABLE 18 TRAVEL TIME REDUCTION POTENTIAL

NON-PRIORITY

BUS PRIORITY

BUS PRIORITY REVERSIBLE
LANE PLUS

SERVICE

OPERATION REVERSIBLE LANE BUS PRIORITY SIGNALIZATION
LOCAL :
12 1
LA MPH 4 MPH 15 MPH
LIMITED STOP
e 16 MPH 19 MPH 20 MPH
EXPRESS 20 MPH 25 MPH 27 MPH
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or by 56 percent, from now until 1990. Construction of the MRT system
provides additional transport capacity into this tight area by the high-
capacity subway tunnels which would penetrate from several directions.
The BPFPS schemes, however, must use the existing streets for distribution
and collection of transit passenger's within the CBD. The ability of the
street sys‘tem to accommodate this additional load is of considerable doubt.
In 1967, the excess vehicle capacity of CBD streets was estimated to be

15 percent for level of service D and 25 percent for level of service E,
while an increase in person trips of 56 percent at current modal split

values results in an increase in vehicle trips of 50 percent.

Presently, some 600 buses:: leave the CBD during a typical weekday evening
peak hour. Of these, about 250 move southbound on Hill, Broadway and
Main. By 1990, these same streets, plus a few other parallel streets,

will have to accommodate twice as many buses if the BPS scheme is im-
plemented. Some additional capacity for buses could perhaps be obtained
by rerouting them on Figuerca, Grand, and Olive and using bus priority

on some streets. Bus priority and two lanes of traffic are possible only

on First and Olive. First is a good candidate for median operation.

Median operation is preferable to curb operation if the road width is suf-
ficient, as it separates BPS from other traffic and creates a transit identify

as well as a minimum of conflict.

There is insufficient road width on Broadway, Hill, Grand, and Seventh

for an express lane and two lanes of traffic. Broadway, for example, has
high transit volumes and pedestrian volumes. Running an express bus in
the median lane cuts the through lanes for local traffic to one in the area
of loading platforms and worsens overcrowded sidewalks. Curb operation

would be impossible with the present corwding on sidewalks.

It would be possible to accommodate an express bus median lane and local
buses in the curb lane and eliminate private vehicles from this street in
the section with the express bus lane., Similar analysis could apply to

Seventh Street, Grand, and Hill. This operation would improve local

109



transit service too. If Hill and Olive are made a one-way pair, then these

roads would be well suited to contraflow since they are each six lanes.

Fifth and Sixth are four to five lanes but could be used with contraflow lanes
and Spring and Main, with five lanes each, would operate with contraflow

lanes.

In the CBD, most curb areas are loading zones, taxi zones, off-peak
parking or no parking or bus zones. Bus priority lanes, therefore, could

be impacting the loading zones and taxi zones during peak hours.

First Street has unrestricted parking, which would no longer be available
if a median priority lane were used. However, there is adequate parking
in the area, and plans exist for new structures (Preliminary General

Development Plan}.

If routes are as direct as possible, in the peak hour on routes suitable
for bus operation in the CBD, 1, 350 buses can be accommodated. The
maximum number of buses which can reasonably be moved along a curb
lane during heavy loading periods is about 100. Total peak hour buses
south bound would be 500 which would require 5 curb lanes.

By reserving 5 lanes for buses,
it might be possible to operate the required buses if service standards
were allowed to deteriorate to 5 miles per hour or less. However, the
need for additional street space for cars and trucks will be even greater
than for BPS scheme. It is the consultants judgment that attempts to
carry all the additional buses resulting from the implementation of the

BPS scheme is very risky and would be subject to a high failure potential.

Major bus transfer terminals required at the intersection of major free-
way connections are likély to constitute a considerable problem that might
indeed prove insolvable. It is estimated that a complete bus scheme
might require 28 stations. Of these, 10 would require
capacity to handle up to 400 buses per hour, 15 would need to handle from

400 to 800 buses per hour and 3 would need to handle over 800 buses per hour.
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It is estimated that the first type of bus terminal would require many
square feet of floor space to accommodate platforms, loading lanes, mez.
zanines and ramp space. Costs for such a structure would approximate 20
mill. dollars, not including land costs. Finding an appropriate location
would be extremely difficult and designing the necessary ramps would
likely prove even more vexing. Until a complete system were designed in

some detail, it cannot be known whether such a scheme is feasible.

Conclusions on a Subarea Basis

From all the analyses that have been performed comparing all-bus and
fixed-guideway systems, it is apparent that the final evaluation must
address specifically two levels of fixed-guideway extent. The first should
include guideway installation in the areas where the need to augment an
all-bus system is most critical. The second should represent the extreme
case of extensive commitment to fixed-guideway thmw ughout the region.
This configuring of two more top-rated alternatives should allow the most

complete final evaluation of system concepts.

Alternative C. Medium-Scale Fixed-Guideway Concept

This alternative provides (1) fixed-guideway routes for the core of a
regional rapid transit system and (2) bus-on-freeway routes for the outer
portions of the regional system. Throughout the area, an extensive
amount of local circulation transit--including feeder and distribution
services--and new bus-on-arterial service is provided as in the other
alternatives. The fixed-guideway elements are much less extensive than
those in the Phase II proposed plan, although there is a high proportion

of costly underground routes.

Bus-on-freeway routes will feed fixed-guideway stations where appropriate,
requiring special facilities where passenger/bus volumes warrant them..
The level of service for fixed guideway routes will be consistent with all
recent SCRTD planning. For bus-on-freeway routes, buses will operate

in mixed traffic, generally as in Alternative A.
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Alternative D. Large-Scale Fixed-Guideway Concept

This alternative provides fixed-guideway routes for a very large part of
the region. However, it too will be supplemented with bus-on-freeway
service as needed to provide a complete regional system. ILocal circu-
lation transit, feeder and distribution services and bus-on-arterial ser-
vice will be provided as in the other alternatives. The fixed-guideway

elements are much more extensive than those in the Phase II plan.

The level of service for each mode will be consistent with and similar
to that of Alternative C.
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FINAL EVALUATION

Operating Results for Top-Rated Concepts

Estimates of patronage, revenue, and operating costs were made for the
four top-rated concepts, identified as Alternatives A through D. Briefly,

the alternatives are

. Alternative A--All-bus with lower freeway bus speeds
(buses mixed with other traffic but with metered-ramp
bypass)

° Alternative B--All-bus with higher freeway bus speeds
(buses on exclusive lane)

° Alternative C--Medium-scale development of fixed
guideways and substantial amounts of bus-on-freeway
service

'Y Alternative D--Large-scale development of fixed
guideways supplemented by limited bus-on-freeway
service

All procedures used for the preliminary alternatives (R1 and R2} were

used here. In addition, the following cost items were applied:

° Increase all estimates by 6 peréent to reflect cost increases
from 1973 to 1974.

. Add a lump sum estimate for freeway control costs which
might be allocated to bus operations.

. Add a lump sum for the operation of freeway stations in
the exclusive lane plan of Alternative B,

Patronage projections for the top-rated concepts have been based upon
the detailed network analysis tests performed in Task 8.1. Necessary
modifications to the test results have been made using a process simi-
lar to that set forth in the AMV Technical Report covering Phase 11.1

The ridership volumes utilized for cost and revenue analysis in the

lAlan M. Voorhees & Associates, Preliminary Estimates of System
Usage, Revenue and Expenses, prepared for SCRTD, July 1973,
pp. 23-36.
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final evaluation are the lower values given in Figure 22 considering the
length of an average trip on each system. Line profiles for major links
in Alternatives C and D are presented in Figures 23 and 24, Bus-on-
freeway volumes for Alternatives A and B are equivalent to those pre-
sented in the Task 8.1 Technical Working Paper for networks R1B and
R1A, respectively.

Estimates of annual revenue are directly based upon patronage projec-

tions, as explained in the AMYV Technical Report for Phase 1L,

Alternative Concept Annual Revenue
A $145 million
B 180 million
C 180 million
D 220 million

These estimates have been prepared assuming a mileage-based fare
structure approximating that in effect in the SCRTD prior to April 1,
1974.

Operating cost results for the four alternative concepts are summarized
in Figure 25, The estimates show a range in total system operating
costs of about $250 to $300 million in 1990, at 1974 dollar value. The
greater the extent of the fixed guideway, the lower the cost per passen-
ger. This is true mainly because of the greater patronage, but also
because of improved operating efficiency with an extensive fixed-
guideway system at that volume of ridership. The two all-bus alterna-

tives have the same cost per passenger.

On a cost-per-passenger-mile basis, Alternative D displays a some-
what greater cost advantage than on a cost-per-passenger basis because
the average passenger trip being made is longer. The number of vehicles
required is similar to the number estimated for comparable systems in
the preliminary alternatives (Rl and R2) analysis--somewhat more than

5,000 buses for all concepts except Alternative D, For Alternative D,
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FIGURE 22. TOP-RATED CONCEPTS: USAGE ESTIMATES FOR 1990

Average Daily Average Trip
Alternative Concept Users (millions){1) Length (miles)
A 1.10-2.0 8.0
B ' 1.30-2.25 8.8.
C 1.28-2.6 9.0
D 1.50-3.1 9.5

Note: (1) The range of values reflects uncertainties inherent in projecting
future conditions including auto operating costs, auto fuel avail-
ability, auto travel restrictions, special travel generators, etc.
For elaboration see Sensitivity Analysis of Patronage Projections,
Task 8.2 Technical Working Paper.
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FIGURE 25. 1990 OPERATING RESULTS FOR TOP-RATED CONCEPTS

Dollar Cost(l)

(1)

Alternative Annual Cost Per Passenger
Concept ($ million) Per Passenger Mile(2)
A 255 0.76 0. 09
B 295 0.76 0. 09
C 280 0.73 0. 08
D 270 0. 60 0. 06

Notes: (1) Costs are in 1974 dollars.

(2) Passenger mileage data were approximations developed from R1 and R2 patronage forecasts.

Number of Vehicles

Fixed
Guideway Buses
- 5,320
-- 5, 582
334 5,491
816 3,927



the number drops to less than 4,000 buses; however, approximately 800

guideway cars are required.

The development of operating cost estimates for the four top-rated con-

cept alternatives is contained on the four worksheets that follow,

Representative Capital Costs for Top-Rated Concepts

For purposes of the final evaluation, AMYV and Kaiser Engineers/Daniel,
Mann, Johnson, Mendenhall (KE/DMJIM) developed an approximate, rep-
_resentative range of capital investment required by each of the top-rated
concept alternatives. All costs are estimated in 1974 terms unless
otherwise noted. Principal unit cost assumptions pertaining to the all-
bus concepts include

1

* $250, 000-$500, 000 per mile of freeway (or per average
set of ramps) for ramp-meter bypass installation in
Alternative A concept

e $10-$12 million per set for construction of new ramp
structures for access to transfer stations in Alternative
B concept

‘e $4-$5 million each for transfer stations including right-
of -way and parking in Alternative B concept.

Derivation of representative capital cost estimates for the four concepts
is presented in Figures 26 through‘zg. These numbers used for evalua-
tion should be considered preliminary working estimates. Costs asso-
ciated with the system recommendations of the study team need not
necessarily céncur with these estimates, since the study team cost rec-
ommendations underwent considerable refinement following the final

evaluation.
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FIGURE26, ALTERNATIVE A: REPRESENTATIVE CAPITAL COSTS

(1974 TERMS)

Bus-Prio ri'ty Ramp Installation

400 ramps @ $250, 000-$500, 000

Parking Without Stations

25, 000 spaces @ $1, 000

Stations at a Few Major Transfer Points

10 stations @ $15 million

LA/CBD Distribution

3-4 terminals @ $25 million
1-2 mi. people-mover @ $25 million

Other ramps, special roadways

Bus Fleet Investment

5, 300 buses @ $50, 000

TOTAL

130

Cost Range
($ million)

$100-200

25

150

75-100
25-50
1-10

265

$641-800



FIGURE 27, ALTERNATIVE B: REPRESENTATIVE CAPITAL COSTS
(1974 TERMS)

Cost Range
{($ million)
Transfer Stations
100 major stations @ $14-$17 million $1,400-1, 700
30 minor stations @ $5 million 150
L.LA/CRBD Distribution
3-4 terminals @ $25 million 75-100
1-2 mi. people-mover @ $25 million 25-50
Other ramps, special roadways 1-10
Bus Fleet Investment
5, 600 buses @ $50, 000 280
TOTAL $1,931-2,290
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FIGURE 28. ALTERNATIVE C; REPRESENTATIVE CAPITAL COSTS

(1974 TERMS)

‘Fixed-Guideway Construction

(Estimate obtained from KE/DMJIM)

Rapid Transit Vehicles

400 vehicles @ $400, 000

Bus-Priority Ramp Installation

400 ramps @ $250, 000-$500, 000

Parking Without Stations

25, 000 spaces @ $1, 000

Bus Fleet Investment

5, 500 buses @ $50, 000

TOTAL

132

Cost Range
($ million)

$1,800-2, 500

160

100-200

25

275

$2,360-3, 160



FIGURE 29. ALTERNATIVE D: REPRESENTATIVE CAPITAL COSTS

(1974 TERMS)

Fixed-Guideway Construction

(Estimate obtained from KE/DMJIM)

Rapid Transit Vehicles

900 vehicles @ $400, 000

Bus -Priority Ramp Installation

400 ramps @ $250, 000-$500, 000

Parking Without Stations

25,000 spaces @ $1, 000

Bus Fleet Investment

3,900 buses @ $50, 000

" TOTAL

- 133

Cost Range
($ millicon)

$5,000-6, 500

360

100-200

25

195

$5,680-7,280



Comparative Cost Evaluation for Top-Rated Concepts

Figure 30 presents a basic cost comparison of the four top-rated con-
cept alternatives. The data are preliminary order of magnitude values
satisfactory for this comparison but should not be used outside this
context. More refined data have been presented for the recommended

program.

The cost data show the approximate total cost differences‘ between the
low~-, moderate-, and high-capital-cost approaches. Even the lowest
capital cost plan is not insignificant but would mean a major cost reduc-
tion if all performance measures were satisfactory. Both Alternatives
A and B have been assigned significant costs for distribution facilities
in and near downtown because of the large number of additional buses

and passengers to be serviced.

Today 600 buses leave downtown in the afternoon peak hour. Alternative
B creates a demand for buses in downtown three times that number;
Alternative A also creates a demand nearly three times that number. The
patronage consultant believes that this number is in excess of the street
capacity that could be made available for bus priority streets and lanes,
and that a major distribution system with off-street terminals and special
ramps would be required. This is not to say that such facilities are
needed initially, but they would be needed in the 1980's.

Ridership today is about 500, 000 (not including transfers to maintain
data comparability); it therefore can be said that transit riding would
increase at least by a factor of between two and three. This growth
can be attributed to three elements: (1) general growth of the region,
(2) substantial increase in local bus services, and (3) addition of rapid

transit service--either bus-on-freeway or fixed guideway.
Supplementary patronage studies have been made to learn more about

the range of possible future riding levels if outside factors were to be

changed--such as restrictions on auto use, high parking taxes, altered
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FIGURE 30. COST COMPARISON OF TOP-RATED CONCEPTS
(1974 COSTS FOR 1990 OPERATIONS)

Net Annual (1) Range of Total
Cost of Operation Capital Costs
Alternative ($ million) ($ million)
A $110 $ 640-% 800
B $115 $1,930-%2, 290
C $100 $2, 360-%$3, 160
D $ 50 $5, 680-$7, 280

Note: (1) Difference between annual operating cost and annual operating
revenue,
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land use, etc. These seem to affect all alternatives more uniformly
than uniquely. In most instances, these studies will be more important
to designing the capacities of the system recommendation than to select-

ing among candidate system concepts.

Only Alternative A might be markedly less attractive to riders than the
others, The difference between it and Alternative B is the speed-on-
freeway assumptions, admittedly arbitrary values, selected by the
patronage consultant from the best information available. The patron-
age for Alternative A could be higher if Caltrans is more successful
with managing freeway congestion than the consultant has been willing
to assume. Alternative A has shorter average trip lengths because it
fails to compete for longer trips--its bus speeds cannot compete as

well on long trips with automobile speeds.

The fact that Alternati§es B, C, and D attract nearly similar riding
levels means that most measures of regional benefits--travel time
savings, reduced highway loads, reduced cost of auto ownership, and
others--will be gimilar under 1990 conditions. We saw this in detail
earlier for the test networks R1 and R2. However, the larger scale
fixed guideway could produce proportionally more riding and regional
benefits in the years following 1990 as the region becomes more ori-
ented to high-quality rapid transit service and the effect it can have on
locational decisions and regional mobility. The work of the environ-
mental and community consultant members of the team has been aimed
at specifically addressing these types of impacts. See their technical

documentation for elaboration and further comparative evaluation.

It is still a matter of conjecture as to how well Alternatives A and B
would work, and there is question as to their acceptance by the commu-
nity and local public officials. This concern aside, our studies make it
clear that from a broad regional perspective cost analysis alone can
contribute significant insight into the preferred concepf. The operating

cost requirements are higher for all-bus systems.
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Studies of éperating costs were made to determine how sensitive the
costs might be as assumptions were varied. The data presented here
repreéent the patronage consultant’'s best judgment of pro.ba-ble 1990
conditions, but it is possible to have variations from those shown. An
important point, nevertheless, is that bus-on-freeway operations are
not much more expensive than fixed guideway at the projected traffic
levels until bus speeds are slowed considerably. That is, if express
buses could 6perate at about the same speed as fixed guideway, say
averaging 40 mph, there would be little difference in the operating
cost per passenger. However, when bus speeds on the freeway drop
to about 25 mph, the cost per passenger increases by as much as

50 percent.

While the higher ope.rating cost requirements for buses do not immedi-
_ately offset the capital cost savings, it is clear that once committed to
a major all-bus program such as represented by the Alternative B con-
cept, the annual operating cost requirements could prove to be high
enéugh to make a significant impact on total system costs. Total an-
nual cost includes both the net annual operating cost requirement (after
operating revenues have been subtracted) and the actual capital invest-
ment made during a given year. In Figure 31, total annual costs, at
present value, are plotted over 40 years (the expected life of the transit-
system) for the all-bus system concept (Alternative B) and for a rapid
transit system concept (Alternative C). "Balance" is achieved by 60
miles of fixed guideway together with an all-bus system in all parts of

the region.

Summation of the total costs incurred over 40 years indicates that the
all-bus system would cost on the order of 38 percent more than the bal-
anced rapid transit system. This revelation depends entirely upon the
assumptions, conditions, and results worked within the course of this
study and is not intended as generally applicable under any circumstances.
Nonetheless, the comparison results in the conclusion to a rigorous,

systematic investigation of alternative system concepts for Los Angeles.
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Furthermore, the same comparison has been made for other balanced
combinations of fixed guideway and bus services (those which were in-
cluded in the system recommendation of the study team}. In all cases,

the all-bus system concept is more costly:

Present Value of
Total Costs Over 40 Years
System Composition ($ million)

All-Bus System (Alternative B} $15, 153

Balanced System With About

36 miles fixed guideway $ 9,545
60 miles fixed guideway $11,010
80 miles fixed guideway $11, 330
120 miles fixed guideway $11, 245

All systems include costs involved in substantial expansion of the exist-

ing bus system to create a high-quality regional bus systems.

Conclusions

The application of the all-bus and bus-on-freeway concepi:s to Los Angeles
rapid transit needs is thought by many to theoretically reduce capital costs
markedly and offer much better service than that provided today. There
are a number of reasons that indicate that a regional all-bus system would
be uneconomical, inadequate, and insufficient as the primary and perma-

nent solution.

Not least of the reasons is the results of cost comparison over 40 years,
indicating a great excess in total costs of an all-bus system over other
balanced rapid transit systems including varying amounts of fixed guide-
way. Other questionable aspects of an all-bus system include the

following:

® There would be limitations placed on motorists! use of
freeways.
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® Plans are not fully developed for local street control of
traffic near metered ramps.

2 There could be safety problems with a high-speed, high-
volume operation.

] The number of buses entering the downtown area would
be nearly triple today's number.

) There are unanswerable questions as to how well buses
could operate through major interchanges, especially
near downtown, and how well the lnterchanges can be
made to work generally.

This Working Paper has outlined the reasons for the consultants' con-
cluding that full reliance could not be placed on bus-on-freeway concepts
as a general substitute for fixed-guideway routes in the Los Angeles area.
The history of bus-on-freeway efforts is so questionable, and the work-
ability of fixed guideway so certain, that one could not justify postponing
a start on the fixed guideway while experiments with bus-on-freeway
were being launched. At the same time, there is opportunity to apply the
concept in part to supplement the fixed-guideway program and to attempt

to bring early benefits to travelers.

The work of AMYV and the environmental and community consultants has
indicated--and has been documented both in this volume and in the tech-
nical documentation of the latter--that ali-bus system service difficulties
and localized impact on circulation and the community in some areas are
extreme. In these areas, high-quality service simply cannot be provided
by buses alone. Fixed guideway development to adequately serve these
areas amounts to approximately the 60-mile extent proposed in system
concept Alternative C. There can be little doubt about the economic justi-
fication and rationale of benefits attributable to fixed guideway in these

areas,

Because funding, at the Federal level in particular, will likely be less
than needed in the near future, the consultants conclude that the soundest
approach is to begin the fixed-guideway program with projects that are

located in these areas which bus-on-freeway services can least well serve.
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These rapid transit projects can be made much more effective by use
of bus -on-freeway and bus-on-arterial projects to extend the benefits
of fast-link transit service well beyond the fixed-guideway terminals,

A joint program with Caltrans to promote and develop bus-on-freeway
operation is warranted in order to provide this coverage. It is possible
that many projects could be tried and established in three to five years,

if Caltrans plans for freeway controls are advanced.

1

Consultant evaluation processes have developed data which indicate that
while extension and augmentation of the 60 miles of fixed guideway with
high-quality bus services might be adequate for some years to come,
there is indication that fixed-guideway development of between 60 and
120 miles is at least as attractive. In general, at issue is whether it

is necessary and desirable for the region to commit to fixed-guideway
development beyond 60 miles at this time. Specifically at issue are not
technical assessment of level of service (bus versus fixed-guideway at-
tractiveness) or cost (total costs appearing to be only marginally differ -

ent), but rather basic policy questions such as

. Which areas get guideway service before others?

© To what extent would needed resources have to be diverted
from community-level improvements?

] What is the region's approach to energy and air quality
issues?

While fixed guideway appears highly attractive up to 120 miles, these
policy issues will have to be addressed by the region to determine the ex-
tent of the commitment to be made at this time. In areas beyond the ex-
tent of about 120 miles of fixed guideway (say, the Phase II recommenda-
tion or the 120-mile level discussed in the Phase III recommendations),

it becomes rather difficult to focus on the tradeoffs involved in discern-
ing the relative attractiveness of one approach versus another. The ex-

pense required to install fixed guideway is apparent. Also apparent, but
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perhaps not as clearly, is the rather small marginal increase in patronage
effected by adding such incremental guideway links to a transit network

for computer testing. The degree of precision with which one is able to
forecast response to these additions under 1990 conditions leaves one
short of a clear warrant for either a fixed guideway or an all-bus ap-

proach in these areas.

r

The study team has recognized the opportunity to reserve for commit-
ment, based upon future conditions, upwards of 200 miles of separate
facilities for public transportation vehicles to serve all parts of the
Southern California Rapid Transit District. Extension of high-speed
transit service in some form might be the public transportation goal of

the region.
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Implementation Considerations

Recognizing that the fixed guideway for which a commitment might be )
made now will depend upon Federal assistance for timely completidn,

the study team endeavored to configure various example levels of sys-

tem development for the SCRTD's consideration. The purpose of these
levels would be to indicate how commitment to system development

might respond to the commitment of Federal assistance. The develop-
ment levels--or "building blocks''--are not intended to be alternative
recommended systems, but rather should be viewed as possible approaches
to flexible commitment of local resources in order to warrant, and con-

tingent upon, Federal commitment of resources to Los Angeles.

Any commitment to improving public transportation must begin with
immediate-action projects to introduce and demonstrate the potential
for success of transit that responds to community-level needs as well
as expansion of regional express bus operations. A concurrent step
must be establishment of a continuing mechanism for gauging how and
where to expand the scope of community-responsive transit services.
Likewise, procedures must be developed for the continual expansion
and establishment of successful bus priority measures and new express

services.

Commitment of resources to implementation of fixed-guideway elements
can, of course, be made at any point during the early years of bus sys-
tem expansion. The building-block development levels represent the

type of flexibility which can be employed by the region in making these
commitments. The intent of Phase IIl study was not to develop priorities
for implementation. The people of the region, through their SCRTD and
SCAG policy-makers, will set their own priorities. However, unavoid-
ably, when the study team sets forth example levels for commitment,
creedance is lent to the notion that these should represent the region's

priorities.
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In this context, it is probably advisable to summarize the process through
which the study tearmn determined the extent of these levels. The primary
consideration was to demonstrate what might be an attractive use of a
particular level of total resources--local, state, and federal; capital

and operating support.

Another factor was attention to the utility or system implications of each
particular link included. For example, a single small link unconnected
to any others could hardly be considered "usable.'' Also part of this ‘
consideration is whether a particular link or combination, while con-
nected, would be viable, due to its shortness, traffic congestion or

other factors.

Clearly, cost considerations had to be included in assembling links to
fulfill a particular funding level. Together with costs, were considera-~
tion of construction sequence and feasibility. The timme required before
beginning revenue service is part of this factor. Finally, integrated in-
to all these considerations were the service aspects: who benefits first,
what level of usage might be expected, how would those not close to the
link gain access, and could the link be supplanted by an interim service

using an already existing facility.

Application of all these considerations led the study team to present the
set of development levels presented as '""building blocks' in the summary

report of March, 1974, A Public Transportation Improvement Program.

Projected operating results for each of these levels are presented in
Figure32. Profiles of the line ridership volumes for the fixed guideway

component might be expected to be conservatively estimated as follows.
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PROJECTED OPERATING RESULTS
(1990 Conditions, 1973 Costs)

g

Range of Rev.enue Service Annual Maintenance & Operating Costs(millions)
Average :
Miles of Daily Patronage Surface Feeder Freeway Fixed
Level Fixed Guideway (millions) Start Full Bus Bus Bus Guideway TOTAL
1 36 1.1-2.0 1981 1982 $ 6l. $39. $110. $25. $235.
I 57 1.28-2.5 1981 1983 104. 32. 84. 38. 258,
LANY 81 1.35-2.6 1981 1984 100. 34. 65. 51, - 250.

v 121 1.5-3.0 1981 1987 96. 37. 16. 70. 219.



Level

I Approximately one-half to two-thirds
the volumes presented earlier for
Alternative C

II Approximately those volumes pre-
sented for Alternative C

111 Approximately 90% of the volumes
presented earlier-for Alternative D

v Approximately those volumes pre-
sented for Alternative D

These volumes would constitute a lower bound on the range of patronage
projections with which we are constrained to work because of uncertain-

ties over future conditions.

For the use of the consultants responsible for facility sizing and capital
cost estimates, AMYV has endeavored to develop a basis upon which
those consultants could prepare refined cost estimates that reflect the
requirements for '""expandability’' and ''extendability' of fixed guideway
elements. For major links envisioned as opportunities for development
within the public transportation goal of the region, AMYV has projected
a reasonable upper bound on patronage that might someday be realized.
Ag discussed earlier in this volume, this upper bound was estimated
based partially upon consideration of special generation of transit trips
and transit time improvements beyond SCRTD and partially upon the
results of the Task 8.2 Sensitivity Analysis reflecting possible automo-
bile operating costs, fuel availability and travel restriction. These

"ultimate-design type'' volumes are presented in Figure 33

146



[
=
L
- H
4 &
’ H
5 [
\ H
-~ i
K
H
¥
1
H
H

AHGELES
HaTIQMAL
FOAEAT

s

Bm .lﬁ.\,lul.l&.'ﬂil{.‘ ﬁ.‘

LF1

— Fined Gu;d'-u?ﬂﬂ
--= Exclusive Buqu._t_.j
Maximum - load - Peint I}Ailﬂ
Two Divechional Usage Velomes . ; -
Based uvpon Resulds of Tasks- N A\
Med) fieol b:j KResults of SensH-{vn'h.‘ N
Analysis amd othor Fachers .



Local Circulation and System Access

The public transportation improvement program set forth by the study team
includes budget and project specification sufficient to build a comprehensive,
balanced transit system starting at present. Recognizing the need for tran-
sit improvements well in advance of new regional rapid transit system, the
SCRTD and many local jurisdictions have begun a process of implementing
immediate-action projects to satisfy many important local circulation needs
and opportunities .wl':iich can be readily identified. 'fhis implementation must
be a continuing program shared jointly by the municipalities, the County
and SCRTD. Such a mechanism will provide the foundation for the develop-
ment of a balanced transit system. The Task 8.6 Technical Working Paper,

Implementation Schedule for a Public Transportation Improvement Program

explains the present status of the program in much greater detail. That
document also lays out a bud;get-of expenditures required to continue de-
velopment of local circulation services which may become the basis for
access to and distribution from whatever trunk-line rapid transit facilities

are implemented.

As noted previously, the Task 8.3 Technical Report, Conceptual Planning

of Local Circulation and Feeder Transit Systems, addresses potential ways

of developing community-oriented transit services that can both provide
for local circulation and serve a feeder/distributor function relative to
line-haul rapid transit. While the analytical methodology presented there
is only one possible approach, the indications from the Task 8.3 work are
that the most economic local circulation as well as feeder/distributor ele-
ment for the vast majority of the communities in the County utilizes bus
service. Whether the bus is operated over fixed routes or in response to
demand is largely a matter of very local concern. The improvement
process that would follow from the study team recommendations includes
ample budget for providing a high level of fixed-route local bus services
in all communities. Demand-responsive approaches typically cost much
more than fixed-route services and it ought to bhe the decision of an indi-

vidual community whether to opt for a more costly approach. SCRTD will
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have to decide how far it will be able to go toward helping the community

meet the extraordinary costs of, for example, a demand-responsive approach.
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