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STATEMENT OF THE CHAIRMAN

This report is the second of two volumes documenting the findings and recommendations of a four-year study of the
serious and costly flooding, water pollution, and related land use problems existing in the Menomonee River watershed
in southeastern Wisconsin. The study was undertaken by the Commission in response to formal requests by the Common
Councils of the Cities of Brookfield and Wauwatosa and the Milwaukee County Board of Supervisors. The study, which
was guided by a 15-member Menomonee River Watershed Committee, was designed to prepare a comprehensive plan for
the development of the watershed, which plan could assist the local, state, and federal units and agencies of government
concerned in solving the flooding, water pollution, and related land use problems of the watershed.

The first volume, being published simultaneously with this volume, presents a summary of the factual findings of the
planning and engineering inventories conducted under the study; identifies and, to the extent possible, quantifies the land
and water resource-related problems of the watershed; and presents pertinent forecasts of anticipated growth and change
within the watershed. The inventories and forecasts set forth in the first volume provide the basis for the preparation of
alternative watershed plans and for the selection of a recommended plan from among these alternatives.

This second and final volume of the planning report sets forth watershed development objectives, principles, and standards;
presents and comparatively evaluates the alternative land use, natural resource protection, parkway-scenic drive-recreational
trail, flood control, and water quality management plan elements considered; describes the preliminary recommended
comprehensive plan for the watershed as that plan was presented at a series of public informational meetings and hearings;
describes the recommended comprehensive plan for the watershed as revised after the public meetings and hearings; and
sets forth detailed recommendations on the means for carrying out that recommended plan.

The recommended watershed plan set forth in this volume represents another important element in the evolving compre-
hensive plan for the physical development of the Southeastern Wisconsin Region. As is true of all of the Commission’s
work, the Menomonee River watershed plan is entirely advisory to the local, state, and federal units and agencies of govern-
ment concerned. The recommended plan elements and the implementation proposals set forth in this report are intended
to provide a point of departure against which watershed development proposals can be evaluated as they arise on a day-to-
day basis. Upon formal adoption of the final watershed plan by the Commission, an official copy thereof will be trans-
mitted to all affected units and agencies of government with a request for their consideration and formal adoption or
endorsement and appropriate implementing action. Plan implementation must necessarily be achieved through the coopera-
tive action of all of the governmental units and agencies operating within the watershed.

In its continuing role of acting as a center for the coordination of planning activities within the Region, the Commission
stands ready to provide such assistance as may be requested of it to the various units and agencies of government con-
cerned in implementation of the Menomonee River watershed plan.

Respectfully submitted, -

( 447%%

George C. Berteau
Chairman
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Chapter I

INTRODUCTION

This chapter begins the second of two volumes, which
together present the major findings and recommendations
of the Southeastern Wisconsin Regional Planning Com-
mission Menomonee River watershed planning program.
The first volume sets forth the basic principles and con-
cepts underlying the study and presents in summary form
the basic facts pertinent to the preparation of a compre-
hensive plan for the physical development of the Meno-
monee River watershed, with particular emphasis upon
the existing state of the land and water resources of the
basin and the developmental and environmental problems
associated with these resources. The first volume also
contains forecasts of anticipated future growth and
change within the watershed and an analysis of water
law, as such law relates to watershed plan preparation
and implementation, with particular emphasis upon
floodland management and pollution abatement.

This, the second volume of the series, sets forth water-
shed development objectives, principles, and standards;
presents alternative plans for land use and water control
facility development and for resource preservation and
enhancement within the watershed; and recommends
a comprehensive plan designed to meet the watershed
development objectives under existing and probable
future conditions. It proposes a staged development

"of needed water control facilities and recommends

means for plan implementation. In addition, this volume
also presents a comparative analysis of the changes
which may be expected to occur within the watershed
over the next two to three decades if present devel-
opment trends continue without redirection in the
public interest. This latter alternative is presented not
as a plan to be used to guide development within the
watershed, but, rather, as a forecast of unplanned
development and is intended to be used as a standard
of comparison for the evaluation of the recommended
watershed development plan.

The recommended watershed development plan pre-
sented in this volume is the end result of a seven-step
planning process developed by the Commission under
which the principal functional relationships existing
within the watershed can be accurately described, both
graphically and numerically; and the effect of different
courses of action with respect to land use and water
control facility development can be evaluated. The
seven steps involved in this planning process are:
1) study design, 2) formulation of objectives and
standards, 8) inventory, 4) analysis and forecast, 5} plan
design, 6) plan test and evaluation, and 7) plan selection
and adoption. Volume 1 of this report dealt with the
first, third, and fourth steps in this planning process.
This volume deals with the remaining four steps:

formulation of objectives and standards, plan design,
plan test and evaluation, and plan selection and adoption.
Plan implementation, although beyond the initial planning
process, has been considered throughout the process; and
this volume contains specific recommendations for
plan implementation.

A brief description of each of the seven steps comprising
the planning process is contained in Chapter II, Volume
1, of this report, together with a statement of the
basic principles and concepts underlying the watershed
planning process and a discussion of the watershed as
a rational planning unit. Reconsideration of, and
elaboration on, the four steps in the planning process
with which this volume is concerned is warranted here.

FORMULATION OF OBJECTIVES AND STANDARDS

It was noted in Volume 1 of this report that planning is
a rational process for formulating and meeting objectives;
and, therefore, the formulation of objectives is an
essential task which must be undertaken before plans
can be prepared. The objectives chosen guide the
preparation of alternative plans and, when converted
to standards, provide the criteria for evaluating and
selecting from among the alternatives. Since objectives
provide the logical basis for plan synthesis, the formula-
tion of sound objectives is a crucial step in the planning
process. Yet the process of formulating objectives has
received relatively little attention in most planning
operations. The lack of a comprehensive and tested
approach to the task of formulating objectives and
the consequent inherent difficulty of resolving the
problem of objectives are not sufficient reasons for
neglecting this fundamental endeavor.

It is important to recognize that, objectives implicitly
reflect an underlying value system because the formula-
tion of objectives involves a formal definition of
a desirable physical system by listing, in effect, the
broad needs which the system aims to satisfy. Thus, every
physical development plan is accompanied by its own
unique value system. The diverse nature of value systems
in a complex urban society complicates the process of
goal formulation and makes it one of the most difficult
tasks of the planning process. This difficulty reflects, in
part, the absence of a clearcut basis for a choice between
value systems and, in part, it reflects the reluctance of
public officials to make an explicit choice of ultimate
goals. Yet, it is even more important to choose the
“right” objectives than to choose the ‘“right” plan. To
choose the wrong objectives is to solve the wrong
problem; to choose the wrong plan is merely to choose
a less efficient physical system. While there may be no
single argument to support the given choice of objectives,



because of differing value systems, it is possible to state
certain planning principles which provide at least some
support for the choice; and this has been done herein.

Objectives cannot be intelligently chosen without
knowledge of the crucial relationships existing between
objectives and means. This suggests that the formulation
of objectives is best done by people with prior knowledge
of the social, economic, and technical means of achieving
the objectives, as well as of the underlying value systems.
Even so, it must be recognized that objectives may
change as a selection is attempted from among alternative
means or plans. In the process of evaluating alternative
plans, the various alternative plan proposals are ranked
according to ability to meet objectives. If the best
plan so identified nevertheless falls short of the chosen
objectives, either a better plan must be synthesized
or the objectives must be compromised. The plan evalua-
tion provides the basis for deciding which objectives to
compromise. The compromises may take three forms:
cerfain objectives may be dropped because satisfac-
tion has been proven unrealistic; new objectives may
be suggested; or conflicts between inconsistent
objectives may be balanced out. Thus, formulation
of objectives must proceed hand in hand with plan
design and plan implementation as a part of a continuing
planning process.

Concern for objectives cannot end with a mere listing
of desired goals. The goals must be related in a demon-
strable and, wherever possible, quantifiable manner
to physical development proposals. Only through such
a relationship can alternative development proposals be
properly evaluated. This relationship is accomplished
through a set of supporting standards for each
chosen objective.

Because of the value judgments inherent in any set of
development objectives and their supporting standards,
soundly conceived watershed development objectives,
like regional development objectives, should incorporate
the combined knowledge of many people who are
informed about the watershed. These watershed develop-
ment objectives, further, should be established by duly
elected or appointed representatives legally assigned
this responsibility rather than .solely by planners and
engineers. Active participation by duly elected or
appointed public officials and by citizen leaders in
the regional planning program is implicit in the structure
and organization of the Regional Planning Commis-
sion, Moreover, the Commission has provided for the
establishment of advisory committees to assist it in
the conduct of the regional planning program, including
the watershed planning studies, thereby broadening
the opportunities for active participation in the regional
planning effort.

The use of these advisory committees, together with
appropriate public informational meetings and hearings,
appears to be the most practical and effective procedure
available for involving officials, professionals, technicians,
and citizens in the regional planning process and of

openly arriving at decisions and action programs which
can shape the future physical development of the Region
and its component watersheds. Only by combining the
accumulated knowledge and experience which the various
advisory committee members possess can a meaningful
expression of desired direction, magnitude, and quality
of future regional and watershed development be
attained. One of the major tasks of these advisory
committees, therefore, is to assist the Commission in
the formulation of development objectives, supporting
principles, and standards. Chapter II of this volume
sets forth the watershed planning objectives, principles,
and standards which have been adopted by the
Commission after careful review and recommendation
by the advisory committees concerned.

PLAN DESIGN

It was noted in Volume 1 of this report that plan
synthesis, or design, forms the heart of the planning
process and that the watershed plan design problem
consists essentially of determining the allocation of
scarce resources—land and water—between competing
and often conflicting demands. This allocation must
be accomplished so as to satisfy the aggregate needs
for each use and comply with the design standards
derived from the plan objectives, all at a feasible cost.

The task of designing two of the major components
of the physical system which comprises a watershed
—the land use pattern and the water control facilities—
is a complex and difficult problem. Not only does each
component constitute in itself a major problem in
terms of the sheer size of the system to be designed,
but the pattern of interaction between the components
is also exceedingly complex and dynamic. The land use
pattern must enable people to live in close cooperation
and yet freely pursue an enormous variety of interests.
It must minimize conflicts between population growth
and limited land and water resources; maintain an
ecological balance of human, animal, and plant life;
and avoid gross public health and welfare problems. The
water control facilities must be able to carry the flood
and pollution loadings generated by the land use pat-
tern, meeting agreed-upon water use objectives while
maximizing the use of existing facilities and minimizing
overall costs.

The magnitude of such a design problem nearly reaches
an insoluble level of complexity; yet, no substitute for
intuition in plan design has so far been found, much
less developed to a practical level. Means do exist,
however, for reducing the gap between the necessary
intuitive and integrative grasp of the problem and its
growing magnitude; and these means have been applied
to the fullest extent presently possible in the Menomonee
River watershed study. These means center primarily on
the application of systems engineering techniques to
the quantitative test of both the land use and water
facility plans, as described below under the plan test
and evaluation phase. Yet the quantitative tests involved
in these techniques, while powerful aids to the



determination of the adequacy of the plan design, are
of strictly limited usefulness in actual plan synthesis.
Consequently, it is still necessary to develop both the
land use and water facility plans by traditional intuitional
“cut-and-try”’ methods, to quantitatively test the
resulting design by application of simulation techniques
where applicable, and then make necessary adjustments
in the design until a workable plan has been evolved.
Finally, and most importantly, it should be noted that,
in both land use and water facility plan syntheses, the
Commission had at its disposal far more definitive
information bearing on the problem than has ever
before been available; and this fact alone has made the
traditional plan synthesis techniques applied far more
powerful and useful.

PLAN TEST AND EVALUATION

It was noted in Volume 1 of this report that, if the
plans developed in the design stage of the planning
process are to be practical and workable and thereby
realized in terms of actual land use and water control
facility system development, some techniques must be
applied to quantitatively test the feasibility of alternative
measure in advance of their adoption and implementa-
tion. As shown in Figure 1, a plan subelement must be
sequentially subjected to several levels of review and
evaluation including technical and economic feasibility;
financial, legal, and administrative feasibility; and
political acceptability.

Devices used to test and evaluate alternative subelements
range from mathematical models used to simulate river
performance through interagency meetings and public
hearings. To assist in a quantitative analysis of the
engineering performance and the technical and economic
feasibility of alternative plan elements, hydrologic,
hydraulic, water quality, and flood economics models
were developed and applied in the study. Test and
evaluation, beyond the quantitative analyses permitted
by the model application, involved qualitative evaluation
of the degree to which each alternative land use or
water control facility plan subelement met development
objectives and standards and of the legal feasibility
of the alternatives.

PLAN SELECTION AND ADOPTION

It also was noted in Volume 1 of this report that the
general approach contemplated for the selection of
one plan from among the considered alternatives was
to proceed through the use of the Menomonee River
Watershed Committee structure, through the interagency
meetings and hearings to a final decision and plan
adoption by the Commission in accordance with the
provisions of State enabling legislation. Because plan
selection and adoption necessarily involve both technical
and nontechnical policy determinations, they must be
founded in the active involvement throughout the
entire planning process of the various governmental
bodies, technical agencies, and private interest groups
concerned with watershed development. Such involve-
ment is particularly important in light of the advisory

Figure 1
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role of the Commission in shaping regional development.
The use of advisory committees and of both formal and
informal hearings appears to be the most practical and
effective procedure available for involving public
officials, engineering and planning professionals, and
citizens in the planning process and of openly arriving



at agreement among the affected governmental bodies
and agencies on objectives and on plans which ecan be
jointly implemented.

The preparation of a recommended comprehensive plan
for the Menomonee River watershed required that
a selection be made from among the alternative elements
including a land use base and necessary supporting
water control and pollution abatement facilities.
Together these should comprise the comprehensive plan.
Such a selection must be based upon consideration
of many tangible and intangible factors but should be
focused primarily upon the degree to which the agreed-
upon watershed development objectives are satisfied
and upon the accompanying costs. Selection of

the plan elements to be included in the final
plan ultimately must be made by the responsible
elected and appointed public officials concerned and
not by the planning technicians, although the latter
may properly make recommendations based upon
evaluation of technical considerations.

As an integral part of the watershed planning program,
a series of informal public informational meetings and
a formal public hearing were held within the water.
shed. The dates and locations of these meetings and the
hearing are set forth in Table 1. A summary of public
reaction to the recommended plan and the SEWRPC
staff and advisory committee reaction thereto is set forth
in Chapter VI.

Table 1

SCHEDULE OF PUBLIC INFORMATIONAL MEETINGS AND PUBLIC HEARINGS
ON THE COMPREHENSIVE PLAN FOR THE MENOMONEE RIVER WATERSHED

Type of
Meeting or Hearing

Presiding Agency

Date and

Place of Meeting Time of Meeting

Initial Public Hearing . . ... .....

Informational Meeting
for Public Officials. . . .. .......

Public Informational Meeting. . . . .
Public Informational Meeting. . . . .
Final Public Hearing. . ... ... ...

Public Information Meeting. . . . .. City of Mequon

Menomonee River
Watershed Committee

City of Brookfield

Wauwatosa Memorial
Civic Center

April 19, 1972

7:30 p.m. - 10:00 p.m.
Brookfield City Hall September 8, 1976
7:30 p.m. - 9:45 p.m.

Menomonee River
Watershed Committee

Menomonee River
Watershed Committee

Menomonee River
Watershed Committee

Menomonee Falls
Village Hall
Wauwatosa Memorial
Civic Center
Wauwatosa Memorial
Civic Center
Mequon City Hall

September 15, 1976
7:30 p.m. - 10:55 p.m.
September 16, 1976
7:30 p.m. - 10:55 p.m.
September 22, 1976
7:30 p.m. - 10:55 p.m.
September 30, 1976

7:30 p.m. - 10:15 p.m.

Source: SEWRPC.
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Chapter II

WATERSHED DEVELOPMENT OBJECTIVES, PRINCIPLES, AND STANDARDS

INTRODUCTION

As noted in Chapter II of Volume I of this report, the
formulation of watershed development objectives and
supporting standards is the second step in the SEWRPC
seven-step watershed planning process. The formulation
of objectives is, therefore, an essential task which must be
undertaken relatively early in the planning process before
a comprehensive watershed plan can be prepared.

The formulation of objectives for organizations whose
functions are directed primarily at a single purpose
or interest, such as a business corporation, is a rela-
tively simple task., Many diverse and often divergent
interests, however, are concerned about the develop-
ment of a watershed within an urbanizing region, such
as the Menomonee River watershed, and consequently,
the formulation of objectives for the preparation of
a watershed development plan is a very complex and
difficult task,

Soundly conceived watershed development objectives
should incorporate the knowledge of many people who
are informed not only about the watershed, but about
the Region of which the watershed is an integral part.
To the maximum extent possible, such objectives should
be established by duly elected or appointed public
officials legally assigned this task, assisted as necessary
not only by planners and engineers but by interested and
concerned citizen leaders as well. This is particularly
important because of the value judgments inherent in any
set of development objectives. The active participation
of duly elected or appointed public officials, technicians,
and citizen leaders in the overall regional planning pro-
gram is implicit in the structure and organization of the
Southeastern Wisconsin Regional Planning Commission
itself. Moreover, the Commission very early in its exis-
tence recognized that the task of guiding the  broad
spectrum of related public and private development
programs which would influence and be influenced by
a comprehensive regional planning program would
require the broadest possible opportunity for the active
participation of public officials and private interest
groups in the regional planning process. The Commis-
sion, accordingly, has provided for the establishment
of a number of advisory committees to assist the Com-
mission and its staff in the conduct of the regional
planning program.

The Menomonee River Watershed Committee is only one
of many advisory committees which have been created
by the Commission to assist it in the formulation of
development objectives and the preparation of regional
plan elements directed toward the attainment of these
objectives. Others include the Intergovernmental Coordi-

nating Committee on Regional Land Use-Transportation
Planning and the Technical Coordinating and Advisory
Committee on Regional Land Use-Transportation Plan-
ning, which jointly contributed to the formulation of
the land use and transportation development objectives
adopted by the Commission; the Root, Fox, and Mil-
waukee River Watershed Committees, which contributed
to the formulation of development objectives for these
respective watersheds; the Technical Advisory Committee
on Natural Resources and Environmental Design, which
also contributed importantly to the formulation of all of
the watershed development objectives; and the Technical
Coordinating and Advisory Committee on Regional Sani-
tary Sewerage System Planning, which contributed to the
formulation of sewerage system development objectives.
Current membership on watershed and sanitary sewerage
committees and on the Technical Advisory Committee on
Natural Resources and Environmental Design totals over
140 knowledgeable elected and appointed public officials,
technicians, and interested citizen leaders,

This chapter sets forth the regional land use and sanitary
sewerage system planning objectives, principles, and
standards which have been adopted by the Commission
under related regional planning programs after careful
review and recommendation by the advisory committees
concerned and which are relevant to formulation of
a comprehensive plan for the Menomonee River water-
shed. This chapter also presents a series of water control
facility development objectives, principles, and standards
formulated as a basis for the preparation of such a com-
prehensive plan.

In addition to presenting watershed development objec-
tives, principles, and standards, this chapter discusses
certain engineering design criteria and analytic procedures
utilized in the Menomonee River watershed planning pro-
gram to prepare and evaluate alternative plan subelements
and to select and design the recommended watershed
plan. These engineering design criteria and analytic proce-
dures include important engineering techniques used to
design alternative plan subelements, test the physical
feasibility of those subelements, and make necessary
economic comparisons between alternative plan subele-
ments. The description of these criteria and procedures
in this chapter is intended to document the degree of
detail and level of sophistication employed in the prepa-
ration of the recommended watershed plan, and thereby
to provide a better understanding by all concerned of
the plan and of the need for refinements of some aspects
of that plan prior to implementation.

It should be noted that, while the design criteria and
analytic procedures as described herein were used in
the preparation of the watershed plan, these criteria and



procedures do not comprise standards as defined and
discussed in this chapter. These criteria and procedures
relate to the technical methods used in the inventory and
analyses phases of the watershed study and in plan
design, test, and evaluation, rather than to relating
alternative plans to specific development objectives.

BASIC CONCEPTS AND DEFINITIONS

The term “objective” is subject to a wide range of inter-
pretation and application, and is closely linked to other
terms often used in planning work which are equally
subject to a wide range of interpretation and application.
The following definitions have, therefore, been adopted
in order to provide a common frame of reference:

1. Objective: a goal or end toward the attainment
of which plans and policies are directed.

2. Principle: a fundamental, primary, or generally
accepted tenet used to support objectives and
prepare standards and plans.

3. Standard: a criterion used as a basis of compari-
son to determine the adequacy of plan proposals
to attain objectives,

4.Plan: a design which seeks to achieve the agreed-
upon objectives.

5. Policy: a rule or course of action used to ensure
plan implementation.

6. Program: a coordinated series of policies and
actions to carry out a plan.

Although this chapter deals primarily with the first three
of these terms, an understanding of the interrelationship
of the foregoing definitions and the basic concepts which
they represent is essential to the following discussion of
development objectives, principles, and standards.

WATERSHED DEVELOPMENT OBJECTIVES

Objectives, in order to be useful in the watershed plan-
ning process, must not only be logically sound and related
in a demonstrable and measurable way to alternative
physical development proposals, but must also be consis-
tent with, and grow out of, regionwide development
objectives. This is essential if the watershed plans are to
comprise integral elements of a comprehensive plan for
the physical development of the Region, and if sound
coordination of regional and watershed development is
to be achieved.

The Southeastern Wisconsin Regional Planning Commis-
sion has, in its planning efforts to date, adopted, after
careful review and recommendation by various advisory
and coordinating committees, nine general regional devel-
opment objectives, nine specific regional land use devel-
opment objectives, seven specific regional transportation
system development objectives, four specific sanitary
sewerage system development objectives, and four specific

water control facility development objectives. These,
together with their supporting principles and standards,
are set forth in previous Commission planning reports.
Certain of these objectives and supporting standards are
directly applicable to the Menomonee River watershed
planning effort, and are hereby recommended for adop-
tion as development objectives for the Menomonee
River watershed.

Land Use Development Objectives

Six of the nine specific regional land use development
objectives adopted by the Commission under its regional
land use-transportation planning program are directly
applicable to the Menomonee River watershed planning
effort.! These are:

1. A balanced allocation of space to the various land
use categories which meets the social, physical,
and economic needs of the regional population.

2. A spatial distribution of the various land uses
which will result in the protection, wise use,
and development of the natural resources of
the Region.

3. A spatial distribution of the various land uses
which is properly related to the supporting trans-
portation, utility, and public facility systems in
order to assure the economical provision of utility
and municipal services.

4. The preservation and provision of open space to
enhance the total quality of the regional environ-
ment, maximize essential natural resource avail-
ability, preserve and protect natural areas and
wildlife habitat, give form and structure to urban
development, and facilitate the ultimate attain-
ment of a balanced year-round outdoor recrea-
tional program providing a full range of facilities
for all age groups.

5. The preservation of land areas for agricultural
uses in order to provide for certain special types
of agriculture, provide a reserve for future needs,
and ensure the preservation of those rural areas
which provide wildlife habitat and are essential to
shape and order urban development.

6. The attainment of good soil and water conserva-
tion practices in order to reduce storm water
runoff, soil erosion, and stream and lake sedimen-
tation, pollution, and eutrophication.

"The other three specific regional land use development
objectives are: 1) a spatial distribution of the various land
uses which will result in a compatible arrangement of land
uses; 2) the development and conservation of residential
areas within a physical environment that is healthy, safe,
convenient, and attractive; and 3) the preservation and
provision of a variety of suiteble industrial and com-
mercial sites both in terms of physical characteristics
and location.



Sanitary Sewerage System Planning Objectives

Three of the four specific sanitary sewerage system devel-
opment objectives adopted by the Commission under its
regional sanitary sewerage system planning effort are
directly applicable to the Menomonee River watershed
planning effort.2These are:

1. The development of sanitary sewerage systems
which will effectively serve the existing regional
urban development pattern and promote imple-
mentation of the regional land use plan, meeting
the anticipated sanitary waste disposal demand
generated by the existing and proposed land uses,

2. The development of sanitary sewerage systems
that are properly related to, and that will enhance
the overall quality of, the natural and man-made
environments.

3. The development of sanitary sewerage systems
that are both economical and efficient, meeting
all other objectives at the lowest cost possible.

Water Control Facility Development Objectives

Three of the four specific water control facility develop-
ment objectives adopted by the Commission under its
other comprehensive watershed planning programs are
also applicable to the Menomonee River watershed plan-
ning effort 3 These are:

1. An integrated system of drainage and flood con-
trol facilities and floodland management programs
which will effectively reduce flood damage under
the existing land use pattern of the watershed and
promote the implementation of the watershed
land use plan, meeting the anticipated runoff
loadings generated by the existing and proposed
land uses.

2. An integrated system of land management and
water quality control facilities and pollution
abatement devices adequate to ensure a quality
of surface water necessary to meet the water uses
shown on Map 1.

3. The attainment of sound groundwater resource
development and protective practices to minimize
the possibility for pollution and depletion of the
groundwater resources.

2 The other specific sanitary sewerage system development
objective is: The development of sanitary systems so as to
meet established water use objectives and supporting
water quality standards.

2The other specific water control facility development
objective is: An integrated system of land management
and water quality control facilities and pollution abate-
ment devices adequate to ensure a quality of lake water
necessary to achieve established water use objectives.

Principles and Standards

Complementing each of the foregoing specific land use,
water control facility, and sanitary sewerage system
development objectives is a planning principle which
supports the objective and asserts its inherent validity,
and a set of quantifiable planning standards which can
be used to evaluate the relative or absolute ability of
alternative plan designs to meet the stated development
objective. These principles and standards, as they apply
to watershed planning and development, are set forth in
Tables 2, 3, and 4, and serve to facilitate quantitative
application of the objectives during plan design, test,
and evaluation.

It should be noted that the planning standards herein
recommended for adoption fall into two groups: com-
parative and absolute. The comparative standards, by
their very nature, can be applied only through a compari-
son of alternative plan proposals. Absolute standards can
be applied individually to each alternative plan proposal,
since they are expressed in terms of maximum, minimum,
or desirable values. The standards set forth herein should
serve not only as aids in the development, test, and
evaluation of watershed land use and water control facility
plans but also in the development, test, and evaluation
of local land use and community facility plans and
in the development of plan implementation policies and
programs as well.

Overriding Considerations

In the application of the watershed development objec-
tives, principles, and standards in the preparation and
evaluation of the watershed plan elements, several over-
riding considerations must be recognized. First, it must
be recognized that any proposed water control and water
quality management facilities must constitute integral
parts of a total system. It is not possible from an applica-
tion of the standards alone, however, to assure such
a system integration, since the standards cannot be used
to determine the effect of individual facilities and con-
trols on each other or on the system as a whole. This
requires the application of planning and engineering
techniques developed for this purpose, such as hydro-
logic, hydraulic, and water quality simulation, to quan-
titatively test the potential performance of the proposed
facilities as part of a total system, thereby permitting
adjustment of the spatial distribution and capacities of
the facilities and system to the existing and future runoff
and waste loadings as derived from the land use plan.
Second, it must be recognized that it is unlikely that any
one plan proposal will meet all the standards completely;
and the extent to which each standard is met, exceeded,
or violated must serve as a measure of the ability of each
alternative plan proposal to achieve the specific objectives
which the given standard complements. Third, it must
be recognized that certain objectives and standards
may be in conflict and require resolution through com-
promise, such compromise being an essential part of
any design effort.




Map 1

RECOMMENDED WATER USE OBJECTIVES FOR THE MENOMONEE RIVER WATERSHED
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Water use objectives and supporting water quality standards constitute a significant input to the preparation of the comprehensive plan for the
Menomonee River watershed, The existing state-adopted water use objectives for the surface waters of the Menomonee River watershed are
identified on Map 82, Volume 1 of this report. The recommended water use objectives for the Menomonee River watershed are shown on the
above map. The two maps differ in only one respect: that reach of the main stem of the Menomonee River from its confiuence with Honey
Creek in the City of Wauwatosa downstream to Hawley Road in the City of Milwaukee, which has been placed in the “‘restricted’” category
under the current state-adopted objectives, is recommended for upgrading to the “recreational and fish and aquatic life”” category under the

recommended Menomonee River watershed plan.

Source: SEWRPC.



Table 2

LAND USE DEVELOPMENT OBJECTIVES, PRINCIPLES, AND STANDARDS FOR THE MENOMONEE RIVER WATERSHED

OBJECTIVE NO. 1
A balanced allocation of space to the various land use categories which meets the social, physical, and economic needs of the regional population.
PRINCIPLE
The planned supply of land set aside for any given use should approximate the known and anticipated demand for that use.
STANDARDS

1. For each additional 1,000 persons to be accommodated within the Region at each residential density, the following minimum amounts of
land should be set aside:

Net Area® Gross Areab
Residential Density Category {Acres/1,000 Persons) (Acres/1,000 Persons)
High Density Urban® . . . ... .. ... ... 24 36
Medium Density Urban®. ... ... ... .. 65 92
Low Density Urban® . ... .. ........ 238 298
Suburband ..................... 6572 698
Rurald. .. 1429 1,681

In addition, for each additional 1,000 persons to be accommodated within the Region the following minimum amaunts of land should be
set aside:

Net Area® Gross Area®
Land Use Category (Acres/1,000 Persons) (Acres/1,000 Persons)
Governmental and Institutional . . .. ... 9 12
Public Park and Recreation
Major. . ..o e 4 5
Other. . ............... ... ... 9 10

2. For the daily use of short-term visitors to the watershed, the following amounts of land should be acquired and developed for each antici-
pated 100 participants' in each of the five major outdoor recreational activities which require intensive land development within the watershed:

Principat Backup Land
Development or Secondary
Major Activity Total Acres Acres Development Acres
Swimming® ... ... 0.45 0.09 0.36
Picnicking™ .. .. .. 12.50 125 11.25
Golfing'. . ... .. .. 3279 32,79 -
Camping. .. ... .. 133.33 6.67 126.66
Skiing® . .. ...... 3.70 333 0.37

3. For each additional 100 commercial and industrial employees to be accommodated within the Region, the following minimum amounts of
land should be set aside:

Net Area® Gross AreaI
Land Use Category (Acres/100 Employees) {Acres/100 Employees)
Commercial
Major. .. ... ... 1 3
Other. .. ...... 2 6
Industrial . . . ... .. 2 9




Tabie 2 {continued)

OBJECTIVE NO. 2

A spatial distribution of the various land uses which will result in the protection, wise use, and development of the natural resources of the
Region.

PRINCIPLE

The proper allocation of uses to land can assist in maintaining an ecological balance between the activities of man and the natural environment
which supports him.

A. Soils
Principle

The proper relation of urban and rural land use development 1o soils type and distribution can serve to avoid many environmental problems, aid
in the establishment of better regional settlement patterns, and promote the wise use of an irreplaceable resource.

STANDARDS

1. Sewered urban development, particularly for residential use, should not be located in areas covered by soils identified in the regional detailed
operational soil survey as having severe or very severe limitations for such development,

2. Unsewered suburban residential development should not be located in areas covered by soils identified in the regional detailed operational
s0il survey as having severe or very severe limitations for such development.

3. Rural development, including agricultural and rural residential development, should not be located in areas covered by soils identified in the
regional detailed operatianal sail survey as having severe or very severe limitatians far such uses.

B. Wetlands
Principle

Wetlands support a wide variety of desirable and sometimes unique plant-and animal life; assist in the stabilization of lake levels and stream-
flows; trap and store plant nutrients in runoff, thus reducing the rate of enrichment of surface waters and obnoxious weed and algae growth;
contribute to the atmospheric oxygen supply; contribute to the atmospheric water supply; reduce storm water runoff by providing area for
floodwater impoundment and storage; trap soil particles suspended in runoff and thus reduce stream sedimentation; and provide the population
with opportunities for certain scientific, educational, and recreational pursuits.

STANDARD

All wetland areas™ adjacent to streams or lakes, all wetlands within areas having special wildlife and other natural values, and all wetlands
having an area in excess of 50 acres should not be allocated to any urban development except limited recreation and should not be drained or
filed. Adjacent surrounding areas should be kept in open-space use, such as agriculture or limited recreation.

C. Woodlands"”
Principle

Woodlands assist in maintaining unique natural relationships between plants and animals; reduce storm water runoff; contribute 1o the atmos-
pheric oxygen supply; contribute to the atmospheric water supply through transpiration; aid in reducing soil erosion and stream sedimentation;
provide the resource base for the forest product industries; provide the population with opportunities for certain scientific, educational, and
recreational pursuits; and provide a desirable aesthetic setting for certain types of land use development. -

STANDARDS
1. A minimum of 10 percent of the land area of each watershed® within the Region should be devoted to woodlands.

2. For demonstration and educational purposes, the woodland cover within each county should include a minimum of 40 acres devoted to each
major forest type: oak-hickory, northern hardwood, pine, and lowland forest. In addition, remaining examples of the native forest vegetation
types representative of the pre-settlement vegetation should be maintained in a natural condition and be made available for research and educa-
tional use.

3. A minimum regional aggregate of five acres of woodland per 1,000 population should be maintained for recreational pursuits.
D. WildliteP
10



Table 2 {continued)

Principle

Wildlife, when provided with a suitable habitat, will provide the population with opportunities for certain scientific, educational, and recrea-
tional pursuits; comprises an integral component of the life systems which are vital to beneficial natural processes, including the control of
harmfuf insects and other noxious pests and the promotion of plant pollination; provides a food source; provides an economic resource for the
recreation industries; and is an indicator of environmental health.

STANDARD

The most suitable habitat for wildlife—that is, the area wherein fish and game can best be fed, sheltered, and reproduced—is a naturat habitat.
Since the natural habitat for fish and game can best be obtained by preserving or maintaining other resources in a wholesome state, such as soil,
air, water, wetlands, and woodlands, the standards for each of these other resources, if met, would ensure the preservation of a suitable wildlife
habitat and population.

OBJECTIVE NO. 3

A spatial distribution of the various land uses which is properly related to the supporting transportation, utility, and public facility systems in
order to assure the economical provision of utility and municipal services.

PRINCIPLE
The transportation and public utility facilities and the land use pattern which these facilities serve and support are mutually interdependent
in that the tand use pattern determines the demand for, and loadings upon, transportation and utility facilities; and these facilities, in turn,
are essential to, and form a basic framework for, land use development.

STANDARDS

1. The transportation system should be located and designed to minimize the penetration of existing and praposed residential neighborhood
units by through traffic.

2. The transportation system shauld be located and designed to provide access not only to all land presently devoted to urban development
but to land proposed to be used for such urban development.

3. Transportation terminal facilities, such as off-street parking, should be located in close proximity to the principal land uses to which they
are accessory.

4. Al land developed or proposed to be developed for urban medium- and high-density residential use should be located in areas serviceable by
existing or proposed primary, secondary, and tertiary mass transit facilities.

5. All land developed or proposed to be developed for urban medjum-, high-, and low-density residential use should be located in areas service-
able by an existing or proposed public sanitary sewerage system and preferably within the gravity drainage area tributary to such systems.

6. All land developed or proposed to be developed for urban medium-, high-, and low-density residential use should be located in areas service-
able by an existing or proposed public water supply system.

7. Urban development should be located so as to maximize the use of existing transportation and utility systems.

OBJECTIVE NO.4
The preservation and provision of open space9 to enhance the total quality of the regional environment, maximize essential natural resource
availability, give form and structure to urban development, and facilitate the ultimate attainment of a balanced year-round outdoor recreational
program providing a full range of facilities for all age groups.
PRINCIPLE
Open space is the fundamental element required for the preservation, wise use, and development of such natural resources as soil, water, wood-

lands, wetlands, native vegetation, and wildlife; it provides the opportunity to add to the physical, intellectual, and spiritual growth of the
population; it enhances the economic and aesthetic value of certain types of development; and it is essential to outdoor recreational pursuits.

n



Table 2 (continued)

STANDARDS'

1. Local park and recreation open spaces should be provided within a maximum service radius of one-half mile of every dwelling unit in an
urban area, and each site should be of sufficient size to accommodate the maximum tributary service area population at a use intensity of
675 persons per acre.

2. Regional park and recreatian open spaces should be provided within an approximately one hour travel time of every dwelling unit of the
Region, and should have a minimum site area of 250 acres.

3. Areas having unique scientific, cultural, scenic, or educational value should not be allocated to any urban or agricultural land uses; and
adjacent surrounding areas shouid be retained in open space use, such as agriculture or limited recreation.

OBJECTIVE NO. 5

The preservation of land areas for agricultural uses in order to provide for certain special types of agriculture, provide a reserve for future
needs, and ensure the preservation of those unique rural areas which provide wildlife habitat and which are essential to shape and order
urban development.

PRINCIPLE

Agricuitural areas, in addition to providing food and fiber, can provide significant wildiife habitat;ecological balance between plants and animals;
provide locations proximal to urban centers for the production of certain food commodities which may require nearby population concentra-
tions for an efficient production-distribution relatianship; and provide open spaces which give form and structure to urban development.

STANDARDS

7

1. All prime agricultural areas® should be preserved.

2. All agricultural lands surrounding adjacent high-value scientific, educational, or recreational resources and covered by soils rated in the regional
detailed operational soil survey as very good, good, or fair for agricultural use should be preserved.

In addition to the above, attempts should be made to preserve agricultural areas which are covered by soils rated in the regional detailed opera-
tional soil survey as fair if these soils: a) generally occur in concentrations greater than five square miles and surround or lie adjacent to
areas which qualify under either of the above standards, or b} occur in areas which may be designated as desirable open spaces for shaping
urban development.

OBJECTIVE NO. 6

The attainment of good soil and water conservation practices in order to reduce storm water runoff, soil erosion, and stream and lake sedimen-
tation, pollution, and eutrophication.

PRINCIPLE
Good soil and water conservation practices, including mulch tillage, terracing, grassed waterways, contour strip cropping, and suitable crop
rotation in rural areas; seeding; sodding; erosion control structures for drainageways; erosion control structures at storm sewer outlets; and
proper land development and construction methods and practices, particularly in urban areas, including maximum possible delay in stripping
of vegetation, construction of sediment basins, and mulching and revegetating as soon as possible, can assist in reducing storm water runoff, soil
erosion, and stream and lake siltation, pollution, and eutrophication.

STANDARDS

1. The area of the watershed in cultivated agricultural use, which has general tand slopes greater than 2 percent, should be under district coop-
erative soil and water conservation agreements and planned conservation treatment.

2. Drainageways should be controlled to eliminate channel erosion both through stabilization of bank and bed materials and by reduction of
the channel gradient.

3. All urban and structural plans and developments, where soil and vegetative cover is removed, should include soil and water conservation
practices to control erosion on critical areas.

4. Runoff through and from areas with exposed soil should be trapped and stored or retarded to less than critical erosive velocities,

12
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Table 2 (continued)

@ Net land use area is defined as the actual site area devoted to a given use, and consists of the ground floor site area occupied by any buildings
plus the required yards and open spaces.

B Gross residential fand use ares is defined as the net area devoted to this use plus the area devoted to afl supporting land uses, including streets,
neighborhood parks and playgrounds, elementary schaols, and neighborhood institutional and commercial uses, but not including freeways
and exp ys and other c. ity and areawide uses.

€ Areas served, proposed to be served, or required to be served by public sanitary sewerage and water supply facilities; requires neighbor-
hood facilities.

9 Areas not served, not proposed to be served, nor required to be served by public sanitary sewerage and water supply facilities; does not require
neighborhood facilities.

© Gross governmental and institutional area is defined as the net area devoted to governmental and institutional use plus the area devated to
supporting land uses, including streets and onsite parking. Gross public park and recreation area is defined as the net area devoted to active or
intensive recreation use plus the adjacent “backup™ lands and lands devoted to other supporting land uses such as roads and parking areas.

fA participant is defined as a person 12 years of age or older who actively participates in a particular recreational activity on a given day.
9 Swimming—One acre of loped beach érea can accommodate approximately 370 people at any one time. With a dally twirnover rate of
3.0, the maximum capacity of one acre of developed beach is 1,110 people per acre per day. In addition, for every ane acre of developed
beach area, four (4) acres of backup lands are required to provide necessary parking area (approximately one and one-half acres}, concession
services, dressing room area fapproximately one acrel, and other activity area, such as picnic area (approximately one and one-half acres).

hPicnicking—One acre of developed picnic area with a maximurn of 16 tables can accommodate approximately 50 people at any one time.
With a daily turnover rate of 1.6, the maximum capacity of one acre of developed picnic area is 80 peaple per acre per day. In addition, for
every one acre of developed picnic area, nine (9) acres of backup land are required to provide necessary parking area and additional secon-
dary facilities.

! Goifing—A miniroum of 10 acres of land per hole is required to develop a regulation 3- or 18-hole golf course, including area for clubhouse
and parking, and will accommodate approximately one golfer per acre at any onc time. With a daily turnover rate of 3.0, the maximum
capacity of each golf course is 3.0 golfers per acre per day, or 30 golfers per hole per day.

/ Camping—One acre of developed camp area with @ meximum of five camp units can accommodate approximately 15 neople per day. There is
no dafly rate for ping. In addition, for every one acre of developed camp area, nil {19/ acres of backup land are required
to provide necessary supporting activities or facilities, such as central convenience facilities, hiking and nature trails, picnic areas, boat and
canoe launching sites, and horseback trails.

kS'kiing—One acre of developed ski slope can accommodate approximately 10 people at any one time. With a daily turnover rate of 3.0, the
maximum capacity of one acre of developed ski stope is 30 people per acre per day. In addition, for every 10 acres of developed ski slope,
one acre of backup fand is required to provide parking and concession facilities, The recommended minimum site area is 100 acres.

/ Gross commercial and industrial area is defined as the net area devoted to these uses plus the area devoted to supporting fand uses, including
streets and off-street parking.

Pattands are defined as those fands which are wholly or partially covered with hydrophiytic plants and wet and spangy organic soils, and
which are generally covered with shallow standing water, intermittently inundated, ar have a high water table.

? Woodlands are defined as Iands at least 20 acres in area which are covered by a dense, concentrated stand of trees and associated undergrowth.

2 A watershed, as used herein, is defined as a portion of the surface of the earth occupied by a surface dainage system discharging atf surface
water runoff to a common outlet and which s 25 square miles or larger in areal extent.

P Includes ail fish and game.

9 Open space Is defined as land or water areas which are generally undeveloped for residential, commercial, or industrial uses and are or can be
considered relatively permanent in character. It includes areas devoted to park and recreation uses and to large land~copsuming institutional
uses, as well as areas devated to agricultural use and to resource conservation, whether publicly or privately owned.

T It was deemed impractical to establish spatial distribution stendards for open space, per se, therefore, only the park and recreation component
of the open space land use category Is listed in the standards, according to its local or regional orientation. These local park and recreation
spaces may include playlots, playgrounds, playfields, and neighborhood parks. Regional park and recreation spaces include large county or
State parks. Other open spaces which are not included in this spatial distribution standard are: forest preserves and arboreta, major river
valleys, takes,; zoological and botanical gardens, stadia; woadland, wetland, and wildlife areas, scientific areas, and agricultural lands whose
location must be related to, and determined by, the natural resource base.

S Prime agricuitural areas are defined as those areas which a) contain soils rated in the regional detailed operational soif survey as very good or
good for agriculture and b) occur in ceoncentrated sress over five square miles in extent which have been designated as exceptionatly good for

agricultural production by agricultural specialists.

Source: SEWRPC.

ENGINEERING DESIGN CRITERIA
AND ANALYTIC PROCEDURES

As noted earlier in this chapter, certain engineering design
criteria and analytic procedures were utilized in the
preparation of the watershed plan. More specifically,
these criteria and procedures were used in the design of
alternative plan elements, in the test of the technical
feasibility of those elements, and in the making of the

necessary economic comparisons. While these engineering
criteria and procedures are widely accepted and firmly
based in current engineering practice, it is, nevertheless,
believed useful to document these here.

Rainfall Intensity-Duration-Frequency Relationship

If local storm water drainage as well as river flood control
measures are to be compatible and function in a coor-
dinated manner, plans for both must be based on consis-
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Table 3

SANITARY SEWERAGE SYSTEM DEVELOPMENT OBJECTIVES,
PRINCIPLES, AND STANDARDS FOR THE MENOMONEE RIVER WATERSHED

OBJECTIVE NO. 1

The development of sanitary sewerage systems which will effectively serve the existing regional urban development pattern and promote
implementation of the regional land use plan, meeting the anticipated sanitary waste disposal demand generated by the existing proposed
land uses.

PRINCIPLE

Sanitary sewerage systems are essential to the development and maintenance of a safe, healthy, and attractive urban environment, and the
extension of existing sanitary sewerage systems and the creation of new systems can be effectively used to guide and shape urban development
both spatially and temporally.

STANDARDS

1. Sanitary sewer service should be provided to all existing areas of medium-2 or high-densityb urban development and to alt areas proposed
for such development in the regional land use plan.

2. Sanitary sewer service should be provided to all existing areas of low-density® urban development and to all areas proposed for such develop-
ment in the regional land use plan, where such areas are contiguous to areas of medium- or high-density urban development. Where noncontigu-
ous lowdensity and suburban™ development already exists, the provision of sanitary sewer service should be contingent upon the inability of
the underlying soil resource base to properly support onsite absorption waste disposal systems.

3. Where public health authorities declare that public health hazards exist because of the inability of the soil resource base to properly support
onsite soil absorption waste disposal systems, sanitary sewer service should be provided.

4. Lands designated as primary environmental corridors on the regional land use plan should not be served by sanitary sewers, except that
development incidental to the preservation and protection of the corridors, such as parks and related outdoor recreation areas, and existing
clusters of urban development in such corridors, may be provided with sanitary sewer service. Engineering analyses relating to the sizing of
sanitary sewerage facilities should assume the permanent preservation of all undeveloped primary environmental corridor lands in natural
open-space uses.

5. Floodlands® should not be served by sanitary sewers, except that development incidental to the preservation in open-space uses of flood-
lands, such as parks and related outdoor recreation areas, and existing urban development in floodlands not recommended for eventual removal
in comprehensive watershed plans, may be provided with sanitary sewer service. Engineering analyses relating to the sizing of sewerage facilities
should not assume ultimate development of floodlands for urban use.

6. Significant corlcen‘crationsf of land covered by soils found in the regional soil survey to have very severe limitations for urban development
even with the provision of sanitary sewer service should not be provided with such service. Engineering analyses relating to the sizing of sewerage
facilities should not assume ultimate urban development of such lands for urban use.

7. The timing of the extension of sanitary sewerage facilities should, insofar as possible, seek to promote urban development in a series of
complete neighborhood planning units, with service being withheld from any new units in a given municipal sewer service area until previously
served units are substantially developed and until existing units not now served are provided with service,

B. The sizing of sewerage facility components should be based upon an assumption that future land use development will occur in general
accordance with the land use pattern recommended in the regional land use plan.

9. To the extent feasible, industrial wastes, except clear cooling waters as well as the sanitary wastes generated at industrial plants, should be
discharged to municipal sanitary sewerage systems for ultimate treatment and disposal. The necessity to provide pretreatment for industrial
wastes should be determined on an individual case-by-case basis.

OBJECTIVE NO. 2

The development of sanitary sewerage systems that are properly related to, and that will enhance the overall quality of, the natural and man-
made environments.
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Table 3 (continued)

PRINCIPLE

The improper location, design, construction, operation, and maintenance of sewerage system components can adversely affect the natural and
man-made environments; therefore, every effort should be made in such actions to properly relate to these environments and minimize any

disruption or harm thereto.
STANDARDS

1. New and replacement sewage treatment plants, as well as additions to existing plants, should, wherever possible, be located on sites lying
outside of the 100-year recurrence interval floodplain. When it is necessary to use floodplain lands for sewage treatment plants, the facilities
should be located outside of the floodway so as to not increase the 100-year recurrence interval flood stage, and should be floodproofed to
a flood protection elevation of two feet above the 100-year recurrence interval flood stage so as to assure adequate protection against flood
damage and avoid disruption of treatment and consequent bypassing of sewage during flood periods. In the event that a floodway has not been
established, or if it is necessary to encroach upon an approved floodway, the hydraulic effect of such encroachment should be evaluated on the
basis of an equal degree of encroachment for a significant reach on both sides of the stream, and the degree of encroachment should be limited
S0 as not to raise the peak stage of the 100-year recurrence interval flood by more than 0.5 foot.

2. Existing sewage treatment plants located in the 100-year recurrence interval floodplain should be floodproofed to a flood protection eleva-
tion of two feet above the 100-year recurrence interval flood stage so as to assure adequate protection against flood damage and avoid disruption
of treatment and consequent bypassing of sewage during flood periods.

3. The location of new and replacement sewage treatment plants should be properly related to the existing and proposed future urban develop-
ment pattern as reflected in the regional land use plan and any community or neighborhood unit development plans prepared pursuant to, and
consistent with, the regional land use plan,

4. New and replacement sewage treatment plants, as well as additions to existing plants, should be located on sites large enougn to provide for
adequate open space between the plant and existing or planned future urban land uses; should provide adequate area for expansion to ultimate
capacity as determined in the regional sanitary sewerage system plan; and should be located, oriented, and architecturally designed so as to
complement their environs and to present an attractive appearance consistent with their status as public works.

5. The disposal of sludge from sewage treatment plants should be accomplished in the most efficient manner possible, consistent, however, with
any adopted rules and regutations pertaining to airquality control and solid waste disposal.

OBJECTIVE NO. 3
The development of sanitary sewerage systems that are both economical and efficient, meeting all other objectives at the lowest cost possible.
PRINCIPLE
The total resources of the Region are limited, and any undue investment in sanitary sewerage systems must occur at the expense of other public
and private investment. Total sewerage system costs, therefore, should be minimized while meeting and achieving all water quality standards
and objectives.
STANDARDS
1. The sum of sanitary sewerage system operating and capital investment costs should be minimized.
2. The total number of sanitary sewerage systems and sewage treatment facilities should be minimized in order to effect economies of scale and
concentrate responsibility for water quality management. Where physical consolidation of sanitary sewer systems is uneconomical, administra-
tive and operational consolidation should be considered in order to obtain economies in manpower utilization and minimize duplication of
administrative, laboratory, storage, siudge disposal, and other necessary appurtenant facilities and equipment,
3. Maximum feasible use should be made of all existing and committed sanitary sewerage facilities, Such facilities should be supplemented with
additional facilities only as necessary to serve the anticipated sanitary waste demand generated by substantial implementation of the regional

land use plan, while meeting pertinent water quality use objectives and standards.

4. The use of new or improved materials and management practices should be allowed and encouraged if such materials and practices offer eco-
nomies in materials or construction cost, or if by their superior performance lead to the achievement of water quality objectives at lesser costs.
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Table 3 {continued)

5. Sewer systems and sewage treatment facilities should be designed for staged or incremental construction where feasible and economical so
as to limit total investment in sewerage facilities and permit maximum flexibility to accommodate changing situations, such as changes in the
rate of growth of population and economic activity or changes in water use objectives and standards, and changing technology, such as changes
in the technology of sewage conveyance and treatment.

6. When technically feasible and otherwise acceptable, alignments for new sewer construction should coincide with existing public rights-of-way
in order to minimize land acquisition or easement costs and disruption to the natural resource base.

7. Clear water inflows and infiltration to the sanitary sewerage system would be eliminated and infiltration should be minimized.
8. Sanitary sewerage systems and storm water drainage systems should be designed and developed concurrently in order to effect engineer-
ing and construction economies, as well as to assure the separate function and integrity of each of the two systems; to immediately achieve

pollution abatement and drainage benefits of the integrated design; and to minimize disruption of the natural resource base and existing
urban development,

a Medium-density residential development is defined as that development having an average number of dwelling units per gross acre of 2.6 and
a net lot area per dwelling unit ranging from 6,231 to 18,980 square feet.

b High-density residential development is defined as that development having an average number of dwelling units per gross acre of 5.8 and
a net lot area per dwelling unit ranging from 2,439 to 6,230 square feet.

€ Low-density residential development is defined as that development having an average number of dwelling units per gross acre of 0.8 and
a net fot area per dwelling unit ranging from 18,981 ro 62,680 square feet.

9 Suburban residential development is defined as that development having an average number of dwelling units per gross acre of 0.30 and
a net /ot area per dwelling unit ranging from 62,681 to 217,800 square feet.

€ Floodlands are defined as those lands, including the floodplains, floodways, and channels, subject to inundation by the one hundred (100)-
year recurrence interval flood or, where such data are not available, the maximum flood of record.

f Areas over 160 acres in extent.

Source: SEWRPC.

and C-4, respectively. All these rainfall relationships are
directly applicable to the Menomonee River watershed
as well as the Southeastern Wisconsin Planning Region.

tent engineering design criteria. A fundamental criterion
for both local and watershed drainage planning is the
rainfall intensity-duration-frequency relationship repre-

sentative of the watershed area.
Storm Sewer Design Criteria

The Commission has developed rainfall intensity-duration-
frequency relationships, based on a 64-year precipitation
record at the Milwaukee National Weather Service station.
These relationships are shown graphically and in equation
form in Appendix C. The curves in Figure C-1 and the
equations in Table C-1 are directly applicable to urban
storm water drainage system design using the rational
formula,? with the equations being intended primarily for
incorporation into digital computer programs used in
storm water drainage system analysis and design.

The curves in Figure C-2, which relate total rainfall to
duration and frequency, are more convenient for use in
basin-wide hydrologic analysis. The variation of rainfall
depth with area of consideration and the seasonal varia-
tion of rainfall probability are described in Figures C-3
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Rainfall intensity-duration-frequency relationships and
soil survey data make possible a detailed consideration of
rainfall-runoff relationships in the design of storm sewers

4 For a detailed description of the rational method with
emphasis on the use of soils, mapping, land use, and
hydrologic data available for the seven-county Planning
Region, refer to ‘Determination of Runoff for Urban
Storm Water Drainage System Design” by K. W. Bauer,
SEWRPC Technical Record, Volume 2, No. 4, April-May
1965, The procedures used to obtain equations for
intensity-duration-frequency relationships are described
in “Development of Equations for Intensity-Duration-
Frequency Relationships™ by S. G. Walesh, SEWRPC

Technical Record, Volume 3, No. §, March 1973.



Table 4

WATER CONTROL FACILITY DEVELOPMENT OBJECTIVES, PRINCIPLES,
AND STANDARDS FOR THE MENOMONEE RIVER WATERSHED

OBJECTIVE NO.1

An integrated system of drainage and flood control facilities and floodland management programs which will effectively reduce flood damage
under the existing land use pattern of the watershed and promote the implementation of the watershed land use plan, meeting the anticipated
runoff loadings generated by the existing and proposed land uses.

PRINCIPLE

Reliabie local municipal storm water drainage facilities cannot be properly planned, designed, or constructed except as integral parts of an
areawide system of floodwater conveyance and storage facilities centered on major drainageways and perennial waterways designed so that the
hydraulic capacity of each waterway opening and channel reach abets the common aim of providing for the storage, as well as the movement,
of floodwaters. Not only does the land use pattern of the tributary drainage area affect the required hydraulic capacity, but the effectiveness
of the floodwater conveyance and storage facilities affects the uses to which land within the tributary watershed, and particularly within the
riverine areas of the watershed, may properly be put.

STANDARDS

1. All new and replacement bridges and culverts over perennial waterways shall be designed so as to accommaodate, according to the categories
listed below, the designated flood events without overtopping of the related roadway or railroad track and resultant disruption of traffic
by floodwaters.

a. Minor and collector streets used or intended to be used primarily for access to abutting properties: a 10-year recurrence interval flood
discharge.

b. Arterial streets and highways, other than freeways and expressways, used or intended to be used primarily to carry heavy volumes of
fast, through traffic: a 50-year recurrence interval flood discharge.

c. Freeways and expressways: a 100-year recurrence interval flood discharge.
d. Railroads: a 100-year recurrence interval fiood discharge.

2. All new and replacement bridges and culverts over perennial waterways, including pedestrian and other minor bridges, in addition to meeting
the applicable above-specified requirements, shall be designed so as to accommodate the 100-year recurrence interval flood event without
raising the peak stage, either upstream or downstream, more than 0.5 foot above the peak stage for the 100-year recurrence interval flood, as
established in the adopted comprehensive watershed plan. Larger permissible flood stage increases may be acceptable for reaches having topo-
graphic or land use conditions which could accommodate the increased stage without creating additional flood damage potential upstream or
downstream of the proposed structure.

3. The waterway opening of all new and replacement bridges shall be designed so as to readily facilitate the passage of ice floes and other
floating debris, and thereby avoid blockages often associated with bridge failure and with unpredictable backwater effects and flood damages.
In this respect it should be recognized that clear spans and rectangular openings are more efficient than interrupted spans and curvilinear
openings in allowing the passage of ice floes and other floating debris.

4. Certain new or replacement bridges and culverts over perennial waterways, including pedestrian and other minor bridges, so located with
respect to the stream system that the accumulation of floating ice or other debris may cause significant backwater effects with attendant danger
to life, public health or safety, or attendant serious damage to homes, industrial and commercial buildings, and important public utilities, shall
be designed so as to pass the 100-year recurrence interval flood with at least 2.0 feet of freeboard between the peak stage and the low concrete
or steel in the bridge span,

5. Standards 1, 3, and 4 shall also be used as the criteria for assessment of the adequacy of the hydraulic capacity and structural safety of exist-
ing bridges or culverts over perennial waterways and thereby serve, within the context of the adopted comprehensive watershed plan, as the
basis for crossing modification or replacement recommendations designed to alleviate flooding and other problems.

6. Channel modifications, dikes, and floodwalls should be restricted to the minimum number and extent absolutely necessary for the protection

of existing and proposed land use development, which development is consistent with the land use element of the comprehensive watershed
plan; the upstream and downstream effect of such structural works on flood discharges and stages shall be determined; and any such structural
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Table 4 (continued)

works which may significantly increase upstream or downstream peak flood discharges should be used only in conjunction with complementary
facilities for the storage and movement of the incremental floodwaters through the watershed stream system. Channel modifications, dikes, or
floodwalls shall not increase the height of the 100-year recurrence interval flood by more than one-half foot in any unprotected upstream or
downstream stream reaches. Increases in flood stages in excess of one-half foot resulting from any channel, dike, or floodwall construction shall
be contained within the upstream or downstream extent of the channel, dike, or floodwall, except where topographic or land use conditions
could accommodate the increased stage without creating additional flood damage potential.

7. The height of dikes and floodwalls shall be based on the high water surface profiles for the 100-year recurrence interval flood prepared under
the comprehensive watershed study, and shall be capable of passing the 100-year recurrence interval fiood with a freeboard of at least two feet.

8. The construction of channel modifications, dikes, or floodwalls shall be deemed to change the limits and extent of the associated floodways
and floodplains, However, no such change in the extent of the associated floodways and floodplains shall become effective for the purposes of
land use regulation until such time as the channel modifications, dikes, or floodwalls are actually constructed and operative. Any development
in a former floodway or floodplain located to the landward side of any dike or floodwall shall be provided with adequate drainage so as to
avoid ponding and associated damages.

9. Reduced regulatory flood protection elevations and accompanying reduced floodway or floodplain areas resulting from any proposed dams
or diversion channels shall not become effective for the purposes of land use regulation until the reservoirs or channels are actually constructed
and operative.

10, All water control facilities other than bridges and culverts, such as dams and diversion channels, so located on the stream system that failure
would damage only agricultural lands and isolated farm buildings, shall be designed to accommodate at least the hydraulic loadings resulting
from a 100-year recurrence interval flood. Water control facilities 50 located on the stream system that failure could jeopardize public health
and safety, cause loss of life, or seriously damage homes, industrial and commercial buildings, and important public utilities or result in closure
of principal transportation routes shall be designed to accommodate a flood that approximates the standard project flood or the more severe
probable maximum flood, depending on the ultimate probable consequences of failure.2

PRINCIPLE

Floodlands that are unoccupied by, and not committed to, urban development should be retained in an essentially natural open space condition
supplemented with the development of selected areas for public recreational uses. Maintaining floodlands in open uses will serve to protect one
riverine community from the adverse effects of the actions of others by discouraging flood!and development which would significantly aggravate
existing flood problems or create new flood problems upstream or downstream; will preserve natural floodwater conveyance and storage
capacities; will avoid increased peak flood discharges and stages; will contribute to the preservation of wetland, woodland, and wildlife habitat
as part of a continuous linear system of open space, and will immeasurably enhance the quality of life for both the urban and rural population
by preserving and protecting the recreational, aesthetic, ecological, and cultural values of riverine areas.

STANDARDS

1. All public tand acquisitions, easements, floodland use regulations, and other measures intended to eliminate the need for water control facili-
ties shall, in all areas not already in intensive urban use or committed to such use, encompass at least all of the riverine areas lying within the
100-year recurrence interval flood inundation line.

2, Where hydraulic floodways are to be delineated, they shall to the maximum extent feasible accommodate existing, committed, and planned
floodplain land uses.

3. In the determination of a hydraulic floodway, the hydraulic effect of the potential floodplain encroachment represented by the floodway
shall-be evaluated on the basis of an equal degree of encroachment for a significant reach on both sides of the stream, and the degree of
encroachment shall be limited so as to not raise the peak stage of the 100-year recurrence interval flood by more than 0.5 foot. Larger stage
increases may be acceptable for reaches having topographic or land use conditions which could accommodate such stage increases, whereas
in some instances, allowable flood stage increases may be less than 0.5 foot where such increased stages may be expected to significantly
aggravate flood problems and increase flood damages, and where adjoining communities are affected.

OBJECTIVE NQ. 2

An integrated system of land management and water quality control facilities and pollution abatement devices adequate to assure a quality of
surface water necessary to meet the water uses shown on Map 1.

18



-‘\ |

Table 4 {continued)

PRINCIPLE

Surface water is one of the most valuable resources of southeastern Wisconsin; and, even under the effects of increasing population and eco-

nomic activity levels, the potential of natural stream waters to serve a reasonable variety of beneficial uses, in addition to the single-purpose
function of waste transport and assimilation, should be protected and preserved.

STANDARDS
1. AN waters shall meet those water quality standards set forth in Table 96 of this report commensurate with the adopted water use objectives.

2. Water quality standards commensurate with adopted water use objectives are applicable at all times except during periods when streamflows
are less than the average minimum seven-day fow flow expected to occur on the average of once every 10 years.

OBJECTIVE NO. 3

The attainment of sound groundwater resource development and protective practices to minimize the possibility for pollution and depletion of
the groundwater resources. -

PRINCIPLE

" “Sound practices in the location, installation, and operation of water supply wells and waste treatment and disposal facilities can reasonably

assure a continuing supply of good quality groundwater at reasonable cost.
STANDARDS

1. Groundwater withdrawals should be made so as to prevent undue interference with adjacent withdrawal points, and the capacities and with-
drawal rates should be related to potential yield and total demand on the aguifers penetrated.

2. Wells should be constructed so as not to permit contamination of the aquifer through the well during construction or during subsequent
operation.

3. Waste conveyance, treatment, and disposal facilities, located above or below ground surface, both public and private, should be designed,
constructed, and operated in a manner to prevent migration or infiltration of contaminants into sources of usable groundwater, These facilities
include pipes, tunnels, septic tanks, leaching areas, sanitary landfilis, and injection wells.

4 These flood events, which have been formulated and used by the U. S. Army Corps of Engineers, are defined and discussed in Chapter VI,
SEWRPC Pianning Guide No. 5, Floodfand and Shoreland Development Guide, November 1968.

Source: SEWRPC.

for urban areas in the Southeastern Wisconsin Region and
in the watershed. Recommended values for the coefficient
of runoff, C, which are based on land use, land slope, and
soil type, are presented in Appendix C, Figure C-5 and
Table C-2.5 Soils which occur in the watershed and the
Southeastern Wisconsin Region are categorized in hydro-
logic groups according to their infiltration capabili-
ties in Appendix C of SEWRPC Planning Guide No. 6,
Soils Development Guide.

Flood Discharge-Frequency Analyses

Each point on a watershed stream system has, for a given
land use condition, a unique discharge-frequency relation-
ship, which is normally presented graphically and relates

5 Ibid.

possible annual peak discharges in cubic feet per second
to the average frequency or recurrence interval in years
at which the indicated discharge will be reached or
exceeded. Discharge-frequency analyses of annual flood
peaks were conducted under the Menomonee River
watershed study according to the log-Pearson Type III
method of analyses as recommended by the United States
Water Resources Council® and as specified by the Wis-

consin Department of Natural Resources.” In addition to

8“4 Uniform Technique for Determining Flood-Flow
Frequencies,” Bulletin No. 15, United States Water
Resources Council, Washington, D, C., 1967.

7 Wisconsin Administrative Code, “Wisconsin’s Floodplain
Management Program,” Chapter NR 116, Register, May
1971, No. 185.
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applying this statistical technique to annual peak dis-
charges as measured on the Menomonee River gage in
Wauwatosa for the 12-year period October 1961 through
September 1973, the log-Pearson Type III method of
analysis was also applied to simulated annual peak dis-
charges at points of interest scattered throughout the
watershed stream system so as to produce, in effect,
watershedwide simulated discharge-frequency relation-
ships. These discharge-frequency relationships were used
to determine the magnitude of the 100-year recurrence
interval regulatory flood, and were also used for com-
putation of monetary flood damages and for calculation
of economic benefits associated with alternative flood-
land management measures.

Design Flood

The design flood adopted for the Menomonee River
watershed is that event having a 100-year recurrence
interval peak discharge under year 2000 recommended
watershed plan conditions. This discharge was determined
for locations distributed throughout the watershed
stream system and used to delineate the 100-year recur-
rence interval floodlands, which in turn served as the
basis for development and testing of alternative plans and
selection of the recommended plan. For example, the
100-year recurrence interval flood hazard line was used
to define those structures included in the synthesis of
annual flood damages, and that flood hazard line was
also used to delineate minimum areas recommended for
open space use in rural portions of the watershed.

The selection of the design flood should be dictated by
careful consideration of factors such as available hydro-
logic data, watershed flood characteristics, and costs
attributable to flooding relative to benefits accruing to
various floodplain management alternatives, but in the
final analysis, it is as much a matter of public policy as
it is of engineering practice and economic analysis. Sound
engineering practice, however, dictates that the flood
used to delineate floodlands for land use regulation
purposes have a specific recurrence interval so that
economic analyses of the costs and benefits of alterna-
tive flood control plans can be made, and the advantages
and disadvantages of various levels and combinations of
police power regulation, public acquisition, and public
construction for flood damage abatement and prevention
can be analyzed on a comparable basis.

The Commission has selected the 100-year recurrence
interval flood as the design flood for all of its watershed
planning efforts for the following reasons:

1. A 100-year recurrence interval flood approxi-
mates, with respect to the amount of land inun-
dated, the largest known floods that have actually
occurred in the Region since its settlement by
Europeans, although not all streams within the
Region have experienced floods as large as the
100-year recurrence interval flood. For example,
the largest flood of record for the Menomonee
River watershed as recorded near the watershed
outlet at Wauwatosa was estimated to have had
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a recurrence interval of approximately 100 years;
the two largest floods of record for the Milwaukee

River watershed as measured near the watershed
outlet at Milwaukee were estimated to have had
a recurrence interval of 77 years; the largest flood
of record for the Fox River watershed, as observed
near the watershed outlet at Wilmot near the
Wisconsin-Illinois border, was estimated to have
had a recurrence interval of 37 years; and the
largest flood of record for the Root River water-
shed as determined in Racine at the watershed
outlet was estimated to have had a recurrence
interval of 100 years. For regulatory purposes,
the use of a flood event that is similar in terms
of peak flood stages and corresponding area of
inundation to the most severe flood which has
actually occurred within the Region provides
a means by which engineers, planners, and com-
munity leaders can meaningfully relate the
seriousness of the flood problem to the public,
and thereby obtain understanding of the need for
floodland management.

. The 100-year recurrence interval flood is judged

to be a reasonably conservative choice when
viewed in the context of the full range of possible
regulatory flood events which could be used.
A primary function of the regulatory flood is to
define, by means of a floodplain and associated
floodway, those riverine areas in which urbaniza-
tion should be prohibited or strictly controlled.
The regulatory flood should be at least as severe
as the 10-year recurrence interval flood, since it
would not be in the best interest of either the
public in general or potential riverine property
owners in particular to allow or encourage urban
development in areas that are subject to inunda-
tion as frequently or more frequently than an
average of once every 10 years. This is particularly
true where the flooding may endanger the health
or safety of floodplain inhabitants and require
that costly rescue, cleanup, and repair work be
undertaken by local units of government.

The inadequacy of the 10-year flood event as the
regulatory flood thus requires selection of a more
severe event, such as the recurrence interval
floods of 25, 50, or 100 years. Hydrologic and
hydraulic analyses completed as part of compre-
hensive Commission watershed studies indicate
that the streams and rivers of southeastern Wis-
consin generally exhibit relatively small incre-
mental differences in stage and areas of inunda-
tion as floods increase in severity from the 10- to
the 100-year event. Flood discharges in this range
exceed channel capacity so that the river occupies
and flows on its floodplain. Because of the large
cross-sectional area of flow made available on the
relatively broad floodplains characteristic of the
streams of the planning region, a situation is pro-
duced in which large increments of additional
discharge are accommodated with relatively small
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stage increases. Therefore, the stage of a 100-year
recurrence interval flood will normally be only
a few feet above the 10-year stages, although
discharges of the former are usually almost twice
that of the latter. The differences between the
stages of a 25- or 50-year recurrence interval
flood event and the 100-year recurrence interval
flood event are generally even smaller. The flood-
plains, moreover, are normally bounded on the
outer fringes by relatively steep slopes leading to
higher topography, and as a consequence of this
lateral confinement, the area subject to inundation
increases relatively little as floods increase in
severity from the 10-to 100-year events.

Use of the 100-year recurrence interval flood event
thus provides a greatly reduced probability of
occurrence, yet entails only a relatively small incre-
mental increase in stage and, therefore, in the area
subject to regulation. Thus, the 100-year event,
as opposed to the 25- or 50-year event, is recom-
mended as the basis for floodland regulation.

3. Use of the 100-year recurrence interval flood for
floodplain management purposes was recom-
mended for use by federal agencies in 19698 by
the Water Resources Council, an organization
composed of representatives of federal offices
and agencies concerned with water resources
problems. This Water Resource Council recom-
mendation, in effect, formalizes a generally
accepted practice followed by federal agencies,
such as the U. 8. Army Corps of Engineers and
the U. S. Soil Conservation Service, of using the
100-year recurrence interval flood as the design
flood for water resources planning purposes. The
Commission’s use of the 100-year recurrence
interval flood as the design flood results in
watershed plans that have floodland management
recommendations which are in accord with federal
water resources planning procedures. This is
particularly important with respect to any plan
recommendations that may require federal partici-
pation for implementation.

4. Subsequent to the Commission recommendation
that the 100-year recurrence interval flood serve
as the basis for floodland regulations in south-
eastern Wisconsin, the Wisconsin Legislature, in
August 1966, enacted the State Water Resources
Act. It authorizes and directs the Wisconsin
Department of Natural Resources to carry out
a statewide program leading to the adoption of
reasonable and effective floodland regulations by
all counties, cities, and villages. One of the require-
ments of the resulting state floodplain manage-
ment program is that floodland regulations be

8 Water Resources Council, “Proposed Flood Hazard
Evaluation Guidelines for Federal Executive Agencies,”
Washington, D. C., September 1969.

based on the regional flood, which is defined by
the Department as being the 100-year recurrence
interval flood. Therefore, the use of the 100-year
flood for land use regulatory purposes as originally
recommended by the Commission is now manda-
tory within Wisconsin.

Digital Computer Utilization

Extensive use was made of digital computers in the con-
duct of the Menomonee River as well as in other Commis-
sion watershed studies. Computer utilization minimized
manual data handling, and facilitated the incorporation
of more sophisticated analytical procedures into the
planning process. The Commission staff as well as the
staffs of consultants and participating agencies were thus
able to direct more of their efforts toward, and to be
more effective in,the study design,objective formulation,
analysis and forecast, plan synthesis, and plan testing
phases of the watershed planning program. More specifi-
cally, extensive use was made of the digital computer in
the Menomonee River watershed planning program for
the four reasons discussed below.

Rationale for Computer Use: First, use of the digital
computer encourages, and in fact demands, a systematic
disciplined approach to the planning process on behalf
of participating engineers, planners, and technicians.
Inasmuch as successful computer operation requires that
all desired operations be completely and correctly pro-
grammed, it follows that each watershed study work
element intended for computer utilization must be
examined in its entirety and designed in detail prior to
actually acquiring, collating, and preparing input data
and writing computer instructions.

Second, a digital computer system can store large amounts
of alpha-numerical information, and more importantly,
facilitate the retrieval and processing of such information.
When the computer is used, therefore, inventory data
need be manually handled only once—during the coding
stage—with all subsequent data processing operations
being performed by the computer system.

Third, the digital computer can accurately perform
large numbers of repetitive computations in a very
small fraction of the time required for manual calcula-
tion. Because of the staff time requirements and asso-
ciated monetary costs, it would, for example, have been
absolutely impossible to manually perform the computa-
tions executed by the digital computer hydrologic-
hydraulic-water quality models used in the watershed
study. The principal value of the digital computer’s
speed, therefore, is that it facilitates the application
of state-of-the-art analysis methods on a watershed-
wide basis.

Fourth, computer usage results in the basic watershed
study data and information being stored in a form that
is readily manageable and usable during plan implemen-
tation, Computer files and computer program input data
are, relative to other forms of data and information
storage, readily amended or revised as new or more
accurate data become available subsequent to completion
of the watershed plan.
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Types of Computer Use: Digital computers were used to
perform two basic functions in the watershed planning
effort—an engineering computation function and a system
simulation function. There are overlaps between, and
common aspects among, these two functions, but a two-
part categorization is useful for the following description
of the manner in which digital computer systems were
employed in preparation of the watershed plan.

Engineering Computations: As summarized in Table 5,
several computer programs were used to perform engi-
neering computations under the watershed study. These

Table 5

computer programs, some of which were written by the
Commission staff, were used to perform a variety of
operations, including, for example, analysis of annual
peak streamflow records to develop discharge-frequency
relationships and computation of potential evaporation as
a function of temperature, wind movement, solar radia-
tion, and dewpoint.

System Simulation: The achievement of the necessary
detailed understanding of the spatial and temporal
fluctuations in the quantity and quality of watershed
surface water resources, under both existing and hypo-

DIGITAL COMPUTER UTILIZATION IN THE MENOMONEE RIVER WATERSHED STUDY

Type of b Name of
Computer Use Computer Program

Function of
Computer Program

a
Source of Computer Program

Program Date of
Written by:

Original Development Documentation

Engineering
Computation

Log-Pearson Type Hi Fit a Log-Pearson Type 111
Flood Frequency Analysis frequency relation to a set
of annual peak discharges
and determine various
statistical parameters
including the 1- through
100-year recurrence
interval discharges

U. S. Geological Survey, 1972
Surface Water Branch

U. S. Geological Survey,
Surface Water Branch,
"Log-Pearson Type 111
Frequency Analysis,”
Computer Program
E675S, February 1972

U. S. Geological Survey Calculate 2-, 5-, 10-, 25-,
Regional Method of §0-, and 100-year recur-
Flood Flow Determina- rence interval discharges
tion for rural areas as

a function of basin
parameters such as slope
and size of tributary area

SEWRPC November 1974

Conger, D.H.,
“*Estimating Magnitude
and Frequency of
Floods in Wisconsin,”
U. 8. Geolagical Survey,
Madison, 1971 ; and
SEWRPC files

Solar Radiation Calculate solar radiation

Hydrocomp, inc.

Date of original Hamon, R. W., Weiss,

temperature, wind
movement, solar
radiation, and dewpoint

Calculation at the ground surface as development not L.L., and Wilson, W. T,
a function of percent of available. Revised ““Insolation as an
possible sunshine, by SEWRPC in Empirical Function of
latitude, and time of November 1974 Daily Sunshine Duration,"
year Monthly Weather Review,
Vol. 82, No. 6, June 1954;
and SEWRPC files
Wind Speed Calculate average daily SEWRPC January 1975 Linsley, R. K., Kohler,
Calculation wind speed as a function M. A., and Paulhus, J. L. H.,
ot maximum daily wind Hydrology for Engineers,
speed and calculate wind Second Edition, 1975,
speed near the ground as pp. 41-46; and SEWRPC
2 function of wind speed files
at a higher elevation
Dewpoint Calculate dewpoint SEWRPC January 1975 List, R. J., Smithsonian
Temperature temperature at the Meteorological Tables,
Calculation ground surface as Sixth Revised Edition,
a function of wet and Smithsonian Miscellaneous
dry bulb temperature Collection, Vol. 114,
and atmospheric pressure Smithsonian Institution
Press, Washington, D.C.,
1949; and SEWRPC files
Potential Estimate potential SEWRPC February 1975 Lamoreux, W. W.,
Evaporation evaporation as a func- “‘Modern Evaporation
Calculation tion of daily Formulae Adapted to

Computer Use,”” Monthly
Weather Review, January
1962; and SEWRPC files
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thetical watershed development conditions, requires
application of some planning technique which can
supplement the available water resources inventory data,
River performance simulation, accomplished with a com-
bination of interrelated digital computer programs, has
proven to be such a planning technique, having been
used effectively in the Commission’s comprehensive
studies of the Root, Fox, and Milwaukee River water-
sheds. Based on its effectiveness in those watersheds,
river performance simulation was also used by SEWRPC
in the Menomonee River watershed study.

Before defining and discussing simulation, it is useful to
point out that in river performance simulation, the water-
shed is considered to be a system; that is, a set of inter-
dependent physical units and processes organized or
arranged so as to interact in a predictable, regular manner,
the understanding or manipulation of which can be

used to advance some objective or function. With the
preceding definition and example of a system in mind,
simulation may in turn be defined as reproduction of the
important behavioral aspects of a system.

Digital computer simulation differs from the other
type of watershed study computer applications—the
engineering computation function—in that simulation
represents watershed hydrologic, hydraulic, and water
quality and related phenomena as they actually occur in
the “real world” watershed system, except, of course,
at a greatly accelerated rate, In order to simulate a water-
shed system, it is necessary to construct a mathematical
model or algorithm of each system unit and concomitant
processes, and then to interconnect these models of
system components in the form of digital computer
programs so as to, in effect, represent the combined as
well as the individual behavior of system components.

Table 5 (continued)

Type of
Computer Use

Name of
Computer Program

Function of
Computer Program

Source of Computer Programa

Program
Written by:

Date of

Original Development

Documentation

System
Simulation

Hydraulic Submodel 2
{Water Surface Profiles,
HEC-2}

Determine the stream
surface profile commen-
surate with a given
discharge by employing
the standard step method
of backwater computa-
tions in channel-floodplain
reaches, and a special
routine for bridges

and culveris

U.S. Army Corps of
Engineers, Hydrologic
Engineering Center

February 1972

U.S. Army Corps of
Engineers, Hydrologic
Engineering Center,
“HEC-2, Water Surface
Profiles,”” Computer
Program 723-X6-1.202A,
February 1972

Hydrologic Submodel,
Hydraufic Submodel 1,
and Water Quality
Submodel. (Hydrocomp
Simulation Programming)

Continuous simulation of
hydrologic, hydrautic, and
water quality processes in
the rural and urban
portions of the watershed

Department of Civil
Engineering, Stanford
University, and
Hydrocomp, Inc.

July 1966

“Digital Simulation in
Hydrology: Stanford
Watershed Model IV’
Technical Report No. 39,
of Civil Engineering,
Stanford University,
July 1966, “Hydrocomp
Simulation Programming
Operations Manual,”
Hydrocomp, Inc., Fourth
Edition, January 1976;
and “"Hydrocomp Simula-
tion Programming:
Mathematical Model of
Water Quality Indices in
Rivers and Impound-
ments,’”" Hydrocomp, Inc.

Flood Economics
Submodel

Calculate flood damages
and cost of: structure
floodproofing and
removal, channelization,
and dikes and floodwalls

SEWRPC

December 1973

SEWRPC files

2 Regardless of their original source, the computer programs described in this table were operated by the Commission staff on the SEWRPC computer system, and
documentation is available in SEWRPC files.

In addition to the indicated types of computer utilization, extensive use was made, under the Menomonee River watershed planning program, of existing SEWRPC
data files containing natural resource and man-made features such as soils, land use, and population.

Source: SEWRPC.
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Pertinent information about each of the three computer
programs used to simulate the hydrologic, hydraulic, and
water quality units and processes as well as flood eco-
nomics in the Menomonee River watershed is summarized
in Table 5. These computer programs, one of which was
developed by Hydrocomp, Inc., one by the U. 8. Army
Corps of Engineers, and one by SEWRPC, were used
extensively during the analysis, forecast, and plan test-
ing phases of the watershed planning program, and it
is anticipated that they will be used during the imple-
mentation phase of the Menomonee River watershed
planning program.

Economic Evaluation

The concepts of economic analysis and economic selec-
tion are vital to the public planning process. Sound
economic analysis of benefits and costs should be an
important guide to planners and decision-makers in the
selection of the most suitable plan from an array of
alternatives. All decisions concerning monetary expendi-
tures, either private or public, are implicitly based on an
evaluation of benefits and costs. This is not to imply that
a formal economic analysis is made before every expendi-
ture. The process of decision itself, however, consists of
a consideration of whether the benefit received would be
worth the amount paid. Benefits are not necessarily
accountable in monetary terms and may be purely
intangible, but the very act of expending money (or
resources) for an intangible benefit implies that the bene-
fit is worth to the purchaser at least the amount spent.

In addition to the consideration involved in deciding that
a potential benefit is worth its cost, consideration is also
given to possible alternative benefits that could be
received for alternative expenditures within the limits
of available resources. Alternative benefits are compared,
either objectively or subjectively, and the one which
is considered to give the greatest value for its cost is
selected. Again, the benefits may be purely intangible;
but the decision-making process itself implies an evalua-
tion of which alternative is considered to be worth the
most. When consideration is made of investment for
future benefits, one alternative that should always be
considered is the benefit which could be received from
investment in the money market. This benefit is expressed
in the prevailing interest rate.

Personal and private decisions, while implying at least
subjective consideration of benefits and costs, broadly
defined, are not necessarily based upon either formal
or objective evaluation of monetary benefits and costs.
Public officials, however, have a responsibility to evaluate
objectively and explicitly the monetary benefits and costs
of alternative investments to assure that the public will
receive the greatest possible benefits from limited mone-
tary resources.

It is, then, a fundamental principle that every public
expenditure should desirably return to the public a value
at least equal to the amount expended plus the interest
income foregone from the ever-present alternative of
public investment. This principle may also be stated that
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the public should receive a value return from its tax
investment at least equal to what it could receive from
private investment.

Therefore, economic analysis is a fundamental require-
ment of responsible public planning; and all plans should
desirably promise a return to the public at least equal to
the expenditure plus interest. It is emphasized that public
expenditures should not be expected to ‘“make money,”
but that they should be expected to return a value in
goods, services, and environmental quality which is worth
to the public the amount expended plus interest.

Benefit-Cost Analysis: The benefit-cost analysis method
of evaluating government investments in public works
came into general use after the adoption of the Federal
Flood Control Act of 1936. The Act stated that water-
ways should be improved “if the benefits to whomsoever
they may accrue are in excess of the estimated costs.”
Monetary value of benefits has since been defined as the
amount of money which an individual would pay for that
benefit if he were given the market choice of purchase.
Monetary costs are taken as the total value of resources
used in the construction of the project.

In order to assure that public funds are committed and
expended wisely, alternative plan elements should be
formulated, developed, and analyzed, and the recom-
mended plan should be selected from those alternatives
which meet watershed development objectives only
after consideration of the following hierarchy of eco-
nomic considerations:

1. Benefits, including intangible values, must exceed
costs in order for a project to be economically
justified.

2. An excess of benefits over costs, however, is not
a sufficient criterion on which to base a water-
shed plan recommendation; and, therefore,among
those alternative plan elements exhibiting benefit-
cost ratios greater than one, the alternative with
the greatest difference between benefits and costs,
not the greatest benefit-cost ratio, will produce
the largest absolute return on the investment.

3. Maximization of benefits minus costs is not,
however, in and of itself a sufficient criterion for
selection among alternative plan elements, since
the amount of public funds available or poten-
tially available, and public attitudes toward and
understanding of a particular plan element, must
be considered in selecting among various plan
elements, and since it may be politically and
financially impossible to obtain support and
funding for a plan element even though it, among
all the available alternatives, would produce the
greatest return on the investment.

Implementation of comprehensive plans for the Meno-
monee River watershed could include benefits of flood-
land management; recreation; efficient community

il



utilities and facilities; enhancement of property values;
and recreational, scenic, cultural, and ecological values.
Costs which could be incurred in implementation of
watershed plans include construction, land acquisition,
and income foregone as a result of regulation of land use.

There may be situations in which a local community
affected by an alternative plan proposal subjectively
evaluates the costs and benefits of that proposal in
a manner differing significantly from an objective,
economically sound analysis of the costs and benefits.
The community may, for example, because of its subjec-
tive interpretation of benefits and costs, strongly favor
an alternative plan proposal that has an objectively
determined benefit-cost ratio of less than one; or, con-
versely, the affected community may oppose an alterna-
tive with a favorable benefit-cost ratio. Adoption and
implementation of areawide plan elements with objec-
tively determined benefit-cost ratios of less than one
should generally be discouraged, except possibly in situa-
tions where the costs are borne entirely and equitably by,
and with the full knowledge and understanding of, the
local beneficiaries.

Time Value of Money—Interest: The benefits and often
the costs of construction projects accrue over long
periods of time. Each project or alternative, public and
private, is likely to have a different time flow of benefits
and costs. Benefits of one project may be realized earlier
than those of another, while the time flow of costs
may vary from one large initial investment for one
project to small but continuously recurrent expenditures
for another. In order to place these projects with vary.
ing time flows of benefits and costs on a comparable
basis, the concept of the time value of money must
be introduced.

A dollar has a greater value to the consumer today than
does the prospect of a dollar in the future. Because of
this time preference for money, a consumer will agree to
pay more than one dollar in the future for one dollax
today. Similarly, to an investor, one dollar in the future
is worth less than one dollar today because he can obtain
one dollar in the future from the investment of less than
one dollar today. By the same reasoning, for public
projects a one dollar cost or a one dollar benefit at some
time in the future has a value of less than one dollar
today. The variation of value of capital, benefits, and
costs with respect to time is expressed through the
mathematics of compound interest.

Use of an interest rate automatically incorporates con-
sideration of the ever-present possibility of private
investment as an alternative. Low interest rates tend to
yield favorable benefit-cost analyses, whereas high interest
rates tend to render projects uneconomic, particularly
those alternatives that involve immediate capital expendi-
tures to achieve a stream of benefits extended over a long
period of time.

To be economical, a project should return to the public
a benefit approximating that which might be obtained
through private investment. Money invested privately

is currently expected to return generally from 4 to 8 per-
cent interest after taxes. Since implementation of the
watershed plan should return benefits to the public
similar to those which could be attained through private
investment, an interest rate of 6 percent is recommended
for use in the economic evaluation of plans. The 6 per-
cent interest rate also approximates the current cost of
money for public works projects.

The benefit-cost analysis for a project must be based on
a specified number of years, usually equal to the physical
or economic life of the project. Most of the improve-
ments proposed in the Menomonee River watershed plans,
however, will continue to furnish benefits for an indefinite
time, particularly in the land use control and park reser-
vation elements. In indefinite situations such as this,
government agencies have generally selected 50 years
for the period of economic analysis and this period
is recommended for the Menomonee River watershed
alternative plans.

Using 6 percent interest, benefits accrued after 50 years,
when discounted to the present, are very small. For
example, given a uniform annual benefit of one dollar,
the total present worth of the entire 50-year period,
from year 51 through year 100, would be only one
dollar. The total present worth of the benefits for the
50-year period, from year one through 50, however,
would be almost $16.

A final reason for using a 50-year period as a basis for
benefit-cost analysis is the inability to anticipate the
social, economic, and technological changes which may
occur in the more distant future and which may influence
project benefits and costs.

Project Benefits: The benefits from a project can be
classified as tangible, or measurable in monetary terms,
and intangible. Intangible benefits either are of such
a nature that no monetary value can be assigned to them,
or are so obscure that calculation of the monetary value
is impracticable. In the Menomonee River watershed
planning studies, tangible benefits include flood damage
reduction, enhancement of property values, and those
parts of recreation and water quality management to
which a monetary value can be assigned. Intangible bene-
fits include aesthetic factors deriving from natural beauty
and a pleasant environment. Intangibles also include
benefits, such as improved efficiencies in community
utilities and facilities, that have monetary values but
which are impracticable to calculate. The exact proce-
dures used to compute benefits commensurate with
alternative plans are discussed later in this report in
conjunction with the description of alternative plan
synthesis and testing.

Project Costs: The direct costs of water resource develop-
ment include the construction costs of physical elements
of the plan; the cost of acquiring land; plus expenditures
for engineering, legal work, and project administration.
Costs of structural facilities were calculated using 1975
unit prices, which reflect the magnitude of work, the
location in the urban region, and regional labor costs.
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The cost of land acquisition was based on 1975 market
prices for urban improved, urban unimproved, and rural
agricultural land in the Menomonee River watershed.

Relationship of Economic and Financial Analysis: The
distinction between economic feasibility and financial
feasibility is of particular importance in the consideration
of the costs of land already under public ownership.
A financial analysis involves an examination of the
liquidating characteristics of the project from the point
of view of the particular government agency undertaking
the project. The relevant matters are the monetary
disbursements and monetary receipts of the project. The
financial analysis determines whether or not the prospec-
tive available funds are adequate to cover all of the costs.

On the other hand,an economic analysis by agovernment
body determines if the project benefits to whomsoever
they accrue exceed the costs to whomsoever they accrue.
Since one of the legitimate objectives of government is to
promote the general welfare, it is necessary to consider
the effect of a proposed project on all of the people who
may be affected, not just on the income and expenditures
of a particular agency. The economic valuation of the
benefits and costs may differ considerably from the actual
income and expenditures of a government agency. The
present market value of publicly owned by uncommitted
land, such as the undeveloped holdings of a park commis-
sion, is counted on the cost side of the economic analysis.
Under the economic criterion of benefits and costs to
whomsoever they accrue, this land must be considered to
have an economic value for alternative uses which is fore-
gone when the land is committed to another use, such
as open space or recreation. The costs of public lands
already developed with facilities for recreation are
considered as sunk costs and are not included in the
economic analysis because alternative uses of the land
can no longer be reasonably considered. The costs of land
under public ownership, undeveloped or developed, are
not considered in the financial analysis, since ho mone-
tary outlay is required.

Staged Development: An attractive feature of many
water resource developments is their divisibility into
several individual projects which may be financed and
built at different times. Staged construction requires
lower initial capital investments, reduces interest costs,
and allows for flexibility of continued planning. Staging
developments may also allow deferring an element until
increased demands raise its benefit-cost ratio. In planning
for staged development, however, consideration must
be given to possibilities of higher costs in the future and
the possible unavailability of land. In any development,
staging also serves to lower risks incurred through unavail-
ability of data during preparation and partial implemen-
tation of initial plans.
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SUMMARY

The process of formulating objectives and standards to be
used in plan design and evaluation is a difficult but neces-
sary part of the planning process. It is readily conceded
that regional and watershed development plans must
advance development proposals which are physically
feasible, economically sound, aesthetically pleasing, and
conducive to the promotion of public health and safety.
Agreement on development objectives beyond such
generalities, however, becomes more difficult to achieve
because the definition of specific development objectives
and supporting standards inevitably involves value judg-
ments. Nevertheless, it is essential to state such objectives
for watershed planning purposes and to quantify them
insofar as possible through standards in order to pro-
vide the framework within which watershed plans can
be prepared.

Moreover, so that the watershed plans will form an
integral part of the overall long-range plans for the
physical development of the Region, the watershed
development objectives must be compatible with, and
dependent upon, regional development objectives, while
meeting the primary watershed development objectives.
Therefore, the watershed development objectives and
supporting principles and standards set forth herein are
based upon, and incorporated in, previously adopted
regional development objectives, supplementing these
only as required to meet the specific needs of the Meno-
monee River watershed planning program. The adopted
development objectives for the Menomonee River water-
shed plan consist essentially of six of nine previously
adopted regional land use planning objectives, three of
four recently adopted regional sanitary sewerage system
planning objectives, and three of four water control
facility objectives adopted under earlier Commission
comprehensive watershed planning studies.

In addition to presenting and discussing the objectives,
principles, and standards adopted for the Menomonee
River watershed, this chapter also presented the engineer-
ing design criteria and analytic procedures used in the
watershed study. These criteria and procedures were used
to synthesize a Menomonee River watershed plan capable
of meeting the study objectives, and were applied in
the inventory and analysis of data, in the synthesis and
testing of alternative plan subelements, and in making
economic comparisons between those subelements.

The selected design criteria and analytic procedures
include watershed rainfall intensity-duration-frequency
relationships, recommended storm sewer design proce-
dures, a flood discharge-frequency analysis technique,
and selection of the design flood for the floodland
management element of the watershed study. Digital
computer utilization and economic evaluation are also
discussed in this chapter inasmuch as they relate to
important analytic procedures utilized in the preparation
of the watershed plan.



Chapter I1I

LAND USE BASE AND ALTERNATIVE NATURAL RESOURCE PROTECTION MEASURES

INTRODUCTION

The economic and demographic base and the existing
land use pattern of the Menomonee River watershed
were described in Chapter II1, Volume 1, of this report.
Forecasts of prohable future population and economic
activity levels, together with accompanying demands
for various land uses within the watershed, were set
forth in Chapter IV, Volume 1, of this report. The
resident population of the watershed was forecast to
increase from the 1970 level of about 348,000 to a year
2000 level of about 388,000 persons, an increase of
about 12 percent in approximately 30 years. Employ-
ment within the watershed was forecast to increase
from the 1972 total of about 170,600 jobs to a year
2000 total of about 218,800 jobs, an increase of
about 28 percent.

In the face of this growth in population and employment
the amount of land devoted to urban use within the
watershed was projected to increase from the 1970
total of about 73 square miles, or about 54 percent
of the total area of the watershed, to 90 square miles,
or about 66 percent of the total area of the watershed,
by year 2000 (see Chapter IV, Volume 1). This demand
for urban land will have to be satisfied primarily through
the conversion of some of the remaining agricultural
lands, woodlands, and wetlands of the watershed from
rural to urban uses. Such rural land uses may be expected
to decline collectively from about 63 square miles in
1970 to 46 square miles in the year 2000, a decrease
of about 28 percent. It is extremely important that the
new urban development be related sensibly to soil
capabilities; to long established utility systems; to the
floodlands of the Menomonee River system; and to the
wetlands, woodlands, and surface water resources of the
watershed. If such new urban development is not so
related, the already severe developmental and environ-
mental problems of the watershed, as documented in
Volume 1, of this report, may be expected to continue
to intensify.

If such intensification of developmental and environ-
mental problems is to be avoided and the serious
problems of flooding and water pollution already existing
within the Menomonee River watershed are to be
abated, new urban development within the watershed
must be directed into a more orderly and efficient
pattern, a pattern carefully adjusted to the ability of
the underlying and sustaining natural resource base to
support further urban development. A land use plan,
therefore, must constitute a major element of any
comprehensive plan for the development of the
Menomonee River watershed. This land use plan element,
although emphasizing protection of the riverine areas

and of the recreational resource base of the watershed,
must cover the entire watershed and must represent the
major basic approach to resolution of the growing
environmental and developmental problems of the
watershed. Structural water control facility plan
elements for flood control and pollution abatement
must be subordinate to and support the land use plan
element in that the structural water control facility
plan elements do not affect the entire watershed and
cannot alone offer sound solutions to the developmental
and environmental problems of the watershed.

This chapter presents a brief description of the necessary
basic land use plan element, with particular attention to
the alternatives available for protecting the natural
resource base of, and the overall quality of the environ-
ment within, the watershed as a whole.

LAND USE BASE

Design Methodology

As noted above, the land use plan forms the basic
element of the comprehensive watershed plan. A land
use plan for a watershed within an urbanizing region
must be set within the framework of an areawide—or
regional—land use plan. A regional land use plan was
adopted by the Commission in 1966. Due to the attain-
ment of additional knowledge of the Region since that
time, the formation of additional development objec-
tives under other related regional and subregional plan-
ning programs, and both adverse and favorable public
reaction to plan implementation proposals, it was
deemed essential to properly reevaluate the adopted
regional land use plan, which had a design year of 1990,
and update that plan to the year 2000. This plan
reevaluation effort was conducted by the Commission
concurrently with the Menomonee River watershed study.

Accordingly, the watershed land use plan recommended
herein is set within the context of, and reflects the
concepts contained in, the revised and updated regional
land use plan for the year 2000.' The new regional land
use plan, which is documented in full in SEWRPC Plan-
ning Report No. 25, A Regional Land Use Plan and
a Regional Transportation Plan for Southeastern Wis-
consin—2000, Volume Two, Alternative and Recom-

"The data set forth herein pertaining to the new regional
land use plan for 2000 represent a version of that plan
presented at a regional planning conference on April 14,
1976. The final version of that plan, documented in
SEWRPC Planning Report No. 25, Volume 2, does
not differ from the plan presented herein in any signifi-
cant respect.
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mended Plans, like the initial regional land use plan,
places great emphasis on centralization of development,
with virtually all new urban development proposed to be
located in areas served by centralized public sanitary

sewerage and water supply facilities.

Thus, the recommended general land use pattern for the
Menomonee River watershed plan was basically estab-
lished by the preparation of the revised and updated
regional land use plan for the year 2000. The regional
land use development objectives which this regional land
use plan is designed to meet are set forth in the afore-
referenced SEWRPC Planning Report No. 25, Volume 2,
and remain valid and attainable within the context of
the more detailed watershed development plan. There-
fore, these revised regional development objectives and
the supporting principles and standards were made
the basis of the watershed land use development objec-
tives, principles, and standards as set forth in Chapter 11
of this volume.

The revised and updated regional land use plan sets
forth broad recommendations for areawide land use
development "designed to meet the social, physical, and
economic needs of the Region while protecting and
enhancing the natural resource hase. The resolution
of the specific natural resource-related problems existing
within the Menomonee River watershed, as set forth in
Chapter IX, Volume 1, of this report, however, requires
more intensive land use investigation, more detailed
land use plan design, and more specific land use plan
implementation recommendations, particularly with
respect to the riverine areas of the watershed, in order
that the developmental and environmental problems
of the watershed may be abated through appropriate
private, as well as local, state, and federal governmental
actions. Therefore, this chapter, in addition to describ-
ing the revised regional land use plan as it applies to
the Menomonee River watershed, sets forth three
detailed alternative proposals for the wise use of the
natural resources of the watershed in order to achieve
a favorable natural environment through fuller
realization of the aesthetic, ecologic, educational, and
recreation-related values of the resource base.

The primary environmental corridor has been identi-
fied in the inventories and analyses conducted under
both the regional land use and watershed planning
efforts as an important feature of the natural resource
base requiring protection through sound Iland use
development and management. Accordingly, three
specific alternative plans for the preservation of the
primary environmental corridor are presented in this
chapter. In these alternative plans, specific attention is
given to the preservation of the following components
of the primary environmental corridors: the streams
and the associated floodlands, shorelands, wetlands,
woodlands, and wildlife habitat areas. It should be
noted in this respect that, unless specified to the con-
trary, the areal extent of the woodland, wetland, and
wildlife habitat areas proposed to be protected and
preserved under the various alternative plans are based
upon the detailed data compiled for the Commission
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by the Wisconsin Department of Natural Resources
under the watershed planning program and presented
in Chapter IX, Volume I, of this report.

Land Use Base Description

As already noted, the revised and updated regional land
use plan for year 2000 forms the recommended land
use base for the Menomonee River watershed plan.
This recommended land use base would meet the social,
physical, and economic needs of the future watershed
population by allocating sufficient land to each of the
various major land use categories to satisfy the known
and anticipated demand for each use, meeting both
the demands of the urban land market and the land
use plan design standards developed for the revised
and updated regional land use plan. Under the recom-
mended regional land use plan, the allocation of the
future land uses within each county of the Region
is such as to meet the démand for land which may be
expected to be created by the forecast population
growth within each county through the plan design
year 2000. To the extent possible, the proposals con-
tained in existing ‘community development plans and
ordinances are accommodated in the land use base. The
land use base seeks to protect and enhance the natural
resource base of the Region and the watershed and
allocates new urban development only to those areas
of Region and watershed that are covered by soils well
suited to such development. It further seeks to encourage
urban development in those areas of the watershed that
can be readily provided with gravity drainage sanitary
sewer service and public water supply.

The land use base emphasizes continued reliance on the
urban land market to determine the location, intensity,
and character of future development within the Region
and the watershed for residential, commercial, and
industrial land uses. It does, however, propose to regulate
in the public interest the effect of this market on
development in order to provide for a more orderly and
economical land use pattern and in order to avoid
intensification of developmental and environmental
problems within the Region and the watershed. This
land use base is shown in graphic summary form on
Map 2 and is more specifically described in the following
paragraphs and subsequent sections of this chapter. It is
important to note that the recommended land use base
would accommodate the anticipated demand for urban
land uses through the conversion of about 15 square
miles of land to urban use by 2000, or two fewer than
the projected conversion of 17 miles under unplanned
conditions as noted above.

It is important to note that the land use base, as shown
on Map 2, represents a refinement of the adopted
revised and updated regional land use plan for the
year 2000 in the riverine areas of the watershed. This
plan refinement was primarily directed at delineating
the boundaries of the primary environmental corridors
within the watershed and was made possible by the
woodland, wetland, and wildlife habitat inventories
and the floodland delineations carried out as part
of the Menomonee River watershed study. These data
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Map 2

RECOMMENDED LAND USE BASE FOR THE MENOMONEE RIVER WATERSHED: 2000
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The revised and updated regional land use plan for the year 2000 forms the recommended land use base for the Menomonee River watershed. This land use base
would meet the social, physical, and economic needs of the future watershed population by allocating sufficient land to each of the various major land use cate-
gories to satisfy the known and anticipated demand for each use. The recommended land use base would accommaodate the anticipated demand for urban uses by
conversion of about 15 square miles of land to urban use by the year 2000. Under the recommended land use plan, new urban development would be encouraged
to occur contiguous to and outward from existing urban development in areas covered by soils suitable to such use and readily provided by sanitary sewer, public
water supply, mass transit, and other essential urban services. Medium population density levels would be stressed for the bulk of the new development occurring
in the middle portions of the basin. Under the plan no new urban development would be permitted in flood hazard areas or in the primary enviranmental corridors
and prime agricultural areas of the watershed.

Source: SEWRPC.
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were used to refine the corridor boundaries as those
boundaries were originally delineated in the new regional
land use plan.

Residential Land Use: As indicated in Table 6, the
land use base proposes to add about eight square miles
to the existing stock of residential land in the watershed
between 1970 and 2000 in order to supply land to meet
the housing needs of the anticipated population increase,
an increase of 24 percent in such lands. All new urban
development would occur at medium population densi-
ties, with lot sizes ranging from approximately 6,000
square feet to about one-half acre per dwelling unit and
with gross residential population densities ranging from
3,500 to 10,000 persons per square mile.

In 1970, about 84 percent of the urbanized area of the
watershed and about 89 percent of the total watershed
population were served by public sanitary sewerage
facilities; and about 77 percent of the urbanized area
of the watershed and 85 percent of the total watershed
population were served by public water supply systems.
By the year 2000, essentially all of the urban areas with-
in the watershed are proposed to be served by public

Table 6

sanitary sewerage and public water supply facilities with
the exception of park and recreation lands and small
scattered low-density residential areas in the headwaters
of the Menomonee River.

Retail and Service Land Use: Three major or regional
commercial centers exist wholly or partly in the water-
shed—Mayfair in the City of Wauwatosa, Brookfield
Square in the City of Brookfield, and Mitchell Street
in the City of Milwaukee. Based upon the revised and
updated regional land use plan for the year 2000, no
new regional retail and service centers are proposed
for the watershed. Approximately 0.28 square mile
of new community and local retail and service land
would be added during the plan design period. As
shown in Table 6, these additions to the existing stock
of retail and service land in the watershed would result
in a year 2000 total of about two square miles, or an
increase of nearly 16 percent over the existing area
of such land.

Industrial Land Use: The number of industrial employ-
ment opportunities, or jobs in manufacturing and whole-
saling industries, may be expected to increase by about

EXISTING AND PROPOSED LAND USE IN THE MENOMONEE RIVER WATERSHED
1970 AND 2000 RECOMMENDED LAND USE PLAN

Existing 1970 Planned Increment Total 2000
Square Percent of Percent of Square Percent Square Percent of Percent of
Land Use Category Miles Major Category Watershed Miles Change Miles Major Category Watershed
Urban Land Use
Residential
Urban High Density . . . ... 9.09 12.6 6.7 02 - 0.2 9.07 104 6.7
Urban Medium Density . . . . 9.38 13.0 6.9 10.03 106.9 19.41 22.2 14.3
Urban Low Density . .. ... 14.49 19.9 10.7 - 1.59 -11.0 12.90 14.7 9.5
Suburban Density . ...... 0.93 1.2 0.7 - 040 -43.0 0.53 0.6 0.4
Subtotal .. .......... 33.89 46.7 25.Q 8.02 23.7 41,91 47.9 309
Commercial . ........... . 1.77 24 1.3 0.28 16.8 2.05 23 1.5
Industrial® . ... ......... 3.2 5.3 28 1.23 32.2 5.0 5.8 3.7
Governmental and Institutional 5.02 6.9 37 0.65 12,9 5.67 6.5 4.2
Transportation, Communica-
tion, and Utilities. . . . ... .. 22.22 30.7 16.4 433 19.6 26.55 30.3 19.6
Recreation. ... ......... 5.79 8.0 4.3 0.49 8.5 6.28 7.2 4.6
Urban Land Use
Subtotal ... ......... 72.81 100.0 B53.5 15.00 20.7 87.51 100.0 645
Rural Land Use
Residential . . .. ......... -- -- -- .- .- .- .- .-
Agriculture. . . ... ... ... 45.19 71.6 333 -11.39 -25.2 33.80 70.2 24.9
Other Open Lands . . .. ... . 17.83 284 13.2 - 361 - 201 14.32 29.8 10.6
Rural Land Use
Subtotal . . .......... 63.12 100.0 46.5 -15.00 -238 48.12 100.0 35.5
Total 135.63 -- 100.0 135.63 .- 100.0

2 (ncludes manufacturing, wholesaling, storage, and quaries.

b 1his figure represents the total area of the watershed as determined through approximating the watershed boundary by U. S. Public Land Survey quarter sections and summing

the quarter section totals.

Source: SEWRPC.
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20,600 jobs, from about 73,100 jobs in 1972 to about
93,700 jobs in the year 2000, an increase of about 28
percent. Rising levels of economic activity within the
watershed are anticipated to result in an increasing
demand for industrial land. However, based on the
revised and updated regional land use plan for the year
2000, there would be no new major industrial centers
provided in the land use base for the watershed. Indus-
trial activity in the watershed would continue to be
concentrated in the seven existing major industrial
centers: three centers in the City of Milwaukee—
the Menomonee River Industrial Valley—East, the
Menomonee River Industrial Valley—West, and the Mil-
waukee Industrial Land Bank in the former Town
of Granville; two centers in the City of West Allis—
West Allis Bast and West Allis West;, one center in the
Village of West Milwaukee; and one center in the Village
of Butler. Approximately 1.2 square miles of new indus-
trial land are proposed to be provided in the revised and
updated regional land use plan, to be added to the
existing 3.82 square miles of manufacturing and mining,
wholesale, and storage land use in the watershed, an
increase of 32 percent.

The Department of City Development of the City of
Milwaukee is currently involved in an Overall Economic
Development Program (OEDP) for the City of Mil-
waukee, the main thrust of which is a revitalization
program for the Menomonee River Industrial Valley.2
Possible program elements include: 1) the establishment
of a regional recycling center—currently being
constructed on Mt. Vernon Avenue—which will serve
southeastern Wisconsin waste disposal needs and simul-
taneously act as a magnet to draw additional resource
recovery, marketing, and recycling firms into the Valley
area; 2) the establishment of industrial park districts in
suitable parts of the Valley area; 3) the general upgrading
of infrastructure, land use patterns and visual amenities,
including improvements in street lighting, street paving,
sewerage and water supply and landscaping and
refurbishing programs; and 4) improving access to the
floor of the industrial valley by construction of new
bridges and roads or by improving existing facilities.

Transportation, Communication, and Utility Facility Land
Use: As indicated in Table 6, the land use base proposed
to add approximately 4.3 square miles of transportation,
communication, and utility facility land use, or an
increase of nearly 20 percent, to the existing stock of
such land uses within the watershed.

Government _and _ Institutional Land Use: As also
indicated in Table 6, the land use base would add
approximately 0.7 square miles of governmental and
institutional land use, or an increase of about 13
percent, to the existing stock of such land uses
within the watershed.

2«4 Prospectus—Menomonee Valley Redevelopment
Area-Generic Environmental Impact Model,” Milwaukee
Department of City Development, December 1975.

Agricultural Land Use: The previously described
increases in urban land uses in the watershed by the
year 2000 would result in a corresponding decrease
in agricultural and other rural and related open-space
uses. The existing stock of rural land within the water-
shed could, therefore, be expected to decrease from
63 square miles in 1970 to 48 square miles in the year
2000, a decrease of nearly 24 percent.

Other Land Uses: The land use base also includes pro-
posals for the preservation of the primary environmental
corridors and for the reservation and development of
outdoor recreation and related open-space lands. These
lands will be described in greater detail in the following
sections of this chapter.

ALTERNATIVE PRIMARY ENVIRONMENTAL
CORRIDOR PROTECTION SUBELEMENTS

Primary Environmental Corridors

The concept of the environmental corridor, as well as
a description of the key elements of an environmental
corridor, was set forth in Chapter III, Volume 1, of
this report. Floodlands, a key element in corridor
delineation, were described in Chapter V, Volume 1,
whereas woodlands-wetlands and wildlife habitat—two
other important corridor elements—were described in
detail in Chapter IX, Volume 1. This section of the
chapter reviews the values of primary environmental
corridors, describes the procedure used to delineate
the corridors in the Menomonee River watershed, and
discusses alternative means of preserving the primary
environmental corridors for the protection of the best
remaining elements of the natural resource base,
including the wildlife habitat areas, woodland-wetlands,
streams and associated floodlands, as well as the best
remaining potential park and related open-space sites,
including high-value historic, scientific, and scenic sites
within the watershed.

Corridor Values: As discussed in greater detail in Chapter
IX, Volume 1 of this report, the watershed streams,
woodlands-wetlands, and wildlife habitat areas, in
addition to providing a setting for outdoor recreational
activities, possess aesthetic value and perform important
ecological and educational functions. Although the
urbanizing Menomonee River watershed contains, with
a few exceptions, only remnants of important natural
resource elements, those remnants when integrated into
a network of primary environmental corridors have the
potential to substantively contribute to the stability
of the ecosystem and the quality of life in the watershed.

Historic sites and structures, although not a part of
the natural resource base, are closely related to and
contribute to the value of the primary environmental
corridor. Remnants of historic places and events—mills,
churches, inns, covered bridges—tend to be concenfrated
in the corridors because there was considerable motiva-
tion for development in riverine areas by early settlers.
Comprehensive watershed planning can help to preserve
and even restore many significant historic sites and the
cultural record and educational values inherent in such
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sites by urging compatible, contiguous open space uses
which may result when the historic sites are included
with those portions of the environmental corridor
designated for protection.

The environmental corridor concept is partly founded
on the unsuitability of riverine areas for urban develop-
ment as demonstrated by historic flood damages in the
watershed attributable to floodland development and
by the limitations of riverine area soils for urban develop-
ment. Furthermore, urbanization of floodlands is simply
not needed to meet the existing or forecast living and
working space requirements of the resident population
of the watershed nor of the Region of which the
watershed is an integral part. Future populations can
be readily accommodated at acceptable densities without
occupying floodlands and adjacent environmental
corridor lands.

Corridor Delineation: Inasmuch as the primary environ-
mental corridor is a composite of up to 11 of the
natural resource-related elements, the identification of
those areas of the watershed having the requisite three
or more of the 11 elements is a difficult task. The
corridor delineation process is further complicated by
the four-level value rating assigned to the woodland-
wetland and wildlife habitat components of the corridor.
Identification of the primary environmental corridors
in the Menomonee River watershed was accomplished
with the assistance of the Land Data Management
System (Land DMS) developed by the Commission
staff,3 and is operable on the Commission computer
system. The Land DMS is described below followed by
a discussion of its use in the watershed study.

Description of the Land Data Management System:
The Land Data Management System (Land DMS) is
a digital computer-based system designed to store,
retrieve, analyze and display land data in tabular or
graphic form. The term “land data’” as used in the
context of the Land DMS is a comprehensive concept
in that it denotes all those watershed characteristics
that have an areal extent. For example, land data
encompasses land wuse, soil type, and civil division
information but does not include water quality or
streamflow data.

Data Storage Unit—The Cell: The basic areal unit for storing
retrieving, analyzing, and displaying land data
is the cell. The cell approach was selected over the
area boundary alternative because the cell mode is
more technically and economically feasible for the effort
required to code areal data from primary sources and
for the computer programming and computer storage
required to manipulate and interpret the data, including

3The Land DMS was developed by the SEWRPC staff
for the International Joint Commission’s Menomonee
River Pilot Watershed Study which was conducted
coincident with the Menomonee River watershed plan-
ning program.
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the use of overlay and weighing techniques. The
Menomonee River watershed was subdivided into about
35,000 cells by partitioning U.S. Public Land Survey
system quarter sections as shown on Figure 2. More
specifically, each of the four sides of each quarter
section was equally divided into eight parts and the grid
marks on opposite sides of the quarter section were
connected resulting in 64 cells per quarter section, each
having a nominal area of 2.5 acres. The use of cells
that are partitions of quarter sections has one principal
advantage: It facilitates the geo-referencing of each cell
since horizontal survey control has been established
by the Commission and by local units of government
to Commission_standards for a large number of quarter
section corners in the watershed using field survey
methods. That control was directly transferable, by
computation, to the centers and corners of each cell.

Geo-referencing: An accurate geo-referencing arrangement
is required to permit computation of the area of
each cell or of groups of cells and {o facilitate display,
in map form, of selected land data. The corners of each
cell were accordingly referenced to the State Plane
Coordinate System. The best available sources of
information were used to first determine the State
Plane Coordinates of the corners of each quarter section
contained wholly or partly in the Menomonee River

Figure 2

THE CELL: BASIC AREAL UNIT IN THE LAND
DATA MANAGEMENT SYSTEM USED TO IDENTIFY
PRIMARY ENVIRONMENTAL CORRIDORS
IN THE MENOMONEE RIVER WATERSHED
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Source: SEWRPC.
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watershed. Plane geometry was then used to calculate,
within the Land DMS, the State Plane Coordinates of
each cell® The coordinates of the cell corners were
then used to calculate the area of the approximately
35,000 cells in the Menomonee River watershed. The
cells range in size from 2.18 to 2.97 acres and have an
average area of 2.52 acres.

The Supporting Computer System: The digital computer
system—hardware and software—needed to support the
Land DMS can be broken into four phases: the input
phase, the data management phase, the data base
phase, and the output phase. Under the input phase,
data are entered into the Land DMS on either magnetic
diskettes or punched cards. The second or data manage-
ment phase is composed of a set of computer programs
that perform contingency checks on the incoming data,
provide for the maintenance and updating of the Land
DMS, analyze the data and transfer it—on request—back
to the user. The analysis capability of the data manage-
ment phase facilitates the identification of cells having
specified combinations of land data types—a necessary
feature for corridor delineation. The third or data base
phase of the Land DMS is the actual storage of the areal
characteristics of each cell in a computer file, maintained
on magnetic tape or on a magnetic disc. The data base
may be viewed as a large file cabinet with many drawers
where each drawer corresponds to a cell and each of the
file folders within each drawer corresponds to each of the
types of areal data on file in the Land DMS. The fourth
or output phase provides, under control of the data
management phase, transfer of land data from the Land
DMS to the user in a variety of formats. For example,
land data can be output on a cell basis or dggregated by
civil division or some other geographic area of interest.
System output can be obtained on several media including
magnetic tape, punched cards, on-line printer, and plotter.

Land_Data Contained in the Land DMS: The Land DMS
as developed for the Menomonee River watershed
contains a large number of land data types; however,
only those data types set forth in Table 7 were required
in the corridor delineation process and need be discussed
here. Each of the five data types appearing in the table
was coded by cell on a dominant basis. For example, if
half or more of a cell were covered by floodland, the
entire cell was coded as floodland; if less than half the
cell were covered by floodland, the cell was coded as
containing no floodland. Woodland-wetland data and
wildlife habitat data were coded with respect to value
ratings as described in Chapter IX of Volume 1 of this
report. Table 7 indicates the source of each of the data
types and the medium from which the land data were
extracted for input to the Land DMS.

4The Land DMS can also readily convert the cell corner
coordinates to other geo-referencing systems such as
latitude and longitude and the Universal Transverse
Mercator System.

Application of the Land Data Management System: Use

of the Land DMS to assist in the identification of
primary environmental corridors in the Menomonee
River watershed was initiated by subjectively assigning
numerical values ranging from 1.0 to 1.5 for each of the
five land data types listed in Table 7. This permitted
a relative quantification of the value and significance of
each land data type as well as subdivisions within
those two data types for which descriptive value
ratings had been established by the Wisconsin Depart-
ment of Natural Resources.

Within the framework of cells, the basic objective in
corridor delineation is to identify those cells containing
three or more—or the equivalent of three or more—of
the 11 natural and natural-resource related elements
needed, by definition, to include the cell within the
primary enviromental corridor. Using the numerical
values assigned to each of the five land data types,
each cell having a total of three or more points is within
the primary environmental corridor, provided of course
that there are sufficient contiguous cells to form a land
unit of practicable size. A cell could qualify for inclusion
if it contained three of the five elements or, in unusual
cases, if it contained a combination of high value wood-
land-wetland and high value wildlife habitat in which
case the total value would be three and the cell would
be considered as equivalent to having three elements.

The Land DMS was programmed to determine the sum
of the assigned numerical values for each cell in the
watershed and to produce a map on which the point
total was shown for each cell having one or more
corridor elements.

The map generated by the Land DMS was manually
supplemented with information relevant to the following
five natural resource and natural resource-related
elements pertinent to primary environmental corridor
delineation: aesthetically pleasing area of rolling terrain
and high relief topography, significant geological forma-
tions and physiographic features, potential outdoor
recreation and related open space sites, historic sites
and structures, and scenic areas and vistas. These
remaining five elements of primary environmental
corridors are not readily defined in terms of areal extent
nor are they otherwise quantifiable and therefore their
impact on the preliminary primary environmental
corridor as mapped by the Land DMS was subjectively
determined by the Commission staff. The practical
effect of this subjective evaluation was to make small,
localized adjustments to the corridor limits since these
five natural resource and natural resource-related
elements are relatively few in number and are scattered
throughout the watershed.

The primary environmental corridor areas were further
refined by adding contiguous cells that contain land in
public and private outdoor recreation use, that were
within the 100-year recurrence interval floodlands of the
watershed, or that contained soils having severe and very
severe limitations for wurban development. These
contiguous areas were added not only because they serve
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This refinement had the effect of generally expanding
the width of the environmental corridor and of
producing a smoother more curvilinear boundary. The
resulting primary environmental corridors are depicted
on Map 3, and data on the area of the corridors is set
forth in Table 8.

further to enhance the value of the total corridor by
buffering the highest value portions of the corridor
from the surrounding, more intensely used urban and
rural land, but also because these areas generally cannot
be converted to extensive urban use without creating
serious environmental and developmental problems.

Table 7

LAND DATA IN THE LAND DATA MANAGEMENT SYSTEM USED TO DELINEATE AND
QUANTIFY ENVIRONMENTAL CORRIDORS IN THE MENOMONEE RIVER WATERSHED

Media from Which Data were .
Extracted for Input to Value Rating
Data &b Type Data Source Land DMS Descriptive Numerical
Floodlands—100 Year -Historic Flooding Best available maps .- 1.0¢
Recurrence Interval
Woodland—Wetland® Wisconsin Department of 1" = 400’ scale aerial High Value 1.5
Natural Resources Field photographs Good Value 1.3
Survey conducted for Moderate Value-Park 1.0
Commission under way
Menomonee River water- Moderate Value-Local 1.0
shed planning program.
Wildlife Habitat Wisconsin Department of 1" = 400" scale aerial High Value 1.5
Natural Resources Field photographs Good Value 1.3
Survey conducted for Moderate Value 1.1
Commission under Low Value 1.0
Menomonee River water-
shed planning program.
Soils—Severe and Very SEWRPC-Soil Conserva- 1" = 2000 scale - 1.08
Severe Limitations for tion Service regional soil soil maps
Urban Development survey
Existing Park and Out- SEWRPC regional park 1" = 2000’ scale map 1.0d
door Recreation Sites and open space planning
program

2 Atthough not explicitly input to the Land DMS, the folfowing nonquantifiable five factors also were considered in the delineation of the
primary environmental corridors: rugged terrain and high relief topography, significant geological formations and physiographic features,
potential outdoor recreation and related open space sites, historic sites and structures, and scenic areas and vistas.

bAlthough not explicitly used in the corridor delineation process, civil division data, land cost data, and selected zoning information were
coded by cell to facilitate analysis of the results.

€ Floodland information was not available for some perennial streams. In order to approximate the floodiand status of such areas, a floodfand
value of 1.0 was assigned to each cell traversed in whole or in part by a perennial stream reach. For this reason, perennial stream reaches were

coded by cell and used as input to the Land DMS.

d Woodland-Wetland areas were not inventoried under the watershed study on public and private park and outdoor recreation sites. Therefore,
all park and outdoor recreation sites were given a numerical value of 2.0, composed of 1.0 for the park and outdoor recreation site value and
1.0 for an assumed moderate value woodland-wetland.

€ Soifs data are not available for the lower 15 percent of the watershed. In order to account for the probable presence of soils with limitations
for urban development in this area, each floodland cell located therein was assigned an extra value of 1.0 on the assumption that floodlands
provide a first approximation of poor soils.

Source: SEWRPC.
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Map 3

PRIMARY ENVIRONMENTAL CORRIDORS IN THE MENOMONEE RIVER WATERSHED: 1970
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This map shows the primary environmental carridors of the Menomonee River watershed as delineated with the assistance of the Land Data System developed under the M River

watershed planning program. Although the urbenizing Menomonee River watershed contalns only remnants of important natural resource those r when integ d into a network of
primary environmental corridors have the potential to substantively contribute to the stability of the ecosystem and the quality of life in the watershed. A fundamental feature of primery environmental
corridors Is that whila they encompass a relatively small portion of the watershed—16 square miles or 12 percent of the total area of the watershed—they inciude a large fraction of the remaining high value
natural resource and natural resource-related features. For example, the primary environmental corridors as shown on this map encompass anly 12 percent of the tots! ares of the watershed but contain
about 71 parcent of the perannial straam channel length, 78 percent of all floodlands, 91 percent of all ramaining woodland-wetland sreas, § percent of ail remaining wildlife habitat areas, and 60 parcent
of ali existing outdoor recreational sites. Approximately 38 percent of the primary environmental corridor lands is in public awnership for outdoor recrestion and related open space usas and another
7 percent in private ownership for similar uses. In addition, 41 percent of the primary environmental corridor lands is partially protected by floodland, consarvency, and other zoning that places some
restrictions on incompatible use of ths corridor lands. Therefore, about 86 parcent of the primary environmental corridor lands in the Menomonee River watershed is presently subject to some form of
permanent or interim protection.

Source: SEWRPC.
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In addition to using the Land DMS to identify the basic
structure of the primary environmental corridors, the
Land DMS was used subsequently to identify, map, and
quantify those portions of the corridor protected by
various land use controls. The system also was used to
calculate acquisition costs attendant to three alternative
primary environmental corridor plan subelements and to
prepare maps and tabular summaries of each of the plan
subelements. The results of these applications of the
Land DMS are presented later in this chapter.

Corridor Description: The primary environmental
corridors of the Menomonee River watershed as
delineated above encompass over 16 square miles, or
approximately 12 percent of the total watershed area of
137 square miles. As shown on Map 3, the primary
environmental corridors are rather uniformly distributed
throughout the watershed, encompassing lands along the
Upper Menomonee River and Lower Menomonee River;
along the three major tributaries—the Little Menomonee
River, Underwood Creek, and Honey Creek; and along
five minor tributaries—the North Branch of
Menomonee River, Willow Creek, Butler Ditch, Dousman
Ditch, and the South Branch of Underwood Creek.

It is important to note that while the primary environ-
mental corridors in the Menomonee River watershed
form an essentially continuous system encompassing the
high value elements of the natural resources base, that

Table 8

system_ also is related to and directly connected with
primary environmental corridor lands in adjacent water-
sheds. For example, the primary environmental corridor
lands along the Little Menomonee River extend across
the watershed divide in the northeastern portion of
the basin to connect with the primary environmental
corridor located along the main stem of the Milwaukee
River. Similarly, the primary environmental corridor
encompassing the Tamarack Swamp in the watershed
extends to and across the watershed divide to connect
with the primary environmental corridor along the
headwater of the Fox River. The primary environmental
corridor system along the Dousman Ditch extends across
the western divide of the watershed to connect with
a primary environmental corridor in the Fox River
watershed. The primary environmental corridor along
the South Branch of Underwood Creek extends across
the southern boundary of the watershed to merge with
the primary environmental corridor located along the
North Branch of the Root River in the Root River
watershed. Finally, the small portion of the primary
environmental corridor along the middle reaches of
Honey Creek in the Menomonee River watershed con-
nects with a primary environmental corridor in the
Kinnickinnic River watershed.

Natural Resource Elements: Table 8 indicates the

distribution of selected natural resource elements in the
watershed and in the primary environmental corridor

DISTRIBUTION OF SELECTED NATURAL RESOURCE ELEMENTS IN THE MENOMONEE RIVER WATERSHED
AND IN THE PRIMARY ENVIRONMENTAL CORRIDORS WITHIN THE WATERSHED: 1970

Natural Resource Acres Percent
Element In Watershed In Corridor In Corridor
Perennial Streams (Miles) 68.6 48.51 70.71
Floodlands {Acres) 5.233.93 4,066.15 77.69
Soils with Severe or Very Severe Limitations
for Urban Development {Acres) 13,298.35 6,535.97 49.15
Woodlands and Wetlands (Acres) 2,748.03 2,506.47 91.21
High Value 83.64 83.64 100.00
Medium Value 1,023.33 1,015.77 99.26
Moderate-Parkway 1,147.48 1,029.43 89.71
Moderate-Local 493.58 377.63 76.51
Wildlife Habitat (Acres) 9,275.11 5,703.17 61.49
High Value 975.58 920.17 94.32
Good Value 2,760.28 1,693.41 57.73
Moderate Value 5,236.74 3,189.59 60.91
Low Value 302.51 0.0 0.0
Existing Outdoor Recreation Sites (Acres) 7.682.56 4,641.09 60.41
Public 6,472.58 3,958.52 61.17
Private 1,209.98 681.57 56.33

Source: SEWRPC.
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itself. The corridor contains about 71 percent of the
perennial stream channel length, about 78 percent of all
floodlands, about 91 percent of all remaining woodland-
wetland areas including 100 percent, and 99 percent,
respectively, of the remaining high and medium value
woodland-wetland areas. The primary environmental
corridor also encompasses over 61 percent of all remain-
ing wildlife habitat areas, including 94 percent of the
high value wildlife habitat areas and about 60 percent of
all existing outdoor recreational sites.

Distribution by Civil Division: Table 9 sets forth the
distribution of the primary environmental corridor and
of the natural resource elements comprising the primary
environmental corridor by county, city, village, and
town. The proportion of watershed primary environ-
mental corridor located in Milwaukee, Ozaukee, Wash-
ington, and Waukesha Counties is, respectively, 36,
7, 29, and 29 percent. The Milwaukee County portion
of the watershed contains the largest amount of flood-
lands—2,246 acres—and 1,744 acres, or 78 percent of
those floodlands, are included in the primary environ-
mental corridor. Washington County contains the
greatest extent of soils having severe or very severe limita-
tions for urban development—4,798 acres—and 2,544
acres, or 53 percent of those soils-limited acres, are
within the primary environmental corridor. The Wash-
ington County portion of the watershed also contains
the largest amount of woodland-wetland areas not
protected by public ownership—1,355 acres—with 1,315
acres, or 97 percent of that woodland-wetland area,
being located within the primary environmental corridor.
The greatest extent of wildlife habitat is also located in
Washington County—3,544 acres—with 2,012 acres, or
57 percent, contained within the primary environmental
corridor. Milwaukee County contains the largest amount
of existing outdoor recreation sites—5,757 acres—with
3,381 acres, or 59 percent of that total, being within the
limits of the primary environmental corridor.

Ownership and Land Use Controls: The distribution of
primary environmental corridor lands in the watershed
with respect to ownership and land use controls is shown
on Map 3 and Figure 3. About 3,959 acres, or 38 per-
cent, of the primary environmental corridor are in public
ownership for outdoor recreation and related open space
uses and another 682 acres, or about 7 percent of the
corridor, is in private ownership for outdoor recreation
and related open space uses. Therefore, a total of 4,641
acres of the primary environmental corridor is protected
by virtue of either public or private ownership for out-
door recreation and related open space uses.

Of the remaining 5,798 acres of primary environmental
corridor, 4,314 acres, or 41 percent of the total primary
environmental corridor in the watershed, are partially
protected by floodland, conservancy, and other zoning
that places some restrictions on the use of the corridor
lands. As shown on Map 3, such land use controls have
been adopted and are administered by the Village of
Germantown, the City of Mequon, the Village of

Menomonee Falls, the City of Brookfield, the Village of
Elm Grove, the City of Wauwatosa, and the City

"of Milwaukee.

The Village of Germantown has established a Conser-
vancy District along the Menomonee River and its
tributaries for the purpose of controlling use of or
alteration to the natural resource base. Conditional uses
that may be allowed in this district include agriculture
and related activities, removal of topsoil and land filling,
watercourse relocation, and recreational facilities.

The City of Mequon has created a Wetland and Flood-
plain District along the Little Menomonee River and its
tributaries with the objective of controlling development
so as to minimize health and safety hazards, to protect
the natural resources, and to assure proper consideration
of the general public welfare. A variety of compatible
land uses such as harvesting of wild crops, hunting and
fishing, and installation of telephone and power trans-
mission lines is permitted by right of ownership. Con-
ditional uses include farming and group outdoor
recreational facilities. Buildings intended for human
habitation are explicitly prohibited in the Wetland and
Floodplain District whereas filling or draining of wet-
lands, removal of soil, the creation of ponds, and the
altering of watercourses are allowed only with the
approval of the City of Mequon Common Council upon
recommendation of the Plan Commission.

The Village of Menomonee Falls has established the
following three zoning districts that are pertinent to
protection of the primary environmental corridors in the
Menomonee River watershed portion of the village:
a Park and Open Space District, a Conservancy-Wetlands
District, and a Menomonee River Floodland District.
The Park and Open Space District, which lies primarily
along the Menomonee River and is generally coincident
with existing public and private outdoor recreation and
related open space lands, is intended to insure the con-
tinued use of such lands for recreational activities. To
achieve this objective, a wide spectrum of outdoor
recreation uses is allowed. Most of the land in the Con-
servancy-Wetlands District lies along the Menomonee
River and Lilly Creek within the Village. The purpose of
this District is to identify and retain riverine area lands in
essentially natural conditions for their inherent ecologic,
aesthetic, and recreational values rather than to permit
urban development with the attendant environmental
problems resulting from soil, topographic, and other
natural resource base limitations. A large number of
uses compatible with the natural conditions is allowed
including fishing, hunting, wildlife preserves, stream bank
protection, and soil and water conservation measures.
Structures intended for human habitation are not per-
mitted, and a permit is required for uses such as
drainageway construction, grazing, farming, and instal-
lation of utilities. The third and last district—the
Menomonee River Floodland District—applies only to
that portion of theTamarack Swamp that lies within the
watershed and is intended to achieve two objectives:
protection of natural resources and prevention of flood
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Table 9

)

NATURAL RESOURCE ELEMENTS IN THE MENOMONEE RIVER WATERSHED AND IN THE
PRIMARY ENVIRONMENTAL CORRIDORS WITHIN THE WATERSHED BY CIVIL DIVISION: 1970

Natural Resource Elements

Woodlands and Wetlands?
Floodlands Poor Sails High Value Mediuvm Value Moderate-Parkway Moderate-Local High Value
County or n Watershed | fa Corridor | In Watershed | In Corridar | in Watershed | \n Cotridor | inWatershed | in Corrider | In Watershed | In Corridor | inWatershed | in Corrider | in Watershed | in Corridor
Civil Division (Acres) {Acres} (Acres) {Acres) {Acres) (Acres) (Acres) {Acres} {Acres} {Acres) 1Acres) {Acres) (Acres) {Acres|
Witwaukee County 2,245.82 1,74357 2,447.17 | 1,175.33 - - -- -~ 1535 .- 12.87 - -
Ci
Greentisid 142,61 40.96 167.86 46.08 - - - - - - N
Mitwaukee 1,363.17 1,050.92 1,643.26 740.23 - -- - - .- - - .- -
Wauwatosa 641.17 68574 a44.15 299.59 -- -- -- - 1635 - . - -- .
West Allis 98.87 £5.95 191.80 B9.43 -- .- .- - - - 12.87 - - .
Villages:
Greendale - -- - -- -- -- - - -- -- .- - - .-
West Mitwaukee -- - -- -- - - - - - - -- - - -
Qzaukee County 640.56 417.09 1,603.28 681.85 - - .- 27828 215.82 79.26 263 - --
City:
Mequon 640.56 417.09 1,603.28 681.85 - - .- -- 278.28 215.82 79.26 26.13 - --
Washington County 1422.67 1,227.19 4,797.53 2.544.14 - - 627.02 624.50 680.79 668.26 41.03 22.50 564.27 52393
City
Milwaukee - - - - - .. - - .- - -- .- - --
Village:
Germantown 1,422.67 122219 4587.00 | 2,514.55 -- - 627.02 624.50 680.79 668.26 22,50 2250 564.27 52393
Towns:
Germantown - -- 59.41 24.71 -- -~ -- - -- . - -- - .-
Richtield -- -- 15112 4.88 -~ .- -- - - - 2453 -- - --
Waukesha County 924.88 678.30 4,450.37 2,134.65 83.64 83.64 396.31 381.27 173.06 145.35 354.42 329.00 411.31 396.29
Citi
Brookfield . 20554 178.05 2,269.69 1,213.43 83.64 83.64 - - - - 334.10 308.68 - -
New Berlin - - 4286 - . .. . .. R R o s . ..
Villages:
Butler 69.53 69.53 2250 494 -- 12561 757 17.51 17.51 - - - -
Elm Grove 121.69 55.87 417.70 126.54 .- - -- - - . .- .- .
Menemange Falls 528.12 374.86 1,623.81 769.42 .- .- 383.70 38370 155.55 127.84 - - 411.3) 396.24
Towns:
Brookfield - - 51.00 20.32 - - - - - - 20.32 20.32 .. .-
Lisbon - -- 2281 - .- - -- - .- .- -- -- - -
Total 5,233.93 4,066.15 | 13,288.35 | 653597 83.64 83.64 1,023.33 101577 | 1.147.48 102943 | 493.58 377.63 975.58 92017
Natural Resource Elements
wildlife Habitat Existing Qutdaor Recreation
Percent of Total
Good Value Moderate Value Low Value Public Private Primary
- Environmantal
County ar In Watershed | (n Corridor | InWatershed | tn Corridor | In Watershed | in Corridor | In Watershed | In Corridor | In Watershed | In Corridor in Carridor® Carridor In
Civi$ Division {Acres) {Acres} {Acres) {Acres) {Acres) {Acres) iAcres) (Acres {Acres) {Acres) (Acres) Watarshod
Milwaukae County 251.22 224 44 1,433.90 | 118279 - -- 511277 | 307833 653.84 302.47 3.72893 3572
Cities:
Greenfield - . .- -- - 99.41 51.20 60.52 .- 76.80 0.74
Milwaukee 182.02 179.38 895.35 679.60 - 2.88230 | 1.40847 37449 112.20 1,763.83 16.80
Wauwatoss £9.20 45.06 538.55 503.10 - 143712 | 1,183.00 204.10 182.50 1,441.77 13.81
west Allis .- .- .- - - - 667.13 425.66 1473 AL 456.53 4.37
Villages:
Greendale .- - -- - - 5.04 .- -- .- - -
West Milwaukee - - -- - - - 21.77 .- -- - -- -
Dzaukee County 587.78 - 608.53 337.20 - - -- -- 10.00 - 720.62 699
City:
Meguon 582.78 - | 608.53 327.20 - - -- - 10.00 - 729.62 8.99
Washington County 1,163.79 847.85 1,660.65 640.14 155.35 .- 285.79 178.04 266.05 221.32 298647 28.60
T Mitwaukee - -- - .- - - - - 10.00 - - -
Villags:
Germantown 1,069.66 418.20 1,682.13 615,62 156.36 - 275.83 178.04 226,61 194.35 2.928.85 28.06
Towns:
Germantown 20.65 29.65 -- -- - - 5.04 2.47 -- 2065 0.28
Richfield 64.48 - 78.52 24.52 - - 492 .- 26.97 2697 26.97 0.26
Waukesha County 757.49 521.12 153366 | 1.039.46 147.16 .- 1.074.02 703.15 280.09 157.78 2.906.35 28.69
Cities:
Brookfield 716.92 500.80 580.28 395.20 37.84 - 467.94 33143 56.97 t0.46 147016 1408
New Berlin - . . .- .- . 11.32 .- . .. .- .
Villagss:
Butler -- -- 72.28 64.77 - -- 61.68 4991 -- - 9455 091
Etm Grove 20.25 -- 37.83 35.26 .- -- 128.53 12091 30.51 .- 159.27 153
Menomonee Falls - b 843.27 544,23 109.32 - 404.55 20090 19261 147.32 1,251.06 11.98
Towns:
Brookfield 20.32 20.32 -- - - . -- .- - - - 20.32 .19
Lisbon .- - - - . - - - . - -- .-
Total 2.760.28 1,593.41 5,236.74 3,189.59 30251 .- 6,472.58 3,959.52 1.200.98 881.57 10,439.37 100.00

2 Thesa woodiands and wetlands in the watershed 3re presently unpratectsd; the publicly and privetsly ownad Parks, outdoor recreation, and related opan space sitos that canstrain wood/ands wara generally excluded from the woodisnd

inventory.

b Tho totel area of the corridor for sach civil division does not oqual the sum of the five natural resource alements since soma Primary Environmantal Corridor arsas within a civil division contain two or mara natural resource slements, and

the acreage of the area was countad only once.

Source: SEWRAC.



Figure 3

OWNERSHIP AND LAND USE CONTROLS
IN THE PRIMARY ENVIRONMENTAL CORRIDOR
OF THE MENOMONEE RIVER WATERSHED: 1975

# 1 PUBLIC OUTDOOR
] RECREATION

1 AND RELATED

OPEN SPACE

38%

FLOODLAND AND

CONSERVANCY
20NING PROVIDING
PARTIAL PROTECTION
OF THE CORRIDOR

H%

PRIVATE OUTDOOR RECREATION
AND RELATED OPEN SPACE 7%

NOTE:

I. THE CIRCLE REPRESENTS THE 16,31 SQUARE MILES OF PRIMARY
ENVIRONMENTAL CORRIDOR IN THE WATERSHED.

2, FLOODLAND AND CONSERVANCY ZONING ARE INDICATED ONLY FOR
THOSE CORRIDOR LANDS NOT IN THE PUBLIC OR PRIVATE OUTDOOR
RECREATION AND RELATED OPEN SPACE CATEGORIES.

Source: SEWRPC.

problems. A full spectrum of uses compatible with the
natural ecologic and topographic characteristics of the
District is permitted by right of ownership including
fishing, drainage, wildlife preserves, grazing, harvesting
of wild crops, and recreation facilities. Conditional uses
include bridges, utilities, excavation, and filling.

The City of Brookfield has established a Conservancy
District, most of which is located along Butler Ditch,
Underwood Creek, and Dousman Ditch in the Menomo-
nee River watershed portion of the City. The purpose of
this zZoning is protection of the underlying natural
resource base for the general welfare of the residents of
Brookfield. Permitted uses by virtue of ownership
include grazing, harvesting of wild crops, forestry, and
certain nonresidential buildings. Top-soil removal, land

- filling, and watercourse damming or alteration all require

permission of the City Plan Commission.

The Village of Elm Grove has created a Conservancy
District in order to protect open space lands in the
Village. Most of these areas are located along Underwood
Creek Parkway Drive and Pilgrim Parkway Drive. Con-
ditional uses that may be allowed in this District include
ordinary farm use, grazing, harvesting of wild crops, and
recreational facilities. However, neither residential nor
nonresidential buildings of any sort may be constructed
in this District.

The City of Wauwatosa has established a Floodplain
District intended to achieve three objectives: prevent
flood problems; minimize economic loss and hazards to
life and general safety; and protect aesthetic and
recreational values of the land. The floodway is reserved
for parks, recreation and conservation open space, and
no structures can be used or erected for human habi-
tation. Residential, commercial, and industrial buildings
may be constructed in the floodplain district; however,
they are subject to restrictions pertaining to first floor
elevations in order to make them flood-safe. Although
this ordinance was adopted by the City prior to comple-
tion of the Menomonee River watershed planning pro-
gram, it did not become effective until floodplain and
floodway delineations were made available as a result of
the planning program.

A Floodplain District exists along the Little Menomonee
River in the City of Milwaukee. This is a limited purpose
ordinance in that it is primarily intended to assure that
buildings constructed within the District are properly
elevated and placed on sufficient fill to protect them
from flood damage. Although the provisions of this
District render it ineffective for corridor preservation,
this is not a serious problem since many of the lands
in the District are also part of the Milwaukee County
Park System and therefore protected by virtue of
public ownership. -

Table 10 summarizes salient features of the above land
use controls that have been adopted by seven of the
communities in the watershed and are applicable to
primary environmental corridor lands, For each of the
zoning districts, the table indicates the extent to which
each of the following eight land uses and activities
potentially destructive of primary environmental cor-
ridors are allowed: structures for human habitation;
filling; removal of top-soil and/or excavation; water-
course alteration and/or damming; agriculture; group
recreational facilities; drainage of wetlands; and place-
ment of public utilities. The table was developed by
using explicit references to each of the eight land uses or
activities in the zoning regulations supplemented with
intexpretations of the stated intent of the regulations.

All of the distriets in all of the zoning regulations, with
the exception of the Floodplain District in the City of
Milwaukee, either require a conditional permit or
expressly prohibit all eight land uses or activities.
Therefore, the Village of Germantown, the City of
Mequon, the Village of Menomonee Falls and the City
of Brookfield, the Village of Elm Grove, and the City of
Wauwatosa already have land use controls that could be
applied to protect the portions of the unprotected
primary environmental corridor within their community
boundaries. This is a very significant finding with
respect to the corridor protection element of the
Menomonee River watershed plan in that about 74
percent of the approximately 5,800 acres of primary
environmental corridor not protected by virtue of being
public or private outdoor recreation and related open
space lands are subject to control by the above
zoning regulations.
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Unit Cost of Corridor Lands: Existing land values in
primarily unimproved riverine areas of the watershed
were examined to provide a basis for estimating the
cost of alternative plan elements for corridor protection
involving land acquisition.® This examination was con-
centrated in the Ozaukee, Washington, and Waukesha
Counties portions of the watershed inasmuch as most
of the unimproved riverine area land with potential
for public acquisition is located in the rural portions of
these three counties. Sample parcels of primary environ-
mental corridor lands were selected, and civil division
assessors and other public officials were contacted on
a community by community basis to obtain estimates
of the market value of the sample parcels. The range of

S Unit cost of riverine area lands also was used as input
to the Flood Economics Submodel described in Chap-
ter VIII, Volume 1, of this report.

Table 10

unit values for land in the various portions of the
watershed was analyzed, and a representative unit value
selected for each portion of the watershed was set forth
in Table 11. Riverine area land values were found to
vary from about $250 per acre for unimproved wetland
in the most rural portions of the watershed to more than
$20,000 per acre for improved land provided with
public utility service in the highly urbanized lower
portions of the watershed. It is important to emphasize
that the land values set forth in Table 11 are meant to
be representative of average values over relatively large
subareas of the watershed and that actual land values
in any specific location in the watershed may be
expected to vary from the representative average value
appearing in the table. The primary purpose of assigning
unit land values was to provide a means of comparing
in an internally consistent manner the estimated cost of
the alternative primary environmental corridor plan
elements described later in this chapter. It should also

SUMMARY OF EXISTING LAND USE CONTROLS HAVING THE POTENTIAL TO PROTECT
THE PRIMARY ENVIRONMENTAL CORRIDORS IN THE MENOMONEE RIVER WATERSHED: 1975

Selected Land Uses or Activities and the Extent to Which They Ara Allawed in the District _]
Structures for Human Habitation Filling Rermoval of Top-scil and/or and/or Damming
Permitted by Permitted by Permittad by Permitted by
Virtua of Virtue of Virtue of Virtuo of
Civil Division District Neme Ownership | Conditional Use | Prohibited O ip | C Use rohibi o ip Conditi Use | P Ownership | Conditional Use | Prohibited
Village of
Germantown Conservancy X X X X
City of Mequon Wetland and
Floodplgin X X X X
Vitlage of Park and
Menomonee Falls Qpen Space X X X X
Canservancy- X X X X
Wetland
Floodland X X X
City of
Brookfield Caonservancy X X X X
Village of
Elm Grove Conservancy X X x x
City of
Mifwaukee Floadplain X X NfA N/A N/A N/A
City of Floodway X X X X
Wouwatosa Floodplain X X X X
Selected Land Uses or Activities and the Extent to Which Thay Are Allowed in the District
Agriculture and Related Recraational Facilities Draining of Wetlands Utilitles
Permitied by Permitted by Parmitted by Parmitted by
Virtue of Virtue of Virtue of Virtua of
Civil Division District Name Ownership | Conditional Use | Prahibited o] i C Use ibi nl i > Use | Pcohibited Ownership | Conditional Use | Prohibitad
Viltage of
Germantown Conservancy x x x x
City of Mequon Wetland and
Floodplain X X X X
Village of Park and
Menomoree Falls Open Space X X X x
Conservancy-
Wetland X X X
Floodland X X X X
City of
Brookfield Conservancy X X x X
Village of
Elm Grove Conservancy X X X X
City of
Milwaukee Fioodplain N/A N/A N/A N/A
City of Floodway x X X X
Wauwatosa Floodplain X X X X

NQTE: N/A indicates data not applicable.

Source: SEWRPC.
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be emphasized that the unit land values reflect 1975
conditions, and the values of individual sites may
change markedly in the future in response to changing
local conditions such as provision of public utility service.

Concluding Statement: Any plan for the preservation,
protection, and wise use of the natural resource base
within the watershed must be centered on the preserva-
tion and protection of the remaining primary environ-

mental corridor. One of the principal objectives of the
adopted regional land use plan, upon which the
Menomonee River watershed is based, is the preservation
of the primary environmental corridors from further
degradation. Recent trends within Southeastern Wisconsin
in general, and the Menomonee River watershed in
particular, have resulted in the encroachment of urban
development into the corridor. Currently, the Menomo-
nee River watershed contains only remnants of important

Table 11

REPRESENTATIVE RIVERINE AREA LAND COSTS IN THE MENOMONEE RIVER WATERSHED: 1975

Identification of Area® Land Value?

Stream or Other Location Reach Dollars/Acre
North Branch of Menomonee River | Entire length 300
Willow Creek Entire length 300

Upper Menomonee River Upstream (north) of Waukesha-Washington County line (CTH Q) 300

Downstream (south) of Waukesha-Washington County line {CTH Q) and

upstream {north) of Good Hope Road {(CTH PP) 600

Downstream (south) of Mill Road and upstream {north) of Silver Spring

Drive {CTH VV) 5,000
Nor-X-Way Channel Upstream (north) of Donges Bay Road 300
Lilly Creek Upstream (south)} of Silver Spring Drive {CTH VV) 5,000
Butler Ditch Entire length 5,000
Little Menomonee River Upstream (north) of Ozaukee-Milwaukee County line (CTH Q) 300

Downstream (south) of Ozaukee-Milwaukee County line

{CTH Q) and upstream (north} of Bradley Road 5,000

Downstream {south) of Silver Spring Drive {CTH E} 20,000
Lower Menomonee River Upstream (west) of the Stadium Freeway 20,000
Dousman Ditch Upstream {west) of Calhoun Road {CTH KX) 1,000

Downstream (east) of Calhoun Road (CTH KX} 3,500
Underwood Creek Upstream (west} of Pilgrim Road 3,500

Downstream (east) of Pilgrim Road (CTH YY) and upstream (north) of

Juneau Boulevard 5,000
South Branch of Underwood
Creek Downstream (north) of IH 94 5,000
Honey Creek Upstream (south} of 1H 894 5,000
Tamarack Swamp - - 250
Bishops Woods - - 35,000
Wooded area in Section 24, TSN,
R20E - - 5,000

2 Limited to primary environmental corridor lands located primarily in riverine areas and for which public acquisition was considered under
Primary Environmental Corridor Subelements 2 or 3.

5 The wide range in land values reflects the use of adjacent and nearby lands and the availability of water supply service, sanitary sewerage,
streets and highways, and other urban services and facilities.

Source: Civil Division Assessors and Qther Officials and SEWRPC,
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natural resource elements such as streams, woodlands,
wetlands, and wildlife habitat and most of the elements
that do remain are generally of lower quality. However,
these remaining remnants have the potential to
contribute substantively to the stability of the
ecosystem and the quality of life in the Menomonee
River watershed.

Three alternative natural resource protection subelements
were developed and examined to provide for the preser-
vation, protection, and wise use of these best remaining
elements of the natural resource base, with emphasis on
protecting and preserving the regenerative qualities of
that  base, including soils, surface and ground water,
wetlands, woodlands, and wildlife. The salient features
of each of the three alternatives are set forth in Table 12
and each of the alternative natural resource protection
subelements is described in detail in the following
sections of this chapter.

Table 12

Primary Environmental Corridor

Subelement 1: Minimum Protection

The first alternative primary environmental corridor
subelement considered was a minimum design consisting
of maintaining the use of existing public and private
outdoor recreation and related open space lands and of
using existing and new land use controls to protect the
remaining corridor lands. In addition, sound woodland,
wetland, and wildlife management practices would be
instituted for all corridor lands in the watershed. Map 3
graphically illustrates the basic features of this alternative
while the implications of this subelement for each civil
division in the watershed are summarized in Table 13.
Each of the three components incorporated in the
minimum protection primary environmental corridor
subelement is discussed below.

Maintenance of Existing Outdoor Recreation and Related
Open Space: This component recognizes that existing
public and private outdoor recreation and related open

ALTERNATIVE PRIMARY ENVIRONMENTAL CORRIDOR PROTECTION
SUBELEMENTS FOR THE MENOMONEE RIVER WATERSHED

Area
Percent of
Primary Acquisition
Environmental Cost
Subelement Component Acres Corridor (in Dollars)
1. Minimum a. Maintenance of existing public and private outdoor recreation 4,641 44.46 --
Protection and related open space lands in the primary environmental
corridor.
b. Use of land use controls to protect remaining primary 5,798 55.54
environmental corridor,
c. Application of woodland, wetland, and wildlife habitat 10,439 100.00 --
management techniques to all corridor lands.
2. Inter- a. Maintenance of existing public and private outdoor recreation 4,641 44.46 --
mediate and related open space lands in the primary environmental
Protection corridor.
b. Acquisition of selected high value primary environmental 3,062 29.33 2,183,060
corridor lands along the main stem of the Menomonee River
and at five other locations in the watershed. '
c. Use of land use controls to protect remaining primary 2,736 26.21 -
environmental corridor,
d. Application of woodland, wetland, and wildlife habitat 10,439 100.00
management techniques to all corridor lands.
3. Maximum a. Maintenance of existing public and private outdoor recreation 4,641 44.46
Protection and related open space lands in the primary environmental
corridor.
b. Acquisition of all remaining primary environmental corridor 5,798 55.54 14,749,150
lands.
c. Application of woodiand, wetland, and wildlife habitat 10,439 100.00
management techniques to all corridor lands.

Source: SEWRPC.
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space lands comprise a significant part of the primary
environmental corridor and in effect help to protect the
corridor. These lands total 4,641 acres, or about 45
percent of the total primary environmental corridor in
the watershed and approximately 5 percent of the
watershed area.

Use of Land Use Controls: This component involves
protection of the remaining primary environmental
corridor in the watershed through intensified application
of existing and additional land use controls intended to
maintain the corridor lands in essentially natural open
space uses. This can be achieved largely through the use
of agricultural, floodland, shoreland conservancy, and
very low-density residential zoning within the watershed.
This zoning should, at 2 minimum, encompass all of
the riverine areas of the watershed lying within the
primary environmental corridor. Such zoning will help
protect the remaining woodlands, wetlands, and wildlife
habitat areas, as well as the floodlands and water
within the watershed from continued deterioration and
destruction by fragmented urban development. These
zoning measures will also serve to prevent intensification
of flood problems within the watershed.

With the passage of the State Water Resources Act in
1966, the Wisconsin Legislature recognized the need
for floodway and floodplain fringe regulation. Under

this Act, the Wisconsin Department of Natural Resources
is authorized to enact floodland zoning regulations when
it finds that a county, city, or village has not adopted
reasonable and effective regulations. These floodland
regulations take the form of or are incorporated into
zoning, subdivision, sanitary, and building ordinances
used to restrict an owner in the use of his property when
such use is harmful to the public. Therefore, the
eventual adoption of these regulations for watershed
floodlands, as those floodlands have been delineated
under the watershed planning program, will contribute
to the protection of the floodland portion of the
primary environmental corridors.

The areas intended for protection by various land use
controls total 5,798 acres, or about 55 percent of the
total primary environmental corridor in the watershed
and approximately 7 percent of the watershed area.
About 74 percent of the above area proposed for
protection by various land use controls is already subject
to some form of land use controls consistent with pro-
tection of the primary environmental corridor.

Management of Woodlands, Wetlands and Wildlife Habi-
tat: This component involves the application of sound
management techniques to all woodland, wetland, and
wildlife habitat areas in general in the watershed and, in
particular, to those located within the primary environ-

Table 13

PRIMARY ENVIRONMENTAL CORRIDOR SUBELEMENT 1: MINIMUM PROTECTION

Primary Environmental Corridor
Presently Protected by Public or Primery Enviranmental Corridor Primary Environmental Corridar
Primary Environmental Privare Outdoor Recreational and to be Protected Primarily by o be Protected by New
Carridor Related Open Space Use Existing Land Use Controls Land Use Controls
Percent of Total Percent of Total Percent af Total
Primary Primary Primary
Percent of Environmental Parcent of Environmental Percent of Enviranmental Percent of
Percent of Civit Division Corridor in Civil Division Corridar in Civil Division Corridor in Civil Division
Civil Division Acres Watershed Tozal Tatal Acres Civil Division Total Acres Civit Division Total Acres Civil Division Total
Milwaukee County
Cities:
Greenfield 76.80 0.74 31 §1.20 66.67 2.62 -- -- - 25.60 33.33 1.26
Mitwaukee 1,753.83 16.80 882 1,520.67 86.71 7.65 190.03 10.84 096 43.13 2.45 0.21
Wauwatosa 144177 13.81 17.03 1,376.50 95.40 16.28 - .- - 66.27 4.60 078
West Allis 456.53 4.37 8.98 433.43 94.94 8.53 23.10 5.06 045
Villages:
Greandale - -
West Milwaukee - -
Ozaukee County
Gity:
Meguon 729.62 699 9.60 661.67 90.69 8.70 §7.95 9.1 a.90
Washingion County
Milwaukee -
Village:
Germantown 2,928.85 28.06 5.7 372.3¢ 1271 20 211598 72.25 11.35 430.48 15.04 236
Towns: .
Germantown 29.65 0.28 565 .- .- - 29.65 100.00 565
Richfield 2687 0.2 2.24 2697 100.00 224 - oo -
Waukesha County
Ciries:
Brookfield 1.470.16 14.08 17.05 341.89 23.268 397 591.08 40.21 8.85 537.19 36.63 823
New Berlin .- - -- .- .- .- .- .- .- .- .-
Villages:
Butler 9465 0.81 1894 49.91 52.79 10.00 .- .- - 44.64 47.21 884
Elm Grove 159.27 1.83 7.66 12091 75.92 581 10.28 6.45 0.50 28.08 17.63 1.35
Menamonee 1,261.05 11.88 10.48 348.22 27.83 292 72464 5792 6.07 178.19 14.25 1.49
Falis
Towns:
Brookfiely 2032 0.19 13.23 20.32 100.00 13.23 -
Lisban .- - .. . . .-
Total 10,439.37 100.00 4,641.00 4,314.00 148428
NOTE: In addition to ths above by 1 includes of watland. and wildlife habitat management techniques to all corridor iard's.

Source: SEWRPC.
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mental corridor. In order for wildlife habitat areas
to retain their qualities, specific management practices
should be established, such as limiting the use of
fertilizers and pesticides, reducing road salting, and
in specific wildlife areas reducing heavy vehicular traf-
fic that produces disruptive noise levels along with
potentially damaging air pollution. Land clearing for
agricultural or urban development purposes—including
logging, ditching and tilling—have either removed the
natural vegetation from much of the watershed or have
greatly altered the woodland-wetland areas. By exercising
control over such activities and by applying good
management practices in general to woodland-
wetlands and wildlife habitats, their protection and
wise use can be ensured outside and inside the
primary environmental corridor.

This component applies to the 2,506 acres of woodland-
wetland area and the 5,703 acres of wildlife habitat
within the primary environmental corridors of the
watershed as well as to an additional 242 acres of
woodland-wetland and 3,572 acres of wildlife habitat
located in the basin but outside the primary
environmental corridors.

Table 14

Primary Environmental Corridor

Subelement 2: Intermediate Protection

The second alternative primary environmental corridor
subelement considered was an intermediate design that
would maintain the use of existing public and private
outdoor recreation and related open space lands plus
involve the public acquisition of selective lands to
protect remaining high value portions of the primary
environmental corridor. In addition, sound woodland,
wetland, and wildlife management practices would be
instituted for all corridor lands in the watershed. Map 4
and Table 14 summarize the features of this subelement
for the watershed and each civil division. Each of the
three components incorporated in the intermediate
protection primary environmental corridor subelement
is discussed below.

Maintenance of Existing Outdoor Recreation and

Related Open Space: This component, which is common

with the minimum protection subelement, recognizes
that existing public and private outdoor recreation and
related open space lands comprise a significant part
of the primary environmental corridor and in effect help
to protect the corridor. Public and private outdoor

PRIMARY ENVIRONMENTAL CORRIDOR SUBELEMENT 2: INTERMEDIATE PROTECTION

Primary Environmental Corridor
Presently Protected by Public or Primary Environmental Corridor Primary Environmental Corridor Primary Environmental Corridor
Primary Environmentat Private Outdoar Recreatinnal and Protected by Salective Puhlic to be Protected Primarily by 10 ba Protected by New Land
Carrider Related Open Space Use Acquisition Existing Land Use Controls Use Controls
Percent of Percent of Percent of Percent of
Percent Total Primary Percant Total Primary | Percent Total Primary Parcant Total Primary Pescent
Percent of | of Civil nvironmental | of Civil Environmental | of Civil Cost Environmantsl of Civil Environmental | of Civil
Watershed | Division Corridor in Division Corrider in | Division (in Corridor in Division Corridor in | Bivision
Civil Division Acres Total Total Acres | Civil Division Total Acres | Civil Division | Total Dollars) Acres | Civit Division Totat Acres | Civil Division | Total
Milwaukee County
Cities:
Greenfield 76.80 0.74 a7 51.20| 66.67 2.52 .. . .- - .- .- 25.60 3333 1.28
Milwaukee 1,753.83 16.80 8.82 1,520.67| 86.71 7.65 48.43 276 024 242,150.00 141 60 807 0.71 4313 245 0.22
Wauwatosa 1,441.77 13.81 17.03 1,375.50|  95.40 16.25 - .- .- -- - .- .- 86.27 460 078
West Aliis 456.53 437 8.98 433.43  94.94 8.53 23.10 5.06 0.45
Viliages:
Greendale -
West Mitwaukee| -
QOzaukee County
Mequon 729.62 699 9.60 661.67 20.69 870 67.95 9.31 0.90
Washington County
Milwaukee -
Vitiage:
Germantown | 2,928.85 28.06 15.71 37239 1271 20 |2,085.69 69.50 10.92 615,250.00 279.80 9.56 1.50 24097 824 1.29
Towns:
Germantown 29.65 Q28 5.85 .- - -- 29.85 10000 5.85
Richfield 26.97 0.26 224 2697 100.00 224 .- -- .-
Waukesha County
Cities:
Brookfield 1,470.16 14.08 17.05 341.89| 23.26 397 202.94 19.25 328 654,200.00 432.71 2943 502 412,62 28.06 478
New Berlin - - “n .- - . - -- .- . . .- .. . .
Villages:
Butler 94.55 0.1 18.94 49.91 52.79 10.00 14.96 15.82 3.00 74,800.00 .- - .- 2968 31.38 5.84
Elm Grove 159.27 1.53 7.68 120.91 75.92 5.81 -- - -- .- 1028 6.45 0.50 2808 17.63 135
Menomonee 1,251.05 1198 10.48 348.22 27.83 292 659.81 5274 5.52 576,350.00 168.19 13.45 141 7483 5.98 0.63
Falis
Towns:
Broakfield 20.32 019 13.23 20.32 100.00 13.23 20,300.00
Lisbon -- .- .- .- -- .- --
Total 10,439.37 | 100.00 4,641.09 3,062.15 2,183,050.00 | 1,694.25 1,041.88
NOTE: in addition to the above 2 includes ication of wetland, and wildlife management techniques ta ali corridor tands.

Source: SEWRPC.
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Map 4

PRIMARY ENVIRONMENTAL CORRIDOR SUBELEMENT 2: INTERMEDIATE PROTECTION
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The intermediate alternative plan for protection of the primary environmental corridors of the watershed includes three basic recommendations: maintaining the
present use of the existing public and private outdoor recreation and related open space lands in the corridors; public acquisition of selected high value portions of
the corridors; and application of sound woodland, wetland, and wildlife management practices to all corridor lands. Under this alternative, the 45 percent of the
primary environmental corridor in the watershed currently in public and private outdoor recreation and related open space uses would continue to be maintained in
those uses, and about 29 percent of the primary environmental corridors, most of them located along the main stem of the Menomonee River in Washington and
Waukesha Counties, would be acquired at an estimated cost of $2.2 million for public outdoor recreation and related uses. This intermediate protection alternative
was selected for inclusion in the recommended comprehensive plan for the Menomonee River watershed.

Source: SEWRPC.
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recreation and related open space lands total 4,641 acres,
or about 45 percent of the total primary environmental
corridor in the watershed and approximately 5 percent
of the watershed area.

Acquisition of Selected Remaining High Value Corridor
Lands: This component involves the purchase of selected
high value primary environmental corridors from privaie
landowners using public funds—the most effective means
whereby environmental corridors can be reserved for
public use. The principal advantages of this approach are
its definitiveness and legal incontestability whereas the
key disadvantage is the cost.

An example of the feasibility and effectiveness of pur-
chasing environmental corridors is provided by the
park system of Milwaukee County—the most populated
of the seven counties in southeastern Wisconsin. The
Milwaukee County Park System, which is composed of
most of the parks in the County including those within
the various cities and villages in the County, was
developed over an approximately 70-year period and
currently encompasses 9 percent of the land area of the
County. A large proportion of the Milwaukee County
park land is in the form of continuous linear bands
generally coincident with the floodlands and associated
environmental corridors of the various streams flowing
within the county. This park system provides a large-
scale example of the environmental corridor idea imple-
mented over a long period of time in a major
metropolitan area.

Primary environmental corridor lands having the highest
value, and not included in existing public and private
outdoor recreation and related open space lands, were
identified by examining the results of the analyses
performed with the Land DMS supplemented by other
pertinent information such as the location of potential
outdoor recreation and related open space sites. The
resulting high value primary environmental corridor
lands total 3,062 acres, or about 29 percent of the pri-
mary environmental corridor in the watershed and
approximately 8 percent of the watershed area. As
shown on Map 4, most of this high value corridor—
2,319 acres, or about 76 percent of it—is located in
several continuous segments along the main stem of the
Menomonee River in Washington and Waukesha
Counties. The remaining four portions of the high value
corridor lands that would be acquired under this sub-
element are distributed about the watershed as follows:
a 48-acre linear portion bounded at both ends by
Milwaukee County Park System lands along the Little
Menomonee River in the City of Milwaukee, a 395-acre
portion of the Tamarack Swamp in the Village of
Menomonee Falls, and two portions of the Brookfield
Swamp in the City and Town of Brookfield having
a combined area of 303 acres.

The cost of acquiring the above high value primary
environmental corridor is estimated at $2,183,050 for
an average of about $713 per acre. As indicated in
Table 14, $1,325,650, or about 61 percent of the total
acqguisition cost, would be expended in the Waukesha

46

County portion of the watershed; $615,250, or about
28 percent in the Washington County portion; none in
the Ozaukee County portion; and $242,150, or about
11 percent, in the Milwaukee County portion. Under
this primary environmental corridor plan subelement,
land acquisitions would occur in 6 of the 18 cities, vil-
lages, and towns located wholly or partly in the water-
shed. The largest expenditure—$654,200—would occur
in the City of Brookfield and the smallest—$20,300—
would occur in the Town of Brookfield.

Application of Land Use Controls: This component
proposes that primary environmental corridor lands
not in public or private park and related open space
use and not slated for acquisition be protected through
intensified application of existing and additional land
use controls intended to maintain the corridor lands in
essentially natural open space uses. This intent can be
achieved largely through the use of agricultural, flood-
land, shoreland conservancy, and very low-density
residential zoning within the watershed. At a mini-
mum, this zoning should encompass all of the
riverine areas of the watershed lying within the
primary environmental corridor.

The areas intended for protection by various land use
controls total 2,736 acres, or about 26 percent of the
total primary environmental corridor in the watershed
and approximately 3 percent of the watershed area.
About 62 percent of the above area proposed for pro-
tection by various land use controls is already subject
to some form of land use controls consistent with
protection of the primary environmental corridor.

Management of Woodlands, Wetlands and Wildlife
Habitat: This component, which is identical to that
incorporated in the minimum primary environmental
corridor subelement, involves the application of sound
management techniques to all woodland, wetland, and
wildlife habitat areas in the watershed. These manage-
ment techniques would be applied to the 2,506 acres
of woodland-wetland area and 5,703 acres of wildlife
habitat within the primary environmental corridors of
the watershed as well as to an additional 242 acres of
woodland-wetland and 8,572 acres of wildlife habitat
located in the basin but outside of the primary environ-
mental corridors.

Primary Environmental Corridor

Subelement 3: Maximum Protection

The third alternative primary environmental corridor
subelement considered was a maximum design con-
sisting of maintaining the use of existing public and
private outdoor recreation and related open space lands
and of using public land acquisition to protect all of the
remaining corridor area. In addition, sound woodland,
wetland and wildlife management practices would be
instituted for all corridor lands in the watershed. Map
5 and Table 15 summarize the features of this sub-
element for the watershed and each civil division. Each
of the three components incorporated in the maximum
protection primary environmental corridor subelement
is discussed below.




Map 5

PRIMARY ENVIRONMENTAL CORRIDOR SUBELEMENT 3: MAXIMUM PROTECTION
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The maximum alternative plan for protection of the primary environmental corridors of the watershed includes three basic recommendations:
maintaining the present use of the existing public and private outdoor recreation and related open space lands in the corridors; public acquisi-
tion of all other corridor areas; and application of sound woodlands, wetland, and wildlife management practices to al! corridor lands, Under
this alternative, the 45 percent of the total primary environmental corridor in the watershed currently in public and private use would be
maintained in that use and the remaining 55 percent of the primary environmental corridor lands would be purchased for public use at an
estimated cost of $14.7 million.

Source: SEWRPC,
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Maintenance of Existing Outdoor Recreation and

Related Open Space: This component, which appears
also in the first and second corridor protection sub-
elements, recognizes that existing public and private
outdoor recreation and related open space lands com-
prise a significant part of the primary environmental
corridor and, in effect, help to protect the corridor.
These public and private lands total 4,641 acres,
or about 45 percent of the total primary environmental
corridor in the water and about 5 percent of the
watershed area.

Acquisition of Remaining Corridor Lands: This com-
ponent relies on the outright purchase of primary
environmental corridors from private land owners using
public funds. The areas to be acquired under this sub-
element total 5,798 acres, or about 55 percent of the
primary environmental corridor in the watershed and
about 7 percent of the watershed area. The cost of this
acquisition is estimated at $14,749,150 for an average
of about $2,544 per acre. As indicated in Table 15,
$10,070,200, or about 68 percent of the total
acquisition cost, would be expended in the Waukesha

Table 156

County portion; $1,004,600, or about 7 percent, in the
Washington County portion; $218,900, or about 2 per-
cent in the Ozaukee County portion, and $3,455,450,
or about 23 percent, in the Milwaukee County portion.
Under this primary environmental corridor subelement,
land acquisitions would occur in 12 of the 18 cities,
villages, and towns located wholly or partly in the water-
shed with the largest expenditure—$8,265,900—
occurring in the City of Brookfield and the smallest—
$8,900—occurring in the Town of Germantown.

Management of Woodlands, Wetlands, and Wildlife
Habitat: This component, which is identical to that
incorporated in the minimum and intermediate primary
environmental corridor subelements, involves the appli-
cation of sound management technigques to all woodland,
wetland, and wildlife habitat areas in the watershed.
These management techniques would be applied to the
2,506 acres of woodland-wetland area and 5,703 acres
of wildlife habitat within the primary environmental
corridors of the watershed as well as to an additional
242 acres of woodland-wetland and 3,572 acres of
wildlife habitat located in the basin but outside of the
primary environmental corridors.

PRIMARY ENVIRONMENTAL CORRIDOR SUBELEMENT 3: MAXIMUM PROTECTION

Primary Environmental Corridor Presently Protected Primary Environmental Corridor
Primary Environmental by Public or Private Qutdoor Recreational 0 be Protected by Public
Corrider and Related Open Space Use Acquisition
Civil Division Percent of Total Percent of Total
Primary Primary
Percent of Environmental Percent of Enviranmental Percent of
Percent ot Civil Division Corridor in Civil Division Corridor in Civil Division Cost
Acres Watershed Total Total Acres Civil Division Total Acres Civil Division Totat (in Dollars)
Milwaukee County
Greenfield 76.80 074 77 51.20 66.67 252 26.60 3333 1.25 128,000.00
Milwaukee 1,753.83 16.80 8.82 1,520.67 86.71 7.65 233.16 13.29 1.17 1.960,950.00
Wauwatosa 1,441.77 13.81 17.03 1,375.50 95.40 16.25 66.27 4.60 0.79 1,261,000.00
West Allis 1,456.53 4.37 B.98 433.43 94.94 853 23.10 5.08 0.45 115,500.00
Villages:
Greendale
West Milwaukee
Ozaukee County
City:
Mequon 729.62 6.99 9.60 729.62 100.00 9.60 218,900.00
Washington County
City:
" Milwaukee
Villages:
Germantown 2928.856 28.06 15.71 372.39 12.71 20 2,556.46 87.29 13.71 995,700.00
Towns:
Germantown 29.65 0.28 5.65 -- - -- 29.65 100.00 8,800.00
Richfield 26.97 0.26 2.24 26.97 100.00 224 -- .- -
Waukesha County
Cities:
Brookfield 1,470.18 14.08 17.05 341.89 23.26 3.97 1,128.27 76.74 13.08 8,265,900.00
New Berlin -- - . - . - . .- .-
Villages:
Butler 94.55 .91 18.94 49.91 52.79 10.00 44.64 47.21 8.94 223,200.00
Etm Grove 159.27 1.53 7.86 120.91 75.92 5.81 38.36 24.08 1.85 188,000.00
Menomonee 1,251.0% 11.98 10.48 348.22 27.83 292 902.83 7217 7.56 1,372,800.00
Falis
Towns:

Brookfield 20.32 a.19 13.23 20.32 100.00 13.23 20,300,00
Lisbon - . - - - b b
Total 10,439.37 100.00 4,641.09 5,798.28 i 14,749,150.00

1
NOTE: In addition to the above Je A / 1 includes fication of diand, wetland, and wildiife habitat management techniques 10 alf corridor fands.

Source: SEWRPC,
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Concluding Remarks: Alternative Primary
Environmental Corridor Protection Subelements

The relative effectiveness of the three alternative primary
environmental corridor protection subelements in
meeting the watershed development objectives and stan-
dards relating to floodlands, woodlands, wetlands, and
wildlife habitat and in meeting outdoor recreational
needs is summarized in Table 16. All three alternatives
have the potential to perform well with respect to these
standards and needs. The second or intermediate pro-
tection alternative would better meet the specified needs
than the first or minimum protection alternative since
the latter does not include public acquisition of wood-
lands, wetlands, and wildlife habitat, while the former
incorporates public acquisition of 3,062 acres of high
value corridor lands, thus providing greater assurance
of permanent protection and preservation of a larger
amount of such area. Similarly, the third alternative
subelement would better meet the watershed natural
resource-related objectives than either the first or second
alternative because, again, there would be greater public
acquisition of primary environmental corridor lands—
a total of 5,798 acres would be acquired under this
alternative. The ability of each of the three subelements
to meet each of the six standards or needs identified in
Table 16 is discussed below.

Floodlands: Standards supporting the adopted water
control facility objectives specify maintenance in an
essentially natural open space condition of all 100-year
recurrence interval floodlands that are unoccupied by or
not yet committed to urban development. Inasmuch as
about 78 percent of the watershed floodlands are con-
tained within the primary environmental corridors,
corridor subelement 3 would significantly contribute
to meeting this standard through public acquisition of
all corridor lands not presently in public or private
outdoor recreational and related open space use with
floodland regulations being applied to noncorridor
floodlands. Subelements 1 and 2 could achieve the
desired floodland protection through adoption of flood-
land regulations for unprotected floodlands that meet
the minimum requirements of the State of Wisconsin
floodland management program while incorporating
a comprehensive approach to floodland management.

Woodlands: The adopted land use planning objectives
are supported by a standard requiring the preservation
of 10 percent—13.7 square miles—of the Menomonee
River watershed land area in woodland. As discussed in
detail in Chapter IX of Volume 1 of this report, the
total existing woodlands in the watershed, including
those on public and private outdoor recreation and
related open space lands, encompass only about 5.3
square miles and therefore, without an extensive
reforestation program, it is not possible to achieve the
woodland standard under any of the three primary
environmental corridor subelements. The thrust of
the watershed plan with respect to the woodland stan-
dard is not one of meeting the areal requirements but
is instead one of minimizing the deficit because of the
public acquisition components in each of these sub-

elements, the desired woodland protection could occur
under Subelement 1 through use of stringent land use
controls.

Wetlands: Standards supporting the adopted land use
objectives specify the protection of all wetlands over
50 acres in size as well as all high value wetlands,
irrespective of size. All 12 of the wetland areas in
the watershed are over 50 acres in size and are in the
primary’ environmental corridor and, therefore, this
wetland standard could be met under any of the three
corridor protection subelements. Subelement 2 would
be more likely to achieve the desired wetland protection
than subelement 1 because of the additional selective
land acquisition incorporated in the latter. None of the
12 wetland areas would be protected by public owner-
ship under subelement 1, thus requiring a major emphasis
on land use controls to achieve the necessary protection.
Seven of the 12 wetlands would be protected by owner-
ship under subelement 2. Subelement 3 would be the
most effective because under this alternative all of the 12
wetlands would be either in public or private ownership
for outdoor recreation and related open space use.

Wildlife Habitat: The adopted land use planning objec-
tives are supported by a standard that calls for
maintaining a wholesome wildlife habitat through the
protection and sound management of woodland and
wetland areas and contiguous lands that normally com-
prise wildlife habitat. A wholesome wildlife habitat
could be maintained in the watershed under any of the
primary environmental corridor subelements inasmuch
as each subelement contains components that pertain
to watershed wildlife habitat both within and outside of
the primary environmental corridors. Meeting the wild-
life habitat standard is highly dependent on local
community action inasmuch as it requires not only the
protection of woodland, wetland, and selected con-
tiguous areas but also requires the application of sound
management techniques to those areas. Subelement 3
would be most effective in satisfying this standard
because of the public acquisition component, followed
in order of effectiveness by subelement 2 with its
selected acquisition component and subelement 1 with
its reliance on existing compatible ownership and land
use controls.

Outdoor Recreation_Land: An analysis of outdoor
recreation needs in the watershed, as described in
Chapter IX, Volume 1, of this report, concluded that
year 2000 land-oriented outdoor recreational needs
can be met by the provision of approximately 10 acres
of additional snow skiing area, two 18-hole golf courses
encompassing a total area of about 360 acres, and
encreased local swimming facilities within the urbanizing
portions of the watershed. These land and site require-
ments for these recreational lands are modest, and
sufficient land would be readily available under any of
the three subelements, particularly since 13 of the 18
potential outdoor recreation sites in the watershed,
including all three of the high value sites, are located
within the primary environmental corridors. Provision
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Table 16

COMPARISON OF THE RELATIVE ABILITY OF THE ENVIRONMENTAL CORRIDOR SUBELEMENTS TO MEET

WATERSHED NATURAL RESOURCES-RELATED STANDARDS AND RECREATIONAL NEEDS

Environmental Corridor Subelement

Subelement 1:

Subelement 2:

Subelement 3:

Minimum intermediate Maximum
Standard or Nged Protection Protection Protection Comment
Floodlands: Maintain 100-year Could be met Could be met Met The standard could be met under

recurrence interval floodlands that
are unoccupied by or not yet
committed to urban development
in essentially natural open space
condition.

Elerments 1 and 2 by adoption of
floodland regutations that meet
minimum requirements of the .
State of Wisconsin floodland
management program and,
equally important, incorporate a
comprehensive approach to
floodland management.

Woodlands: Preserve 10 percent
of the watershed land area in
woodland.

Cannat be met

Cannot be met

Cannot be met

This standard would require about
13.7 square miles of woodland in
the watershed. The total wood-
lands in the watershed, including
those on public and private out-
door recreation and related open
space lands, encompass about 5.3
square miles. 1t is, therefore, not
possible to meet the woodland
standard.

Wetlands: Protect all wetlands
over 50 acres and those with
high resource value.

Couid be met

Could be met

All 12 of the wetland areas in the
watershed measuring over 50 acres
in size are in the primary environ-
mental corridor. None of the sites
would be protected by ownership
under Element 1, 7 would be so
protected under Element 2, and
all 12 under Alternative 3. The
standard could be met under
Elements 1 and 2 by the land use
control subelement.

Wildlife: Maintain a wholesome
habitat.

Could be met

Could be met

Could be met

Meeting this standard is highly
dependent on local community
action with respect to wood-
tand, wettand, and wildlife
habitat management practices.

Outdoor Recreation--Lend:
Provide approximately 10 acres
of additional snow skiing lands,
two 18-hole golf courses, and
increased local swimming
facilities.

Could be met

Could be met

Could be met

Meeting this requirement is
highly dependent on private or
public acquisition of land on
which the needed recreational
facilities would be developed.
Thirteen of the 18 potential
outdoor recreation sites in the
watershed are included in the
primary environmental corridor.
All 13 sites would be available for
public development under
Element 3, and 7 would be
acquired under Element 2.
Private acquisition and develop-
ment for public use would be
required under Element 1.

QOutdoor Recreation--Water:
Upgrade surface water guality

50 as to permit recreational
activities~fishing, boating and
wading--on all major streams and
tributaries with the exception of
Honey Creek, South Branch of
Underwood Creek, lower portion
of Underwood Creek, and the
extreme lower reaches of the
Menomonee River.

Could be met

Could be met

Could be met

Upgrading the quality of surface
water and the recreational suita-
bility of the riverine areas requires
land acquisition and controls as
included in Elements 1, 2, and 3
plus development of water quality
control facilities.

Source: SEWRPC.
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of these necessary supplemental outdoor recreation
opportunities is not, therefore, land-limited but is highly
dependent on action by local government or private
enterprise to acquire the necessary land and to con-
struct and otherwise develop the necessary facilities.

Inasmuch as subelement 1 does not include a public
,acquisition component, none of the 18 potential park
sites would be publicly acquired under that alternative
although private acquisition and development for public
recreational use would be possible and compatible with
this subelement. Subelement 2 would result in the public
acquisition of four of the 18 potential outdoor
recreation sites in the watershed, including two of the
three high value sites, one of the 10 medium value
sites, and one of the five low value sites and there-
fore sufficient sites would be available for meeting
the modest additional active recreational land needs of
the watershed. Under subelement 3, all 13 of the
potential outdoor recreation sites in the corridor would
be publicly acquired and, therefore, sufficient suitable
land would be available for satisfying the recreational
land needs of the watershed.

Just as any of the three primary environmental corridor
subelements could meet the year 2000 land-oriented
outdoor recreational needs of the watershed, those
corridor subelements also could contribute substantially
to meeting the water-oriented outdoor recreational needs
of the basin. The water quality objectives call for
upgrading surface water quality on most of the major
streams and tributaries in the watershed so as to permit
fishing, boating, and wading activities. The land acqui-
sition and land use control components of the three
corridor subelements will increase the availability and
the quality of the riverine area lands needed to support
the water-oriented recreation while the water control
facilities recommended in Chapter IV of this volume
will substantially improve the water quality.

Recommended Primary Environmental Corridor
Protection Subelement

It is apparent that the adoption and implementation of
any one of the three alternative primary environmental
corridor subelements could have desirable and far-
reaching effects on the quality of life within the
Menomonee River watershed, particularly in those areas
of the watershed which will be urbanized by 2000. The
basic difference between the three alternatives is the
amount of public land acquisition and, hence, the
degree of assurance of the permanent protection and
preservation of the primary environmental corridor
areas of the watershed.

It is recommended that the second, or intermediate
protection subelement, be included in the recommended
comprehensive plan for the Menomonee River water-
shed. This alternative, while involving a relatively large
expenditure for the first or minimum protection sub-
element, which does not include land acquisition, will
provide permanent protection to the highest value
corridors through public acquisition of 3,062 acres of

high value corridor at a cost of $2,183,050 to supple-
ment the 4,641 acres of primary environmental corridor
already in public or private outdoor recreation and
related open space use. While the third or maximum
protection subelement would provide permanent pro-
tection for all 10,439 acres of corridor at an acquisition
cost of $14,749,150 for 5,798 acres, the incremental
cost—$12,566,100—relative to that of the intermediate
protection subelement is probably not warranted in
view of the variety of land use controls that are in
existence or could be developed for protection of those
2,736 acres of corridor lands that would not be
protected by ownership under subelement 2.

Of great significance in the recommendation that the
intermediate primary environmental corridor subelement
be included in the recommended comprehensive plan
for the Menomonee River watershed is the permanent
preservation primarily through public ownership of the
riverine areas of the watershed along the main stem of
the Menomonee River where potential flood damages
would be greatest if urban development is further
allowed to encroach and where the remaining high-value
resources are concentrated. Implementation of the
intermediate protection alternative would also provide
permanent protection against urban encroachment into
the significant headwater resource areas of the watershed
and into selected high value woodland, wetland, and
wildlife habitat areas—such as the Tamarack Swamp and
the Brookfield Swamp—located in the middle reaches
of the watershed.

It is important to recognize that the effectiveness
of the recommended primary environmental corridor
subelement is based in part on the assumption that
privately owned lands currently used for recreation and
related open space uses will continue to be used for such
purposes. Local communities could help to assure such
continued use by the careful application of recreational
and conservancy zoning. While such zoning is not an
absolute guarantee that the lands concerned will remain
permanently in recreational and open space use, the
application of such zoning will require formal action
should a change in use be proposed by the private
owners and provide an opportunity for public acquisition.

In addition to zoning and public acquisition in fee
simple, other techniques may come into use during the
watershed plan implementation period for maintaining
privately owned land in uses compatible with primary
environmental corridor preservation. Such techniques
may include tax incentives to encourage the maintenance
of land in agricultural, recreational and other open
space uses, deeding the purchase of scenic easements, and
development rights.

The area along Underwood Creek in the Village of Elm
Grove between Juneau Boulevard on the north and the
Village limits on the east represents a unique situation
in the watershed in that it comprises a sizeable break or
discontinuity in the primary environmental corridor
system. This 1.12-mile-long area along Underwood
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Creek has been filled and developed for intensive urban
uses in a manner so as to render it unsuitable in its
present condition for inclusion in the primary environ-
mental corridors of the watershed. This area could be
restored to corridor use, however, by providing through
redevelopment continuous parkway from Juneau Boule-
vard downstream to the east limits of the Village.
Because of the surrounding land uses this parkway
would necessarily have to be an urban-oriented facility
that could offer limited outdoor recreational activities
such as pleasure walking, while at the same time adding
beauty to the urban area and providing for continuity of
the primary environmental corridor. Additional com-
ments concerning an urban-oriented corridor restoration
along Underwood Creek in the Village of Elm Grove are
presented in Chapter IV of this volume in conjunction
with a discussion of flood control alternatives for
the Village.

ALTERNATIVE PARKWAY DRIVE, SCENIC DRIVE
AND RECREATIONAL TRAIL SUBELEMENTS

As noted in Chapter IX, Volume 1, of this report,
pleasure driving constitutes the fifth most popular
outdoor recreational activity in the Menomonee River
watershed, with a forecast year 2000 total participant
demand on the peak weekend day of about 12,800
persons, an increase of about 25 percent over the
estimated current 1970 total of 10,000 participants. It
is important, therefore, to consider parkway and scenic
drives as an integral part of the natural resource and
recreation-related aspects of the comprehensive water-
shed plan for the Menomonee River watershed.

Definitions and Concepts

It is important for the planning purposes to distinguish
between a parkway, a parkway pleasure drive, a scenic
pleasure drive, and a recreational trail. The term ‘“park-
way”’ is defined, for the purposes of this report, as an
elongated area of publicly owned park of other land in
essentially natural, open use. A parkway usually is
located along a stream valley or ridge line and is
intended to provide scenic and ecological continuity by
linking major park or other open space lands within a
total park and recreation system, while preserving in
open space uses those lands, such as natural flood-
lands that should not be developed for intensive urban
uses in order to avoid serious environmental and
developmental problems.

The term ‘“‘parkway pleasure drive” is defined for the
purposes of this report as a nonarterial roadway estab-
lished in or immediately adjacent to a parkway. It is
important to recognize that parkway pleasure drives
and the associated parkway lands are intended to serve
such uses as bicycling and pleasure walking in addition
to pleasure driving, and accordingly, use by commercial
vehicles such as trucks and buses is normally prohibited.
Parkways are an excellent way of permanently pre-
serving environmental corridors in urban areas. To
achieve this purpose, parkways should encompass essen-
tially all of the high value primary environmental

52

corridor lands. It should be noted, however, that to
achieve the objective of environmental corridor preser-
vation, parkways do not have to incorporate parkway
pleasure drives. It should also be noted that a parkway
pleasure drive may not be so named and may not be
maintained by the governmental unit that maintains the
associated parkway; that is, the parkway drive concept is
a functional as opposed to a jurisdictional concept.

Milwaukee County has developed one of the finest
parkway systems in the United States, a system that
includes a parkway pleasure drive along the Menomonee
River from Hawley Road in the City of Milwaukee
upstream to a point about one-quarter mile south of
W. Hampton Avenue in the City of Wauwatosa. Similar
but shorter and less continuous parkway pleasure drives
also parallel Milwaukee County parkways along the
Little Menomonee River, Underwood Creek, the South
Branch of Underwood Creek, and Honey Creek. Existing
Milwaukee County parkway pleasure drives in the
Menomonee River watershed have a total length of 14
miles. The Village of Menomonee Falls has developed
a one-mile-long segment of parkway pleasure drive
along the Menomonee River between Fond du Lac
Avenue and Arthur Avenue and additional shorter
segments of parkway pleasure drive upstream and along
the Tamarack Swamp.

The term ‘‘interconnecting streets” may be associated
with the term parkway pleasure drives. These streets
may be defined as relatively short segments of existing
streets in urban areas that serve to interconnect relatively
long segments of parkway pleasure drives where the
overall continuity of the parkway is interrupted by urban
development. While these interconnecting streets are
not normally scenic they are widely spaced, and each
such segment is relatively short so that their presence
does not significantly detract from the overall aesthetic
value of the parkway pleasure drive.

While parkway pleasure drives as defined above are
certainly scenic, the term “scenic pleasure drive,” for the
purpose of this report, is reserved for marked routes
over existing roadways that traverse aesthetically pleasing
geographical areas, including areas of topographic, vege-
tative, and geological interest, as well as areas that
contain significant clusters of sites having historic and
cultural interest. An example of a marked scenic drive
in the planning Region is the state-established Kettle
Moraine Scenic Drive. Generally, scenic drives are more
appropriately established in rural areas, while parkway
drives are more appropriately established in urban
or urbanizing areas.

The term “‘recreational trail” is defined for the purposes
of this report as a linear pathway within a public
parkway intended for a variety of recreational uses, such
as pleasure walking, bicycling, and horseback riding. The
use of such trails by motorized vehicles is generally
prohibited because of the conflict with other trail uses
and because of the noise problem created in adjacent
park and residential areas. There are several examples of
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recreational trails within the watershed in Milwaukee
County parklands including the 0.75-mile-long trail that
parallels the Menomonee River hetween Hoyt Park and
the Old Village area of Wauwatosa, 1.3 miles of trail
along the Little Menomonee River between W. Hampton
Avenue and W. Silver Spring Drive, and a 1.0 mile
segment of trail along the Little Menomonee River
between W. Leon Terrace and W. Good Hope Road.

Since recreational trails may constitute the first stage
in the ultimate construction of parkway pleasure drives,
the detailed design of recreational trail alignments
should recognize the possibility of future parkway
pleasure drives in the same parkway. Recreational trail
alignments should be selected so as to be different
from and compatible with the likely alignments of
future parkway pleasure drives, thus permitting retention
of the recreational trails if and when parkway pleasure
drives are constructed.

Subelement 1: Parkway Drive-Scenic Drive

A parkway and scenic drive subelement was developed
for the Menomonee River watershed for the purpose of
maximizing public use and enjoyment of the primary
environmental corridors of the watershed, particularly
the highest value corridors to be protected by public
ownership under the recommended corridor protection
subelement. As shown on Map 6, the proposed park-
way and scenic drive system would be an extension
of, and generally similar to, the extensive parkway
system that already exists in the Milwaukee County
portion of the watershed. Subelement 1 would be
composed of an essentially linear system of parkway
pleasure drives, scenic pleasure -drives, and intercon-
necting streets. The lineal extent of the existing and
proposed parkway pleasure drives, scenic pleasure drives
and interconnecting streets as well as the cost of the
proposed parkway drives are summarized by civil division
in Table 17.

For purposes of cost estimation, the proposed park-
way pleasure drive was assumed to be 24 feet wide to
accommodate a single lane of traffic in each direction.
A “rural” cross-section was assumed to avoid the cost
of curb and gutter, storm water inlet, and storm sewer
construction. The unit cost of the assumed parkway
drive was estimated at $85,000 per mile, a figure com-
posed of construction costs, engineering and adminis-
trative costs, and an allowance for contingencies. An
additional $40,000 per mile was included to provide
for the construction of bituminous surfaced ‘‘off
street” parking areas near the parkway drives that would
provide about 135 parking spaces per mile of parkway
drive. Therefore, the total cost of the parkway pleasure
drives and associated parking areas was estimated at
$125,000 per mile of parkway pleasure drive. Parkway
pleasure drive costs were increased, as needed, to
allow for the construction of bridges over water-
ways, for raillway underpasses, and for localized
channel realignments.

The Milwaukee County portion of alternative
subelement 1 would consist of 14.0 miles of
existing parkway pleasure drive located along the
Menomonee River, Little Menomonee River, Underwood
Creek and South Branch of Underwood Creek, supple-
mented with 3.6 miles of new parkway drive located
along the Menomonee River, 5.4 miles located along
the Little Menomonee River, 0.4 miles located along
the Underwood Creek, and 0.1 miles located along the
South Branch of Underwood Creek. About 2.0 miles
of existing connecting urban streets and 0.2 miles of
connecting rural roadways would be incorporated into
the Milwaukee County portion of the parkway and
scenic drive alternative for subelement 1. The total
cost of 9.5 miles of proposed new parkway pleasure
drives in Milwaukee County was estimated at about
$1.9 million, of which about $1.2 million was for
parkway drives and about $0.7 million for bridges and
other structures. Implementation of this portion of the
subelement would provide a total of 25.7 miles of
parkway pleasure drive and interconnecting streets with-
in the Milwaukee County portion of the watershed.

The Ozaukee County portion of alternative subelement
1 would consist solely of 6.1 miles of marked scenic
pleasure drives. There would be no construction of
parkway pleasure drives because land acquisition suit-
able for such drives is not included in the recommended
primary environmental corridor subelement. In addition
to paralleling and traversing the primary environmental
corridor lands in Ozaukee County, the proposed scenic
drive within this County would provide a connection
between the parkway pleasure drives proposed for the
Milwaukee and Washington Counties portions of the
Menomonee River Watershed.

The Washington County portion of  alternative sub-
element 1 would consist of 4.0 miles of new parkway
pleasure drive located along the Menomonee River in
the Village of Germantown and 6.9 miles of inter-
connecting scenic pleasure drive which would also
generally follow the Menomonee River. The total cost
of the 4.0 miles of proposed new parkway pleasure
drives in the Washington County was estimated at about
$500,000. This portion of subelement 1 would provide
a total of 10.9 miles of parkway and scenic drives within
the Washington County portion of the watershed.

The Waukesha County portion of alternative subelement
1 would consist of 2.0 miles of existing parkway pleasure
drives, 6.0 miles of new parkway drives, and 5.4 miles
of interconnecting streets. The 6.0 miles of new park-
way pleasure drive would consist of 3.0 miles located
along the Menomonee River, 0.4 miles located along
the South Branch of Underwood Creek, and 2.6 miles
located around the northern portion of Tamarack
Swamp. The total cost of the new parkway pleasure
drives was estimated at more than $860,000, including
$750,000 for parkway drive construction and $112,500
for a structure. Implementation of this portion of sub-
element 1 would provide a total of 13.4 miles of
parkway pleasure drive and interconnecting streets in the
Waukesha County portion of the watershed.
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Map 6

PARKWAY DRIVE-SCENIC DRIVE SUBELEMENT FOR THE MENOMONEE RIVER WATERSHED
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The system of parkway and scenic drives shown on this map was designed to facilitate public access to and enjoyment of the primary environ-
mental corridors of the Menomonee River watershed. This alternative would provide an interconnected system of about 56 miles of parkway
and scenic drives consisting of about 16 miles of existing parkway pleasure drives, 20 miles of new parkway pleasure drives to be constructed
at a cost of $3.2 million, 13 miles of scenic pleasure drives routed over existing rural roads, and 7 miles of interconnecting existing urban
streets. This alternative parkway drive-scenic drive system was not included in the comprehensive plan for the Menomonee River watershed
because of the high estimated cost of the new parkway pleasure drives.

Source: SEWRPC.
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Table 17

PARKWAY DRIVE-SCENIC DRIVE AND RECREATIONAL TRAIL SUBELEMENTS FOR THE MENOMONEE RIVER WATERSHED

Location 1: Parkway Drive-Scenic Drive
Existing Connecting Rural Total Length of_
Existing Perkway Existing Connecting Roadways to be Designated Proposed Parkway Drives? Parkway Drive-Scenic
Drives Urban Streets Scenic Pleasure Drives? Drive System
County Civil Division (Mites) [Miles) (Miles) Mites Costin Dallars (Miles)
Milwaukee City of Milwaukee 2.8 0.7 0.2 a5 1.062,500 120
City of Wauwatosa 8.9 0.7 - 1.0 125,000 10.6
City of West Allis 25 0.6 - - - 34
Subtotal 140 20 0.2 95 1,187,500 nl
Ozaukee City of Mequon .- -- 6.1 .- .- 6.1
Subtotal -- .- 5.1 .- -- 6.1
Washington Village of Germantown .- .- 8.9 4.0 500,000 109
Subtotal - .- 6.9 4.0 500,000 109
Waukesha Vitlage of Butler .- 0.6 - 03 37,500 08
Village of Menomonee Falls 20 a8 - 5.3 662,500 121
City of Brookfield - - -- G4 50,000 04
Subrotal 20 5.4 -- 6.0 750,000 134
Total 160 74 132 195 2,437,500¢ 56.1
Location Subelement 2: Recreational Trail-Scenic Drive
Existing Exdisting C ing | Existing C ing Rural Existing Total Length of Parkway
Parkway Urban Roadways to be Designated Recreational Proposed Recreational Drive - Seenic Drive- Recre-
Drives Streets Scenic Pleasure Drives? Trails Trails® ational Trail System
County Civil Division (Miles) (Miles) {Mites) {Mites) Miles Costin Dollars {Miles)
Milwaukee City of Mitwaukee 2.6 0.2 0.2 23 73 164,250 126
City of Wauwatosa 8.9 0.7 .. -- 11 24,750 10.7
City of West Allis 2.5 0.6 .- .- 31
Subtotal 14.0 15 0.2 23 8.4 189,000 264
Ozaukee City of Mequon - -- 6.1 . - .- 6.1
Subtotal - .- 6.1 .- - .- 6.1
Washington Village of Germaniown .- B 6.9 . 40 90,000 109
L Subtotal - - 6.9 -- 40 90,000 109
Waukesha Village of Butler - 0.8 .- -- 0.3 8,780 i 08
Village of Menomonee Falls 2.0 4.8 .- .- 5.3 119,250 12.1
City of Brookficld .- - .- o= 04 9,000 0.4
Subrtotal 2.0 5.4 - .- 6.0 135,000 134
Totaf 16.0 6.9 132 23 184 414,000% 6.8
Location 3: Parkway Drive-Seenic Dri eational Trail
T
§ Existing Connecting Total Length and
Existng Rural Roadways Cost of Parkway Drive
Existing Connecting to be Designated Existing Proposed Proposed Scenic Drive - Recreational
! Parkway Urban Scenic Pleasure Recreational Parkway Drive® Recreational Trail® Trails System
H Drives Streets Drives? Trails
L County Civit Division (Miles) {Miles) {Miles} (Miles) Miles | Costin Dollars Mites | Costin Dotlars [ Miles Cost in Dollars
T .
Milwaukee City of Milwaukee 2.6 02 02 23 30 375,000 4.3 96,750 12,6 471,750
City of Wauwatcsa 8.9 0.7 N .. 0.6 75,000 0.5 11,250 0.7 86,250
City of West Allis 25 06 - - - 31 -
Subtatal 14.0 18 0.2 23 3.8 450,000 4.8 108,000 26.9 558,000
Ozaukee City of Mequon .- .- 6.1 . .. .- .- . 6.1 .-
Subtotal -- - 6.1 .- .- .- -- .- 6.1 .
Washington Village of Germantown .- - 6.9 .- 4.0 500,000 -- .- 109 500,000
Subtotal - - 6.9 .- 4.0 500,000 - .- 10.9 500,000
Waukesha Village oi Butler .- 0.6 .- .- 0.3 37,500 .- .- 0.9 37,500
Village of Menomonee Falls 2.0 4.8 .- .- 53 662,500 -- .- 124 662,500
City of Brookfield .- - - - .- - 0.4 9,000 0.4 9,000
Subtotal 2.0 54 5 .- 5.6 700,000 0.4 9,000 134 709,000
Total 16.0 89 13.2 23 13.2 1.650.000 8.2 117.000 56.8 1,767,000f

2 Does not include 7.1 miles of the proposed Southern Lakes Scenic Drive in the Washington County portion of the watershed.

8 4 24-foot wide, two-lane bituminous pavement without curb, gutter, and storm sewer with a unijt capital cost, including engineering and contingencies of $125,000 per mile of parkway pleasure drive.

€ An 8-foot wide bituminous pavement with a unit capital cost, Ir i g ing and of $22,500 per mile.

9 1ncrease by 3807 500 for a toral Plan Efement | cost of $3,245,000 to account for the following facilities in Milweukee County : Two bridges at a cost of $225 000, four underpasses beneath railrosd embankments
az g cost of $450,000, and two channe! realignments at a cost of $20,000 plus one underpass beneath a railroad embankment in Waukesha County ar a cost of $112,500.

® Increase by $247.500 for a total Plan Element 2 cost of $661 500 ta account for the following facilities in Milwaukee County: Two bridges at a cost of £75 000, three underpasses beneath railroad embankments at
a cost of $125,000 and two channel realignments at a cost of $10,000 plus one underpass beneath a raliroad embankment in Waukesha County at a cost of £37,500.

? tncrease by §545,000 for a total Plan Element 3 cost of $2,312,000 to account for the following facilities in Milwaukee County: Two bridges st a cost pf $225,000, theee underpasses beneath railroad embank-
ments at a cost of $187,500, and two channel realignments at a cost of $20,000 plus one underpass beneath a railroad embankment in Waukesha County at 2 cost of $112,500,

Source: SEWRPC.
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Considering the Menomonee River watershed as whole,
alternative subelement 1 would provide an interconnec-
ted system of 56.1 miles of environmental corridor-
oriented parkway pleasure drives and scenic pleasure

drives. The system would be composed of 16.0 miles
of existing parkway pleasure drive; 19.5 miles of new
parkway pleasure drive to be constructed at a total
estimated cost of about $3.2 million, including bridges
and other structures; 13.2 miles of scenic pleasure drives
routed over existing rural roads; and 7.4 miles of existing
urban streets.

The parkway pleasure drive-scenic pleasure drive system
envisioned under alternative subelement 1 could be
connected to similar systems located in adjacent water-
sheds. As shown on Map 6, the existing parkway and
pleasure drives in the southern portion of the Meno-
monee River watershed could be directly connected
to parkways and parkway pleasure drives in the adjacent
Root River and Kinnickinnic River watersheds. The
Southern Lakes Scenic Drive which traverses the extreme
northwest corner of the watershed is part of the adopted
jurisdictional highway system plan for Washington
County6 and is intended to provide a scenic link between
the proposed Milwaukee River Scenic Drive which lies
north of the Menomonee River watershed and the exist-
ing Kettle Moraine Scenic Drive which lies to the
west of the Menomonee River watershed. The parkway
drive-scenic drive system proposed for the Menomonee
River watershed under alternative subelement 1 would
be connected to the southern lakes scenic drive as shown
on Map 6.

Subelement 2: Recreational Trail-Scenic Drive

A recreational trail-scenic drive subelement was devel-
oped as one alternative to the parkway drive-scenic
drive subelement. This alternative was designed to pro-
vide convenient public access to the primary environ-
mental corridors of the watershed, particularly the
corridor lands that would be newly purchased under the
recommended corridor protection subelement, at a lower
cost than the parkway drive-scenic drive subelement. As
shown on Map 7, the recreational trail-scenic drive sub-
element would be similar to the parkway drive-scenic
drive subelement in alignment, but less costly recrea-
tional trails would be used in place of parkway drives
to provide the desired public access. The net effect
would be to replace the 19.5 miles of parkway drives
proposed in alternative subelement 1, having an esti-
mated capital cost of about $3.2 million, with 18.4
miles of recreational trails having a total estimated
capital cost of about $661,500, including structures.
The lineal extent of the existing parkway pleasure drives,
scenic pleasure drives and interconnecting streets as
well as the cost of the proposed recreational trails are
summarized by civil division in Table 17.

8 A Jurisdictional Highway System Plan for Washington

County, SEWRPC Planning Report No. 23, October 1974.
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For purposes of cost estimation, the proposed recrea-
tional trails were assumed to be six to eight feet wide
with a bituminous surface. The unit cost of the
recreational trails was estimated at $22,500 per mile—

or about $4 per lineal foot—excluding structures.

The Milwaukee County portion of subelement 2 would
consist of 14.0 miles of existing parkway pleasure drive
along the Menomonee River, Little Menomonee River,
Underwood Creek, and the South Branch of Underwood
Creek supplemented with 3.6 miles of new recreational
trail along the Menomonee River, 4.3 miles along the
Little Menomonee River, 0.4 miles along Underwood
Creek, and 0.1 miles along the South Branch of Under-
wood Creek for a total of 8.4 miles of proposed new
recreational trail. About 1.5 miles of existing inter-
connecting streets and 0.2 miles of rural roadways
along with 2.3 miles of existing recreational trails along
the Little Menomonee River, would be incorporated
into the Milwaukee County portion of the supplemental
recreational trail in subelement 2. The cost of the 8.4
miles of proposed new recreational trail in Milwaukee
County was estimated at about $189,000 plus $210,000
for structures for a total cost of $399,000.

The Ozaukee County portion of subelement 2 would
consist solely of 6.1 miles of marked. scenic
pleasure drive. There would be no construction of
recreational trails in this county inasmuch as land
acquisition in this portion of the watershed is
not included in the recommended primary environmental
corridor subelement.

The Washington County component of subelement 2
would consist of 4.0 miles of new recreational trail
along the Menomonee River in the Village of German-
town, in combination with 6.9 miles of interconnec-
ting scenic pleasure drive which would also generally
follow the Menomonee River and provide a connection
to the proposed Southern Lakes Scenic Drive that
traverses the northwest portion of the Village. The
cost of the 4.0 miles of proposed new recreational
trail in the Washington County portion of the water-
shed was estimated at about $90,000.

The Waukesha County portion of subelement 2 would
consist of 3.0 miles of new recreational trail along the
Menomonee River, 0.4 miles of new recreational trail
along the South Branch of Underwood Creek, and 2.6
miles of new recreational trail adjacent to the northem
portion of the Tamarack Swamp, for a total of 6.0 miles
of new recreational trail. The proposed trails would be
connected to the 2.0 miles of existing parkway pleasure
drive in Waukesha County by means of 5.4 miles of
existing interconnecting streets. Costs for the 6.0 miles
of proposed new recreational trail in the Waukesha
County portion of the watershed were estimated
at about $135,000 plus $37,500 for a structure for
a total cost of $172,500.

Considering the Menomonee River watershed as a whole,
alternative subelement 2 —the supplemental recreational
trail alternative—would consist of an interconnecting



Map 7
RECREATIONAL TRAIL-SCENIC DRIVE SUBELEMENT FOR THE MENOMONEE RIVER WATERSHED
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The system of recreational trails and scenic drives shown on this map was developed as an alternative means for providing public access to
the primary environmental corridors of the watershed. The approximately 57-mile-long recreational trail-scenic drive system would consist
of about 16 miles of existing parkway pleasure drives, 2 miles of existing recreational trails, 19 miles of new recreational trails to be constructed

‘at a cost of $0.7 million, 13 miles of scenic pleasure drives routed over existing rural roads, and 7 miles of interconnecting existing urban streets.

Source: SEWRPC.
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system of 56.8 miles of corridor-oriented parkway
pleasure drives, scenic pleasure drives, interconnecting
streets and roadways, and recreational trails. The system
would be composed of 16.0 miles of existing parkway
pleasure drives 13.2 miles of scenic pleasure drives using
existing roadway, 6.9 miles of interconnecting streets
using existing urban routes, 2.3 miles of existing recrea-
tional trails, and 18.4 miles of new recreational trails
to be constructed at an estimated cost of about
$661,5600 which includes structures.

Subelement 3: Parkway Drive-Scenic

Drive-Recreational Trail

A third alternative subelement was developed for the
specific purpose of providing convenient public access
to the primary environmental corridors, particularly
the corridor lands that would be newly purchased under
the recommended corridor protection subelement which
recognizes the recent reluctance of Milwaukee County
to expend funds for the construction of additional
parkway pleasure drives in the County. To that end,
alternative subelement 3 limits the construction of new
parkway pleasure drives within Milwaukee County to
those needed to complete the gaps in the existing park-
way pleasure drive system while proposing the construc-
tion of recreational trails for the remaining corridor
lands within Milwaukee County in order to provide
a high level of public access at a minimum cost. Alter-
native subelement 3envisions the construction of park-
way pleasure drives in the Waukesha and Washington
County portions of the watershed in recognition of the
general lack of and need for such drives in those areas.
Alternative subelement 3, the parkway drive-scenic drive-
recreational trail alternative, is in effect a combination
of alternative subelements 1 and 2. The spatial arrange-
ment of the parkway pleasure drives, scenic pleasure
drives, recreational trails, and interconnecting urban
streets is shown on Map 8, whereas the lineal extent of
these various features and their costs by civil division
are summarized in Table 17.

The Milwaukee County portion of . alternative sub-
element 3 would consist of 14.0 miles of existing
parkway pleasure drive along the Menomonee River,
Little Menomonee River, Underwood Creek and South
Branch of Underwood Creek supplemented with 3.6
miles of new parkway pleasure drive located along the
Menomonee River. There would also be 4.3 miles of
new recreational trail located along the Little
Menomonee River, 0.4 miles located along the Under-
wood Creek, and 0.1 miles along the South Branch of
Underwood Creek. About 1.5 miles of existing inter-
connecting streets, 2.3 miles of existing recreation
trails, and 0.2 miles of rural roadways would be
incorporated into the Milwaukee County portion of
subelement 3. The construction costs of the 3.6 miles
of proposed new parkway drive in Milwaukee County
are estimated at $450,000, and the construction cost of
the 4.8 miles of the proposed new recreational trail is
estimated at about $108,000. Construction of structures
would increase the costs by $432,500, giving a total
cost for the proposed parkway drives and recreational
trails of about one million dollars.

58

The Ozaukee County portion of subelement 3 would
consist solely of 6.1 miles of marked scenic pleasure
drive. There would, therefore, be no construction of
parkway pleasure drives or recreational trails in this
county because the recommended primary environ-
mental corridor subelement does not include land acqui-
sition in the Ozaukee County portion of the watershed.

The Washington County component of subelement 3
would consist of 4.0 miles of new parkway pleasure
drive located along the Menomonee River in the Village
of Germantown and 6.9 miles of interconnecting scenic
pleasure drive which would also generally follow the
Menomonee River, There would be no recreational
trails in the Washington County portion of the water-
shed. Construction costs for the 4.0 miles of proposed
parkway pleasure drives in the Washington County
portion of the watershed are estimated at $500,000.
This subelement would provide a total of 10.9 miles of
parkway and scenic drives within the Washington County
portion of the watershed.

The Waukesha County portion of subelement 3 would
consist of 2.0 miles of existing parkway pleasure drives,
5.6 miles of new parkway pleasure drives, and 5.4 miles
of interconnecting streets. There would be only 0.4
miles of recreational trails proposed along the South
Branch of Underwood Creek in the Waukesha County
portion of the watershed. The 5.6 miles of new parkway
pleasure drive would consist of 3.0 miles located along
the Menomonee River and 2.6 miles located around the
northern portion of the Tamarack Swamp, and have an
estimated cost of $700,000 plus $112,500 for a new
structure giving a total cost of $812,500. An additional
$9,000 would be estimated for the recreational trails
proposed. The Waukesha County total is $821,500.
Implementation of this subelement would provide atotal
of 13.4 miles of parkway pleasure drive, interconnecting
streets, and proposed recreational trails in the Waukesha
County portion of the watershed.

Considering the Menomonee River watershed as a whole,
subelement 3 would provide an interconnected system
of 56.8 miles of environmental corridor-oriented parkway
pleasure drives, scenic pleasure drives, recreational trails
and interconnecting urban streets. The system would
be composed of 16.0 miles of existing parkway pleasure
drive, 13.2 miles of new parkway pleasure drive, 2.3
miles of existing recreational trails, 5.2 miles of new
recreational trail, 13.2 miles of scenic pleasure drives
routed over existing rural roads, and 6.9 miles of
existing urban streets. The new parkway pleasure drives
and recreational trails would be constructed at a total
estimated cost of about $2.3 million, which
includes structures.

Recommended Parkway Drive-Scenic Drive-

Recreational Trail Subelement

It is apparent that the adoption and implementation of
alternative subelement 1—the parkway drive—scenic
drive alternative; alternative subelement 2—the recrea-
tional trail-scenic drive alternative; or alternative sub-
element 3—the parkway drive-scenic drive—recreational
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The system of parkway drives, scenic drives, and recreational trails shown on this map was recommended for inclusion in the comprehensive
plan for the Menomonee River watershed to provide public access to and enjoyment of the primary environmental corridors of the watershed.
The approximately 57 mile system consists of about 16 miles of existing parkway pleasure drives, two miles of existing recreational trails,
13 miles of new parkway pleasure drives and 6 miles of new recreational trails to be constructed at a cost of $2.3 million in addition to
13 miles of scenic pleasure drives routed over existing rural roads and 7 miles of interconnecting urban streets. The recommended parkway
drive-scenic drive-recreational trail system provides a continuous route within the Menomonee River watershed and also has direct connection
with existing and proposed pleasure drives in the adjacent Root, Kinnickinnic, and Milwaukee River watersheds.

Source: SEWRPC.
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trail alternative would complement the recommended
intermediate protection primary environmental corridor
subelement. All three subelements would provide public
access to the riverine area lands that would be required
for public park and open space use. However, the three
parkway-scenic drive-recreational trail subelements differ
significantly in cost and in the type and level of access
provided. The capital cost of alternative subelement 1 is
estimated at $3.25 million, the capital cost of alternative
subelement 2 is estimated at $0.66 million, and the cost
of alternative subelement 3 is estimated at $2.31 million.
Although all three alternatives are linked to the existing
parkway pleasure drives in the basin and in adjacent
watersheds, alternative subelement 1—the parkway
pleasure drive-scenic drive alternative—would provide
the most effective, continuous system of parkway plea-
sure drives and scenic drives throughout the watershed in
that it could be completely traversed by automobile.
Alternative subelement 1 could, therefore, be expected
to permit more people to have ready access to and use of
the 7,708 acres of public or private recreational and open
space lands that would be available under the recom-
mended primary environmental corridor subelement.
Alternative subelement 2 would lack continuity with
respect to automobile use while alternative subelement 3
would, with the exception of the Little Menomonee
River within Milwaukee County, provide watershedwide
continuity with respect to automobile use.

Although alternative subelement 1 would be the most
effective in providing public access to environmental
corridor lands, the Watershed Committee believed it
important to recognize the recent reluctance of Mil-
waukee County to expend significant additional funds
on the construction of parkway pleasure drives. To that
end, it was considered more practical to recommend an
alternative that minimizes the construction of parkway
pleasure drives within Milwaukee County while provid-
ing for the construction of such pleasure drives along the
main stem of the Menomonee River in the Washington
and Waukesha Counties portion of the basin. While the
Milwaukee County portion of the watershed already has
an extensive parkway and parkway pleasure drive system,
such a system does not exist in the three other counties
contained partially within the watershed even though
the additional urbanization within the basin will occur
primarily in those three counties.

It was accordingly recommended that alternative sub-
element 3, the parkway drive-scenic drive-recreational
trail alternative, be included in the comprehensive plan
for the Menomonee River watershed. This alternative,
while involving a lower capital expenditure than alter-
native subelement 1 and a larger expenditure than alter-
native subelement 2, would provide a better opportunity
for a larger proportion of the future population of the
watershed to gain access to and to enjoy the aesthetic
and recreational benefits of the watershed’s primary
environmental corridors as protected under the recom-
mended corridor protection subelement. This is particu-
larly true for those presently rural or sparsely populated
urban portions of the basin that may be expected to
become completely urbanized by the year 2000.
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The synthesis and comparison of alternative pleasure
drive-scenic drive-recreational trail alternatives are based,
in part, on a prescribed width for parkway pleasure
drives and recreational trails and on an assumed unit
cost for each. It is important to note that the sizes
and costs were selected primarily to permit a descrip-
tion of the parkway pleasure drives and recreational
trails and to facilitate a comparison of costs among the
three alternatives. Although the sizes and unit costs
were selected as being representative of current park-
way drive and recreational trail construction practice,
these sizes and costs are subject to refinement during
plan implementation. In some portions in the water-
shed, for example, it may be desirable to use a staged
approach to the development of the recommended
parkway pleasure drives and recreational trails in that
a portion of drive or trail might be initially constructed
at a relatively low unit cost with a gravel surface and
the asphalt surface applied at a later date. Similarly,
local construction conditions and intended uses may
result in the construction of drive or trail segments
having widths different from those assumed during
preparation of this report.

In its. deliberations concerning the selection of a park-
way drive-scenic drive-recreational trail subelement, the
Menomonee River Watershed Committee considered
the possible effects of alternative pleasure drive
recommendations on motor fuel consumption in a time
of public concern over increasing costs and decreasing
availability of petroleum and petroleum products. In
Committee deliberation on this matter, concern was
expressed that the construction of additional park-
way pleasure drives might encourage more pleasure
driving and thereby result in increased consumption
of motor fuel. It also was noted, however, that public
response to increases in the cost of motor fuel may
not necessarily take the form of a decrease in the over-
all use of motor vehicles, but may instead be
reflected in changes in the size and efficiency of the
vehicles, thereby achieving a reduction in motor fuel
consumption while maintaining overall levels of travel
as measured in vehicle miles. Pleasure driving is, more-
over, a very popular recreational activity and one
expected to maintain its popularity over time. Conse-
quently, if increased motor fuel costs did result in
a decrease in the overall use of motor vehicles, it would
still not necessarily follow that pleasure driving would
decrease substantially, since vehicle owners might choose
to maintain their level of pleasure driving while reducing
the use of their vehicles for other trip purposes.
Finally, the Committee noted that it may be prudent
to provide improved local opportunities for pleasure
driving in a time of increasing motor fuel costs, so as to
reduce the need to seek pleasure driving opportunities
at great distances from population centers, and thereby
reduce the length of pleasure trips and correspondingly
reduce the amount of motor fuel used in making such
trips. The Committee accordingly concluded that con-
struction of additional parkway pleasure drives was
not necessarily inconsistent with the contemporary
public concern over the availability and cost of
motor fuel.



SUMMARY

The amount of land devoted to urban use within the
Menomonee River watershed is forecast to increase
from the 1970 total of about 73 square miles, or about
54 percent of the total area of the watershed, to about
88 square miles, or about 65 percent of the total area of
the watershed by the year 2000. It is extremely
important that this new urban development be related
sensibly to soil capabilities; to long-established utility
systems; to the delineated floodlands of the Menomonee
River system; and to the wetlands, woodlands, and
wildlife habitats of the watershed. If such new urban
development is not so related, the already severe
developmental and environmental problems of the water-
shed may be expected to continue to intensify and the
quality of life for existing and future watershed residents
will be lessened.

The recommended land use plan element constitutes
a major element of the comprehensive plan for the
development of the Menomonee River watershed. The
recommended watershed [and use plan is set within the
context of, and reflects, the concepts and recommenda-
tions contained in the revised and updated regional
Iand use plan. The revised and updated regional and
watershed development objectives and standards are
intended to guide and shape the spatial distribution
of land uses within the watershed in order to achieve
a safer and a more healthful, pleasant, and efficient
land use pattern, while meeting the net land use demand
requirements previously set forth. The land use plan
element emphasizes efficient utility services, cohesive
urban development on suitable soils, preservation of
prime agricultural lands, preservation of unique
resource areas, and protection of floodland areas
from urban encroachment.

Under the recommended watershed land use plan
element, residential development would be channeled
into low-, medium-, and high-density residential areas
properly located with respect to the natural resource
base elements and public utility service areas. In addition,
prime agricultural lands, environmental corridor areas,
and potential park sites would be protected from
incompatible development. Specific regulations would
govern the use of surface waters and of floodlands.
Existing land uses and structures not developed in
conformance with these proposals would be considered
nonconforming, and regulations would provide for their
eventual discontinuance or removal. The attainment of
a sound land use pattern throughout the watershed, as
well as within the riverine areas, is a basic objective of
the comprehensive watershed plan.

In the adaption and refinement oi the revised and
updated regional land use plan for the Menomonee
River watershed, three alternative subelements were
considered for protection of the 10,439 acres of primary
environmental corridor in the watershed. Subelement 1—
the minimum protection alternative—would consist essen-

tially of using land use controls to protect those primary
environmental corridor lands not already protected by
public or private outdoor recreation and related use.
Subelement 2—the intermediate protection alternative—
would incorporate selective public acquisition of the
highest value corridor lands at a cost of $2,183,050 in
combination with land use controls to supplement the
protection afforded by existing ownership. Subelement
3—maximum protection alternative—would utilize public
acquisition of all primary environmental corridor lands
not already in public or private outdoor recreation or
related open space use at a cost of $14,749,150.
Each of the three oorridor protection subelements
include a component that calls for the application of
sound management techniques to all woodlands, wet-
lands, and wildlife habitat.

The primary environmental corridor protection sub-
element recommended for incorporation into the com-
prehensive watershed plan is the second or intermediate
protection alternative. This alternative recommends the
public acquisition for resource conservation, recreation,
and related open space purposes of all of the remaining
undeveloped primary environmental corridors of the
watershed lying along the main stem of the Menomonee
River in Waukesha and Washington Counties and of
certain selected additional environmental corridor lands
containing high value resource elements throughout
the watershed.

This subelement would serve to permanently protect
through public acquisition a total of 3,062 acres, or
over 29 percent of the primary environmental corridors
of the watershed, covering over 3 percent of the total
watershed area. Existing public and private outdoor
recreation and related open space lands total 4,641
acres, or about 45 percent of the total primary environ-
mental corridor in the watershed and approximately
5 percent of the watershed area. The remaining 2,736
acres of the primary environmental corridors of the
watershed would be protected through appropriate
agricultural, shoreland, floodland, conservancy, and
low-density residential zoning.

Of the 18 potential recreation and related open space
sites within the watershed, 13 sites are located within
the recommended corridor protection subelement. That
portion of the primary environmental corridor lands
slated for public acquisition under this subelement would
include 4 of these 13 sites, including 2 of the highest
value sites. The remaining nine sites within the corridor
wauld be protected by existing or proposed floodland
and conservancy zoning. Inasmuch as the land required
for development of facilities to meet forecast land-
oriented outdoor recreational demands in the
watershed is relatively small, those demands could
be easily satisfied by developing some of the potential
outdoor recreation sites available under the recom-
mended corridor protection subelement. That sub-
element, in combination with the recommended water
control facility subelement, also would contribute
significantly to meeting the water-oriented recreation
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needs of the watershed. Therefore, under the recom-
mended corridor protection subelement, the total
recreational user demand in the watershed would be
met, and damaging overuse of the facilities and the
concomitant damaging effect on the resource base
thereby avoided. Not only would the residents of the
watershed be provided with sufficient recreation areas
to meet their day-to-day needs, but such needs would
be met without extensive conflict between the recrea-
tion users within the watershed.

This subelement would serve to permanently protect,
through public acquisition, 1,566 acres of woodlands
and wetlands that are currently not in public or private
outdoor recreation and related open space use, or about
57 percent of the remaining unprotected watershed
woodlands and wetlands. In addition, about 2,292 acres
of wildlife habitat area, or about 25 percent of the
watershed wildlife habitat areas identified throughout
the watershed, would be permanently protected through
public acquisition.

Three parkway drive-scenic drive-recreational trail sub-
elements were developed for the watershed in order to
provide for public use and enjoyment of the primary
environmental corridors of the watershed as those cor-
ridors would be protected under the recommended
corridor protection subelement. Subelement 1—the park-
way drive-scenic drive alternative—would consist of the
continuous system of 16.0 miles of existing parkway
pleasure drive, 19.5 miles of new parkway pleasure drive
to be constructed at a cost of $3.25 million, 13.2 miles
of scenic pleasure drive routed over existing rural roads,
and 7.4 miles of existing interconnecting urban streets.
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Subelement 2—the recreational trail-scenic drive alterna-
tive—would consist of a continuous sytem of 16.0 miles
of existing parkway pleasure drives, 18.4 miles of new
recreational trails to be constructed at a cost of $0.66 mil-
lion, 2.3 miles of existing recreational trails, 13.2 miles of
scenic pleasure drives routed over existing rural roads,
and 6.9 miles of interconnecting existing urban streets.
Subelement 3—the parkway drive-scenic drive-recreational
trail alternative—would consist of a continuous system of
16.0 miles of existing parkway pleasure drives, 13.2 miles
of new parkway pleasure drives and 5.2 miles of new rec-
reational trails to be constructed at a cost of $2.31 mil-
lion, 2.3 miles of existing recreational trails, 13.2 miles of
scenic pleasure drives routed over existing rural roads,
and 6.9 miles of existing urban streets.

The parkway drive-scenic drive-recreational trail sub-
element recommended for incorporation into the
comprehensive watershed plan is subelement 3. The
key feature of this recommended subelement is the
13.2 miles of additional parkway pleasure drives to be
constructed primarily in the Washington and Waukesha
County portions of the watershed along the main stem
of the Menomonee River where extensive primary
environmental corridor lands would be acquired for
public use under the watershed plan. The recommended
system of parkway drives, scenic pleasure drives, and
recreational trails will provide ready access to and will
enhance the enjoyment of the protected primary environ-
mental corridors and provide the continuity necessary
to accommodate anticipated year 2000 demand for plea-
sure driving and related outdoor recreational activities in
the Menomonee River watershed.
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Chapter IV

ALTERNATIVE FLOODLAND MANAGEMENT MEASURES

INTRODUCTION

The inventory and analysis phases of the Menomonee River
watershed planning program have identified certain water
resource and water resource-related problems, including
flooding and water pollution. As stated in Chapter I,
Volume 1, the overriding objective of the Menomonee River
watershed planning program is to assist in the abatement
of these water resource and water resource-related prob-
lems by developing a workable plan which can be used to
guide development within the watershed into a safer, more
healthful, and more economic pattern, a pattern which is
properly related to the sustaining ability of the underlying
natural resource base without intensifying existing or cre-
ating new socio-environmental problems.

The purpose of this chapter is to present alternative flood-
land management plan subelements from which an
integrated water resource management plan for the water-
shed can be synthesized. The alternative structural and
nonstructural floodland management plan subelements
described herein were designed for, and should be
considered as adjuncts to, the basic land use development
proposals advanced in Chapter III of this volume to
facilitate the attainment of regional and watershed develop-
ment objectives. The floodland management plan
subelements are thus subordinate to the basinwide land use
plan element, and the incremental benefits and costs of
these subelements can be separated from those of the
basin-wide land use plan element.

As noted in Chapter 1 of this volume, the evaluation of
a particular watershed plan subelement relative to other
alternatives intended to resolve an identified problem is
a sequential process during which the plan subelement is
subjected to several levels of review and evaluation
including technical, economic, financial, legal, and
administrative feasibility and political acceptability. In
anticipation of making a comparative evaluation of the
various alternative floodland management plan subelements
and to facilitate selection of a recommended comprehensive
watershed plan, the technical, economic, and environmental
aspects of each alternative floodland management plan
subelement are presented in this chapter.

Concerning organization of the material presented in this
chapter: Structural and nonstructural floodland manage-
ment measures available for resolution or prevention of
flood problems are described, followed by a discussion of
the hydrologic, hydraulic, and economic consequences of
alternative land use-floodland development conditions in
the Menomonee River watershed. Floodwater storage and
diversion alternatives are then described, followed by
a comparison of structural flood control measures for
selected flood-prone communities. Bridge and culvert

alteration is discussed, followed by a description of
alternative nonstructural plan subelements recommended
for application throughout the watershed. The chapter
concludes with a discussion of accessory floodland
management measures.

AVATLABLE FLOODLAND MANAGEMENT MEASURES

As urban development within the Menomonee River water-
shed continues, the problems and monetary losses asso-
ciated with flooding, in the absence of a sound floodland
management program, can be expected to increase. Be-
cause of the degree to which urban development has already
occurred within the basin, the Menomonee River system,
as it exists today, generates relatively high peak flood
flows which occur in late winter and in the spring and sum-
mer seasons and are caused primarily by rainfall activity.
Further indiscriminate urban development within and out-
side of the watershed floodlands can be expected to increase
both the size of, and the damage produced by, floods.
Because urbanization increases both the volume and rate of
runoff, because floodland storage is so vital in reducing
flood peaks, and because sound land use development in
relation to the riverine areas of the watershed is so
essential to the prevention of flood damage, the basic flood
control plan element in any comprehensive plan for the
watershed must consist of proposals for sound land use
development, not only in the riverine areas, but in the
watershed as a whole. Such land use proposals had been
set forth for the Menomonee River watershed in Chapter
IIT of this volume. As already noted, the floodland manage-
ment alternatives set forth herein are proposed as pos-
sible adjuncts to the basic land use development proposals.

Floodland management may be defined as the planning and
implementation of a combination of measures intended to
reconcile the floodwater conveyance and storage function
of floodlands with the space and related socioeconomic
needs of a resident population. Specific purposes of flood-
land management include elimination of loss of life, less-
ening of danger to human health and safety, minimization
of monetary damage to private and public property, reduc-
tion in the cost of utilities and services, and minimization
of disruption in community affairs. A broader goal is the
enhancement of the overall quality of life of the watershed
residents by protection of those environmental values—
recreational, aesthetic, ecological, and cultural—normally
associated with, and concentrated in, riverine areas.

Preparation of a floodland management plan for a water-
shed involves the development of alternative plan sub-
elements, a comparative evaluation of those subelements,
and the synthesis of the most effective subelements into an
integrated plan. The floodland management plan for the
Menomonee River watershed is specifically intended to
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achieve the land use development objectives, sanitary
sewerage system development objectives, and water control
facility development objectives and supporting standards
set forth in Chapter II of this volume.

The techniques of floodland management may be broadly
subdivided into two categories: structural measures and
nonstructural measures. Structural measures include
floodwater storage facilities such as reservoirs and
impoundments, diversions, floodwater containment facilities
such as earthen dikes and concrete floodwalls, floodwater
conveyance facilities such as major channel modifications,
and bridge and culvert modifications or replacements.
Nonstructural measures include reservation of floodlands
for recreational and open space uses, floodland use regu-
lations, land use controls outside of the floodlands, flood
insurance, lending institution policies, realtor policies,
community utility policies, emergency programs, and
structure floodproofing and removal. Table 18 lists struc-
tural and nonstructural measures of floodland management
that may apply, individually or in combinations, to portions
of the Menomonee River watershed and summarizes the
function of each. Structural measures tend to be more
effective in achieving the objectives of floodland manage-
ment in riverine areas that have already been urbanized
while nonstructural measures are preventative in that they
are generally more effective in riverine areas that have
not yet been converted to flood-damage-prone rural and
urban development but have the potential for such devel-
opment. :

Structural Measures

Each of the five structural floodland management measures
set forth in Table 18 is discussed briefly below. Emphasis
is placed on the function of each measure, key factors, or
basic requirements used to determine if the given alterna-
tive applies to a particular riverine area or portion of the
watershed, and on some of the more significant positive
and negative features of each measure.

Storage: From the perspective of floodland management,
the function of floodwater storage facilities is to detain
floodwaters upstream of flood-prone areas for subseguent
gradual release, thereby substantially decreasing down-
stream discharges and stages and, consequently, flood
damage. A key factor in the potential application of this
alterpative is the existence of sites of sufficient volume
that are positioned upstream of all, or a significant por-
tion, of the flood-prone riverine areas and are located so
as to control the runoff from a significant portion of the
total watershed area tributary to the flood-prone areas.
In addition, the site must be ‘‘available’’ in the sense that
it does not contain significant urban development.

Floodwater storage facilities may be directly located on
the stream system, such as is the case with a conventional
reservoir, or may be located off the channel system, as
in an abandoned quarry or in excavated chambers in the
underlying bedrock. In the latter case the floodwaters are
diverted to the storage area during a flood event and later
returned to the stream by pumping.

A positive feature of reservoirs in the context of a com-
prehensive floodland management plan element is their
potential for mitigating flooding in several downstream
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communities in contrast with most other structural flood-
land management measures which provide only local flood
relief. Another favorable aspect of reservoirs is their
potential for serving several water resource-related uses—
in addition to flood mitigation—such as recreation, low-
flow augmentation, and water supply. Negative aspects of
reservoirs include the large capital cost, large land area
required, potential adverse water quality conditions both
within and downstream of the impoundment, and the false
sense of security with respect to the flood dangers that
may be engendered in downstream reaches leading to the
possible influx of urban development into the remaining
flood-prone areas.

Diversion: The function of a diversion is to intercept
potentially damaging floodwaters at a point upstream of the
flood-prone reaches and io route those floodwaters to an
acceptable receiving watercourse outside of the subwater-
shed or watershed in which flood mitigation is desired. Two
structural elements are entailed in a diversion alternative:
(1) The control structure itself located on the siream chan-
nel that establishes the river stage at which the diversion
process will begin and the rate at which it will occur; and
(2) the open channel or closed conduit that conveys the
diverted floodwaters from the stream channel to the point
of discharge. A key factor in assessing the application of
this alternative to a particular subwatershed or watershed
is the availability of a receiving water or other point of
discharge outside of the watershed to which the floodwaters
may be diverted.

A favorable feature of diversion technique, shared with the
reservoir alternative, is the potential which a single major
upstream facility may have to mitigate flood problems in
several downstream communities. A negative aspect, also
shared with impoundments, is the false sense of security
with respect to downstream flood dangers that may develop
as a result of the construction of a diversion facility.

Another negative feature of diversions for flood control
purposes is the potential legal restrictions on the transfer
of water between watersheds as discussed in Chapter X,
Volume 1, of this report.

Dikes and Floodwalls: Earthen dikes and concrete or sheet

steel floodwalls, like those shown on Figure 4, are tech-
nically feasible means of providing flood control in certain
flood-prone riverine areas. The principal function of dikes
and floodwalls is to contain the floodwaters, that is, to pre-
vent the occurrence of overland flow laterally from the
channel to adjacent floodland areas containing flood-dam-
age-prone structures and facilities. A key physical factor
in the potential application of this structural alternative
is the availability of sufficient space between the stream
channel and the land uses that are to be protected to permit
the construction of the dikes or floodwalls, the latter having
the advantage of requiring a narrower strip of land.

In order to be effective in reducing flooding, dikes and
floodwalls must normally be supplemented by the installa-
tion of backwater gates on those storm sewer outfalls and
other drainage outlets penetrating the dikes and floodwalls
that have street inlets or other entry points in the area to
be protected at elevations approximating the 100-year



Table 18

ALTERNATIVE FLOODLAND MANAGEMENT MEASURES CONSIDERED
IN THE MENOMONEE RIVER WATERSHED PLANNING PROGRAM

the flood-prone reaches and discharge to an
acceptable receiving watercourse outside
of the watershed

Alternative
Major
Category Name Function Comment
Structural Storage To detain floodwaters upstream of flood- May be accomplished by on-channe)
prone reaches for subsequent gradual release reservoirs or by off-channel or
underground storage
Diversion To divert waters from a point upstream of -

Dikes and floodwalls

To prevent the occurrence of overland
flow from the channel to floodland
structures and facilities

Channel modification
and enclosure

To convey flood flows through a river
reach at significantly lower stages

May be accomplished by straightening,
lowering, widening, lining, and otherwise
modifying a channel or by enclosing
a major stream, includes construction
of a new length of channel for the
purpose of bypassing a reach of
a natural stream

Bridge and culvert
alteration or
replacement

To reduce the backwater effect of
bridges and culverts

May be accomplished by increasing the
waterway opening or otherwise substan-
tially altering the crossing or by
replacing it

Nonstructural Reservation of
floodlands for
recreational and
related open
space use

To minimize flood damage by using

floodiands for compatible recreational
" and related open space uses and also ta
_retain floodwater storage and

i
conveyance

May be accomplished through private
development, such as a goif course, or
by public acquisition of the tand or
of an easement

Fioodland regulations

To control the manner in which new urban
development is carried out in the flood-
lands so as to assure that it does not
aggravate upstream and downstream
flood problems

May be accomplished through zoning,
land subdivision control, sanitary and
building ordinances

Control of land use
outside of the
floodlands

To control the manner in which urban
development occurs outside of the flood-
fands so as to minimize the hydrologic
impact on downstream floodlands

Ficod insurance

To minimize monetary loss or reduce
monetary impact on structure owner

Premiums may be subsidized or
actuarially determined

Lending institution
policies

To discourage acquisition or construction
of flood-prone structures by means of
mortgage granting procedures

Realtor policies

To discourage acquisition or construction
of floodprone structures by providing flood
hazard informatijon to prospective buyers

Community utility
palicies

To discourage construction in flood-prone
areas by contralling the extension of
utilities and services

Emergency programs

To minimize the danger, damage, and
disruption from impending flood events

Such a program may include installation
of remote stage sensors and alarms,
road closures, and evacuation of residents

Structure
floodproofing

To minimize damage to structures by applying
a combination of pratective measures and
procedures on a structure-by-structure basis

Structure
removal

To eliminate damage to existing structures
by removing them from flood-prone areas

Source: SEWRPC.




recurrence interval river flood stage. A storm water
drainage system, which typically includes the aforemen-
tioned street storm water inlets and storm sewer outfalls,
normally provides for the conveyance of storm water runoff
from developed urban areas to the river. During major
flood events, however, high river levels can reverse the
operation of the storm water drainage system, thus negating
its function and resulting in the movement of floodwaters
from the river into developed riverine areas, thereby
producing unwanted inundation and attendant monetary
damages and inconvenience. Backwater gates prevent such
flow reversal by functioning as valves that normally pass
the storm water to the river but close when the hydraulic
head on the river side of the hinged gate exceeds the head
on the opposite side of the gate.

While backwater gates, operating as described above, will
prevent the movement of floodwaters from the river, they
may, depending on topographic conditions, create local
flood problems attributable to the accumulation of storm
water runoff which does not have access to the river
because of the closed storm sewer outfall. Areas
susceptible to this problem can be afforded protection by

making provision for temporary or permanent pumping
facilities to convey the impounded storm water over the
dikes and floodwalls to the river during major flood events.

An important factor which must be considered in the design
of dikes and floodwalls is the stage which the design flood
may be expected to reach in passing through the reach to
be protected. This design-condition flood stage may be
several feet higher than the “natural” condition stage as
a result of the lateral constriction imposed on the stream
by the dikes and floodwalls and is used with an appropriate
freeboard to establish the crest elevation of the dikes and
floodwalls.

A favorable feature of dikes and floodwalls is that they are
a means whereby a given community can readily and by
unilateral action protect existing development within its
own corporate boundaries. It must be recognized, however,
that a serious negative aspect of dikes and floodwalls is
their potential for increasing upstream flood stages as
a result of the hydraulic constriction imposed on the river
and the possibility that a series of successive dike-flood-
wall projects along a stream could substantially reduce
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the natural floodwater storage capability of the river reach
so0 as to increase downstream discharges and associated
stages. Other significant negative characteristics of dikes
and floodwalls include the potentially high aesthetic cost,
or penalty, normally associated with the placement of these
high, long structures in the riverine areas, particularly

if those areas are devoted primarily to residential land use,
and the false sense of security that may develop with

respect to flood dangers through over-topping of the dikes
or walls.

Channel Modification and Enclosure: Channel modifica-
tions—or channelization, as it is more commonly
called—may include one or more of the following major
changes to the natural stream channel, all designed to
increase the capacity of the stream system channel:
straightening and deepening and widening; placement of
a concrete invert and partial sidewalls; and reconstruction
of selected bridges and culverts as needed. In some
instances, a completely new length of channel may be
constructed so as to bypass a natural channel reach, as
has been done in the Menomonee River watershed for
a portion of Underwood Creek in the City of Wauwatosa.
This form of channel modification is particularly well
suited to river reaches containing intense urban develop-
ment. Upon completion of bypass construction, all or
a portion of the original natural channel may be retained
to provide for conveyance of local storm water runoff to
the relocated channel.

In the context of structural floodland management mea-
sures, channel enclosure refers to the installation of large
underground conduits along or close to the alignment of
major stream reaches intended to convey floodwaters
through an area so as to substantially reduce overland
flooding and sanitary sewer backup. An example of major
channel enclosure in the Menomonee River watershed is
the 2.3-mile-long reach of Honey Creek within the Cities
of West Allis and Milwaukee in Milwaukee County.

The function of channel modifications or enclosure are to
yield a lower, hydraulically more efficient waterway,
through which a given flood discharge can be conveyed at
a much lower flood stage relative to that which would exist
under natural or prechannelization conditions. Key factors
in the potential application of this structural floodland man-
agement alternative to a flood-prone reach are the acquisi-
tion of a strip of land of sufficient width to accommodate
the modified channel and careful consideration of the length
of upstream and downstream natural channel that must be
modified to affect an acceptable transition from the natural
channel and floodplain to the channelized or enclosed reach.

A Key advantage of channelization or enclosure is that it—
like dikes and flood walls—provides a means whereby
a community can take unilateral action to effectively pro-
vide local relief to a flood-prone area. Significant negative
features of major channel modifications or enclosures
include the potential high aesthetic cost, particularly of the
former, and the possibility for aggravating downstream
flood problems through increased downstream discharges
and stages resulting from the loss of floodwater storage
capacity in a long channelized or enclosed reach.

The Milwaukee-Metropolitan Sewerage Commissions, in
cooperation with the Milwaukee County Park Commission,
have used major channel modifications to achieve flood
control in those riverine areas of Milwaukee County where
urbanization has proceeded to the point where channel modi-
fications are, in effect, the only remaining, technically
feasible structural means of achieving flood relief. In
recent years some major channel modification proposals in
Milwaukee County have met with citizen opposition on the
grounds that the modifications would destroy, to varying
degrees, the beauty and aesthetic quality of the natural
riverine environment. A commonly cited example used by
such opposition to illustrate the potential negative aesthetic
aspects of major channel alterations is the reach of the
Kinnickinnic River extending from S. 6th Street to S. 16th
Street in the City of Milwaukee. In this reach the natural
channel has been replaced by a trapazoidal, concrete lined
channel with steep side slopes and has been converted, in
effect, to no more than a large open storm drain. In
contrast, there are riverine areas in Milwaukee County
where major channel modifications have been accomplished
while retaining some of the aesthetic attributes of the
natural channel and its floodplain. This has generally been
achieved by paving only the lower portions of the modified
cross-section and then landscaping the remainder of the
channel with grass, shrubbery, and trees. The Kinnickinnic
River just upstream of the aforementioned reach serves
as an example of such channel modification.

Bridge and Culvert Alteration or Replacement: Existing or
new highway and railway bridges and culverts, or modifi-
cations to existing bridges and culverts, may significantly
affect upstream and downstream flood stages and thereby
aggravate existing flood problems or create new flood
hazards. Furthermore, increased regulatory flood ‘stages
are reflected in enlarged floodland regulatory zones, there-
by creating difficult administrative, legal, and political
problems for community officials. Flood events, on the
other hand, can interfere with the proper functioning of the
regional transportation system by inundating highways or
railroad bridges or their approaches, thereby rendering
them impassable during major floods.

The function of the bridge and culvert alteration or replace-
ment alternative is to avoid or minimize the aforementioned
adverse effects of existing bridges and culverts on flood
flow characteristics and the adverse effects of flood flows
on the functioning of the transportation system. Elimination
of these adverse effects is accomplished by increasing the
size of the waterway opening or by otherwise substantially
altering the crossing or by replacing it. The potential use-
fulness of this structural alternative in a watershed is con-
tingent upon identifying those existing bridges and culverts
that produce major backwater effects as a result of their
inadequate hydraulic capacity and identifying those struc-
tures that are impassable during major flood events.
Determination of bridge and culvert backwater effects is
a routine procedure associated with the operation of
a Hydraulic Submodel 2 as described in Chapter VIII,
Volume 1, of this report.

Contemporary bridge design generally employs larger
waterway openings that yield relatively small, and in effect
insignificant, backwater effects. Therefore, this structural
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floodland management alternative is most likely to be
applicable to older waterway crossings that will be
replaced as part of the normal transportation improve-
ment Process.

Nonstructural Measures

Each of the 10 nonstructural floodland management mea-
sures presented in Table 18 is discussed briefly below.
The function of each measure is described and the key fac-
tors or basic requirements needed to determine if the given
alternative applies to a riverine area or portion of the
watershed are discussed. In addition, some of the more
significant positive and negative features of the various
measures are identified.

Reservation of Floodlands for Recreational and Related
Open Space Uses: Comprehensive land use planning recog-
nizes that there is, and will continue to be, a need for
active and passive recreational and open space lands readily
accessible to residents of the metropolitan area. Floodlands
provide an ideal location for such lands and supporting
facilities because the floodlands and the environmental
corridors of which they are a part provide sufficient space,
assure the presence of water and other key recreation
elements, improve the accessibility of the recreation areas
to the urban population, and are compatible with recreation
use and supporting facilities.

Recreational and related open space uses of floodlands may
be accomplished by several mechanisms, including public
or private acquisition of the land or acquisition of an ease-
ment followed by development for recreational use such as
a golf course. The principal advantage of this floodland
management alternative is its definitiveness and legal
incontestability, whereas the key disadvantage of public
acquisition of the lands is the public cost. Public acquisi-
tion of floodland areas for recreational and related open
space use can sometimes be accomplished at no major
direct cost to the municipalities by encouraging developers
of large tracts of land to dedicate the land and adjacent
environmental corridor portions of those tracts to a local
government unit or agency for public maintenance and use.
Since floodlands are not well suited for residential develop-
ment not only because of flooding but also because of soils,
utility, and other problems; since land subdivision regula-
tions often require developers to provide a minimum
amount of recreational and open space land; and since
existing floodland regulations may limit the extent of flood-
land development, the land developer may be receptive to
the idea of dedicating the floodlands and adjacent
environmental corridors to a local government unit
or agency.

In addition to preventing additional flood-prone develop-
ment, minimizing aggravation of upstream and downstream
flood problems, and providing prime and readily accessible
outdoor recreational land, the reservation of floodlands for
recreational and related open space uses also may be
expected to have a significant and favorable impact on the
value of residential property in close proximity to the riv-
erine area parkways. A land value study recently was con-
ducted under the regional park and open space planning
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program1of the Commission to investigate the effects of
public open space land on residential areas. The emphasis
was upon the extent to which residential property values
may be influenced by proximity to public open space areas.
A variety of information sources and analysis procedures
was used to carry out the study, including personal inter-
views of assessors, appraisers, and developers; collection
and collation of census housing value data; analysis of res-
idential housing sales information; analysis of residential
land sales information; analysis of locally assessed prop-
erty values; and a survey of occupants of riverine area
residential property.

The study indicates that most public open space lands have
a positive impact on the value of residential property situ-
ated adjacent to or with a view toward the public open space
areas. Furthermore, this impact is directly related to the
size of the open land as well as to the value of the natural
resource amenities which it contains.

Public open space areas, such as the Menomonee River
parkway, that preserve and enhance high value elements
of the natural resource base have the greatest impact on
the value of adjacent developed residential property. The
value of property situated adjacent to or with a view toward
such parkways exceeds the value of property located away
from the parkway land by an average of about 30 percent.
The analysis also revealed that, within a given subdivision
that is under development, the sale prices of lots situated
adjacent to or with a view toward such parkways exceeds
by an average of 12 percent the sale prices of lots situated
away from parkway lands.

The land value study also indicated that smaller parks which
are intensively developed for active recreation use and
which provide only a limited amount of “green’’ space have
little or no positive impact on the value of adjacent resi-
dential property. This finding is due to negative factors
associated with such locations including: increased traffic
and parking problems, noise, rowdyism, and undesirable
glare from nighttime lighting of athletic fields. Information
presented in the study strongly suggests that a community
‘‘benefit-cost’”” or ‘‘revenue-cost”’ analysis of preserving
floodlands for recreational and related open space uses
should consider the significant property value enhancement
that accrues to properties adjacent to or situated with a
view toward riverine area parkways. The same favorable
property value condition is true for other large public open
space lands that preserve and enhance high value elements
of the natural resource base.

Floodland Regulations: Floodland regulations take the form
of or are incorporated into zoning, land subdivision, sani-
tary, and building ordinances adopted by countles, cities,
villages, and towns under police powers granted by state
legislatures. Such regulations are ordinarily intended for

' SEWRPC Planning Report No. 27, A Regional Park and
Open Space Plan for Southeastern Wisconsin, Chapter X,
“Impact of Public Open Space Lands on Residential
Property Values Based upon an Analysis in Milwaukee
County,” (to be published in 1977).
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the single purpose of flood damage mitigation by controlling
the manner in which new urban development is carried out
in the floodlands so as to assure that it is not flood-prone
and, equally important, that it does not aggravate upstream
and downstream flood problems. As discussed in Chapter
X, Volume 1 of this report, the regulation of floodlands in
Wisconsin is governed primarily by the rules and regula-
tions adopted by the Wisconsin Department of Natural Re-
sources pursuant to Wisconsin Statutes. All counties,
cities, and villages are expected to adopt reasonable and
effective floodland regulations under the enabling Wiscon-
sin Statutes. The principal advantage of floodland regula-
tions is that they control the manner in which new develop-
ment occurs in riverine areas. The principal disadvantage
of floodland regulations is that they offer no relief to exist-
ing flood-prone structures other than to encourage their
ultimate removal from floodland areas.

There is a potential downstream .hydrologic problem as-
sociated with floodland regulations that employ the two-
district floodway-floodplain fringe approach as incorpo-
rated in the State of Wisconsin Floodplain Management
Program. As described later in this chapter, widespread
floodland fill and development can lead to marked increases
in downstream flood discharges and stages. The delineation
of floodways throughout a watershed and the subsequent
filling of the floodplain fringe areas outside of the flood-
ways may, because of the associated reduction in floodland
storage capacity, result in significant increases in down-
stream flood discharges and stages.

Another negative aspect of the two-district floodway-flood-
plain fringe approach in floodland regulations is that flood
stage increases within the community for which a floodway
is being determined have the effect of enlarging the area to
which floodplain regulations must be applied.2 This is so
because constricting the width of the floodway so as to
eliminate from the floodway structures located on its fringe
has the effect of increasing the 100-year recurrence inter-
val flood stage, thereby laterally extending the correspond-
ing floodplain boundary and subjecting additional land and
structures to floodland regulation.

A third negative feature of the two-district floodway-flood-
plain fringe approach to floodland regulations is that it may
lead to the destruction of the environmental corridors of
a watershed since it encourages floodland fill and develop-
ment outside of the floodwaylimits, but within environmen-
tally critical areas. There is the possibility of making
floodland and other land use recommendations more effec-
tive for environmental corridor protection by expanding
the regulatory objectives so as to explicitly include corri-
dor protection as well as flood damage mitigation. Such
more comprehensive floodland regulations typically incor-
porate a floodway, a developable floodplain fringe, and an
undevelopable conservancy district.

2For a graphic demonstration of this effect, refer to:
SEWRPC Planning Report No. 13, A Comprehensive Plan
for the Milwaukee River Watershed, Volume Two, “Alter-

native Plans and Recommended Plans,” pp. 163 to 172,

Control of Land Use Qutside of the Floodlands: In a water-
shed it is important to regulate the manner in which urban
development occurs outside of the floodlands, as well as
within the floodlands, so as to minimize the hydrologic
impact on floodland areas receiving direct runoff from
tributary watershed areas. Although planning for land use
outside of floodland areas has not traditionally been
considered a floodland management alternative, the hydro-
logic hydraulic interdependence between the land surface
and the streams of the watershed system suggests that land
use planning may indeed be an effective floodland manage-
ment measure,

The influence of land use on the volume, timing, and peak
discharge rate of runoff to the streams of a watershed is
discussed and illustrated in Chapter V of Volume 1 of this
report. The likely consequences of uncontrolled urban
development in the Menomonee River watershed are quanti-
tatively demonstrated later in this Chapter where it is
shown that uncontrolled urban development of lands outside
of the floodland areas can increase 100-year recurrence
interval discharges in the watershed stream system by as
much as a factor of six. It is vital, therefore, that land use
planning consider the hydrologic-hydraulic consequences
of the location of future urban development, the amount of
impervious surface in that development, and the manner
in which storm water runoft from that new development is
controlled.

Federal Flood Insurance: As discussed in Chapter X,

Volume 1 of this report, the overriding objective of the
National Flood Insurance Program is to encourage the
purchase of flood insurance by individual land owners to
reduce the need for periodic federal disaster assistance.
From the perspective of the owner of the flood-prone
residential, commercial, or industrial structure, federal
flood insurance provides a means of distributing monetary
flood losses in a relatively uniform manner in the form of
an annual flood insurance premium and also actually
reduces the monetary flood losses in those situations where
the insurance premiums are federally subsidized.

1t is in the best interest of communities in the Menomonee
River watershed to participate in the federal flood insur-
ance program, in accordance with the procedures described
in Chapter X, Volume 1 of this report, so as to provide
some relief to citizens of those communities in which flood-
prone structures are located. It is important to note that
one of the requirements that must be met by a community
before citizens of that community can participate in the
federal flood insurance program is that the community must
enact land use controls which meet federal standards for
floodland protection and development. A very close tie,
therefore, exists between two of the nonstructural floodland
measures—the federal flood insurance program and
floodland regulations.

Lending Institution Policies: Lending institutions have
gradually become more aware of the flood hazards
associated with properties located in the floodland areas.
The interest of lending institutions in the possible flood-
prone status property has been intensified as a result of the
Federal Flood Disaster Protection Act of 1973 which
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expanded the National Flood Insurance Program. This Act
requires the purchase of flood insurance for a structure
within a flood hazard area when the purchaser seeks
a mortgage through a federally supervised lending institu-
tion. The private lending institutions in the southeastern
Wisconsin area have largely assumed the responsibility for
the determination of whether or not a property is in flood-
prone area. This information is obtained by the lending
institution from the local units of government and the
Regional Planning Commission. Indications are that the
lending institutions are not reluctant to provide mortgages
on flood-prone structures provided that the federal flood
insurance is secured by the owner of the property.

Realtor Policies: As a result of an executive order by Gov-
ernor Patrick Lucey of Wisconsin on November 26, 1973,
real estate brokers, salesmen, or their agents are strongly
urged to properly inform potential purchasers of property
of any flood hazards which may exist at the site. The func-
tion of this floodland management measure is to reduce the
unwitting acquisition or construction of flood-prone struc-
tures by providing flood hazard information to prospective
buyers.

Community Utility Policies: Local communities may adopt
policies relating to the extension of certain public utility
services that discourage construction in flood-prone areas.
Such policies should relate to the extension of streets as
wells as of such utilities as sanitary sewers and water
mains. The location and size or capacity of utility facilities
tend to influence the location of urban development. For
example, selection of a sewer alignment that parallels and
lies close to or within a floodplain or terminates at the edge
of a floodplain may, in the absence of other land use con-
trols, result in the construction of flood-prone residential,
commercial, and industrial development. The sanitary sew-
erage system development objectives and standards which
have been incorporated into the overall development objec-
tives and standards for the Menomonee River watershed
specify that floodlands should not be served by sanitary
sewers and that analyses related to the sizing of sanitary
sewer system components should not assume the ultimate
urbanization of those floodlands. Similar objectives and
standards can be established for water supply, transporta-
tion, and other facilities and services by the local units of
government and other agencies having responsibilities for
such services and utilities in the Menomonee River water-
shed. In addition to contributing to sound floodland manage-
ment, community utility policies that are restrictive in
serving flood-prone areas may have a significant economic
benefit in that the unit cost of utilities and services con-
structed in flood-prone areas is normally higher than the
unit cost of such utilities and services constructed in non-
flood-prone areas. The incremental costs associated with
sanitary sewer construction in flood-prone areas will also
include higher treatment cost as the result of potentially
increased clear water infiltration and inflow problems that
will probably develop in floodlands.

Emergency Programs: The function of an emergency pro-
gram is to minimize the damage and disruption associated
with flooding through a coordinated preplanned series of
actions to be taken when a flood is impending or occurring.
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Such a program may include a variety of devices and tech-
niques such as installation of remote upstream stage sen-
sors and alarms, a siren warning system, preplanned road
closures and evacuation of residents, and mobilization of
portable pumping equipment to relieve the surcharge of
sanitary sewers. In evaluating emergency programs for
use in the Menomonee River watershed, it is important to
remain cognizant of the “flashy” nature of the watershed’s
hydrologic-hydraulic system in that, even in the lower
reaches of the basin, there may be only several hours of
elapsed time between the initial rise of floodwaters and the
occurrence of the peak stage.

Structure Floodproofing: As discussed in Chapter VI,
Volume 1 of this report, residential, commercial, and
industrial structures located within or adjacent to flood-
lands are particularly vulnerable to flood damage because
of the variety of ways by which floodwaters can enter such
structures. It is possible and generally practicable for
individual owners to make certain structural adjustments
to their private properties and to employ certain measures
or procedures, all of which are intended to significantly
reduce potential flood damages. This approach is referred
to as floodproofing, and may be more specifically defined
as a combination of structural measures applied to existing
structures in combination with selected emergency proce-
dures, all of which are intended to eliminate or significantly
reduce damage to the structure and its contents.

Floodproofing measures and techniques intended for appli-
cation to existing structures generally can be divided into
one of two categories: techniques for preventing entry of
floodwaters and techniques for insuring continuation of, or
at least protection of, utilities and other services during
flood events and for protecting structure contents in the
event that the water does—by design or otherwise—
enter the building. The particular combination of flood-
proofing measures applied to a given structure must be
tailored to the function of the structure, the nature of its
construction, and the vertical and horizontal position of the
structure within the floodplain. Extensive floodproofing
should be applied only under the guidance of a registered
professional engineer who has carefully inspected the build-
ing and contents, has analyzed its structural integrity, and
has evaluated the flood threat. It is important to emphasize
that, even if a successful floodproofing program is insti-
tuted in a flood-prone area, overland flooding and the
inconvenience associated with it will continue to occur.

Prevention of Floodwater Entry: Although a variety of
floodproofing measures and techniques is available to
prevent the entry of floodwaters, specific measures to
a particular structure should be applied only under the
guidance of a registered professional engineer. Sanitary
sewer backup through basement flood drains may be
prevented by installation of backwater valves or the use of
vertical standpipes screwed into a fitting in the floor drain
provided that the building sewer can withstand the attendant
pressure that will be exerted. Sump pumps can remove
water that enters the basement of a structure through
foundation drains or other openings provided that the
discharge point is above and not affected by flood stage.
Waterproof seals can be installed at structural joints—
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such as the contact between basement walls and the base-
ment floor—and impermeable materials can be applied to
the outside of basement walls. Overland flood damage may
be prevented by the construction of earthen berms or
concrete or masonry walls around the perimeter of the
structure or cluster of structures. Glass block3 may be
placed in basement window openings and flood shields have
been designed for quick installation over doorways,
windows, and other structural openings. Existing structures
may be elevated so as to raise their first floors above
flood stages.

It is important to reemphasize the critical need for a com-
plete analysis of the ability of a given structure to withstand
the external hydrostatic forces that would be applied to the
walls and basement floor of a structure prior to implement-
ing floodproofing procedures that are intended to prevent
water from entering the basement of such structures. Gen-
erally speaking, the concrete block basements widely used
in residential construction throughout the Menomonee River
watershed are not capable of withstanding hydrostatic
forces associated with complete saturation of the soil sur-
rounding the buildings. A realistic alternative, therefore,
to attempting to prevent floodwater from entering the base-
ment of such structures is to intentionally flood the base-
ment with clean water prior to the inflow of floodwater
thereby maintaining its structural integrity while minimiz-
ing the entry of sanitary sewage, sediment, and cther
objectionable materials normally associated with base-
ment fiooding.

Maintaining Utilities _and _Services: The second category
of floodproofing measures applicable to existing resi-
dential, commercial, industrial, and other structures con-
sists of techniques designed to insure the maintenance of
utilities and other services needed for the building to func-
tion possibly during, but certainly immediately after,
a flood event. Also included in this category are procedures
intended to protect structural contents. Because of the
above structural problems, this second category of flood-
proofing measures should be employed for structures
having concrete block basements.

Mechanical equipment such as heating and air conditioning
units or manufacturing equipment may be placed on upper
floors, elevated above the floor on which it is placed, sur-
rounded by low walls to prevent intrusion of floodwaters,
temporarily covered with impermeable sheet material, or
altered so as to be mobile for removal from flood-prone
areas prior to the occurrence of a flood event. Electrical

3The Wisconsin Uniform Building Code states that base-
ment windows must have a minimum openable area of
1 percent of the floor area unless ventilation is provided
by other means such as mechanical ventilation units.
Furthermore, the current policy of the interpretation
committee of the Southeastern Wisconsin Building Inspec-
tors Association is to require the use of glass block for
basement windows in flood-prone areas and to require
that this be supplemented with mechanical ventila-
tion equipment.

circuits servicing flood-prone sections of a structure
should be altered so that they can be easily shut off, and
consideration should be given to moving the electrical
service box to the first floor of the structure above antici-
pated flood levels and to the use of waterproof electrical
fixtures in flood-prone areas of the structure. Some
mechanical electrical equipment may be protected by
removal of critical -water-vulnerable components—for
example, the blower motor on a heating unit—prior to
entry of the floodwaters.

If there is a certainty or high probability water will enter
portions of the structure and damage the contents, such as
furnishings in a house or stock stored in a commercial
building, an emergency evacuation program should be pre-
pared for the contents of the buildings. Flood-vulnerable
contents could be temporarily moved out of the buildings
or to higher floors or temporarily elevated on supports or
shelves.

Some of the above floodproofing measures are contingent
upon receiving adequate forewarning—at least several
hours—of the impending occurrence of a flood event. It
is important to recognize that such a warning, even if it
were provided at the outset of a flood, would not be very
effective in portions of the Menomonee River watershed
since, as discussed in Chapter V of Volume 1 of this report,
this relatively small urban basin is characterized as being
very ‘“flashy”’ in its precipitation-runoff characteristics.

Principle Advantages end Disadvaniages of Floodproofing:
The principal advantage of floodproofing is that it provides
a means whereby individual hormeowners or property own-
ers unilaterally can take definitive action to protect their
flood-prone structures against future flood damage. A sig-
nificant negative effect of floodproofing is the very real
possibility that it will be applied without adequate profes-
sional engineering guidance, thereby leading to possible
major damage to the structure as well as posing a threat
to the owners, tenants, and users of the structure.

Another negative attribute of floodproofing individual strue-
tures is the very real possibility that the technique will
not be applied in a coordinated way throughout the entire
flood-prone portion of a given community, thereby leaving
a significant residual demand for flood relief—a demand
that will be focused on community officials and will be
intensified during and immediately after each flood event.
In such a situation and in spite of the fact that numerous
individual property owners have implemented floodproofing
and have incurred the necessary costs, community officials
still will be faced with the problem of reducing the flood
threat to those structures that have not been floodproofed.

Structure Removal: Although it is generally technically and
economically feasible to floodproof well-constructed brick
and masonry structures used for commercial or industrial
purposes, it is generally not practicable to floodproof pri-
vate residences for design flood stages which are above
the first floor level. Therefore, the floodproofing measures
considered in the design of alternative flood damage abate-
ment plans were supplemented with proposals to remove
those residential structures having first floor elevations
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at or below the 100-year recurrence interval flood stage—
the stage used to design floodproofing and removal alterna-
tives. Furthermore, it was assumed that it would be
technically and economically feasible to floodproof most
nonresidential structures within the watershed regardless
of the relative position of the first floor elevation with
respect to the design flood stage. The cost of removing
a residential structure from a flood-prone area was
computed as the sum of the structure acquisition cost,
structure demolition or moving cost, site restoration costs,
and relocation costs, the last of which is provided to the
displaced homeowner in compensation for expenses
incurred as a result of moving.

A positive aspect of structure removal, in addition to flood
damage reduction, is that it enhances the opportunity to
develop the aesthetic and recreation potential of riverine
lands. Structure removal could assist in restoring river
floodlands to an open, near natural state, thereby enhancing
the aesthetic value of the riverine area and, in effect,
recreating environmental corridors similar to those
described and recommended for protection in Chapter III
of this volume. Such restored environmental corridor lands
could be used for outdoor recreation and related open
space purposes.

A negative aspect of structure removal is the opposition
which is likely to be encountered from some property own-
ers even if offered an equitable price for the flood damage-
prone property. Although some of the value placed on
a home may be intangible, and therefore cannot be
expressed in monetary terms, it is nevertheless, real and
must be considered when structure removal alternatives
are proposed.

Another potentially negative aspect of structure removal
is a loss in tax base to a community as a result of removing
taxable property from within the corporate limits. It should
be noted, however, that while there may be a loss in tax
base to a community, the net cost to the community may
be considerably smaller than the reduced taxes because
of the likely compensating effect of several factors includ-
ing: the reduced cost of municipal services such as water
supply, sewerage, and streets; the reduced cost of flood-
related emergency services; and the likelihood that some
of the evacuated residents will construct new residences
within the civil division on previously undeveloped land,
thereby adding to the tax base.

HYDROLOGIC-HYDRAULIC CONSEQUENCES OF
ALTERNATIVE LAND USE-FLOODLAND
DEVELOPMENT CONDITIONS

As noted in Chapter VIII, Volume 1 of this report, the prin-
cipal purpose of developing and calibrating the water
resource simulation model under the Menomonee River
watershed study was to provide a tool for quantifying water-
shed hydrologic, hydraulic, and water quality character-
istics under existing conditions as well as under various
alternative future development conditions within the water-
shed. Some of the model output, such as the floodland
delineations under existing land uses, is intended for
immediate application. Other model output, such as flood
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flow discharge-frequency relationships for alternative
future watershed development conditions, can help in
making decisions as to the best form and location of future
development. The results of applying the hydrologic and
hydraulic submodels to the entire watershed for a number of
alternative watershed land use-channel development condi-
tions are described immediately below. Additional model
applications to portions of the watershed and its stream
system for plan design and evaluation purposes are
discussed in a subsequent section of this chapter.

Hydrologic-hydraulic simulation modeling on a watershed-
wide basis is intended to quantify the consequences of land
use on flood flow characteristics of the Menomonee River
watershed. Results of the watershedwide simulation runs
demonstrate the potential effectiveness of those nonstruc-
tural floodland management measures that determine or
influence the use of land in the watershed both within and
outside of the floodlands. More specifically, these non-
structural floodland management measures consist of the
following three measures identified in Table 18: reserva-
tion of floodlands for recreational and related open space
land uses, floodland regulations, and control of land use
outside of the floodlands.

It is important to emphasize that the Water Resource
Simulation Model does not reproduce in exact detail the
hydrologic-hydraulic behavior of the Menomonee River
watershed. However, as described in Chapter VIII, Volume
1 of the report, the simulation meodeling approach was
determined to be the best practicable tool available to meet
the needs of the Menomonee River watershed planning
program. Although the results of the modeling may not be
as accurate as could be obtained from actual hydrologic
and hydraulic monitoring, the results are of sufficient
reliability to quantitatively demonstrate the hydrologic-
hydraulic consequences of alternative land use and floodland
development conditions. It is also important to emphasize
that the Water Resource Simulation Model does not make
land use decisions but simply provides quantitative infor-
mation to serve as input into the decisionmaking and
planning process.

Procedure

In using the Water Resource Simulation Model to analyze
the impact of alternative watershed development conditions,
the watershed land surface was envisioned as being
portioned into two areas—floodland and nonfloodland. Flood-
lands were strictly defined as consisting of the river or
stream channel plus that portion of the associated floodplain
that could be expected to be inundated by a 100-year
recurrence interval flood. As shown in plan on Figure 5
and in section on Figure 6, the floodplain of a river or
stream is a wide, relatively flat area contiguous with and
usually lying on both sides of the channel. The floodplain
is bounded on its outer fringes by even higher topography.
For purposes of the hydrologic-hydraulic impact analyses
described below, floodlands are defined as consisting of
the channel plus all of the floodplain between the channel
and the topographically higher terrain. With respect to
lineal extent, the watershed floodlands were, for the
purposes of the hydrologic-hydraulic impact analysis,
defined as consisting only of those floodland areas
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Figure 5

FLOODLAND AND NONFLOODLAND
AREAS OF A WATERSHED

FLOODLAND
LIMITS

LAND WITHIN THE \=——DIVIDE

NATURAL FLOODLANDS

LAND QUTSIDE OF THE

NATURAL FLOODLANDS RIVER

Source: SEWRPC.

associated with the 72 miles of stream selected for
hydrologic-hydraulic simulation as described in Chapter V
of this volume. Nonfloodland areas were then, by definition,
all those portions of the watershed lying outside of the
floodlands as defined above.

The watershed land surface was subdivided into floodland
and nonfloodland areas for purposes of analyzing the
hydrologic-hydraulic impact of urban development because
such development has different physical effects in nonflood-
land than in floodland areas. Therefore, these physical
effects must be modeled differently. A comparison of Case I
with Cases II, II1, and IV in Figure 6 illustrates how urban-
ization of lands outside of the floodlands increases the
extent of impervious surfaces and thereby produces
increased runoff volumes for given rainfall or rainfall-
snowmelt events. Furthermore, urban development on
nonfloodland areas decreases runoff times, and the net
effect of the increased runoff times is a marked increase
in flood discharges for a particular rainfall or rainfall-
snowmelt event,

In contrast, the principal effect of urban development in
the floodlands—whether that development is accomplished
by filling to elevate structures above flood stages, as shown
by Case IIl in Figure 6, or by major channelization to
reduce flood stages, as illustrated by Case IV in Figure 6—
is to reduce the storage capacity of the floodlands and thus
the potential for attenuating flood hydrographs as they move
through the stream system. A secondary, and additive,
effect of floodland development is the reduction in flow

resistance due to the more hydraulically efficient channels
that normally result and a corresponding decrease in flow
times in the stream system. Although the hydrologic-
hydraulic effects of urban development within and outside
of the floodlands are physically different, and are therefore
modeled differently, the effects on instream discharges
and stages are additive.

Watershedwide applications of the simulation model were
made for seven different floodland and nonfloodland develop-
ment conditions in order to quantify the probable impact
of urban development. The seven development conditions
are schematically illustrated in Figure 7 and consist of:

1, Natural Land Use and Floodland Conditions—existing
conditions minus the impervious surfaces and floodland
modifications, such as placement of fill on the flood-
plains and construction of major channel works, that
have been placed in the watershed as a result of its
development by man. Although it was not practicable
to determine and then simulate the actual natural or
presettlement state of the watershed, an approximate
measure of man’s impact on the hydrologic-hydraulic
regime of the basin may be obtained by determining
the effect of removing impervious surfaces and floodland
modifications since these are two major means whereby
man influences watershed hydrology and hydraulics.

2. Year 1950 Land Use and Floodland Conditions—21 percent
urban land use and 79 percent rural land use outside of
the floodlands in combination with four miles of major
floodland development and modification.

3. Existing (1975) Land Use and Floodland Conditions—54
percent urban land use and 46 percent rural land use
outside of the floodlands in combination with 18 miles
of major floodland development and modifications.

4. Year 2000 Plan Land Use and Floodland Conditions—
65 percent urban land use and 35 percent rural land use
outside of the floodlands with no additional floodland
development relative to 1975 conditions.

5. Uncontrolled Development of Nonfloodland Areas—
complete urbanization of lands outside of the floodlands
with no additional floodland development relative to
1975 conditions.4

*Simulation of Conditions 5 and 7, each of which
assumes complete development of the watershed lands
surface, required the development of two hydrologic land
segment types described in Chapter VIII, Volume 1 of
this report. The additional hydrologic land segment types
and associated series of runoff quantities were needed to
represent low-density and medium density residential
occurring on hydrologic soil Group B in proximity to
the Germantown meteorologic station. Conditions of
complete urbanization of the watershed land surface
postulated the occurrence of low-density and medium
density development in combination with hydrologic
soil Group B in large areas of the western portion of
the Village of Germantown.
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Figure 6

DEVELOPMENT IN FLOODLAND AND NONFLOODLAND AREAS OF A WATERSHED
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6. Uncontrolled Development of Floodlands—no addltional
development outside of the floodlands, relative to 1975
conditions, in combination with development of all 72
miles of floodland.

7. Uncontrolled Development of Floodland and Nonfloodland
Areas—complete urbanization of lands outside of the
floodlands in combination with development of all 72
miles of floodland.

The seven floodland and nonfloodland urbanization
configurations were selected to encompass the full spectrum
of combinations that have or could exist in the watershed.
Therefore, simulation model applications conducted on the
seven configurations should yield the corresponding full
spectrum of hydrologic-hydraulic impacts of urban develop-
ment. Although land uses in the watershed will not revert
back to natural conditions of condition and are unlikely to
change so as to approximate the intense urban development
conditions envisioned by Condition 7, modeling of these
two extremes, along with intermediate stages, serves to
establish the impact of urbanization in the watershed to
date and to establish the range within which the future
hydrologic-hydraulic regime of the watershed may be
expected to lie.
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The hydrologic and hydraulic submodels were applied to
each of the seven urban configurations using the full avail-
able meteorological data base consisting of 35 years of
data. Each of these simulation model applications yields
corresponding flood flows for the 35-year period for at
least 10 selected points in the watershed—six on the
Menomonee River, two on the Little Menomonee River,
one on Underwood Creek and one on Honey Creek—as shown
on Map 9. The 10 locations selected for comparison of
flood flows under the seven watershed development
conditions were chosen so as to include the Menomonee
River and its major tributaries. These sites also were
selected to represent locations at which land use transitions
exist today—such as on the Menomonee River at the
Washington-Waukesha County line—or where such transi-
tions may exist in the future—such as the Ozaukee-
Milwaukee County line. The series of flood flows at each
of the 10 sites was used to develop log-Pearson Type III
discharge-frequency relationships for each selected
location. Tnasmuch as discharge-frequency relationships
are concise representations of a watershed or subwatershed
flood flow characteristics, these discharge-frequency
relationships were selected as an effective means for
comparing and contrasting the hydrologic response of the
watershed to the seven combinations of development in
floodland and nonfloodland areas.
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Figure 7

SCHEMATIC REPRESENTATION OF HISTORIC,
EXISTING, AND HYPOTHETICAL FUTURE LAND USE
AND FLOODLAND DEVELOPMENT CONDITIONS
IN THE MENOMONEE RIVER WATERSHED
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Source: SEWRPC.

The hydraulic response of the watershed to the seven
combinations of floodland and nonfloodland development
was determined by computing and coptrasting the 100-year
recurrence interval flood stages in the vicinity of each of
the above listed 10 locations for each of the floodland and
nonfloodland development conditions. The impact of the
various combinations of floodland and nonfloodland develop-
ment also was quantified by computing and comparing the
average annual monetary flood risks for selected flood-
prone reaches under the following five development
conditions: existing (1975), year 2000 plan, uncontrolled
development of nonfloodland areas, uncontrolled develop-
ment of floodland areas, and uncontrolled development of
floodland and nonfloodland areas.

In addition, a much more detailed level of modeling was
conducted for the 1975 conditions and year 2000 plan
conditions. A 35-year series of flood flows was obtained
at a total of 55 points on the watershed stream system as
shown on Map 9 for each of these two conditions. The
hydraulic submodel then was used to calculate watershed-
wide flood stages for each of these conditions, thus

Map 9

LOCATION IN THE MENOMONEE RIVER
WATERSHED AT WHICH FLOOD FLOWS WERE
DETERMINED WITH THE SIMULATION MODEL

TLWAUKER — 1~ 4
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@ riow scen Sin ATE
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The analysis phase of the watershed planning program included
a study of the likely impact of iand use and fioodland development
on flood flows, stages, and damages. The water resource simulation
model was applied to each of seven land use-floodland develop-
ment configurations and flood flow information was then com-
puted at up to 55 locations in the watershed as shown on the map.
These flood flows were in turn used to determine corresponding
flood stages and average annual flood damages. The studies indi-
cated that complete urbanization of the watershed land surface will
have a significant effect on flood flows, stages, and flood damages.

Source: SEWRPC.

facilitating preparation of flood stage profiles and delinea-
tion of the corresponding flood hazard areas for 72 miles
of stream system in the watershed.

Existing (1975) Land Use and Floodland Conditions

The watershed land surface and stream system were
represented as shown on Map 79, Volume 1 of this report,
for the purpose of simulating 1975 conditions with the
Hydrologic Submodels and Hydraulic Submodel 1. As shown
on that map, 11 different land segment types and 108 land
segments were required to represent the surface of the
watershed outside of the floodland areas. The 72 lineal
miles of floodland in the modeled portion of the watershed
stream system were represented by 108 stream reaches
which are also shown on Map 79, Volume 1 of this report.
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Inasmuch as the Hydraulic Submodel 2 also was applied
for existing conditions in order to obtain flood stage
profiles, the following types of channel data for 1975 condi-
tions were prepared for the 72 miles of stream system:
channel floodplain cross-sections at an average spacing
of about 500 feet, Manning roughness coefficients (n values)
for the channel and each floodplain cross-section, and
hydraulic structure—bridge, culvert,and dam—data.

The hydrologic and hydraulic submodel applications yielded
a flood flow discharge-frequency relationship at each of
10 locations in the watershed. Table 19 presents 5-, 10-,
25-, 50-, 100-, and 500-year flood flow discharges for each
of the 10 selected sites. One hundred year flood flows for
each of the seven conditions at each of the 10 selected sites
are shown on Map 10. Graphical discharge-frequency
relations for four selected locations are presented in
Figure 8 to Figure 11. The discharge-frequency relationship
for the Menomonee River (River Mile 5.96) near the stream-
flow gaging station in Wauwatosa is shown in Figure 8,
whereas Figure 9 shows the discharge-frequency relation-
ship for the Menomonee River at the Washington-Waukesha
County line (River Mile 23.47), Figure 10 shows the
discharge-frequency relationship for the Little Menomonee
River at the Ozaukee-Milwaukee County line (river mile
6.95); and Figure 11 shows the discharge-frequency rela-
tionship for Underwood Creek at the Waukesha-Milwaukee
County line (River Mile 2.53).

The 5-, 10-, 25-, 50-, 100-, and 500-year recurrence
interval discharges were used to generate flood stages for
72 miles of the watershed stream system with the computed
stages being obtained at an average spacing of 500 feet.
The resulting 100-year recurrence interval flood stages
in the vicinity of the 10 locations in the basin are set forth
in Table 20.

The 5-, 10-, 25-, 50-, and 100-year recurrence interval
discharges for the Menomonee River at Wauwatosa under
existing (1975) land use and channel conditions are set
forth in Table 21. These discharge values are based on
a statistical analysis of the 35-year series of simulated
flood flows. Comparable flows obtained by a statistical
analysis of 12 years of historic flood flows at that location
as reported in Chapter V, Volume 1, of this report, also
are set forth in Table 21. Tt is important to note that the
discharge-frequency analyses of 35 years of simulated
flood flows incorporate the 12 years of historic flood flows
inasmuch as the historic flows were used to calibrate the
Water Resource Simulation Model prior to initiating the
production runs that resulted in the development of the
35-year series. For a given recurrence interval, the flood
discharge based on a statistical analysis of 35 years of
data is generally less than the flood flow based on the 12
years of data. This is consistent with research results,
as reported in Chapter V, Volume 1, of this report, which
indicate that short periods of record tend to result in
overestimation, rather than underestimation, of peak flood
flow discharges for specified recurrence intervals. It is of
interest to note that the existing condition 100-year
discharge of 13,500 cfs for the Menomonee River at Wauwa-
tosa equals flood of record at that location, that is, the
13,500 cfs flood flow recorded there on April 21, 1973.
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“Natural’’ Land Use and Floodland Conditions

Natural conditions are defined as the existing conditions
in the watershed minus all of the impervious surfaces and
the floodland modifications that have developed in the
watershed as a result of man’s activities. The watershed
land surface and stream channel system were represented
as shown on the Map 11, four different land segment types
and 39 land segments being required to represent the
surface of the watershed outside of the floodland areas.
The 72 lineal miles of floodland in the modeled portion of
the watershed stream system were represented by 39
stream reaches as shown on Map 11.

Application of the hydrologic and hydraulic simulation
model using 35 years of meteorological data yielded flood
flow discharge-frequency relationships for each of the 10
selected locations in the basin. Table 19 sets forth the 5-,
10-, 25-, 50, 100-, and 500-vear flood flow discharges
for each of the 10 sites. Supplemental computations yielded
100-year recurrence interval flood stages at each of the
10 locations in the basin as set forth in Table 20. Graphical
discharge-frequency relationships for four selected
locations are presented in Figure 8 to Figure 11.

Year 1950 Land Use and Floodland Conditions

This point in time was selected for simulation because
it marked the beginning of an approximately two-decade-
long period of rapid population growth and of an even more
rapid conversion of land from rural to urban use within
the Menomonee River watershed. In the 20-year period
from 1950 to 1970, a 42 percent increase in the population
of the watershed was accompanied by a 156 percent increase
in the amount of land devoted to urban use within the
watershed and by marked decrease in the overall density
of the developed portions of the watershed from 8,400
persons per square mile to about 4,800 persons per square
mile. A comparison of the 1950-conditions flood flow
characteristics of the watershed to the 1975-conditions
flood flow characteristics thus provides a good illustration
of some of the environmental consequences of areawide
urban development.

The watershed land surface and stream system were
represented as shown on Map 12 for the purpose of
simulating 1950 conditions with the Hydrologic Submodel
and Hydraulic Submodel 1. As shown on the map, nine
different land segment types and 39 land segments were
required to represent the surface of the watershed outside
of the floodland areas. The 72 lineal miles of floodland in
the modeled portion of the watershed stream system were
represented by 39 stream reaches which are shown on
Map12.

Application of the hydrologic and hydraulic simulation
mode! using 35 years of meteorological data, yielded flood
flow discharge-frequency relationships for each of the 10
selected locations in the basin. Table 19 presents the 5-,
10-, 25-, 50-, 100-, and 500-year flood flow discharge for
each of the 10 sites. Supplemental computation yielded
100-year recurrence interval flood stages at each of the
10 locations in the basin as set forth in Table 20. Graphical
discharge-frequency relationships for four selected
locations are presented in Figure 8 to Figure 11.
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The extent to which the floodland areas of a watershed are filled and developed and the degree to which areas outside of the floodlands are
urbanized can have a marked impact on flood flows. Analyses conducted under the watershed study indicate that, relative to existing condi-
tions, 100-year flood flows in the watershed under conditions of complete development of floodland and nonfloodland areas may be expected
to increase from 40 to 540 percent.

Source: SEWRPC.
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SIMULATED DISCHARGE-FREQUENCY RELATIONSHIPS FOR THE MENOMONEE RIVER
AT WAUWATOSA (RIVER MILE 6.10} UNDER HISTORIC, EXISTING, AND FUTURE CONDITIONS

PERCENT PROBABILITY OF OCCURRENCE OR EXCEEDANCE IN ANY YEAR
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Source: SEWRPC.

Year 2000 Plan Land Use and Floodland Conditions

The recommended year 2000 land use plan for the
Menomonee River watershed is described in Chapter III of
this volume. That plan calls for accommodating the forecast
12 percent increase in population in the watershed by the
conversion of about 15 square miles of land from rural to
urban use by the year 2000. The planned conversion of land
from rural to urban use will produce changes in the flood
flow characteristics of the watershed. The year 2000 plan
condition simulation was intended to quantify these changes
in flood flow characteristics in order to determine where
within the watershed changes may be expected, the
magnitude of the changes, and the possible significance
of the changes with respect to the aggravation of existing
flood problems or to the development of new flood probiems.

The watershed land surface and stream system were
represented as shown on Map 13 for the purpose of
simulating the hydrologic and hydraulic behavior of the
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watershed under the year 2000 planned land use and
floodland conditions. As shown on the map, 11 different
land segment types and 108 land segments were required
to represent the surface of the watershed outside of the
floodland areas. The 72 lineal miles of floodland in the
modeled portion of the watershed stream system were
represented by 108 stream reaches which are shown on
Map 13.

Application of the hydrologic and hydraulic simulation
model using 35 years of meteorological data, yielded flood
flow discharge-frequency relationships for each of the 10
selected locations in the basin. Table 19 presents the 5-,
10-, 25-, 50-, 100-, and 500-year flood flow discharges
for each of the 10 sites. Supplemental computations yielded
100-year recurrence interval flood stages at each of
10 locations in the basin as set forth in Table 20. Graphical
discharge-frequency relationships for four selective
locations are presented in Figure 8 to Figure 11.



Figure 9

SIMULATED DISCHARGE-FREQUENCY RELATIONSHIPS FOR THE MENOMONEE RIVER AT THE WASHINGTON-
WAUKESHA COUNTY LINE (RIVER MILE 23.47) UNDER HISTORIC, EXISTING, AND FUTURE CONDITIONS
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Source: SEWRPC.

The hydrologic-hydraulic summary tables which appear
in Appendix E of this volume contain 10-, 50-, and 100-year
recurrence interval flood discharges and stages for the
72 miles of watershed stream system included in the
simulation analysis. The corresponding flood stage profiles
and flood hazard maps appear in Appendix D of this volume.

Uncontrolled Development Outside of Floodlands

As already noted, Condition 5 assumes complete urbaniza-
tion of the watershed land surface outside of the floodlands
with no additional development or fill in the floodland areas.
The watershed land surface and stream system were
represented as shown on Map 14 for the purpose of
simulating the hydrologic and hydraulic behavior of the
watershed under Condition 5. As shown on the map, eleven
different land segments types and 39 land segments were

required to represent the surface of the watershed outside
of the floodland areas. The 72 miles of floodland in the
modeled portion of the watershed stream systems were
represented exactly as were they for 1975 conditions and
year 2000 plan conditions.

Application of the hydrologicand hydraulic simulation model
using 35 years of meteorlogical data yielded flood flow
discharge-frequency relationships for each of the 10
selected locations in the basin. Table 19 presents the
5-, 10-, 25-, 50-, 100-, and 500-year flood flow discharges
for each of the 10 sites. Supplemental computations yielded
100-year recurrence interval flood stages at each of
10 locations in the basin as set forth in Table 20. Graphical
discharge-frequency relationships for the four selected
locations are presented in Figure 8 to Figure 11.
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Figure 10

SIMULATED DISCHARGE-FREQUENCY RELATIONSHIPS FOR THE LITTLE MENOMONEE RIVER AT THE OZAUKEE-
MILWAUKEE COUNTY LINE (RIVER MILE 6.95) UNDER HISTORIC, EXISTING, AND FUTURE CONDITIONS

PERCENT PROBABILITY OF OCCURRENCE OR EXCEEDANCE IN ANY YEAR
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Source: SEWRPC.

Uncontrolled Development Within Floodlands

Condition 6 assumes that the existing land use pattern would
prevail outside of the floodland areas of the watershed—
that is, there would be no additional urban development in
that portion of the watershed lying outside of the floodlands—
and complete fill and development of the floodland areas
would occur. While concentration of all future urban
development within the watershed in the floodland areas
is not realistic even in the absence of sound planning,
simulation of Condition 6 serves to illustrate the
hydrologic-hydraulic impact of filling and developing the
remaining open floodplains of the watershed. The watershed
land surface was represented as it was for the existing
condition simulation run, as shown on Map 79, Volume 1 of
this report. The 72 lineal miles of floodland in the modeled
portion of thé watershed stream system were represented
by 39 stream reaches.
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Floodland fill and development in those portions of the
watershed stream system not yet channelized or otherwise
developed and filted were represented by assuming that
floodland fill would be carried inward from the edge of the
floodland to the edge of the stream and that the face of the
floodland fill as the stream bank would have a slope of one
vertical to three horizontal, as shown on Figure 6. In
addition, it was assumed that the inclined side slopes of
the floodland fill would be extended upward so that flood
flows up to the 500-year discharge would be conveyed within
the confines of the floodland fill.

Application of the hydrologic and hydraulic simulation model
using 35 years of undeveloped data yielded flood flow
discharge-frequency relationships for each of the 10
selected locations in the basin. Supplemental computations
yielded 100-year recurrence interval flood stages at each

.



Figure 11

SIMULATED DISCHARGE-FREQUENCY RELATIONSHIPS FOR THE UNDERWOOD CREEK AT THE WAUKESHA-
MILWAUKEE COUNTY LINE (RIVER MILE 2.53} UNDER HISTORIC, EXISTING, AND FUTURE CONDITIONS
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Source: SEWRPC.

of the 10 locations in the basin as set forth in Table 20.
Table 19 presents the 5-, 10-, 25-, 50-, 100-, and 500-year
flood flow discharges for each of the 10 sites. Graphical
discharge-frequency relations for four selected locations
are presented in Figure 8 to Figure 11.

Uncontrolled Development Within and

Outside of Floodland Areas

With respect to the potential for aggravating existing flood
problems and producing serious new flood problems,
Condition 7 represents the ‘‘worst possible’” future
condition for the watershed. The condition assumes
complete urbanization of the watershed land surface outside
of the floodland coupled with complete fill and development
of all those floodland areas in the watershed that are not

vet channelized or otherwise developed. The watershed
land surface was represented exactly as it was for 'the
simulation of Condition 5 whereas the watershed channel
system was represented exactly as it was for Condition 6.

Application of the hydrologic and hydraulic simulation model
using 35 years of undeveloped conditions yielded flood flow
discharge-frequency relationships for each of the 10
selected locations in the basin. Table 19 presents 5-, 10-,
25-, 50-, 100-, and 500-year flood flow discharges for each
of the 10 sites. Supplemental computations vielded 100-year
recurrence interval flood stages at each of the 10 locations
in the basin as set forth in Table 20. Graphical discharge-
frequency relations for four selected locations are
presented in Figure 8 to Figure 11.
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Table 20

HYDRAULIC EFFECT OF ALTERNATIVE FUTURE LAND USE-FLOODLAND
DEVELOPMENT CONDITIONS IN THE MENOVMONEE RIVER WATERSHED

Land Use-Flood!and Development Conditions
Condition 7:
Condition 5 Condition 6: Uncontrolled
Uncontrolled Uncontrolled Development
Development Development Within and
Condition 4: Outside of Within Outside of
2000 Plan Floadlands Floodlands Floadlands
Location Relative Relative Relative Relative Relative Relative Relative
Recurrence to 1975 to 1975 to 2000 to 1975 to 2000 10 1975 10 2000
River Interval Conditions Conditions | Conditions | Cornditians | Conditions | Conditions | Conditions
Stream Mile Range Description {Years) (feet) {feet) (feet) {feet) (feet) (feet} (feet)
Menomonee River 0.00- 0.23 Reach Upstream'of Confluence with 100 0.0 0.0 0.0 0.0 0.0 0.5 0.5
the Milwaukee River
Menomonee River 4.23- 443 Reach Upstream of Chicago, 100 0.5 4.5 40 35 25 65 5.5
Milwaukee, St, Paul, and Pacific
Railroad (S-590}
Menomonee River 5.82- 596 Reach Downstream of S. 68th Street 100 1.0 25 1.5 2.0 1.0 35 25
{$-630)
Menomonee River 8.33- 847 Reach Upstream of Paved Ford 100 10 3.0 1.5 20 1.0 45 35
(S-655}
Menomonee River 12.52-12.88 Reach Upstream of W. Hampton 100 1.5 3.0 1.5 30 1.5 80 6.5
Avenue (5-690)
Menomaonee River 23,00-24,00 Reach Upstream and Downstream of 100 0.5 2.0 1.6 1.5 1.5 45 4.5
County Line Road/CTH Q {S-845}
Little
Menomonee River 0.00- 0.52 Reach Upstream of Confluence with 100 15 3.0 15 3.0 1.8 90 75
the Menomonee River
Little
Menomonee River 6.91- 7.08 Reach Upstream af County Line Road 100 0.0 3.0 3.0 4.0 4.0 2.0 9.0
{5-1485)
Underwood Creek 253 2860 Reach Upstream and Downstream 100 1.0 3.0 20 3.0 1.5 50 35
United Parcel Service Bridge (S-1230)
Honey Creak 0.00- 0.05 Reach Upstream of Canfluence with 100 05 25 1.6 1.0 0.5 a5 35
the Menomonee River
Maximum Increase in 100-Year Stage 1.5 4.5 4.0 40 4.0 9.0 9.0
Minimum Increase in 100-Year Stage 0.0 0.0 0.0 Q.0 a.0 05 05
Median Increase in 100-Year Stage 0.75 3.0 1.5 25 1.5 4.75 40

NOTE: Representative flood stage increase obtained by comparing flood stage profiles over a 0.1 mile reach in the vicinity of the indicated location. in order to avoid a possible bias due to the
hydraulic effects of bridges and culverts, flood stage profife comparisons were carried out in the reaches immediately upstream and downstream of crossings.

Source: SEWRPC.

Table 21

THE EFFECT OF PERIOD OF RECORD ON FLOOD FLOWS
FOR THE MENOMONEE RIVER AT WAUWATOSA

Flood Discharges in Cubic Feet Per Second
Based on Statistical
Analyses of 12 Years of Based on Statistical
Historic Flood Flows Analyses of 35 Years of
Recurrence Under Conditions that Simulated Flood Flows
Interval Approximate Existing Land Under Existing Land
(Years) Use-Floodiand Conditions | Use-Floodland Conditions®
5 * 5,400 5,800
10 8,000 6,900
25 12,600 9,200
50 17,200 11,200
100 23,000 13,600

NOTE: This table illustrates the expected influence of length of record on
flood discharges: short records tend to result in overestimation of
flood flows.

2 Incorporates the 12 years of historic data inasmuch as the historic stream-
flow record was the primary basis of the calibration of the Water Resources
Simufation Model prior to using the model to generate the 35 year flood
flow serjes.

Source: SEWRPC.
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Discussion of the Hydrologic-Hydraulic

Response of the Watershed Under Postulated Historic,
Existing, and Future Conditions

The 5- through 500-year discharge-frequency data
presented in Table 19, the discharge-frequency relation-
ships shown graphically in Figures 8 through 11, and the
100-year flood stage information set forth in Table 20,
clearly demonstrate the potential hydrologic-hydraulic
impact of alternative land use development conditions. The
following discussion draws on the results of the watershed-
wide simulation modeling to illustrate various aspects of
the impact of land use, both within and cutside of the flood-
lands, on stream flood flow and flood stage characteristics.

Discharge-Frequency Relationships: Figures 8 through
Figures 11, which are discharge-frequency relationships
for four watershed locations under each of the seven land
use-floodland development conditions, are typical of the
discharge-frequency relationships that exist or may be
expected to exist within the watershed under various
watershed development conditions. It may be noted that
the various discharge-frequency curves at any location

{
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Map 11

REPRESENTATION OF THE MENOMONEE RIVER WATERSHED FOR
HYDROLOGIC-HYDRAULIC SIMULATION: NATURAL CONDITIONS
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One of the seven land use-floodland conditions combinations simulated under the planning program consisted of a “natural condition” defined
as existing conditions minus all impervious surfaces and floodland modifications including channelization. Peak flood flows obtained from
simulation of these conditions provided a benchmark against which the effects of existing and possible future land use-floodland development
conditions in the watershed could be measured. For 10 locations on the watershed stream system—iocations selected so as to be representative
of the hydrologic-hydraulic response of the watershed—the ratio of existing condition to natural condition 100-year recurrence interval fiood

flows ranged from 1.0 to 4.4 with the median value of 1.5,

Source: SEWRPC.

85



Map 12

REPRESENTATION OF THE MENOMONEE RIVER WATERSHED FOR
HYDROLOGIC-HYDRAULIC SIMULATION: 1950 CONDITIONS
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Another land use floodland condition selected for simulation was an approximation of development conditions which existed within the water-
shed in 1950. This year marks the beginning of an approximately two-decade-long period of rapid population growth and an even more rapid
conversion of land from rural to urban land use within the Menomonee River watershed. Simulation results obtained for 1950 conditions as
compared to those obtained for existing land use and channel conditions provide a measure of the hydrologic impact of this recent incremental
urbanization. For 10 locations on the watershed stream system—locations selected so as to be representative of the hydrologic-hydraulic
response of the watershed—the ratio of existing to 1950 100-year recurrence interval flood flows ranged from 1.0 to 1.9 with a median value

of 1.5.
Source: SEWRPC.
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Map 13

REPRESENTATION OF THE MENOMONEE RIVER WATERSHED FOR

HYDROLOGIC-HYDRAULIC SIMULATION: YEAR 2000 PLAN CONDITIONS
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The watershed land surface and stream system were represented as shown for the purpose of simulating the hydrologic-hydraulic behavior of
the watershed under year 2000 planned land use conditions in combination with existing channel conditions. Simulation results indicated that
year 2000 plan conditions, relative to other land use-floodland development conditions that could occur under uncontrolled development
patterns, will have a minimal impact on flcod flows throughout the watershed, For 10 locations on the watershed stream system, the ratio of
year 2000 plan and existing condition 100-year recurrence interval flood flows ranged from 1.0 to 1.5 with a median value of only 1.1, whereas
the median ratio of complete urbanization and existing condition 100-year discharges ranged from 1.4 to 6.4 with a median value of 1.9.

Source: SEWRPC.
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Map 14

REPRESENTATION OF THE MENOMONEE RIVER WATERSHED FOR HYDROLOGIC-HYDRAULIC
SIMULATION: UNCONTROLLED DEVELOPMENT OUTSIDE OF FLOODLANDS
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The watershed land surface and stream system were represented as shown for the purpose of simulating the hydrologic-hydraulic behavior of
the watershed under conditions of uncontroiled development outside of the floodlands. Simulation results indicate that such development, in
combination with complete development of floodlands, may be expected to markedly increase flood discharges throughout the watershed
stream system. For 10 locations on the watershed stream system, the ratio of 100-year recurrence interval flood flows for uncontrolled develop-
ment within and outside of the floodlands to 100-year flood flows under existing conditions ranges from 1.4 to 6.4 with a median value of 1.9,

Source: SEWRPC.
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are approximately parallel with a slight tendency to
convergence for the more severe flood events. If the
discharge-frequency relationships for any two land use-
floodland development conditions at a given location on the
watershed system were exactly parallel, then a constant
ratio of flood flows would exist between the two conditions.
A convergence of discharge-frequency relationships for
increasing recurrence intervals means that the ratio of
flood flows for the two conditions decreases for more
infrequent flood events. Consider, for example, the
discharge-frequency relationships for the existing (1975)
land use and floodland conditions and the year 2000 planned
land use and floodland conditions on the Menomonee River
at River Mile 5.96 as shown on Figure 8. The ratio of the
year 2000 plan conditions 10-, 50-, and 100-year recurrence
interval flood flows to the comparable existing condition
flood flows are, respectively, 1.3, 1.3, and 1.2. The relative
impact of land use tends to be somewhat less for more rare
flood events because the volume and intensity of rainfall
and rainfall-snowmelt associated with the more severe
floods saturates the pervious portions of the watershed
causing those areas to behave in a manner similar
to impervious areas.

The Hydrologic Impact of Existing Urban Development
Relative to Natural Conditions: A comparison of discharge-
frequency relationships for the existing (1973) land use
and floodland conditions in the watershed to the discharge-
frequency relationships under the postulated ‘‘natural”
conditions provides a measure of the hydrologic effect of
the urban development, both within and outside of the
floodlands, that has occurred to date in the Menomonee
River watershed. Consider, for example, the discharge-
frequency relations developed for the watershed at its
point of confluence with the Milwaukee River. The 10-year
recurrence interval flood flow discharge under natural
conditions at this point is 3,930 cfs compared to existing
condition 10-year recurrence interval discharge of 10,300
cfs, the latter being 2.6 times the former. The 100-year
recurrence interval discharge at the watershed outlet under
natural conditions is 6,400 cfs compared to a 1975 condition
100-year recurrence interval discharge of 19,600 cfs with
the latter value being 3.1 times the former. Thus, for the
watershed as a whole the urbanization that has occurred
to date has produced an approximately threefold increase
in the magnitude of major floods.

As might be expected, the relative impact of urbanization
to date within the watershed diminishes with distance in
an upstream direction along the main stem of the
Menomonee River hecause the fraction of urban develop-
ment in the respective tributary areas diminishes with
distance upstream in the watershed. Consider, for example,
flood flow discharges under natural and existing conditions
for a point on the Menomonee River immediately upstream
of its confluence with the Little Menomonee River. The
10-year recurrence interval discharge at this point under
1975 conditions is 1,660, cfs which is only 1.2 times the
natural condition 10-year recurrence interval discharge
of 1,410 cfs at this point. The 100-year recurrence interval
existing condition discharge at this point is 3,140 efs, which
is only 1.1 times the ‘‘natural” condition 100-year
recurrence interval discharge of 2,750 at this point.

Considering all of the 10 sites on the watershed stream
system selected for analysis purposes, the ratio of 10-year
discharges under existing conditions and ‘‘natural’’
conditions ranges from 1.0 to 4.6 with a median value of
15. The ratio of 100-year recurrence interval discharges
under existing conditions and under natural conditions
ranges from 1.0 to 4.4 with a median value of 1.5.

As noted in Chapter IX, Volume 1 of this report, prior to
the settlement of the watershed by Europeans, most of the
watershed land surface was covered by natural vegetation
ranging from woodland, through open prairie, to wetland
in type. Inasmuch as the postulated ‘‘natural’”’ condition
modeling does not represent the presettlement condition
vegetation, it is likely that the effect of urbanization to date
in the watershed is even more dramatic than illustrated
by the above comparison of the ‘‘natural’’ conditien
discharge-frequency relationships to the existing condition
discharge-frequency relationships.

The Significance of Existing Urban Development on the
Potential Hydrologic Impact of Additional Urban Develop-
ment: Given the current development in the watershed,
the impact of future urban development outside of the
floodland areas on flood flows at any particular point on
the stream system, may be expected to increase as the
fraction of existing rural land, and therefore the fraction
of developable land, in the area tributary to the site
increases. This can be demonstrated by selecting certain
critical locations on the watershed stream system and
comparing the 10 and 100-year recurrence interval
discharges for those points under existing conditions to
values that would be obtained under Condition 5 which
postulates complete urbanization of the watershed land
surface outside of the floodlands.

Caonsider, for example, the site located on Underwood Creek
immediately upstream of its confluence with the South
Branch of Underwood Creek near the Waukesha-Milwaukee
County line. Almost all of the 10.4 square mile area
tributary to that point is already urbanized, although under
Condition 5, some additional urban development could
occur, having the effect of converting some of the low
density development in this area to medium density. Under
existing conditions, the 10-year recurrence interval
discharge for the Underwood Creek at the Waukesha-
Milwaukee County line is 725 cfs compared to a Condition 5
discharge of 1,110 cfs, with the latter value being 1.5 times
the former. The 1975 condition 100-year discharge at this
location is 1,660 cfs whereas, under Condition 5, the
discharge would be 2,390 cfs which is 1.4 times the 1975
condition value.

Contrast the hydrologic characteristics of the Underwood
Creek site with those for the site located on the Little
Menomonee River at the Ozaukee-Milwaukee County line.
Almost all of the 10.6 square mile area tributary to that
point is currently in rural land use while under Condition 5
the entire area would be developed as medium density
residential. Under existing conditions, the 10-year
recurrence interval discharge for Little Menomonee River
at the Ozaukee-Milwaukee County line is 340 cfs compared
to a Condition 5 discharge of 1,140 cfs, with the latter
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value being 3.4 times the former. The 1975 condition
100-year discharge at this location is 590 cfs whereas
under Condition 5 the discharge would be 1,840 c¢fs which
is 3.1 times the 1975 condition value. This illustrates how,
for similar sized portions of the watershed, the relative
hydrologic impact of future urban development outside of
the floodlands increases as the fraction of existing rural
land—and therefore developable land—in the tributary
area increases.

The Potential Ultimate Impact of Man on the Hydrologic-
Hydraulic Response of the Watershed: A comparison of
discharge-frequency values for the watershed under
postulated ‘‘natural’’ conditions to those that would exist
under Condition 7—the ‘‘worst possible” condition—serves
to illustrate a potential impact that man can have on the
flood flow characteristic of the watershed or on a portion
of a watershed. Considering the watershed as a whole, the
“natural”’ condition 10-year recurrence interval discharge
at the watershed outlet is 3,930 cfs whereas under
Condition 7 the 10-year recurrence interval flood flow
discharge is 14,500 cfs or 3.7 times the ‘“natural’’ condition
value. The 100-year recurrence interval discharge for
the watershed outlet under natural conditions is 6,400 cfs
compared to a Condition 7 value of 26,500 cfs which is
about 4.1 times the “‘natural’”’ condition value.

Similar results are obtained for portions of the Menomonee
River watershed. For example, consider the flood flow
discharges on the main stem of the Menomonee River
immediately upstream of its confluence with the Little
Menomonee River. The 10-year recurrence interval
discharge under ‘“‘natural’’ conditions is 1,410 cfs compared
to a value of 5,050 cfs—3.6 times the 10-year value—
under ultimate development conditions. The 100-year
recurrence interval discharge at this location under
‘“‘natural”’ conditions is 2,750 cfs compared to an ultimate
development condition value of 9,000 cfs which is 3.3 times
the 10-year value.

The potential impact of man is even more striking on the
upper portion of the Little Menomonee River as indicated
by a comparison of ‘“natural’’ condition and Condition 7
flood flows at the Ozaukee-Milwaukee County line. The
10-year recurrence interval discharge under ‘‘natural”’
conditions at that location is 340 cfs compared to the
ultimate development 10-year recurrence interval
discharge of 2,150 cfs, the latter of which is 6.3 times the
former. The 100-year recurrence interval discharge under
“natural’’ conditions at this location is 590 cfs compared
to ultimate development condition 100-year recurrence
interval discharge of 3,750 cfs, which is 6.4 times the
10-year value.

Considering the hydrologic results at all the 10 selected
sites on the stream system, the ratioc of the 10-year
discharge under Condition 7 and ‘‘natural’’ conditions
ranges from 2.6 to 6.3 with a median value of 3.8. The
ratio of 100-year recurrence interval discharges under
Condition 7 and under ‘“Natural Conditions’’ ranges from
3.2 to 6.4 with a median value of 4.0.
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The Hydrologic-Hydraulic Consequences of the Year 2000

Land Use Plan: Regional and watershed population and land
use forecasts indicate that the Menomonee River watershed
will probably have to accommodate, by the year 2000,
a 12 percent increase in population and a 21 percent
increase in urban land use. The year 2000 land use plan
is intended to strike a balance between man’s need for
space within the watershed and the ability of the underlying
natural resource base of the watershed to sustain those
needs without a significant loss in the overall quality of
life in the urban area. With respect to existing and potential
flood problems, there is concern over the hydrologic-
hydraulic consequences of the incremental urban
development associated with the land use plan. More
specifically, it is necessary to know how much larger
flood flows and how much higher attendant flood stages
may be under year 2000 plan land use and floodland
development conditions throughout the watershed relative
to the discharges and stages that exist under 1975
conditions. It is important to reiterate that the year 2000
plan recommends no significant additional floodland fill
and development. '

Considering the watershed as a whole, the year 2000 plan
condition 10-year recurrence interval discharge at the
watershed outlet is 10,900 cfs which is only about 6 percent
larger than the 1975 condition 10-year discharge of
10,300 cfs. There is no significant difference between the
100-year recurrence interval discharge for the watershed
outlet under year 2000 plan conditions and the 1975
condition. Therefore, for the watershed as a whole, flood
flow characteristics under year 2000 plan land use and
floodland development conditions can be expected to be
very similar to 1975 conditions. A similar conclusion is
reached if other locations in the watershed are considered,
with the exception of the main stem of the Menomonee
River immediately above its confluence with the Little
Menomonee River.

The upper Menomonee River passes through the Villages
of Germantown and Menomonee Falls, two civil divisions
that will, under the land use plan, absorb much of the
additional urban development in the watershed. As a
consequence of that development, the upper Menomonee
River and its tributaries may be expected to exhibit flood
flow increases that are larger than those forecast for the
remainder of the watershed stream system. Consider, for
example, flood flow discharges and stages on the main
stem of the Menomonee River immediately upstream of
its confluence with the Little Menomonee River. The
10-year recurrence interval discharge under year 2000
plan conditions is 2,830 cfs which is 1.7 times the 1975
conditions value of 1,660 cfs. Similarly, the year 2000 plan
condition 100-year recurrence interval discharge at that
location is 4,730 cfs which is 1.5 times the 1975 condition
value of 3,140 cfs. The year 2000 plan condition 100-year
flood stage profile at that location would be about 1.5 feet
above the 1975 condition value.

Considering the hydrologic results for all 10 sites selected
for comparison purposes, the ratio of 10-year recurrence
interval discharges under year 2000 plan conditions and



under existing conditions ranges from 1.0 to 1.7 with a
median value of only 1.2 while the ratio of 100-year
recurrence interval discharges under the year 2000 plan
and under existing conditions ranges from 1.0 to 1.5 with
a median value of only 1.1. The associated increase in
100-year recurrence interval flood stage profile ranges
from 0.0 feet to 1.5 feet with a median value of 0.75 feet.
In summary, then, the year 2000 land use plan may be
expected to yield acceptable increases In flood flow
discharges and in flood stages throughout the watershed.
The anticipated incremental discharges and stages are
relatively small compared to those which could occur under
uncontrolled development conditions in the watershed.

MONETARY FLOOD RISKS FOR SELECTED FLOOD-
PRONE REACHES

The economic analysis of alternative floodland management
measures requires that the flood damage susceptibility
of a river reach be quantified in monetary terms for
comparison to the cost of the alternative floodland manage-
ment measures. As discussed in Chapter VI, Volume 1,
of this report, the average annual flood damage risk
expressed in dollars was selected as the uniform,
quantitative means of expressing flood damages for the
purpose of the Menomonee River watershed study. The
average annual flood risk was computed for selected
reaches to provide a monetary value that could be used,
wholly or in part, as an annual benefit for comparison to
the annual costs of technically feasible alternative floodland
management plan elements.

Reach Selection

A two-step procedure was utilized to select those stream
reaches in the Menomonee River watershed for which
monetary flood risks were to be determined. The first
step involved the examination of the results of the historic
flood survey to identify those reaches that have actually
experienced serious flood problems as a result of direct
damage to riverine area structures from primary flooding,
secondary flooding, or a combination of the two. This
resulted in identification of reaches located primarily in
the lower portion of the watershed.

The second step in identifying reaches for which monetary
flood risks were to be determined involved the examination
of the results of the hydrologic-hydraulic simulation
modeling for existing and year 2000 plan land use
conditions. This led to the identification of additional
reaches in which the 100-year recurrence interval flood
stage could be expected to cause primary or secondary
flooding of a relatively large number of riverine area
structures. The simulation model incorporates two factors
not reflected in the historic flood data. The first such
factor is the spatial variation of precipitation. For example,
the amount of rainfall which fell on lower portions of the
watershed prior to and during the April 21, 1973, flood
of record at the Wauwatosa gaging station—as described
in Chapter V, Volume 1 of this report—was relatively large
as compared to the amount of rainfall which fell on the
upper portions of the watershed. Consequently, this
rainstorm produced only moderate flood discharges and
stages in the Village of Menomonee Falls. The simulation

modeling indicates that the Village of Menomonee Falls
may be expected to experience substantially higher flood
stages during a 100-year recurrence interval event than
were observed during the April 21, 1973, flood of record.
The second such factor relates to the changing land use
conditions and attendant hydrologic effects which are
reflected in the simulation of year 2000 plan conditions.
Headwater reaches, such as the upper portion of the
Menomonee River and of Underwood Creek, are more
likely to be affected by additional urbanization of tributary
drainage areas than are the lower reaches of the watershed
which already receive a relatively large proportion of
runoff from urban land uses.

The 25 reaches identified by the above two-step procedure
are shown on Map 15 and consist of the entire length of
Underwood Creek in the Village of Elm Grove; portions
of Underwood Creek and Butler Ditch in the City of
Brookfield; portions of Underwood Creek, the Menomonee
River, and Honey Creek in the City of Wauwatosa; a portion
of the Menomonee River in the City of Milwaukee; portions
of Lilly Creek and the Menomonee River in the Village
of Menomonee Falls; and a portion of the Little Menomonee
River in the City of Mequon.

Map 15 also indicates those reaches in which secondary
flooding is the principal cause of the flood problems relative
to those reaches in which flood damage is attributable to
both primary and secondary flooding. It is apparent that
most of the reaches may be expected to experience both
primary and secondary flooding with the exception of
portions of Honey Creek, Underwood Creek, and the
Menomonee River within the City of Wauwatosa and Butler
Ditch in the City of Brookfield where secondary flooding
is dominant. Additional information about the selected
flood-prone reaches, including a desecription of the
upstream and downstream end of each reach and the length
of each reach, is set forth in Table 22. The selected reaches
have a total length of 24.3 miles, or 34 percent of the
72 miles of watershed stream system selected for
hydrologic-hydraulic simulation modeling.

It is important to recognize that there are other areas in
the Menomonee River watershed that have experienced
serious flood problems that have either been substantially
reduced or that continue to experience localized storm
water problems. Examples of the former include the portion
of the Menomonee River industrial valley west of the
27th Street viaduct where private industry has constructed
dikes and floodwalls to provide protection against major
flood events and the 2.3-mile-long reach of Honey Creek
within the Cities of West Allis and Milwaukee where a major
channel enclosure has substantially reduced flood problems.
An example of the latter condition, localized flood problems,
includes nonriverine lands in the Honey Creek subwatershed
that have experienced localized storm water problems. The
areas selected for computation of monetary flood risks
are those that would experience serious flood problems
as a result of a 100-year flood event under year 2000 plan
conditions. The selected areas do, therefore, exclude river
reaches in which historic flood problems have been largely
resolved and they also exclude watershed areas that exhibit
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Map 15

REACHES SELECTED FOR COMPUTATION OF
AVERAGE ANNUAL FLOOD DAMAGE RISK
IN THE MENOMONEE RIVER WATERSHED
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A two-step procedure was used to select reaches for computation
of monetary flood risks under existing and hypothetical and future
conditions. First, examination of the results of historic flood
surveys helped to identify those reaches that have actually experi-
enced serious flood problems. Second, results of hydrologic-
hydraulic simulation modeling for existing and year 2000 plan
land use conditions identified additional flood-prone areas. This
two-step procedure led to the identification of 25 flood-damage-
prone reaches as shown on the map. Alternative structural and
nonstructural floodland management measures were examined for
many of these reaches.

Source: SEWRPC.

storm water system deficiencies. Flood problems and
storm water problems are defined and contrasted in
Chapter VI, Volume 1, of this report.

Monetary Flood Risks

The economic submodel which is described in Chapter VIII,
Volume 1 of this report, was used to calculate the sum
of the direct and indirect monetary flood risks for each
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of the above 25 flood-prone reaches. The risk computations
were carried out for five land use-floodland development
conditions: Existing (1975) Conditions (Condition 3), Year
2000 Plan Conditions (Condition 4), Uncontrolled Develop-
ment Qutside of the Floodlands (Condition 5), Uncontrolled
Development Within the Floodlands (Condition 6), and
Uncontrolled Development Within and Outside of the
Floodlands (Condition 7).

In all cases, the calculations assume that no additional
flood-prone development will be constructed in floodlands;
that is, if additional floodland development is constructed;
as would be probable under Conditions 6 and 7, it is
assumed that the structures involved would be floodproofed
or otherwise protected against flood damage. Thus, the
computed monetary flood risks for any given reach are
quite conservative, that is, low relative to the floodland
conditions that are likely to prevail inasmuch as the
computations assume very strict control over the form,
if not the location, of additional urban development in the
flood-prone areas.

The results of the analysis for Conditions 6 and 7 must
be interpreted carefully. With respect to the future
condition of the watershed floodlands, both of these
hypothetical situations assume that the floodlands will be
filled and otherwise developed to the extent that essentially
all of the floodwater conveyance and storage capability
of those areas will be lost. For purposes of monetary flood
risk calculations, it is assumed that such complete floodland
development occurs in all reaches upstream of the reach
in question. For example, the average annual flood risk
computed under 6 and 7 for Reach UC-13 along the Under-
wood Creek in the Village of Elm Grove assumes that all
upstream reaches are filled and developed.

The results of the monetary flood risk analysis for the
25 selected flood-prone reaches are set forth in Table 23.
For each reach and each of the five land use-floodland
development conditions, the Table presents the average
annual flood damage risk as well as the flood damage risks
associated with the 10- and 100-year recurrence interval
flood stages. While the average annual flood damage risk
was determined for use in the economic analyses of
alternative floodland management measures, the flood
damage risk assoclated with the 10- and 100-year
recurrence interval flood events is presented to show the
monetary losses that can be expected to accompany a given
major flood event along the Menomonee River. Adverse
annual flood damage risks are depicted in graphic form
on Map 16, while existing and potential average annual
and 100-year recurrence interval flood damages are
summarized on Map 17.

Table 23 also presents the estimated monetary flood
damages associated with the April 21, 1973, flood event—
the flood of record in the Menomonee River watershed.
April 21, 1973, flood event damages in the Village of Elm
Grove, the City of Brookfield, along Honey Creek and down-
stream of Harwood Avenue in the City of Wauwatosa, and
the City of Mequon closely approximate the loss that would
be incurred as a result of a 100-year recurrence interval
flood event. In other flood-prone reaches of the watershed,
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Table 22

REACHES SELECTED FOR COMPUTATION OF AVERAGE ANNUAL
FLOOD RISKS IN THE MENOMONEE RIVER WATERSHED

Reach Description
Upstream End Downstream End
1.D. State, Highway, River Street, Highway, River Length
Civil Division Stream Number or Other Location Mile or Other Location Mite | (Miles)
Village of Underwood Creek | UC-10 North Avenue 4.82 | Gebhardt Road Extended 424 | 058
Elm Grove uc-11 Gebhardt Road Extended 4.24 | Juneau Boulevard 3.67 | 057
uc-12 Juneau Boulevard 3.67 | Chicago, Milwaukee, St.Paul, and 3.56 0.1
Pacific Railroad
uc-13 Chicago, Milwaukee, St. Paul, and 3.56 | Chicago, Milwaukee, St. Paul, and 3.10 0.46
Pacific Railroad Upstream of Pacific Railroad Downstream of
Watertown Plank Road Wall Street
uc-1s Chicago, Milwaukee, St. Paul, and 3.10 | Confiuence with Paved Portion of 253 057
Pacific Railroad Downstream Underwood Creek
of Wall Street
City of Brookfield | Underwood Creek | UC-6 Pilgrim Road 6.68 | 900 Feet Downstream of 5.43 1.25
Clearwater Drive
uc-8 900 Feet Downstream of 5.43 | North Avenue 4.82 061
Clearwater Drive
Butler Ditch BD-18 West Boundary of SE 1/4 2.28 | Lisbon Road 1.02 1.26
Section 2, T7N, R20E
Village of Lilly Creek LC-1 Chicago Northwestern Railroad 259 | Confluence with Upper 0.00 259
Menomonee Falls Menomanee River
Upper UMR 3-1 County Line Road (CTH Q) 23.47 | State Highway 74 2193 | 154
Menomonee River UMR 3-2 State Highway 74 21.93 | Jacobson Drive Extended 21.65 0.28
UMR 3-3 Jacobson Drive Extended 21.65 | 700 Feet West of Pilgrim Road 21.25 0.40
UMR 34 700 Feet West of Pilgrim Road 21.25 | Margaret Road Extended 20.93 0.32
UMR 3-5 Margaret Road Extended 20.93 Lilly Road 19.74 1.19
UMR 3-6 Lilly Road 19.74 | Mitwaukee-Waukesha County Line 17.95 1.79
City of Menomonee River LMR-1 N. 68th Street 596 | N.6B0th Street Extended £.38 058
Wauwatosa LMR-2 Harwood Avenue 6.72 | N. 68th Street 5.96 0.76
LMR-3 North Avenue 8.50 | Harwood Avenue 6.72 1.78
LMR4 Burleigh Street 9.68 | North Avenue 8.50 1.18
LMR-5 Capito! Drive 11.20 | Burleigh Street 9.68 152
LMR-6 Hampton Avenue 1252 | Capitol Drive 11.20 1.32
Honey Creek HC-7 W. Wisconsin Avenue 0.91 | Confluence with Menomonee River 0.00 091
Underwood Creek uc-9 USH 45 0.75 | Confluence with Menomonee River 0.00 0.75
City of Mequon Little LTMR-2 Freistadt Road {CTH M) 10.18 | Meguon Road (STH 167} 9.12 1.06
Menomonee River .
City of Milwaukee { Menomone River LMR-7 N. 60th Street Extended 5.38 | N.45th Street 445 | 0.93

Source: SEWRPC.

however, such as those along the Menomonee River in the
Village of Menomonee Falls, a 100-year recurrence
interval flood event could be expected to cause substantially
higher flood damages.

THE ECONOMIC CONSEQUENCES OF ALTERNATIVE
LAND USE-FLOODLAND DEVELOPMENT CONDITIONS

The foregoing discussion of the impact of urbanization on
flood problems in the Menomonee River watershed
concentrated on the hydrologic-hydraulic impact—that is,
on the expected increases in flood discharge and flood
stage associated with various land use configurations within
and outside of the floodland areas. Monetary flood risks

provide another means of quantifying the consequences of
urbanization on watershed flood problems.

The Village of ElIm Grove

As set forth in Table 23, the estimated average annual
monetary flood risks along Underwood Creek in the Village
of Elm Grove under existing conditions; year 2000 plan
conditions; and Conditions 5, 6, and 7 are, respectively,
$231,800, $362,800, $445,100, $361,900 and _ $509,500.
Average annual monetary flood risks under year 2000 plan
conditions are expected to increase to $362,800 per year,
a 70 percent increase over the existing condition risk of
$213,800 per year. Condition 7—the ‘‘worst possible”’
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Table 23

MONETARY FLOOD R{SKS FOR SELECTED REACHES IN THE MENOMONEE RIVER WATERSHED

Manetary Flood Risk in $1,000%
Candition 7
Condition 5: Condition B: Uncontrolled Development
Caondition 3: Condition 4: Uncontrolle¢ Development Uncontrolled Development Within end Outsida
Existing Conditions 2000 Plan Outside of Floodlands Within Floodlands of Floodlands
Reach Description 10 Yeur | 100 Yoar 10 vear | 100 Yeer 10 Year | 100 Year 10 Year | 100 Year 10 Year | 100 Year
Identification | Recurrence | Recurrence Avarage Recurrence | Average | Recurrence | Recurrence| Average [Recurrence Avereg Recurrence | Average
Civil Division Stream Number Interval | Interval |April 21,1973%| Annuat | Interval | Intorval | Aanual | Interval | Interval | Annusl | Interval | intersal |Annual| Interval | Interval | Annusl
Village of Underwood uc-10 300 187.3 1328 00 413 2437 323 52.2 2972 420 423 2681 353 103.7 2429 58.2
Elm Grove Creek uc-11 106 69.7 56.9 87 133 76.2 9.8 25.7 150.7 14.7 13.7 1147 10.7 36.2 282.2 0.7
uc12 75 1285 1229 144 754 1369 263 104.5 158.2 354 776 156.2 273 130 216.5 384
uc3 3272 899.0 827.0 1684 | 560.2 959.3 | 2698 7243 | 11321 | 3128 | 6080 10834 | 2527 782.7 | 15247 3420
uc-s 363 78.8 716 193 394 895 24.6 84.9 1209 40.1 444 1103 359 19.2 149.4 50.2
Subtotal - 4116 1,363.3 1.211.2 2318 7295 1.505.6 362.8 9291.6 1.859.1 4451 786.0 17317 3619 1.164.8 2,615.7 509.5
City of Underwood UGS 8“9 2706 360.2 434 | 1085 309.1 58.8 nz7 309.6 89.1 98.2 341.2 60.3 1183 383.3 82.7
Brookfigld Creak uc8 251 66.1 78.3 140 26.2 783 14.7 76.8 104.2 205 208 1059 186 107.7 1865 404
Subtotal 1100 336.7 438.5 574 1347 ag7.4 735 189.5 4138 | 1186 | 1280 4471 76.9 226.0 4998 1381
Butler Ditch BD-18 26 56 - 18 32 90 23 a6 59 25 28 75 18 5.0 73 a2
Subtotal - - - 4385 592 - - 758 - - 1211 - - 8.7 - - 1413
Viltage of Lilly Creek Le-t 672 238.2 - 430 2002 3335 109.4 2218 3936 1335 1324 3488 ag 3300 621.6 1871
Manomanae Falls
Menomonee River | UMR 3-1 %2 824 36.4 128 335 109.1 183 106.2 3009 56.7 344 21 221 148 6933 177
UMR 3-2 00 0.0 00 00 00 0.0 0.0 0.0 a0 0.0 0.0 0.0 00 0.0 0.0 0.0
UMR 3-3 95 34.2 10.0 89 100 358 9.5 34.2 86.6 18.3 100 78.9 10.1 750 196.0 449
UMR 3-4 0.0 0.0 0.0 00 00 00 6.0 04 48 03 03 0.4 0.2 04 6.6 0.7
UMR 3.5 97 219 10.3 a5 13 358 85 218 69.8 12.8 98 40.0 6.6 64.8 122.3 28.8
UMR 3-6 00 0.0 0.0 00 00 00 0.0 83.3 2.2 5.3 13 a5.2 23 616 2478 28.6
Subtotal 444 1385 56.7 %3 548 1817 36.3 246.0 464.3 93.4 559 3766 403 4166 | 1,266.1 2207
Subtotal - ~ - 56.7 693 - 145.7 - - 2269 - - 122.2 - - 4078
City of Menomones River| LMR-1 755 1394.7 10855 945 3242 1877.2 190.6 1,009 | 34383 | 4945 3521 24576 2369 1.729.3 | 3.166.9 6244
Wauwatosa LMR2 54.4 7022 8286 525 | 3414 9336 | 1403 5401 | 13786 | 2261 ) 1470 1,110.7 98,0 6837 | 20028 205.2
Subtotal 1209 | 2,0069 1914.1 1470 [ eess 28108 | 3308 ( 16410 | 48168 | 7206 [ 4901 35683 | 3359 | 24130 | 52507 9196
LMR3 16 615 255.0 48 a6 226.3 1.7 106 5203 26.3 40 3413 158.0 a18 B34.6 519
LMR-4 656 149.5 1255 508 879 2418 659 108.2 358.5 788 | 1045 475 779 2024 688.8 1265
LMA-S 472 | 13 299.6 28 83.0 1.7 418 94.6 385.3 68.1 914 468.2 55.3 3766 | 11264 1954
LMR -6 00 | 0.0 0.0 0.0 00 0.0 0.0 00 03 0.0 00 0.4 00 0.3 1358 1.2
Subtoral 144 3481 ©80.1 82] 1785 6398 | 1254 2134 | 12734 | 1732 | 1908 12814 | 1432 6214 | 26632 3150
Honey Creek HC? 08 39 34 05 13 38 0.7 24 5.5 1.0 09 5.4 0.6 2.2 5.2 10
Underwood
Croek uce 2.1 25.4 a8 26 35 646 38 228 178.3 159 a4 1132 79 259 3145 287
Subtotal -~ - - 26074 2293 - 460.9 B B 910.7 - - 493.6 - - 13243
City of M Little
Megquon Menomonee River| LTMR-2 96 16.4 146 23 956 164 23 137.7 2366 29.0 273 129.2 95 1779 187.8 341
City of
Miiwaukea Menomonee River| LMR-7 100 728.2 805 386 350 8a1g 48.6 3640 | 14260 | 1636 669 1,202 747 §05.1 | 1,929.7 2240
Total - - - - 44089 8305 - 1,096.1 - - [1 BIG.4 1,140.6 - - 26410

2 Includes direct damage to Structures and contents plus indireCt damages associated with that structural damage.
® ased on historic flood stages avaitable.

Sourca: SEVWRPC.

situation—risks are conservatively estimated to increase
to $509,500 per year, a 140 percent increase over the
existing conditions risk.

The City of Brookfield

As set forth in Table 23, the estimated average annual
flood risk along portions of Underwood Creek and Butler
Ditch in the City of Brookfield under existing conditions,
year 2000 plan conditions, Condition 5, Condition 6, and
Condition 7 are respectively, $539,200, $75,800, $121,100,
$78,700, and $141,300. Average annual monetary flood risks
under year 2000 plan conditions are expected to increase
to $75,800 per year, a 28 percent increase over the existing
condition risk of $59,200 per year. In contrast, under
Condition 7, average annual monetary flood risks are
conservatively estimated to increase to $141,300 per year,
a 140 percent increase over the existing conditions risk.
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The Village of Menomonee Falls

As set forth in Table 23, the estimated average annual
flood risks along the Menomonee River, Lilly Creek, and
Nor-X-Way Channel in the Village of Menomonee Falls
under existing conditions, year 2000 plan conditions,
Condition 5, Condition 6, and Condition 7 are, respectively,
$69,300, $145,700, $226,900, $122,200, and 3407,800. Average
annual monetary flood risks under year 2000 plan conditions
are expected to increase to $145,700 per year, an 110
percent increase over the existing condition risk of $69,300
per year. In contrast, under Condition 7, average annual
monetary flood risks are conservatively projected to
increase to $407,800 per year, a 490 percent increase over
the existing conditions risk.

The City of Wauwatosa
As set forth in Table 23, the estimated average annual flood
risks along the Menomonee River, Underwood Creek, and
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Map 17

EXISTING AND YEAR 2000 LAND USE PLAN AVERAGE ANNUAL AND 100-YEAR RECURRENCE INTERVAL
FLOOD DAMAGES ALONG SELECTED STREAM REACHES IN THE MENOMONEE RIVER WATERSHED
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Existing and potential future flood damages for flood-prone stream reaches in the Menomonee River watershed are identified on the above
map. On an average annual basis, flood damages over the watershed as a whole could be expected to increase by about 75 percent under plan-
ned land use and existing channel conditions, from about $0.63 million in 1975 to about $1.1 million in 2000. }f 100-year recurrence interval
flood discharges occurred over the entire watershed—that is, flood flows similar in severity to the 1973 flood along the Menomonee River in
Wauwatosa—flood damages could be expected to rise by about 29 percent, from about $5.3 million at present to about $6.9 million in the
year 2000.

Source: SEWRPC.
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Honey Creek in the City of Wauwatosa under existing
conditions, year 2000 plan conditions, Condition 5,
Condition 6, and Condition 7 are, respectively, $229,300,
$460,900, $910,700, $493,600, and §1,324,300. Average
annual monetary flood risks under year 2000 plan conditions
are expected to increase to $460,900 per year, a 100 percent
increase over the existing condition risk of $229,200 per
year. In contrast, under Condition 7, average annual
monetary flood risks are conservatively estimated to
increase to $1,324,300 per year, a 480 percent increase
over the existing conditions risk.

The City of Mequon

As set forth in Table 23, the estimated average annual flood
risk along the Little Menomonee River in the City of Mequon
for existing conditions, year 2000 plan conditions,
Condition 5, Condition 6, and Condition 7 are, respectively,
$2,300, $2,300, $29,000, $9,500, and $34,100. Average
annual monetary flood risks under year 2000 plan conditions
are not expected to increase above the existing condition
risk of $2,300 per year. In contrast, under Condition 1,
average annual monetary flood risks are conservatively
estimated to increase to $34,100 per year, a 1,400 percent
increase over the existing conditions risk.

The City of Milwaukee

As set forth in Table 23, the estimated average annual flood
risk along the Milwaukee River in the City of Milwaukee
for existing conditions, year 2000 plan conditions,
Condition 5, Condition 6, and Condition 7 are, respectively,
338,600, 348,600, $163,600, $74,700, and $224,000. Average
annual monetary flood risks under year 2000 plan conditions
are expected to increase to $48,600 per year, a 26 percent
increase relative to the existing condition risk of $38,600
per year. In contrast, under Condition 7, average annual
monetary flood risks are conservatively estimated to
increase to $224,000 per year, a 480 percent increase over
the existing conditions risk.

Concluding Statement

The above community-by-community analysis of average
annual flood damages as a function of alternative land use-
floodland development conditions in the Menomonee River
watershed clearly indicates that monetary flood risks in
a given reach may be expected to be very sensitive to
dicisions concerning land use development both in the
floodlands and in the watershed as a whole. The manner
in which presently undeveloped land, both within and outside
of the watershed floodlands, is used in the future may be
expected to be a primary determinant of future monetary
flood damages experienced in the watershed, particularly
in the lower portion of the bhasin. For example, under
conditions of complete urbanization of the floodland and
nonfloodland areas of the Menomonee River watershed,
the average annual flood damage may be expected to
increase by a factor of up to 5.7 in some downstream
reaches even if no additional flood-prone development
is constructed in those riverine areas. In contrast,
implementation of the year 2000 land use plan will minimize
the incremental average annual flood damages.

FLOODWATER STORAGE ALTERNATIVES

As noted earlier in this chapter, floodwater storage is
a structural floodland management measure that has the
potential to resolve or significantly minimize flood
problems in one or more flood-prone reaches downstream
of the impoundment facilities. Under the Menomonee River
watershed study, 25 potential surface floodwater storage
locations were identified and screened to determine their
potential to provide flood protection as well as to possibly
accommodate other uses such as water-related recreational
activities. Based upon a screening of the 25 sites, 11 were
selected for further hydrologic, hydraulic, and economic
analyses with the objective of identifying one storage site,
or a combination of such sites, that could mitigate flood
damages in a technically sound, economically viable, and
environmentally acceptable manner. In addition, the
feasibility of storing floodwater in a mined storage chamber
beneath the watershed was examined.

For purposes of the preliminary identification and initial
evaluation of potential surface storage sites in the water-
shed, each site was viewed as a detention reservoir, as
opposed to a retention reservoir. A detention reservoir
is defined as a reservoir that is normally dry, or contains
very little water—except perhaps enough to achieve an
aesthetic purpose—but is designed to fill during flood
events, thereby significantly attenuating downstream flood
discharges and stages. After the passage of the flood event,
a detention reservoir is drained by gravity or by pumping.
A retention reservoir, in contrast, is defined as a reservoir
that normally contains, at a predetermined conservation
pool level, a substantial volume of water available for
recreational and other purposes, above which a floodwater
storage volume is maintained for utilization during the
flood events. The primary reason for assuming detention
storage reservoirs, as opposed to the more traditional
retention reservoirs, is the relative lack of large surface
reservoir sites in the urbanizing Menomonee River water-
shed and, therefore, the need to make maximum use of the
little potential storage that does remain in the basin.

Preliminary Identification of Surface Storage Sites

The preliminary identification of potential floodwater
storage sites was initiated by an examination of watershed
topography to determine locations at which a relatively
large volume of water could be stored, with or without
the construction of an impounding structure. Another factor
considered in the preliminary identification was the nature
of the existing land use and the value of vacant land
inasmuch as intensive urban development or high land
costs in or near a site would probably, as a practical
matter, preclude its use for floodwater storage. A
preliminary maximum flood pool elevation was determined
for each of the potential sites with the principal determining
factor being prevention of inundation to urban land uses
or arterial streets contiguous to the sites. This maximum
flood pool elevation was used to determine the total flood-
water storage volume and the surface area of each site.
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Map 18 shows the location of the 25 sites identified in the
initial examination of the watershed.5 Storage site locations
and selected data about each site, including surface area,
maximum flood pool elevation, and maximum available
storage volume, are summarized in Table 24. Of the total
of 25 potential floodwater storage sites, 22 are located
directly on portions of the watershed stream system
whereas three sites—Hartung Quarry in the City of
Milwaukee, a gravel pit in the City of Wauwatosa, and
a sewage treatment plant site in the Village of Menomonee
Falls—are categorized as “‘off-channel” storage facilities.

Selection of Surface Storage Sites for Further Consideration
Each of the 25 potential sites was subjected to an initial
evaluation of its potential, either individually or in
combination with other storage facilities, for achieving
a significant reduction in flood damages in one or more
downstream reaches. As a result of this initial evaluation,
and as summarized in Table 24, 13 of the sites were judged
to be technically impractical and were therefore eliminated
from further consideration.

In addition, Site 11 on Butler Ditch in the City of Brookfield
was eliminated from further consideration because
a preliminary analysis indicated that, even if a detention
storage facility at that site were technically feasible, land
acquisition and other development costs could be expected
to be very high relative to the flood abatement benefits that
might accrue. The site in question, which is located in
Section 2, Town 7 North, Range 20 East, at the confluence
of Butler Ditch and a tributary from the south, could
provide up to about 364 acre-feet of storage with a surface
area of 101 acres; equivalent to 2.2 inches of runoff from
the 3.06 square mile tributary drainage area.

Land values in this area are likely to vary from about
$3,500 to $10,000 per acre with the higher values being
applicable to frontage land along W. Capitol Drive which
borders the southern edge of the site. Assuming that the
site could be acquired at a cost of $3,500 per acre,
acquisition of the entire 101 acre site plus an additional
20 acres, to provide site access for maintenance purposes
and to allow for refinement in the ultimate taking lines
based upon consideration of real property line locations,
would entail an expenditure of $423,500. If amortized at an
annual interest rate of 6 percent over a period of 50 years,
the equivalent average annual cost would be $26,700. This
annual cost—without consideration of amortization of the
capital costs of necessary control structure and storm
water pumping station costs and without annual operation
and maintenance cost—is almost 12 times the average
annual flood damages of $2,300 which would be abated
assuming development of the site. If half the site were

5The potential surface storage sites include North Lake,
an approximately 60-acre lake to be formed and devel-
oped by the Milwaukee County Park Commission in park
lands along the Little Menomonee River between Brown
Deer Road and the Milwaukee-Ozaukee County line. See:
“North Lake Development,” a report to the Milwaukee
County Park Commission from the Harza Engineering
Company, August 1971,
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acquired, thereby providing for control of approximately
1.1 inches of runoff from the tributary drainage area,
amortization of just the site acquisition costs would
approximate $13,300 per year, or almost six times the
potential benefits that would accrue. In summary, then,
Site 11 on Butler Ditch in the City of Brookfield was
omitted from further technical and economic consideration
because of very high apparent costs relative to the
expected benefits,

There is a possibility that detention storage could be
provided at Site 11 as part of the acquisition and develop-
ment of the site for multiple purpose outdoor recreation
and open space purposes. About two-thirds of the 101 acre
site is currently zoned by the City of Brookfield for either
residential or local business use with the remaining one-
third being zoned for conservancy use. The land use plan
element of the watershed plan recommends that floodland
and conservancy zoning be applied in this area to protect
the primary environmental corridor lands which encompass
much of the potential storage site. It may be possible for
the City of Brookfield to use a combination of floodland
and conservancy zoning and land acquisition to preserve
this area as a carefully designed and managed public
outdoor recreation and open space site which has a valuable
supplementary function as a floodwater detention area.

This preliminary assessment of technical feasibility
included consideration of the volume of each site in
combination with its position in the watershed stream
system relative to downstream flood-prone reaches. Most
of the larger storage sites were retained for further study
with the exception of the site on the Little Menomonee River
in the City of Mequon at the Ozaukee-Milwaukee County
line. This relatively large site was eliminated from further
consideration because it lacks potential to significantly
reduce flood flows and stages in flood-prone portions of
the watershed. Although this site is located upstream of
the flood-prone reaches located along the Menomonee River
in the City of Wauwatosa, because of the relatively small
tributary area and flood flow controlled it was considered
unlikely that storage at this location could significantly
reduce flood discharges and stages in the City of Wauwa-
tosa. For example, the 100-year recurrence interval
discharge under year 2000 plan conditions at this reservoir
site is only 580 cfs and very small relative to the 100-year
recurrence interval peak flood discharge of 16,800 cfs at
the N. 70th Street crossing of the Menomonee River in the
City of Wauwatosa. Therefore, although the storage site
on the Little Menomonee River at the Ozaukee-Milwaukee
County line may be suitable from topographic, land use,
and volume perspectives, it does not have the potential
to achjeve a significant reduction in flood damages in the
downstream reaches.

Evaluation of Selected Surface Storage Sites

The 11 remaining floodwater storage sites, which range
in size from Site 9 on the Menomonee River in the Village
of Menomonee Falls with a volume of about 600 acre-feet
to Site 16 on the Little Menomonee River in the City of
Mequon with a volume of about 5,900 acre-feet, were
subjected to hydrologic-hydraulic and, in some cases,
economic analysis in order to identify those individual
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Map 18

POTENTIAL FLOODWATER STORAGE SITES IN THE MENOMONEE RIVER WATERSHED
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A total of 25 potential surface floodwater storage locations were identified and screened to determine their potential to provide, either singly
or in various combinations, flood damage mitigation in the watershed. Based upon the screening of the sites, 11 were selected for further

hydrologic, hydraulic, and economic analyses. In addition, the feasibility of staring floodwater in a mined storage chamber beneath the water-
shed was examined.

Source: SEWRPC.
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Table 24

SUMMARY OF THE PRELIMINARY IDENTIFICATION AND INITIAL EVALUATION OF
POTENTIAL FLOODWATER STORAGE SITES IN THE MENOMONEE RIVER WATERSHED

Potential for Mitigation of Flood Problems
Is it likaly that
Location Impoundment Data at s Numbar of the site will yield
Flood Stage Flood-prone significant flood
Dam Tributary Surface Reactias damage reduction Aevain site for
City, Village, | River Street, Highway, or Area Stage Area’ | Volume Downstream inoneormora  |Hydratogic-Hydraulic
Number Name Strgam County of Town Mile Qther Description M) (feat-mst) | (Acres) |{Acra-Faet) of the Site downstream reaches? Analysis?
1 Germa River Village of 2347 |CTHQ 26.36 845.0 1,018 5,806 12 Yes Yes
Germantown
2 NXWC-Downstream | Nor-X-Way Waukeshaand | Village of 1.35 | Chicago, Milweukee, 374 | 7800 39 180 1 Na No
Channel Washington Menomonee Fails St. Paul & Pacific Railroad
3 NXWC-Upsiream Nor-X-Way ‘Washington Village of 2.08 | Chicago, Milnwaukee, 258 | 7900 213| 1470 1 Yes Yes
Channel Germantawn §t. Paul & Pacific Railraad
4 Lilly Croek- Lilly Creek Waukesha Village of 1.83 | mill Road 277 | 740 - - 10 No No
Downstream Menomonee Falls
5 Lilly Creek- Litly Creek Waukesha Viltage of 2.49 [Chicage and t77 | 780.0 112 - 1 No No
Upstream - Menomanae Falls Narthwestern Raiiroad
6 Dretzka Dretzka Creek Miiwaukes City of Bradley Road .27 750.0 194 01 7 Yes Yes
and Waukasha Milwaukee
7 M Falls River Village of 18.95 |Menamonge Falls 36.06 - - - g No No
! Lagoon Menomonee Falls Wastewater Treatment Plant
k] West Granville Menomones River | Milwaukee CTity of 16.65 |STH 175 4940 7400 145 B35 7 Yes Yas
Miiwaukee
g Carmen Mencrmonee fiver | Waukesha Village of 15.00 | Chicago and 51.06 | 734.0 102 806 7 Yes Yes
Manomonee Falls Northwestern Raiiroad
10 Butler Oitch- Butler Ditch Waukssha Viltege of Q.00 | Just upstream of the 505 | 7800 242] 1792 ? Ves Yes
Downstream Menomaonee Falls confluence with
Menomonee River
1" Wocdland Butler Ditch Waukesha City of 2.49 [ Just downstream of .06 765.0 101 J64 7 ves® No
Brogkfietd Capitol Drive
12 Butler Ditch- Builer Ditch Waukesha Village of 3.40 | Lisbon Avenue 0.76 780.0 112 - 7 No No
Upstream Menomanee Falis
13 200 Freeway Menomonee River | Milwaukee City of 12.88 (USH 45 58.00 7140 95 694 6 Yes Yes
and Waukesha | Milnwaukee
AL} rampton enomonee Aiver | Mitwaukee City of 1252 | Hampton Avenue 81,62 700.0 1M 121 6 No NO
Mirwaukee
18 Currie Menomonee River | Milwaukee City of 11.20 [Capital Orive 8247 700.0 72 384 6 No No
Wauwstosa
16 | Mequon-Upstream Lite Qzaukee City of Mequon | 10.18 | Freistact Road 140 | 7550 381 5861 ] Yes Yus
Menamonse River
17 Meguon-Dewnstrsam | Litie Ozaukee City of Mequon €.95 |CTHQ 1056 | 725.0 - - 6 Ne No
Menomanes River
18 North Lake Little: Milwaukee City of 5.88 [ Brown Deer Road 11.80 7186 306 B42 8 No No
Reservoir Menomone River Mitwaukee
19 Hartung Quarry Menomonee River | Milwaukee City of 10.15 | Menomonee River B85.57 €90.0 o) 1950 s Yes Yos
Milwaukee Parkway Drive
20 | Tosa Gravel Pit Underwood Creek | Milwaukee City of 1.35 |Watertown Plank Road 17.18 - 47 700 4 Yes Yos
Weuwstosa
el North Avenue Underwood Craek | Waukesha City of 4.B2 |Narth Avenue 7.58 760.0 - - 6 No No
Broakiield
2 Gebhardt Dousman Ditch | Waukesha City of 0.63 |Gebhardt Road 378 | 8300 376] 17366 9 Yes Yos
Brookfleld
23 Honey Creek Honey Creek Milwaukae City of West Allis | 0.06 | Honey Creek Parkway 1082 680.0 54 968 2 No Na
24 McCarty Honey Creek Milwaukes City of Wast Altis | 4.32 [McCarty Park 576 | 7300 - - 2 No No
2% Layton Honey Creek Milwaukee City of 7.78 | Laytan Avenue 141 760.0 - - 2 No No
Greenfisld
(H

? Omnitted from further consideration becawse of high land acquisition end development costs relative to prabable fi00d demage reduction benefits,

Source: SEWRFC.

sites, or combinations of sites, that could be expected to
substantially reduce flood stages and, therefore, damages
in some or all of the flood-prone reaches of the watershed.
This phase of the analysis was initiated by examining the
simulated 35-year flood flow series for the watershed
under year 2000 plan conditions in order to determine the
three largest watershedwide flood flow events and to
identify the meteorological conditions that could be expected
to produce these flood flows. As might be expected, the
causative meteorological events were found to be the same
as those that produced the three major historic flood events
that were identified in the historic flood survey: June 1940,
September 1972, and April 1973. The analysis thus indicated
that, if the weather conditions similar to those represented
by the historic meteorological data series for the 35-year
period from 1940 through 1974 were to occur in the water-
shed under year 2000 plan conditions, the three largest
watershedwide flood events would be produced by
meteorological conditions similar to those which produced
the June 1940, September 1972, and April 1973 floods.
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Accordingly, the meteorological conditions which produced
the three largest flood events of record were used in the
hydrologic and hydraulic simulation model to test the
individual performance of four larger reservoir sites
which, based on size and relative location with respect
to flood-prone reaches, were believed to have good potential
for mitigating flood damages in those reaches. The purpose
of this test was to determine to what extent flood flows
could be expected to be reduced in those flood-prone
reaches by the construction of single storage reservoirs,
and to thereby identify those impoundments for which more
detailed hydrologic, hydraulic, and economic studies were
warranted. The four potential storage sites subjected to
individual analysis were: Site 2 on the Menomonee River
in the Village of Germantown lying immediately upstream
of flood-prone reaches along the Menomonee River in the
Village of Menomonee Falls; Site 16 on the Little
Menomonee River in the City of Mequon lying immediately
upstream of a flood-prone reach along the Little Menomonee
River in the City of Mequon; Site 19—Hartung Quarry—
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lying adjacent to the Menomonee River in the City of
Milwaukee and immediately upstream of flood-prone
reaches along the Menomonee River in the City of
Wauwatosa; and Site 22 on Dousman Ditch in the City of
Brookfield lying immediately upstream of flood-prone
reaches along Underwood Creek in the City of Brookfield
and the Village of Elm Grove.

The analysis of the potential effects of each of the four
individual detention reservoirs was followed by a
hydrologic-hydraulic simulation model study—again using
the meteorological conditions corresponding to the three
largest flood events—of a watershedwide storage system
composed of all eleven potential impoundments. The
objective of this analysis was to determine if the integrated
operation of all 11 detention reservoirs was a technically
feasible means of abating flood problems in the lower
reaches of the Menomonee River watershed particularly
along the Menomonee River in the Cities of Wauwatosa
and Milwaukee.

Figure 12

Each of the 11 potential storage sites was represented in
simulation model by a stage-storage-discharge relation-
ship. The stage-storage-discharge relationship for Site 1 on
the Menomonee River in the Village of Germantown, which
is graphically depicted in Figure 12, is similar to those
developed for each of the potential detention reservoir
locations. These relationships reflect the topography of
the site—in the form of cumulative storage volume as
a function of stage or pool elevation—and the hydraulic
characteristics of the outlet control structure—in the form
of total discharge through and over the structure as
a function of stage. The outlet structure for each of the
nine on-channel storage sites was designed as an earthen
embankment or concrete structure with a small conduit
in its base at channel grade to pass low flows and to provide
for gravity drainage of stored water after the occurrence
of a flood event. The upstream end of the outlet structure
conduit would be provided with a trash rack for safety
purposes and to minimize blockage by ice and buoyant
debris carried to the structure by the floodwaters. It would

STAGE-STORAGE-DISCHARGE RELATIONSHIP FOR POTENTIAL DETENTION
RESERVOIR NO. 1 IN THE MENOMONEE RIVER WATERSHED
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be necessary to conduct a careful inspection and mainten-
ance program to assure that the detention reservoir outlet
works would always function at their design hydraulic
capacity. In addition, an overflow spillway was provided
to permit the safe passage of floodwater after the storage
capacity of the detention reservoir was exceeded. For
preliminary design purposes, the conduit through the base
of each structure was sized so as to pass a two-year
recurrence interval discharge under year 2000 plan
conditions at a pool elevation coincident with the spillway
crest. Such small conduit sizes were selected to permit
maximum utilization of the available storage volume during
major floods. Based on initial model runs, the conduits
through the bases of five of the outlet structures—sites
1, 3, 10, 16, and 22—were reduced even further in size
inasmuch as the storage impoundments at those locations
were not filled by the design flood events. In the case of
the two off-channel detention sites, it was assumed that
a diversion structure would be provided on the adjacent
channel that would permit diverting sufficient flow so as
to approximately fill the available storage volume during
the passage of the flood event.

Site One on the Menomonee River in the Village of

Germantown: The first of the four sample reservoir sites
considered was Site One located on the Menomonee River
in the Village of Germantown. This 5,800 acre-foot detention
reservoir would be formed by an earthen embankment
located on the Menomonee River in the Village of
Germantown at River Mile 23.47. It would thus be located
immediately above flood-prone reaches of the Menomonee
River in the Village of Menomonee Falls and, therefore,
would have potential to abate filood problems in that Village.
The hydrologic effect of this site is illustrated in Figure 13
which depicts flood flow hydrographs for the Menomonee
River at Main Street (STH 74 and River Mile 21.93) and
immediately upstream of the confluence with Nor-X-Way
Channel (River Mile 20.31) in the Village of Menomonee
Falls as those hydrographs would occur in response to the
meteorological events which produced the April 1973 flood
occurring under year 2000 plan conditions with and without
the presence of the detention reservoir. The temporary
impoundment of the flood flows could be expected to reduce
the peak discharge of the Menomonee River at Main Street
from about 530 cfs to about 350 cfs, a 35 percent reduction.
At the confluence with the Nor-X-Way Channel, the peak
discharge would be reduced from about 595 cfs to 575 cfs,
a reduction of only 3 percent. The absclute and percent
reduction in peak flood discharge at the downstream
location is considerably less than that at the upstream
location because of the dominant influence of the local
lateral Inflow to the Menomonee River between those two
sites. The impact of lateral inflow at the downstream
location is clearly evident on Figure 13 which shows a
bimodal hydrographs, that is, hydrographs having two peak
flows with the first peak representing the early arrival
of local runoff and the second peak reflecting the later
arrival of upstream runoff. While upstream storage effects
an appreciable increase in the second peak discharge—
which is associated with upstream runoff—it has no
significant impact on the first, or local, peak. Farther
downstream at the point where the Menomonee River flows
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from the Village of Menomonee Falls into the City of
Milwaukee (River Mile 17.95), no appreciable decrease in
peak flood flow would be expected.

Based on this hydrologic-hydraulic evaluation, it was
concluded that a detention reservoir on the Menomonee
River in the Village of Germantown would not offer
significant flood relief to flood-prone lands along the
Menomonee River in the Village of Menomonee Falls.
Therefore, additional hydrologic-hydraulic analyses
were not considered warranted, and Site 1 was eliminated
from further consideration as a single floodwater
storage reservoir.

Site 16 on the Little Menomonee River in the City of
Mequon: The second of the four sample reservoir sites
considered was Site 16 located on the Little Menomonee
River in the City of Mequon. A 5,860 acre-foot detention
reservoir could be formed by an earthen embankment
located at the Freistadt Road crossing of the Little
Menomonee River in the City of Mequon at River Mile
10.18. It would be located immediately above a flood-prone
reach in the City of Mequon and, therefore, would have
potential to abate flood problems in that City.

For purposes of the analyses, the detention reservoir was
assumed to capture essentially all of the direct runoff
from the drainage area of the Little Menomonee River
tributary to Freistadt Road. Therefore, the residual flow
that would pass through the flood-prone reach would consist
solely of the direct runoff contributed by the land surface
downstream of Freistadt Road. Under a combination of
the meteorological events which produced the April 19,
1973, flood and year 2000 plan land use-floodland develop-
ment conditions, this detention reservoir could be expected
to reduce the peak discharge near the upstream end of
the flood-prone reach at River Mile 9.69 from about 100 cfs
to about 42 cfs, a 58 percent reduction. The reservoir
could also be expected to reduce the peak discharge of
the Little Menomonee River immediately above its
confluence with Little Menomonee Creek, River Mile 8.23,
from about 120 cfs to approximately 90 cfs, a 24 percent
reduction. The marked decrease in the reduction in flood
flow with distance downstream is due to the influence of
lateral inflow to the stream system downstream of the
potential reservoir site. Assuming that the meteorological
events which produced the September 1972 flood were to
occur in the upper reaches of the Little Menomonee River
subwatershed under year 2000 plan conditions, the detention
reservoir could be expected to reduce the peak flood
discharge at the upstream end of the flood-prone reach
from about 123 cfs to about 60 cfs, a 51 percent reduction.
At its confluence with the Little Menomonee Creek, the
peak flood on the Little Menomonee River could be expected
to be reduced from about 113 cfs to about 111 cfs, only a
2 percent reduction. Assuming that the meteorological
events which produced the June 1940 flood were to occur
under year 2000 plan conditions, a detention reservoir on
the Little Menomonee River at Freistadt Road could be
expected to reduce the peak flood discharge at the upstream
end of the flood-prone reach in the City of Mequon from
about 159 cfs to about 62 cfs, a 61 percent reduction.



Figure 13

FLOOD FLOW HYDROGRAPHS ON THE MENOMONEE RIVER IN THE VILLAGE OF
MENOMONEE FALLS WITH AND WITHOUT AN UPSTREAM DETENTION RESERVOIR

At STH 74 {Main Street) —River Mile 21.93
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