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STATEMENT OF THE EXECUTIVE DIRECTOR

At the specific request of the Milwaukee County Executive, the Southeastern Wisconsin Regional Planning Commission in
March 1979 undertook a study to determine the best means of providing rapid transit service within the greater Milwaukee
area. The principal objectives of the study--termed in federal planning jargon a primary transit system alternatives analysis--
were: 1) to identify those corridors within the greater Milwaukee area which can support fixed guideway transit facility
development; and 2) to identify those transit modes which can best provide service within those corridors. These objectives
required the Commission to reevaluate the feasibility of providing rapid transit service within the greater Milwaukee area
by bus on freeway, bus on metered freeway, bus on reserved freeway lanes, bus on busway, and heavy rail rapid transit, as
well as by light rail transit and commuter rail.

The design of any major element of an urban transportation system is a complex and difficult problem. The sheer size of
the element to be designed alone presents a formidable obstacle. In addition, the complex pattern of interaction between
the rapid, express, and local elements of the transit system, and between the transit system and the total transportation
system in the Region, as well as between the total transportation system and existing and latent land use patterns, further
complicates this difficult problem. Therefore, the design, test, and comparative evaluation of alternative rapid transit
system plans under this study was an extensive and complex process. Under this study, however, these tasks were even
more difficult than under most urban transportation planning studies for two reasons. First, a wide range of rapid transit
modes had to be considered, most of which do not currently operate, or have never operated, within the Region. Second,
a new approach, termed “‘alternative futures,” was used for the first time in this transit planning effort. This approach
attempts to deal with the uncertainties that currently exist about future conditions in the Region, which may be expected
to significantly affect the need for and use of rapid transit facilities. Thus, a range of alternative system plans for each of
the various rapid transit technologies had to be tested under a range of alternative future conditions in an attempt to
identify those rapid transit facilities and services that could be expected to be viable under greatly varying future condi-
tions. In order to evaluate each of the rapid transit modes under each of the sets of future conditions, a large number of
alternative systems required examination. In all, the performance of 55 alternative rapid transit systems was simulated
under this planning process.

This technical report documents—in considerable detail—the findings of the complex process by which the alternative
primary transit system plans were designed, tested, and evaluated. For some of the transit modes—such as bus on freeway
and heavy rail rapid transit—this study effort provides a needed periodic reexamination and reconsideration in light of
changing conditions not only with respect to the existing and proposed land use patterns and the supporting transportation
infrastructure and public attitudes toward investment in such facilities and services, but also with respect to factors which
operate externally to the Region, such as lifestyles and the cost and availability of energy. For other transit modes—such
as light rail transit and commuter rail—this study effort provides a first-time evaluation of their merits with respect to the
provision of rapid transit service in the Milwaukee area. Through this process of alternative plan design, test, and evalua-
tion, sufficient information and data have been collected and analyzed to permit identification of those corridors of travel
demand within the Milwaukee area which can support specific primary transit modes under widely varying future condi-
tions, and of those modes that can best provide rapid transit service in those corridors.

In many ways, the analyses documented within this technical report represent the heart of this elaborate and exhaustive
study. It is the development of the alternative plans, as presented herein, which links together the various rapid transit
technologies, the range of alternative future conditions, and the large assortment of detailed, yet vital, socioeconomic, land
use, population, facility, and travel data assembled in the study. Similarly, it is the evaluation of each of these alternative
plans against the adopted plan objectives, principles, and standards, as well as the comparison of the alternative plans
against each other, which permits the sound selection of a recommended rapid transit system plan.

Respectfully submitted,

“iadiXmer

Kurt W. Bauer
Executive Director
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Chapter I

INTRODUCTION

System plan synthesis, or design, is a critical step
in any primary transit system alternatives analysis.
It is in the system design step of the alternatives
analysis that the degree to which the system objec-
tives can be met by alternative designs is deter-
mined. The provision of desired levels of service
to existing and future land uses, the provision of
increased levels of personal mobility by public
transit, the reduction in transportation system con-
gestion, and the modification of accessibility to
influence desired patterns of land use development
are in this step balanced against the economic, envi-
ronmental, and social costs and impacts of primary
transit system development and operation,

The design of any major element of an urban trans-
portation system is a difficult task. The sheer size
of the system to be designed presents a formidable
obstacle to good design. The complex pattern of
interaction among the components of the primary
transit, total transit, and total transportation sys-
tems, as well as between these systems and the land
use pattern, further compounds this difficulty. The
fact that primary transit system development objec-
tives must reflect the underlying value system of
the resident population of the planning area makes
the design of such a system even more difficult,
since personal values concerning transportation in
the Milwaukee area have been found to be diverse
and often conflicting. Moreover, in the system plan
design step, the primary transit facilities must be
properly related to the existing transit and arterial
highway facilities in order to provide, in effect,
a single integrated transportation system, with the
capacities and operation of its component parts
carefully related to each other and to the existing
and proposed land use patterns to be served.

Consideration must also be given in the primary
transit plan design, test, and evaluation to those
federal directives and regulations that may place
constraints on the planning for, and implementa-
tion of, any recommended primary transit system.
The U. S. Department of Transportation, Urban
Mass Transportation Administration, requires that,
in order for a study of primary transit systems that
may include fixed guideway elements to be eligible
for federal planning funds, and for the study rec-

ommendations to be subsequently eligible for fed-
eral capital assistance funds, that study must meet
the requirements of an “alternatives analysis.” '
Based upon the findings and recommendations
of such an ‘‘alternatives analysis’>—the require-
ments of which this study is intended to meet—the
U. S. Department of Transportation, Urban Mass
Transportation Administration, will make available
federal support for the provision of those primary
transit facilities that are cost-effective. Such cost-
effectiveness is determined by the degree to which
a facility meets the transportation needs of the
planning area, promotes its social, economic, envi-
ronmental, and urban development goals, and sup-
ports national aims and objectives at the least cost
of the alternatives considered.

Further constraints on the planning for rail pri-
mary transit systems in an ‘‘alternatives analysis™
have also been set by the Urban Mass Transporta-
tion Administration? These constraints require that
for federal approval and subsequent funding of the
recommendations of a primary transit plan that
includes rail transit, the need for partially or fully
grade-separated rail transit service must be shown
clearly and convincingly; the proposed rail transit
must be demonstrated to be, on balance, superior
to other options in terms of ridership, capital and
operating expenses, transportation service, and
environmental, urban revitalization, and energy
conservation objectives; the rail system must be
approved and built in stages—one segment at a time;
preference must be given to initial rail segments
serving densely populated central portions of
metropolitan areas, including central cities and

'See “Major Urban Mass Transportation Invest-
ments: Statement of Policy,” Federal Register,
Volume 41, No. 185, September 22, 1976,
pp. 41511-41514.

2See “Policy Toward Rail Transit,” Federal
Register, Volume 43, No. 45, March 7, 1978,
pp. 9128-9130.




close-in suburbs; and localities proposing to build
rail transit with federal assistance must be com-
mitted to the development and implementation of
a program of local supportive policies and actions
designed to enhance the proposed system’s cost-
effectiveness, patronage, and prospect for eco-
nomic viability.

The regional air quality attainment and mainte-
nance plan for southeastern Wisconsin, which is
part of the federally required State Implementa-
tion Plan for air quality in Wisconsin, also places
constraints on primary transit system planning.
That plan recommends that long-term public transit
service improvements be undertaken to promote
increased use of transit and other high-occupancy
vehicles in lieu of automobiles, thereby reducing
vehicle miles of travel and air pollution emissions
and contributing to the attainment of established
ambient air quality objectives and standards.

The state-of-the-art of transportation system plan-
ning is such that in order to arrive at the best trans-
portation system plan design, specific alternative
plans initially representing a wide range of alter-
natives must be proposed, tested, and evaluated
with respect to attainment of primary transit ser-
vice objectives, with refinements being made in
the plans in subsequent iterations. This approach
requires the assimilation of large amounts of infor-
mation, with the evaluation focusing on the degree
to which each alternative plan meets the agreed-
upon objectives,

PRIMARY TRANSIT PLAN DESIGN,
TEST, AND EVALUATION IN THE
MILWAUKEE AREA PRIMARY TRANSIT
SYSTEM ALTERNATIVES ANALYSIS

The design, test, and evaluation of alternative
system plans in the alternatives analysis for the
Milwaukee area was more extensive than that
required for most transportation studies. This is
because the planning process was based not upon
a single most probable forecast of future condi-
tions, but rather upon the postulation of a number
of alternative futures chosen to represent a range
of future conditions which might occur over the
plan design period. Using this approach, the per-
formance of alternative system plans could be
evaluated under a variety of possible future con-
ditions. This evaluation could, in turn, serve to
identify those primary transit system alternatives
that perform well under a wide range of such con-
ditions, and to differentiate these alternatives from

those that perform well under only a few or asingle
set of future conditions. The alternative futures
used in this planning process were selected to
represent the probable extremes of a range of
future conditions. The selection of these futures
was based on the assumption that alternative
system plans that perform well under the extremes
of a range will also perform well at intermediate
points in the range. In this way, “robust” system
plans that could be expected to remain viable under
greatly varying future conditions were identified.

The Milwaukee area primary transit system alter-
natives analysis employed the six-step planning
process shown in Figure 1. The first step of the
planning process was program organization. Under
this step, the work of the study was specified in
more detail than set forth in the study prospectus.
The next step was the formulation of primary
transit system development objectives, principles,
and standards to be used as a guide in the design,
test, and evaluation of alternative primary transit
systems. The third step was inventory—that is, the
collection of pertinent planning and engineering
data. The fourth step of the alternatives analysis
was the conduct of the alternative futures analysis.

In the alternative futures analysis, four alternative
futures representing the range of future conditions
which may be reasonably expected to occur over
the plan design period were developed. These
futures were intended to reflect the effects of
future changes in those factors which operate
external to the Region, but which may be expected
to affect regional growth and the degree of cen-
tralization and decentralization in the regional land
use pattern.

The fifth step in the alternatives analysis was the
design, test, and evaluation of alternative primary
transit system plans for each of the four alternative
futures identified in the alternative futures analysis.
The sixth step was the development of a prelimi-
nary recommended primary transit system plan for
the Milwaukee area. That plan was to consist of
a “lower tier”” and an “upper tier” of recommenda-
tions. Under this two-tier plan, recommendations
placed in the lower tier are proposed for immediate
implementation, while recommendations placed in
the upper tier are not to be implemented for at
least a decade. The upper tier consists of those
elements that were found in the analyses to per-
form well only under some futures or a single
future. The upper-tier recommendations are
included in the plan to ensure that no action



Figure 1
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is taken that will preclude their possible imple-
mentation, while delaying their implementation
until the certainty of their need is better estab-
lished. The lower tier of the preliminary recom-
mended primary transit plan consists of those
elements of the alternative primary transit system
plans that perform well under all or most alterna-
tive futures, and whose immediate incorporation
into the existing transportation system is accord-
ingly sound.

SCHEME OF PRESENTATION

This technical report sets forth the findings of the
fifth and sixth steps in the alternatives analysis
process: the design, test, and evaluation of alterna-
tive primary transit plans under each of the four
alternative futures, and the development of the
recommended primary transit system plan. Chap-
ter II of the report describes the process used in
the design, test, and evaluation of alternative pri-
mary ftransit system plans under each alternative
future. The next four chapters of the report sum-
marize the results of the design, test, and evalua-
tion of the alternative plans considered under each
of the four alternative futures, with one chapter
being devoted to each future. Chapter VII presents
the recommended plans for each of the four alter-
native futures, the conclusions concerning the feasi-
bility of developing fixed guideway primary transit
facilities in the Milwaukee area, and describes the
recommended primary transit system plan for the
Milwaukee area.

It should be noted that this technical report,
together with its companion documents, SEWRPC
Technical Report No. 23, Transit-Related Socio-
economic, Land Use, and Transportation Condi-
tions and Trends in the Milwaukee Area; SEWRPC
Technical Report No. 24, State-of-the-Art of Pri-
mary Transit System Technology; and SEWRPC
Technical Report No. 25, Alternative Futures for
Southeastern Wisconsin, is intended to document
the procedures used in and data developed under,
the alternative plans designed, tested, and evaluated
under, and the decisions reached in the first phase
of the primary transit system alternatives analysis
for the Milwaukee area. The entire process is sum-
marized, and the salient findings and recommen-
dations set forth, in SEWRPC Planning Report
No. 33, A Primary Transit System Plan for the
Milwaukee Area, which serves as the principal
product of the first phase of the alternatives
analysis. Chapter VI of that report sets forth, in
summary form, the findings of the primary transit
plan design, test, and evaluation process and the
recommended primary transit plan presented in
greater detail in this technical report.
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Chapter IT

METHODOLOGY FOR DESIGN, TEST, AND EVALUATION OF
ALTERNATIVE PRIMARY TRANSIT SYSTEM PLANS

INTRODUCTION

The synthesis, or -design, of a primary transit
system for the Milwaukee area is the basic purpose
of the Milwaukee area primary transit system alter-
natives analysis. It is also one of the most difficult
as well as critical steps in the study. The sheer size
of the system being planned, together with the
complex pattern of interaction among the com-
ponents of the system, between the primary transit
system and the rest of the transit and transporta-
tion systems of the area, and between those trans-
portation systems and the land use pattern, makes
the design task a particularly difficult one. The
need to design the plan to serve probable future, as
well as existing, conditions in the Milwaukee area,
conditions which may be significantly different
from those which presently exist and influence
primary transit needs—conditions relating to the
size, characteristics, and spatial distribution of
population and economic activity in the planning
area, and to energy price and availability—further
complicates this task. Finally, plan synthesis is
as difficult as it is critical because it ultimately
requires compromise among conflicting land use
and transportation system development objectives.

To arrive at the best plan design, alternative pri-
mary transit system plans, initially representing the
widest range of primary transit technology and
network alternatives, were successively examined
under the study, with each new iteration of plans
providing a refinement of the previous iteration,
based upon an evaluation of the plans with respect
to attainment of the primary transit system devel-
opment objectives adopted in the study.

The evaluation of alternative primary transit
system plans necessarily involved the quantitative
test of the alternative plans, and the preparation of
estimates of the amount of travel each proposed
primary transit system and the other elements of
the total transportation system must carry. With-
out such quantitative estimates, the degree to
which the plans meet certain objectives cannot
be ascertained. Primary transit facilities and ser-
vices affect traffic on the remainder of the trans-
portation system, diverting persons and vehicles to
or from other facilities and services. No primary

transit system alternative plan can be soundly
designed without knowing the probable extent of
utilization of the proposed facilities and services,
and the effects of this utilization on the remainder
of the transportation system. In addition, it must
be recognized that travel patterns in the Milwaukee
area will change as existing land uses change and as
new land uses are added to the regional complex.
It is therefore essential that alternative primary
transit plans be quantitatively tested. Such testing
involves estimating future levels of travel demand
for the alternative future land use patterns, and
estimating the distribution of that future demand
over the proposed primary transit facilities and
services, and the transportation system as a whole.
In this respect, the quantitative testing of alterna-
tive transit system plans provides the basis for the
assessment of the engineering feasibility of alter-
native plans and of the degree to which each of
the alternative plans meets the system develop-
ment objectives.

This chapter identifies and describes the process
of alternative primary transit system plan design,
quantitative test, and evaluation that was used to
arrive at a final recommended primary transit
system plan under the Milwaukee area primary
transit system alternatives analysis.

PRIMARY TRANSIT SYSTEM PLAN DESIGN,
TEST, AND EVALUATION PROCESS

Under the alternative futures planning approach
used in the alternatives analysis, four best primary
transit system plans were developed, one for each
of the four alternative futures postulated under the
study (see Figure 2). The purpose of this approach
was to permit the evaluation of the performance of
alternative primary transit systems under a range
of possible future conditions. In this way, primary
transit system alternatives that may be expected to
perform well under a wide range of future condi-
tions could be identified and differentiated from
those that may be expected to perform well only
under a few or a single set of future conditions.

The final recommended primary transit system
plan compiled from the alternatives was to consist
of two tiers, a “lower tier” and an ‘“‘upper tier.”
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Figure 2

SUMMARY OF PLANNING PROCESS OF THE PRIMARY TRANSIT SYSTEM ALTERNATIVES ANALYSIS
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The lower tier was to consist of those elements of
the alternative primary transit system plans that
the test and evaluation indicated would perform
well under all or most alternative futures, and
whose incorporation into the existing transporta-
tion system should therefore be sound in any case.
The upper tier was to consist of those elements
that the test and evaluation found would perform
well only under some futures, or a single future.
Recommendations placed in the lower tier are pro-
posed for immediate implementation, while imple-
mentation of the recommendations placed in the
upper tier proposed to be postponed until their
need is better established over time. In this way,
the recommended plan is intended to be a “robust’’
plan that will remain viable under greatly varying
future conditions.

The design and test of alternative primary transit
system plans for each of the primary transit tech-
nologies considered in this study was initiated
under the most transit-oriented alternative future,
or that future which may be expected to be accom-
panied by the greatest levels of primary and total
transit use. This future envisions a combination of
motor fuel cost and availability and levels and dis-
tribution of population and economic activity that
will provide the most favorable environment for

é

transit use compared with the other alternative
futures. Because primary transit system alternatives
determined to be infeasible under this most transit-
oriented future may also be expected to be infea-
sible under other futures with conditions less
conducive to transit use, these alternatives can be
rejected without repeated testing and evaluation
under other futures.

Primary transit system alternative plans were next
tested under the alternative future least amenable
to transit use. This future envisions a combination
of motor fuel cost and availability and levels and
distribution of population and economic activity
that will provide the least favorable environment
for transit use compared with the other alternative
futures. The testing of transit alternative plans
under those alternative futures that are the least
oriented and the most oriented to transit use
served to identify those options which have poten-
tial under the widest range of future conditions.

Following the design and test of alternative pri-
mary transit system plans under these two extremes
of the range of future conditions in the Milwaukee
area, the design and test of alternative transit
system plans proceeded under the two remaining
futures. These futures envision combinations of



motor fuel cost and availability and levels and dis-
tributions of population and economic activity
which may be expected to result in intermediate
levels of transit use.

Figure 3 outlines the process used to develop the
best primary transit system plan for each alter-
native future. As described above, the process
involved the design, test, and evaluation of alter-
native primary transit system plans under each
future. The process was divided into a number of
steps intended to efficiently narrow down the
number of technology and network alternatives
to the most promising ones, rejecting unreason-
able alternatives early in the process. Thus, under
the process only the most promising alternatives
received comprehensive evaluation and refinement.

The first step in the plan design process conducted
for each primary transit technology under each
alternative future was the design of “maximum
extent” primary transit system networks which
encompass all logical corridors for primary transit
service in the Milwaukee area. As set forth in the
prospectus for the study, and as substantiated by
the inventories of the state-of-the-art of primary
transit technology' and of available rights-of-way
for primary transit facility development? con-
ducted under the study, seven primary transit tech-
nologies were considered for the Milwaukee area.
These primary transit technologies consisted of
a minimum baseline, or ‘“‘do-nothing,” alternative
of motor bus operation in mixed traffic on free-
ways; a transportation systems management alter-
native of motor bus operation in mixed traffic on
operationally controlled freeways, as recommended
under the Commission’s adopted long-range trans-
portation system plan; motor bus operation on
reserved freeway lanes; motor bus operation on
busways; commuter rail transit; light rail transit;
and heavy rail rapid transit.

' See SEWRPC Technical Report No. 24, State-of-
the-Art of Primary Transit System Technology.

2 See Chapter VII of SEWRPC Technical Report
No. 23, Transit-Related Socioeconomic, Land Use,
and Transportation Conditions and Trends in the
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Two of the three motor bus on freeway operation
alternatives—motor bus operation on freeways in
mixed traffic without operational control of the
freeway system and motor bus operation on free-
ways on reserved lanes—were dismissed early in the
study. Bus operation on freeways in mixed traffic
without operational control was eliminated from



further consideration in part because a freeway
operational control system was already partially in
place in the Milwaukee area and was achieving suf-
ficient operational control on the Milwaukee area
freeway system to increase operating speeds and
improve traffic flow on its most congested seg-
ments. To plan further for the operation of buses
in mixed traffic without operational control would
have required an assumption that the existing free-
way operational control system would be dis-
mantled, and that the programmed installation of
additional freeway ramp meters and the intercon-
nection and central operational control of these
ramp meters would not occur. Dismissal of the bus
operation-on-freeway in mixed traffic without
operational control alternative was also based in
part on the fact that one of the purposes of con-
sidering bus-on-freeway operation alternatives in
the study was to use such alternatives as a basis
for the comparative evaluation of more capital-
intensive exclusive guideway alternatives. Bus
operation over operationally controlled freeways
would present a more attractive low-capital invest-
ment alternative than bus operation on potentially
congested freeways in mixed traffic. Such a com-
parative evaluation was required by the federal
Urban Mass Transportation Administration in
order to clearly identify the incremental benefits
which can be derived from major capital invest-
ment in transit guideways.

These same basic reasons applied to the elimination
from further consideration under this study of bus
operation over reserved freeway lanes. Specifically,
bus operation over operationally controlled free-
ways could provide the benefits of reserved lane
freeway systems—preferential treatment and higher
operating speeds for buses at relatively low cost;
and a system for the operational control of area
freeways was already partially in place in the
Milwaukee area and achieving some degree of
operational control. Furthermore, there were addi-
tional benefits attendant to the bus operation-on-
operationally controlled freeway alternative. First,
preferential treatment and higher freeway speeds
for buses could be achieved with operational con-
trol without restricting freeway capacity for auto-
mobile travel to the same extent as would a reserved
lane freeway system, and therefore without engen-
dering as much diversion of automobile traffic
from the freeway. Second, under the operational
control alternative, the restriction on freeway traf-
fic would occur in the same direction in which the
improved bus service was provided. This would not
be true where reserved freeway lanes are provided

as contraflow lanes, and where, consequently, the
automobile traffic restricted by the implementa-
tion of a reserved lane cannot be diverted to the
bus service. Third, and perhaps even more impor-
tantly, reserved bus lanes could not be practically
provided at a reasonable cost over the entire area
freeway system, while freeway operational control
could, and, in fact, would work best when applied
systemwide. Reserved lanes cannot be practically
provided systemwide in the Milwaukee area because
of the location of the freeway-to-freeway inter-
change ramps and left-hand entrance and exit
ramps on the freeway system. Developing freeway
reserved lanes at these locations would entail sig-
nificant construction costs. Fourth, operational
control has a distinct safety advantage over contra-
flow reserved lanes in that it would not require
buses to operate at high speeds with no physical
separation between freeway traffic traveling in an
opposite direction, as do contraflow reserved lanes.

The second step of the plan design process under
each alternative future consisted of the refine-
ment of the maximum extent corridor networks
for each primary transit technology. Under this
refinement, specific facility alignments in each
primary transit corridor were investigated and the
most cost-effective alignment identified. This step
facilitated the preparation of capital costs atten-
dant to each alternative system plan and provided
the information needed to simulate accurately the
operating characteristics of the alternative systems.

The third step in the plan design process was the
preparation of maximum extent system plans for
each primary transit technology under each alterna-
tive future by judicious combination of the selected
alignments of each technology into a system plan.
The fourth step in the plan design process was the
quantitative test and evaluation of the extent to
which the maximum system plan for each tech-
nology could be expected to meet the adopted
primary transit system development objectives,
principles, and standards under each of the alterna-
tive futures. Also part of this fourth step in the
plan design process was the design, test, and evalua-
tion, to the extent required, of further refined
alternative primary transit system plans which
truncated, or “cut back,” the maximum extent
system plans for each of the primary transit tech-
nologies. In' order that the evaluation of these
truncated plans could be more readily compared,
motor bus-on-freeway primary transit routes were
added to the truncated plans for each primary
transit technology in those corridors where pri-



mary transit service by that technology was not
provided, but was provided under the bus-on-
freeway truncated plan.

The fifth and last step in the plan design process
was the selection of a composite ‘“best” primary
transit system plan for each alternative future. As
indicated in Figure 2, these ‘“best” primary transit
plans for the alternative futures constituted the
basis for the synthesis of a recommended primary
transit system plan for the Milwaukee area. The
remainder of this chapter discusses in further detail
each of the five steps in the process used in the
design, test, and evaluation of alternative primary
transit system plans under each alternative future.

Design of Maximum Networks

As already noted, the first step in the system plan
design process was the synthesis for each alterna-
tive future of maximum extent networks for each
primary transit technology. These networks were
to serve all identified major corridors of demand
for primary transit service in the Milwaukee area.
Three maximum extent networks were initially
synthesized: one for bus-on-freeway, one for
commuter rail, and one for the fixed guideway
alternatives of light rail rapid transit, heavy rail
rapid transit, and busway. Only three maximum
extent networks were synthesized because the
bus-on-freeway primary transit network alterna-
tives were necessarily limited in extent to existing
and planned freeways, and the commuter rail net-
works were similarly necessarily limited to existing
mainline railways. These maximum extent net-
works were initially identified in terms of general
corridors, or sectors, within which primary transit
service appeared to warrant consideration in the
Milwaukee area. The remaining steps of the process
to arrive at a best primary transit system plan for
each alternative future involved successive refine-
ment of these maximum extent networks, includ-
ing the selection of specific alignments for the
various primary transit modes within each corridor
and the truncation, or “cutting back,” of certain
primary transit corridors if necessary to arrive at
the best primary transit plan for each primary
transit technology. This first step of the primary
transit plan development process was particularly
important because it established the maximum
limits of primary transit development to be con-
sidered in the Milwaukee area for each transit tech-
nology under each alternative future.

The network, or spatial configuration, of the pri-
mary transit system plans has a significant impact
on the costs and effectiveness of primary transit

service, of the total transit system, and of the total
transportation system. Primary transit service is
intended to provide a high-speed and high-capacity
alternative to other transit and to highway facilities
in heavily traveled corridors. To accomplish this
purpose, either an exclusive right-of-way is required
in the corridor over which rapid transit service can
be provided, or a freeway facility is required over
which modified rapid transit service can be pro-
vided. As a practical matter, then, primary transit
service cannot be ubiquitous in a planning area.
Only those corridors characterized by high travel
demands and/or by an availability of facilities or
rights-of-way adaptable to the provision of primary
transit service within reasonable costs and mini-
mum disruption can be served by primary transit.
These two factors—travel demand and right-of-way
availability—therefore had to be explicitly consid-
ered in the design of maximum extent networks
for each primary transit mode under each of the
four alternative futures. It should be recognized,
in this respect, that to a considerable extent, the
design of primary transit networks to provide ser-
vice in major travel corridors and over available
rights-of-way is based on meeting the adopted pri-
mary transit system development objectives relat-
ing to economic efficiency, environmental quality,
the provision of quick and convenient travel, and
the minimization of urban disruption.

Major Travel Demands: A major consideration in
the identification of any maximum extent primary
transit network is the travel demand to be served.
Only corridors of major travel demand will pro-
vide the level of ridership, and therefore direct
benefits, necessary to justify the high costs of
primary transit construction and operation. Heavily
traveled corridors have a greater total market of
travel from which primary transit can draw for
its utilization, and certain characteristics of such
corridors—principally arterial street and parking
congestion—make them particularly attractive as
potential locations for high-speed primary transit
facilities. And importantly, greater reliance on
transit for travel in densely traveled corridors can
bring about significant secondary desirable impacts
on arterial highway traffic congestion, motor fuel
consumption, and air pollutant emissions, which
add to the benefits of primary transit construc-
tion and operation., Moreover, primary transit may
be the only feasible alternative in such corridors
for the provision of reliable and adequate public
transit service.

Corridors of major travel demand were identified
through analysis of the location of existing and
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proposed major land use activity centers, or travel
generators; through analysis of the concentration
of existing and probable future travel desire lines;
through analysis of the concentration of existing
and probable future travel on the existing arterial
street and highway and public transit systems; and
through analysis of existing public transit routes of
heavy ridership in the Milwaukee area. This iden-
tification of corridors of major travel demand was
accomplished irrespective of primary transit mode.

An important consideration in the design of the
maximum extent networks was the location of
existing and proposed major land use activity
centers in the Milwaukee area, including major
retail and service centers; major industrial centers;
major medical centers; major park and outdoor
recreation areas; technical and vocational schools,
colleges, and universities; intercity transportation
terminals; and high-density residential areas. These
centers and areas represent major concentrations
of trip origins and destinations in the Milwaukee
area. The provision of primary transit service to
and between these major land use centers and
areas may be expected to improve the transpor-
tation system of the Milwaukee area by alleviating
peak loadings of travel on highway facilities serving
these major travel concentrations, and could reduce
the demand for land for automobile parking at
these major centers.

Another important consideration in the design
of the maximum extent networks was the exist-
ing and probable future concentration of travel
desire lines in the Milwaukee area. A travel desire
line is a straight line linking a trip origin to a trip
destination, irrespective of existing or planned
transportation facilities. Analysis of travel by desire
lines provides a means for identifying the most
efficient way in which travel demand can be
served—namely, by directly linking origins to des-
tinations. Major corridors of such travel desire lines
in the Milwaukee area were identified by the use
of “spider network analyses,” in which all plan-
ning analysis areas within the Milwaukee area,
irrespective of existing or planned transportation
facilities, were directly connected, and existing and
probable future travel demand over those connec-
tions analyzed. Those corridors lying along spider
network links which carried the heaviest volumes
of existing and probable future travel demand pro-
vided a focus of attention in the design of the
maximum extent primary transit networks.

Yet another important consideration in the design
of the maximum extent primary transit system
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networks was the future passenger volumes which
may be expected on the Milwaukee area transpor-
tation system in the absence of any primary transit
system improvement or expansion. Those parts of
the area transportation system carrying the highest
volumes of traffic—in particular, those parts of the
arterial street system carrying high traffic volumes
and experiencing traffic congestion—were used to
help define corridors of heavy travel demand with
potential for primary transit application. Corridors
of future heavy travel demand identified in this
manner, however, reflect the constraints of the
location and capacity of the existing Milwaukee
area transportation system.

Another important consideration in the design of
the maximum extent primary transit networks was
the existing public transit routes with heavy rider-
ship in the Milwaukee area. Consideration was thus
given to the need to provide improved service along
the currently most heavily traveled public transit
routes in the Milwaukee area, particularly focusing
on those routes whose efficiency of movement
would substantially benefit from upgrading to pri-
mary transit service.

Availability of Rights-of-Way: The other major
consideration in the design of the maximum extent
primary transit system networks was the availability
of potentially suitable rights-of-way for primary
transit. The potential for the development of pri-
mary transit service in the Milwaukee area may be
expected to be influenced by the extent to which
alignments are available for primary transit devel-
opment at a minimum of cost and disruption.

The potential availability of a number of rights-of-
way for light rail, heavy rail, and motor bus-on-
busway fixed guideway location, including active
and abandoned railway rights-of-way, existing and
cleared freeway rights-of-way, existing electric
power transmission line rights-of-way, and aban-
doned electric interurban railway rights-of-way, as
shown on Map 1, was investigated. Appropriately
designed fixed guideway transit facilities can be
developed over some of these rights-of-way at
a minimum of cost and community disruption. The
findings of this investigation are documented in
Chapter VII of SEWRPC Technical Report No. 23,
Transit-Related Socioeconomic, Land Use, and
Transportation Conditions and Trends in the Mil-
waukee Area. Map 1 also indicates the potential
location for future bus-on-freeway primary transit
service in the Milwaukee area—specifically, existing
freeways and freeways proposed to be constructed
under the lower tier of the adopted long-range
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The availability of alignments for primary transit fixed guideways within existing rights-of-way can affect the cost and practicality of alternative
primary transit system configurations and alternative primary transit modes. Within the Milwaukee urbanized area there are a variety of rights-
of-way which have the potential to readily accommodate primary transit guideways. These rights-of-way include for light rail, heavy rail, and
motor bus guideways, abandoned electric interurban railway rights-of-way, electric power transmission line rights-of-way, freeway rights-of-way,
and active and abandoned railway rights-of-way; for commuter rail lines, existing railway lines; and for motor bus, existing freeway lanes.

Source: SEWRPC.

11



regional transportation system plan. Potential
rights-of-way for commuter rail primary transit are
also shown on Map 1.

A potential for locating light rail and busway facili-
ties on existing arterial street rights-of-way also
exists. While such locations would not allow the
provision of totally exclusive guideway primary
transit service, with sufficient preferential treat-
ment provided to the primary service, such loca-
tions should permit the operation of a light rail
system or a bus system that provides a level of
service somewhere between true primary, or rapid
transit, and true secondary, or express transit, ser-
vice over reserved street lanes. Such alignments, as
shown on Map 2, include, but are not limited to,
possible transit malls, particularly in the Milwaukee
central business district, and the wider medians of
arterial streets in the Milwaukee area.

Refinement of Maximum Networks

The second step of the plan design process con-
sisted of the refinement of the initially delineated
maximum extent primary transit networks for
each primary transit technology under each alter-
native future. The refinement of each maximum
extent primary transit network involved the selec-
tion of a specific alignment within each corridor
for each type of guideway. The need for evaluation
of alternative alignments, and selection of a pre-
ferred alignment, within the identified maximum
extent network of primary transit corridors was
only necessary for the primary transit technologies
which required construction of fixed guideways.
For these technologies of heavy rail, light rail, and
motor bus on busway, several alternative align-
ments were investigated in each corridor. For the
bus-on-freeway and commuter rail technologies,
which use existing facilities for operation, this step
was unnecessary, as alternative alignment options
were not present, and the required alignments
within each corridor could be readily identified.

Four factors, discussed at some length later in this
section, were considered in the selection of a pre-
ferred alignment for each type of guideway alter-
native: construction cost; attendant community
disruption; travel time advantage offered; and
market potential, or the number of residents and
jobs served.

It should be noted here that the selection of align-
ments within a corridor of each type of primary
transit guideway can, at this stage in the planning
process, be only preliminary. As indicated in Chap-
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ter I of SEWRPC Planning Report No. 33, A Pri-
mary Transit System Plan for the Milwaukee Area,
more detailed engineering investigations of each
alternative alignment must be undertaken in the
second phase of the study. The preliminary selec-
tion of an alignment in the first phase of the study,
is, however, a necessary step to allow the assess-
ment at an adequate level of detail of the extent
to which network plans meet the primary transit
system development objectives adopted under
the study.

The process of alignment evaluation and selection
was based upon a limited number of key standards
selected from those adopted under the study. These
key standards were chosen to permit adequate
identification of the major costs and benefits of
the primary transit alternatives, while permitting
the efficient screening of a large number. of pri-
mary transit alternatives. The key factors assessed
included the capital cost; travel time; community
disruption; and the potential market expressed in
terms of the number of residents and jobs in the
service area.

Cost of Primary Transit: An important consid-
eration in the selection of the preferred facility
alignments within each corridor was the capital
cost. Inordinate capital costs made some alter-
natives infeasible, or decidedly inferior to others.
The capital, or guideway construction, costs were
initially assumed to be the only element costs
which would differ significantly between alterna-
tive alignments within each corridor. The guideway
construction costs assessed included the costs of
constructing new facilities, or reconstructing or
extending existing facilities, and of providing neces-
sary traffic control and signaling systems and elec-
trification facilities.

Estimates of the initial capital costs of constructing
the alternative alignments were developed by
applying average unit prices to each alternative
alignment. The unit costs used are set forth in
SEWRPC Technical Report No. 24, State-of-the-Art
of Primary Transit System Technology. Informa-
tion on the cost of upgrading existing rail facilities
to conditions suitable for safe and efficient com-
muter rail operation is provided in Chapter VII of
SEWRPC Technical Report No. 23, Transit-Related
Socioeconomic, Land Use, and Transportation Con-
ditions and Trends in the Milwaukee Area.

Travel Time: Another consideration in the selec-
tion of the preferred facility alignments within
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Light rail or motor bus transit service approaching primary levels can be provided at-grade on standard surface arterial streets if preferential
treatment is provided. Specifically, either the existing lanes of the facilities must be reserved exclusively for transit use, or a portion of the
right-of-way, such as the median, must be converted to exclusive transit use. In addition, some type of priority or preferential treatment should
be provided at at-grade intersections. Shown on this map are those standard arterial facilities in the Milwaukee area with the greatest potential
to accommodate such primary transit facilities—namely, those standard arterial streets with medians, and those standard arterial two-way
streets of six or more lanes and one-way streets of three or more lanes.
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each corridor was an assessment of the increased
accessibility and reduced travel times that the
alternatives could be expected to provide to poten-
tial users. In order to provide improvement over
the existing transit system, as well as to attract
a larger number of transit riders and provide some
secondary systemwide benefits, new primary transit
facilities must offer a significant travel time advan-
tage over existing secondary and tertiary transit
services. In the selection of the preferred align-
ments for each of the primary transit alternatives,
the travel times to the Milwaukee central business
district and to certain other selected major travel
generators attendant to each alternative alignment
were compared.

Market Potential: Another consideration in the
selection of the preferred facility alignments within
each corridor was the size of the potential market
along the alignment. Indicators of the potential
market used were the size of the resident popula-
tion and the number of jobs within a one-half-mile
walking distance, a three-mile driving distance, or
a 15-minute feeder bus travel time of the align-
ments, and the major travel generators that the
alignments would serve.

Although it would have been desirable to forecast
ridership for each primary transit alignment alter-
native in this sketch planning evaluation, such
forecasting was precluded by the number of the
alternative alignments examined at this stage. The
assessment of the market potential was believed to
be an adequate surrogate for full-scale simulation
modeling at this stage of the planning process, pro-
viding a means of quickly identifying infeasible
and inferior primary transit facility alignments
based on an assessment of potential ridership, cost,
disruption, and travel time advantage.

Community Disruption: Another consideration in
the selection of the preferred facility alignments
within each corridor was the potential disruption
of existing neighborhood and community develop-
ment entailed. Displacement of homes, businesses,
and industries was considered to be a critical factor
in determining the feasibility of alternative primary
transit facility alignments.

Formulation of Maximum Extent System Plans

The third step in the synthesis of a primary transit
system plan under each alternative future was the
preparation of system plans of maximum extent
for each primary transit technology under each
alternative future. The first step in this synthesis of
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system plans involved the review and modification,
as necessary, of the selected preferred alignments
in combination for each fixed guideway primary
transit technology. This was done to minimize
any duplication in those selected alignments. The
second step in this synthesis was the selection of
facility locations and services for each transit tech-
nology, including the identification of routes, sta-
tions, and storage and maintenance facilities.

Test and Evaluation of

Maximum Extent System Plans

The fourth step in the primary transit system plan
synthesis process was the test and evaluation of
the maximum extent system plans for each pri-
mary transit technology alternative: light rail
transit, heavy rail rapid transit, commuter rail,
motor bus on busway, and motor bus on con-
trolled freeway in mixed traffic. This test and
evaluation of the maximum extent alternative
system plans for each mode under each alterna-
tive future provided the basis for the truncation
of the maximum extent system plans into five
“best’’ pure mode system plans for each alternative
future—a bus on operationally controlled freeway
plan, a commuter rail plan, a bus on busway plan,
a light rail transit plan, and a heavy rail rapid
transit plan. So that the evaluation of these trun-
cated plans would be comparable in terms of the
extent of service provided, bus-on-freeway routes
were added to each truncated plan for each tech-
nology in each corridor where the truncated plan
did not provide service, but the truncated bus-on-
freeway plan did. These five {runcated composite
plans developed for each alternative future were
subsequently tested, evaluated, and compared, and
a best plan was selected for each alternative future.
Subsequently, a recommended pr