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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, t o  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 t o  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. 

pectfully submitted, 

%A- 7' 
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, 3) 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 11, 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 t o  make an explicit choice of ultimate 
goals. Yet, i t  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: 
certain 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 promam 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 I1 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 t o  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 

TEST AND EVALUATION OF A PLAN SUBELEMENT 
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Source: SEWRPC. 

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 can 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 

Source: SEWRPC. 

Type of 

Meeting or Hearing 

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

lnformational Meeting 
for Public Officials. . . . . . . . . . . . 

Public Informational Meeting. . . . . 

Public Informational Meeting. . . . . 

Final Public Hearing. . . . . . . . . . . 

Public Information Meeting. . . . . . 

Place of Meeting 

Wauwatosa Memorial 
Civic Center 

Brookfield City Hall 

Menomonee Falls 
Village Hall 

Wauwatosa Memorial 
Civic Center 

Wauwatosa Memorial 
Civic Center 

Mequon City Hall 

Presiding Agency 

Menomonee River 
Watershed Committee 

City of Brookfield 

Menomonee River 
Watershed Committee 

Menomonee River 
Watershed Committee 

Menomonee River 
Watershed Committee 

City of Mequon 

Date and 
Time of Meeting 

April 19, 1972 
7:30 p.m. - 10:OO p.m. 

September 8, 1976 
7:30 p.m. - 9:45 p.m. 
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. 



Chapter I1 

WATERSHED DEVELOPMENT OBJECTIVES, PRINCIPLES, AND STANDARDS 

INTRODUCTION 

As noted in Chapter I1 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 t o  
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 svecific 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 suitable 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 e f f ~ r t . ~  ~ h e s e  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. 

W j  
Three of the four specific water control facility develop- 
ment objectives adopted by the commission-under ks 
other comprehensive watershed planning programs are 
also applicable to the Menomonee River watershed plan- 
ning e f f ~ r t . ~  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. 

'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. 

The 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 obiec- * - 
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 I 

RECOMMENDED WATER USE OBJECTIVES FOR THE MENOMONEE RIVER WATERSHED 

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 confluence 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. 



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

OBJECTIVE NO. 1 

A balanced allocationof spaceto 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 a t  each residential density, the following minimum amounts of 
land should be set aside: 

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

Residential Density Category 

. . . . . . . . . . . . . .  High Density urbanC 
Medium Density urbanC. . . . . . . . . . . .  
Low Density urbanC . . . . . . . . . . . . . .  

d . . . . . . . . . . . . . . . . . . . . .  Suburban 
d Rural . . . . . . . . . . . . . . . . . . . . . . . .  

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 participantsf in each of the five maior outdoor recreational activities which require intensive land development within the watershed: 

Net ~ r e a ~  
(Acres11,OOO Persons) 

24 
65 

238 
572 

1,429 

Gross ~ r e a ~  
(Acres11,OOO Persons) 

36 
92 

298 
698 

1,681 

Gross ~ r e a ~  
(Acres11,OOO Persons) 

12 

5 
10 

Land Use Category 

Governmental and Institutional . . . . . . .  
Public Park and Recreation 

Major. . . . . . . . . . . . . . . . . . . . . . .  
Other. . . . . . . . . . . . . . . . . . . . . . .  

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

Net ~ r e a ~  
(Acres/1,000 Persons) 

9 

4 
9 

Major Activity 

swimmingg . . . . . .  
picnickingh . . . . . .  

. . . . . . . . . .  ~o l f i ng '  
camping1 . . . . . . . .  

k Skiing . . . . . . . . .  

land should be set aside: 

Backup Land 
or Secondary 

Development Acres 

0.36 
11.25 

126.66 
0.37 

Total Acres 

0.45 
12.50 
32.79 

133.33 
3.70 

Principal 
Development 

Acres 

0.09 
1.25 

32.79 
6.67 
3.33 

Gross  real 
(Acres1100 Employees) 

3 
6 
9 

Land Use Category 

Commercial 
Major. . . . . . . . .  
Other. . . . . . . . .  

Industrial. . . . . . . .  

Net ~ r e a ~  
(Acres/100 Employees) 

1 
2 
2 



Table 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 to 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 
soil 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 operational soil survey as having severe or very severe limitations for such uses. 

B. Wetlands 

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 areasm 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 
filled. Adjacent surrounding areas should be kept in open-space use, such as agriculture or limited recreation. 

Woodlands assist in maintaining unique natural relationships between plants and animals; reduce storm water runoff; contribute to 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 watershed0 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. 
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Princiole 

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 
harmful insects and other noxious pests and the promotion of plant pollination; provides a food source; provides an economic resource for the 
recreation industries; and i s  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 natural 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 land 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 proposed residential neighborhood 
units by through traffic. 

2. The transportation system should 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. All 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 medium-, 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 spaceq 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 i s  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. 
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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 recreation 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 should 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 

Agricultural areas, in addition to providing food and fiber, can provide significant wildlife 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 relationship; and provide open spaces which give form and structure to urban development. 

STANDARDS 

1. All prime agricultural areasS 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 i f  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 a t  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 land 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. 
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a 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. 

Gross residential land use area is defined as the net area devoted to this use plus the area devoted m allsupporting land uses, includingstreefs. 
neighborhood parks and playgrounds, elementary schools, and neighborhood institutional and commercial uses, but not including freeways 
and expressways and other community and area wide uses. 

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

d ~ r e a s  nor served, nor proposed to be served, nor required to be served by public sanitary sewerage and water supply faci1ities;does nor require 
neighborhood facilities. 

Gros governmental and institutional area is defined as the net area devoted to governmental and institutional use plus the area devoted 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. 

A participant is defined as a person 12 years of age or older who actively participates in a particular recreational activity on a given day 

g Swimming-One acre of developed beach area can accommodate approximately 370 people at any one time. With a daily turnover rate of 
3.0, the maximum capacity of one acre of developed beach is 1.1 10 people per acre per day. In addition, for every one acre of developed 
beach area, four 141 acres of backup lands are required to provide necessary parking area (approximately one and one-half acres), concession 
services, dressing room area (approximately one acre], and other activity area, such as picnic area /approximately one and one-half acres). 

hPicnicking-One acre of developed picnic area with a maximum 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 o f  developed picnic area is 8Opeopleper 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 au'ditional secon- 
dary facilities. 

Golfing-A minimum of 10 acres of land per hole is required to develop a regulation 9- or 18-hole golf course, including area for clubhouse 
and parking, and will accommodate approximately one golfer per acre at any one time. With a daily turnover rate o f  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 a maximum of five camp units can accommodate approximately 15people per day. There is 
no daily turnover rate for camping. In addition, for every one acre of developed camp area, nineteen ( 191 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. 

k ~ k i i n g - ~ n e  acre of developed ski slope can accommodate approximately 10 people at any one rime. With a daily turnover rate of 3.0, the 
maximum capacity of one acre of developed ski slope is 30 people per acre per day. In addition, for every 10 acres of developedski slope, 
one acre of backup land is required to provide parking and concession facilities. The recommended minimum sire area is 1W acres. 

Gros commercial and industrial area is defined as the net area devoted to these usesplus the area devoted to supporting land uses, including 
streets and off-street parking. 

m Wetlands are defined as those lands which are wholly or partially covered with hydrophytic plants and wet and spongy organic soils, and 
which are generally covered with shallow standing water, intermittently inundated, or have a high water table. 

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

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

P Includes all fish and game 

qOpen 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. I t  includes areas devoted to park and recreation uses and to large land-consuming institutional 
uses, as well as areas devoted to agricultural use and to resource conservation, whether publicly or privately owned. 

I t  was deemed impractical to establish spatial distribution standards 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; lakes; zoological and botanical gardens; stadia; woodland, wetland, and wildlife areas; scientific areas; and agricultural lands whose 
location must be related to, and determined by, the natural resource base. 

Prime agricultural areas are defined as those areas which a) contain soils rated in the regional detailed operational soil survey as very good or 
good for agriculture and 6 )  occur in concentrated areas over five square miles in extent which have been designated as exceptionally 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- 



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 mediuma or highdensitvb urban development and to all areas proposed 

for such development in the regional land use plan. 

2. Sanitary sewer service should be provided to all existing areas of lowdensityC 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 suburband 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. ~ lood lands~ 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 concentrationsf 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. 

8. 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-bycase 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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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 i s  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 i f  i t  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 
so 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 regulations pertaining to air quality 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, sludge 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 i f  such materials and practices offer eco- 
nomies in materials or construction cost, or i f  by their superior performance lead to the achievement of water quality objectives at lesser costs. 
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5. Sewer systems and sewage treatment facilities should be designed for staged or incremental construction where feasible and economical so 
as to l imit 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~igh-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. 

Lowdensity residential development is defined as that development having an average number of dwelling units per gross acre of 0.8 and 
a net lot area per dwelling unit ranging from 18,981 to 62,680 square feet. 

d~uburban residential development is defined as that development having an average number of dwelling units per gross acre of 0.30 and 
a net lot area per dwelling unit ranging from 62,68 1 to 2 17,800 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. 

  re as over 160 acres in ex tent. 

Source: SEWRPC. 

tent engineering design criteria. A fundamental criterion 
for both local and watershed drainage planning is the 
rainfall intensityduration-frequency relationship repre- 
sentative of the watershed area. 

The Commission has developed rainfall intensityduration- 
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 

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

Storm Sewer Design Criteria 
Rainfall intensityduration-frequency relationships and 
soil survey data make possible a detailed consideration of 
rainfall-runoff relationships in the design of storm sewers 

4 ~ o r  a detailed description o f  the rational method with 
emphasis on the use o f  soils, mapping, land use, and 
hydrologic data available for the seuen-county Planning 
Region, refer to "Determination o f  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 "Deuelopment of Equations for Intensity-Duration- 
Frequency Relationships7' by  S. G.  Walesh, SEWRPC 
Technical Record, Volume 3, No.  5 ,  March 1973. 



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 

Reliable 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  accommodate, 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 flood 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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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 flood 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 a t  least the hydraulic loadings resulting 
from a 100-year recurrence interval flood. Water control facilities so 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 fa i~ure.~ 

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 floodland 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 land 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 a l l  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 NO. 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. 



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 .  All 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 low 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 aquifers 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 landfills, and injection wells. 

a These flood events, which have been formulated and used by the U. S. Army Corps of Engineers, are defined and discussed in Chapter VII ,  
SEWRPC Planning Guide No. 5, Floodland and Shoreland Development Guide, November 7968. 

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. 

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 I11 
method of analyses as recommended by the United States 
Water Resources council6 and as specified by the Wis- 
consin Department of Natural ~esources? In addition to 

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 

Y Uniform Technique for Determining Flood-Flow 
Frequencies," Bulletin No. 15, United States Water 
Resources Council, Washington, D. C., 1967. 

' Wisconsin Administrative Code, "Wisconsin's Floodplain 
Management Program," Chapter NR 116, Register, May 
1971, No. 185. 



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 I11 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 

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 1 0  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 



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 t o  
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 arelatively 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. S. 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 

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. 



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 

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- 

Table 5 

DIGITAL COMPUTER UTILIZATION IN THE MENOMONEE RIVER WATERSHED STUDY 

Type of 
Computer useb 

Engineering 
Computation 

Name of  
Computer Program 

Log-Pearson Type Ill 
Flood Frequency Analysis 

U. S. Geological Survey 
Regional Method of 
Flood Flow Determina- 
t ion  

Solar Radiation 
Calculation 

Wind Speed 
Calculation 

Dewpoint 
Temperature 
Calculation 

Potential 
Evaporation 
Calculation 

Function of 
Computer Program 

F i t  a Log-Peanon Type I l l  
frequency relation t o  a set 
of annual peak discharges 
and determine various 
statistical parameters 
including the I - through 
100-year recurrence 
interval discharges 

Calculate 2.. 5-, 10.. 25-, 
50.. and 100-year recur- 
rence interval discharges 
for rural areas as 
a function o f  basin 
parameters such as slope 
and size o f  tributary area 

Calculate solar radiation 
at the ground surface as 
a function o f  percent of 
possible sunshine, 
latitude, and t ime of 
year 

Calculate average daily 
wind speed as a function 
of maximum daily wind 
speed and calculate wind 
speed near the ground as 
a function of wind speed 
at a higher elevation 

Calculate dewpoint 
temperature at the 
ground surface as 
a function o f  wet and 
dry bulb temperature 
and atmospheric pressure 

Estimate potential 
evaporation as a func- 
t ion o f  daily 
temperature, wind 
movement, solar 
radiation, and dewpoint 

Program 
Written b y :  

U.S. Geological Survey, 
Surface Water Branch 

SEWRPC 

Hydrocomp, Inc. 

SEWRPC 

SEWRPC 

SEWRPC 

Source o f  Computer programa 

Date of 
Original Development 

1972 

November 1974 

Date of original 
development not 
available. Revised 
by  SEWRPC in  
November 1974 

January 1975 

January 1975 

February 1975 

Documentation 

U. S. Geological Survey, 
Surface Water Branch, 
"Log-Pearson Type I I I 
Frequency Analysis," 
Computer Program 
E675, February 1972 

Conger, D. H., 
"Estimating Magnitude 
and Frequency o f  
Floods in Wisconsin," 
U. S. Geological Survey, 
Madison, 1971 ; and 
SEWRPC files 

Hamon, 13. W., Weiss, 
L. L., and Wilson, W. T., 
"Insolation as an 
Empirical Function of 
Daily Sunshine Duration." 
Monthly Weather Review, 
Vol. 82, No. 6, June 1954; 
and SEWRPC files 

Linsley, R. K., Kohler, 
M. A.,and Paulhus, J. L. H., 
Hydrology for Engineers, 
Second Edition, 1975. 
pp. 4146;and SEWRPC 
files 

List, R. J., Smithsonian 
Meteorological Tables, 
Sixth Revised Edition, 
Smithsonian Miscellaneous 
Collection, Vol. 114, 
Smithsonian Institution 
Press, Washington, D. C., 
1949; and SEWRPC files 

Lamoreux, W. W.. 
"Modern Evaporation 
Formulae Adapted t o  
Computer Use," Monthly 
Weather Review, January 
1962;and SEWRPC files 



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* 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) 

a Regardless o f  their original source, the computer programs described in  this table were operated b y  the Commission staff on the SEWRPC computer system, and 
documentation is available in SEWRPC files. 

Type of 
Computer useb 

System 
Simulation 

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

Source: SEWRPC. 

Name of 
Computer Program 

Hydraulic Submodel 2 
(Water Surface Profiles, 
HEC-2) 

Hydrologic Submodel, 
Hydraulic Submodel 1, 
and Water Quality 
Submodel. (Hydrocomp 
Simulation programming) 

Flood Economics 
Submodel 

Function of 
Computer Program 

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 culverts 

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

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

Documentation 

U. S. Army Corps of 
Engineers. Hydrologic 
Engineering Center, 
"HEC-2, Water Surface 
Profiles," Computer 
Program 723-X6-L202A. 
February 1972 

"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. 

SEWRPC files 

Program 
Written by: 

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

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

SEWRPC 

Source of Computer programa 

Date of 
Original Development 

February 1972 

July 1966 

December 1973 



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. S. 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 

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. I t  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 
t o  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 



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 dollar 
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. 



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 a government 
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 no 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. 

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 t o  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 intensityduration-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 I11 

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 111, Volume 1, of this report. 
Forecasts of probable 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 me tho do lo^ 
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, i t  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 o f  that plan 
presented at a regional planning conference on April 14 ,  
1976. The final version o f  that plan, documented in 
SEWRPC Planning Report No.  25, Volume 2 ,  does 
not differ from the plan presented herein in any signifi- 
cant respect. 



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 I1 
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 base. 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 land 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 

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 alreadv noted, the revised and updated regional land 
use plan for  ye& 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 demand 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 



Map 2 

RECOMMENDED LAND USE BASE FOR THE MENOMONEE RIVER WATERSHED: 2000 

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 accommodate 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 environmental corridors 
and prime agricultural areas of the watershed. 

Source: SEWRPC. 



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 

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 

Table 6 

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

a Includes manufacturing, wholesaling, storage, and quarries, 

This figure represents the total area of the watershed as determined through approximating the watershed boundary by U. S. Public Land Survey quarter sectionsandsumming 
the quarter section totals. 

Source: SEWRPC. 

Land Use Category 

Urban Land Use 
Residential 

Urban High Density . . . . . .  
Urban Medium Density. . . .  
Urban Low Density . . . . . .  
Suburban Density . . . . . . .  

Subtotal . . . . . . . . . . . .  

Commercial . . . . . . . . . . . .  
lndustriala . . . . . . . . . . . . .  
Governmental and Institutional 
Transportation, Communica- 
tion, and Utilities. . . . . . . . .  
Recreation . . . . . . . . . . . . .  

Urban Land Use 
Subtotal . . . . . . . . . . . .  

Rural Land Use 
Residential . . . . . . . . . . . . .  
Agriculture. . . . . . . . . . . . .  
Other Open Lands .  . . . . . . .  

Rural Land Use 
Subtotal . . . . . . . . . . . .  

Total 

Square 
Miles 

9.07 
19.41 
12.90 
0.53 

41.91 

2.05 
5.05 
5.67 

26.55 
6.28 

87.51 

. . 
33.80 
14.32 

48.12 

135.63 

Total 2000 

Percent of 
Major Category 

10.4 
22.2 
14.7 
0.6 

47.9 

2.3 
5.8 
6.5 

30.3 
7.2 

100.0 

. . 

70.2 
29.8 

100.0 

. . 

Square 
Miles 

9.09 
9.38 
14.49 
0.93 

33.89 

1.77 
3.82 
5.02 

22.22 
5.79 

72.51 

. . 

45.19 
17.93 

63.12 

135.63~ 

Percent of 
Watershed 

6.7 
14.3 
9.5 
0.4 

30.9 

1.5 
3.7 
4.2 

19.6 
4.6 

64.5 

. . 

24.9 
10.6 

35.5 

100.0 

Planned 

Square 
Miles 

- .02 
10.03 

- 1.59 
- 0.40 

8.02 

0.28 
1.23 
0.65 

4.33 
0.49 

15.00 

. . 
- 11.39 
- 3.61 

- 15.00 

. . 

Increment 

Percent 
Change 

- 0.2 
106.9 
- 11.0 
- 43.0 
23.7 

15.8 
32.2 
12.9 

19.5 
8.5 

20.7 

. . 

- 25.2 
- 20.1 

- 23.8 

. . 

Existing 1970 

Percent of 
Major Category 

12.6 
13.0 
19.9 
1.2 

46.7 

2.4 
5.3 
6.9 

30.7 
8.0 

100.0 

. . 

71.6 
28.4 

100.0 

. . 

Percent of 
Watershed 

6.7 
6.9 
10.7 
0.7 

25.0 

1.3 
2.8 
3.7 

16.4 
4.3 

53.5 

.. 
33.3 
13.2 

46.5 

100.0 



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 East 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 
Possible program elements include: 1 )  the establishment 
of a regional recycling centercurrently 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 
toadd  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 1 3  
percent, t the existing stock of such land uses 
within the tershed. 

"A 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 concevt of the environmental corridor, as well as 
a description of the key elements of an environmental 
corridor, was set forth in Chapter 111, 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 concentrated 
in the corridors because there was considerable motiva- 
tion for development in riverine areas by early settlers. 
Comprehensive watershed planning can help t o  preserve 
and even restore many significant historic sites and the 
cultural record and educational values inherent in such 



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 use, soil type, and civil division 
information but does not include water quality or 
streamflow data. 

Data~torage 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. 

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 Commissisn 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 comers 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 to 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 t o  first determine the State 
Plane Coordinates of the comers of each quarter section 
contained wholly or partly in the Menomonee River 

Figure 2 

THE CELL: BASIC AREAL UNIT I N  THE LAND 
DATA MANAGEMENT SYSTEM USED TO IDENTIFY 

PRIMARY ENVIRONMENTAL CORRIDORS 
I N  THE MENOMONEE RIVER WATERSHED 

SECTION: NOYINAL 
AREA = I MILE 

1/4 SECTION: 8 
EQUAL DIVISIONS 
PER SIDE 

CELL: NOMINAL 
AREA = 2 5 ACRES 

NOMINAL LENGTH 
OF SIDE = 3 3 0  FEET 

Source: SEWRPC. 



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- 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 aggregated 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 t o  other geo-referencing systems such as 
latitude and longitude and the Universal Transverse 
Mercator System. 

Application o f  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 urban development. These 
contiguous areas were added not only because they serve 



further to  enhance the value of the total corridor by This refinement had the effect of generally expanding 
buffering the highest value portions of the corridor the width of the environmental corridor and of 
from the surrounding, more intensely used urban and producing a smoother more curvilinear boundary. The 
rural land, but also because these areas generally cannot resulting primary environmental corridors are depicted 
be converted to  extensive urban use without creating on Map 3, and data on the area of the corridors is set 
serious environmental and developmental problems. forth in Table 8. 

Table 7 

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

a Although not explicitly input to the Land DMS, the following 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. 

Data a*b Type 

Floodlands-100 Year 
Recurrence Interval 

woodland-wetlandd 

Wildlife Habitat 

Soils-Severe and Very 
Severe Limitations for 
Urban Development 

Existing Park and Out- 
door Recreation Sites 

~ l t h o u ~ h  not explicitly used in the corridor delineation process, civil division data, land cost data, and selected zoning information were 
coded b y cell to facilitate analysis o f  the results. 

Floodland information was not available for some perennial streams. In order to approximate the floodland status of  such areas, a floodland 
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. 

Data Source 

Historic Flooding 

Wisconsin Department of 
Natural Resources Field 
Survey conducted for 
Commission under 
Menomonee River water- 
shed planning program. 

Wisconsin Department of 
Natural Resources Field 
Survey conducted for 
Commission under 
Menomonee River water- 
shed planning program. 

SEWRPC-Soil Conserva- 
tion Service regional soil 
survey 

SEWRPC regional park 
and open space planning 
program 

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. 

Soils data are not available for the lower 15 percent of the watershed. In order to account for the probablepresence 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. 

Media from Which Data were 
Extracted for Input to  

Land DMS 

Best available maps 

1" = 400' scale aerial 
photographs 

1" = 400' scale aerial 
photographs 

1" = 2000' scale 
soil maps 

1 " = 2000' scale map 

Source: SEWRPC. 

Value 

Descriptive 

. . 

High Value 
Good Value 
Moderate Value-Park 

way 
Moderate Value-Local 

High Value 
Good Value 
Moderate Value 
Low Value 

- - 

- - 

Rating 

Numerical 

1 .oc 

1.5 
1.3 
1 .O 

1 .O 

1.5 
1.3 
1.1 
1 .O 

1 .oe 

1 .od 
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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 

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 t o  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 

Table 8 

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

Source: SEWRPC. 
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Natural Resource 
Element 

Perennial Streams (Miles) 

Floodlands (Acres) 

Soils with Severe orvery Severe Limitations 
for Urban Development (Acres) 

Woodlands and Wetlands (Acres) 

High Value 
Medium Value 

Moderate-Parkway 
Moderate-Local 

Wildlife Habitat (Acres) 

High Value 
Good Value 

Moderate Value 
Low Value 

Existing Outdoor Recreation Sites (Acres) 

Public 
Private 

Percent 
In Corridor 

70.71 

77.69 

49.15 

91.21 

100.00 
99.28 
89.71 
76.51 

61.49 

94.32 
57.73 
60.91 

0.0 

60.41 

61.17 
56.33 

In Watershed 

68.6 

5,233.93 

13,298.35 

2,748.03 

83.64 
1,023.33 
1,147.48 

493.58 

9,275.1 1 

975.58 
2,760.28 
5,236.74 

302.51 

7,682.56 

6,472.58 
1,209.98 

Acres 
fn Corridor 

48.51 

4,066.1 5 

6,535.97 

2,506.47 

83.64 
1.01 5.77 
1,029.43 

377.63 

5,703.1 7 

920.17 
1,593.41 
3,189.59 

0.0 

4,641.09 

3,959.52 
681.57 



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 Districtapplies 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 



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

County or 
Civil Division 

Milwaukee County 

Greenfield 
Milwaukee 
Wavwatou 
West Allir 

Villager: 
Greendale 
Wert Milwaukee 

Ozaukee County 
City' - 

Mequon 

Walhlngton County 
Clt"' - 

Milwaukee 

villa4e. 
Germantown 

Townr: 
Germantown 
Richfield 

Waukerha County 
Cltier. - 

Bmakfield 
New Berlin 

Villager: - 
Butler 
Elm Grove 
Menornonee Falls 

Towns 
Brookfield 
Lisbon 

Total 

a T h e  woodlands and wetlands in the watershed are presently unpmfeeted; the publicly and privately owned parks. outdoor recreation, and related open space sites thar constrain woodlads were generally excluded from the woodland 
in"B"f0,y. 

County or 
C#v#l Dlv#%bon 

Milwaukee County 
Cltler - 

Greenfield 
Milwaukee 
Wauwatosa 
West Alilr 

Villager 
Greendale 
West Milwaukee 

Ozaukee County 
z y  : 

Mequon 

Wsrh8ngton County 
CltY: - 

Milwaukee 

Village: - 
Germantown 

TOW"$. - 
Germantown 
Rlchfield 

Waukerha County 
cit,er: - 

Brookfield 
New Berlin 

V8llages: - 
Butler 
Elm Grove 
Menornonee Falls 

Towns - 
Brookfield 
Lisbon 

Total 

The coral area of the corridor for each eivri divirron does not equal the rum of the five natural resource elements srnce some Primary Environmental Corridor areas within a civil dlvia,on contain two or more natural rerource elements, and 
the acr- of the area v m  counted only once. 

Source; SEWRPC 

Floodlandr 

In Watershed 
IAcrex) 

2.245.82 

142.61 
1.363.17 
641.17 
98.87 

640.56 

640.56 

1.422.67 

1.422.67 

924.88 

205.54 

69.53 
121.69 
528.12 

5.233.93 

Htgh 

In Watenhed 
IAcrerl 

56427 

564.27 

411.31 

41 1.31 

975.58 

In Corridor 
(Acres) 

1.743.57 

40.96 
1.050.92 
585.74 
65.95 

417.09 

417.09 

1.227.19 

1.227.19 

678.30 

178.05 

69.53 
55.87 
374.85 

4.066.15 

Value 

In Corridor 

(Acres1 

523.93 

523 93 

396.24 

396.24 

920.17 

In corridorb 
(Acres) 

3,728.93 

76.80 
1.753.83 
1.441.77 
456.53 

729.62 

729.62 

2.985.47 

2.928.85 

29.65 
26.97 

2.995.35 

1.470.16 

94.55 
159.27 

1.251.05 

20.32 

10.439.37 

Natural Resource Elements 

Poor 

In Watershed 
IAcreri 

2.447.17 

167.86 
1.643.26 
444.15 
191.90 

1.603.28 

1.603.28 

4,797.53 

4,587.00 

59.41 
151.12 

4.450.37 

2.259.69 
42.86 

22.50 
417.70 

1.623.81 

51.00 
22.81 

13.298.35 

percent Of Total 
Prnmary 

Envlr~nmentai 
Corridor In  
Watershed 

35.72 

0.74 
16.80 
13.81 
4.37 

6.99 

6.99 

28.W 

28.06 

0.28 
0.26 

28.68 

14.08 

091 
1.53 
11.98 

0 19 

10O.W 

Natural Rerource Elements 

Sallr 

In Corridor 
l ~c res l  

1.175.33 

46.08 
740.23 
299.59 
89 43 

681.85 

681.85 

2.544.14 

2.514.55 

24.71 
4.88 

2.134.65 

1.21 3.43 
- - 

4.94 
126.54 
759.42 

20.32 
- 

6.535.97 

Gaod 

In Watershed 
IAcrerI 

251 22 

182.02 
69.20 

587 78 

587.78 

1.163.79 

1.069.66 

29.65 
6448 

757.49 

716.92 

20.25 
- - 

20.32 

2.760.28 

Bxirttng Outdoor 

Value 

In Corridor 
IAcrerl 

224.44 

179.38 
45.06 

- -  

- - 

'847.85 

818.20 

29 65 
~- 

521.12 

500.80 

20.32 

1.593.41 

Public 

In Watershed 
IAcrerI 

5.112.77 

99.41 
2.882 30 
1.437.12 
667 13 

5.04 
21 77 

285.79 

275.83 

5.04 
4.92 

1.074.02 

467.94 
11.32 

61.68 
128 53 
404.55 

6.472.58 

Recreation W#ldl#fe Habitsf 

In Corrrdor 
IAcrerl 

3.078.33 

51.20 
1.408 47 
1.19300 
42566 

- -  

178.04 

178.04 

-~ 
- - 

703.1 5 

331.43 
-~ 

49.91 
120.91 
200.90 

3.956.52 

Private 

In Watershed 
IAcrerl 

653.84 

60.52 
374.49 
204 10 
14.73 

10.00 

10.00 

266.05 

10.00 

226 61 

2 47 
26.97 

280.09 

56.97 

30.51 
192.61 

1.209.98 

High 

In Watershed 
l ~ c r e r i  

83.64 

83.64 

83.64 

Moderate-Local 

In Watershed 
IAcrerI 

1287 

12.87 

79.26 

79.26 

47.03 

22.50 

24.53 

354.42 

334.10 

- -  

-~ 

20.32 

493.50 

Moderate 

In Watershed 
IAcrerI 

1.433.90 

895.35 
538.55 

608.53 

608.53 

1.660.65 

1.582 13 

- - 
78.52 

1.533.66 

560.28 

72.28 
37.83 
843.27 

- - 

5.236.74 

Low 

In Watershed 
IAcrerI 

155.35 

15535 

147 16 

37.84 

109.32 

302.51 

In Corrndor 
(Acres1 

302.47 

112.20 
182.50 
7.77 

221.32 

194.35 

26.97 

157.78 

10.46 

147.32 

681 57 

Value 

In Corridor 
l ~ c r e r l  

83.64 

83.64 

83.64 

In Corridor 
IAcrerl 

26.13 

26.13 

22.50 

22.50 

329.00 

308.68 

20.32 

377.63 

Value 

In Corridor 
IAcrexl 

1,182.79 

679.69 
503.10 

327.20 

327.20 

640.14 

615.62 

24.52 

1.039.46 

395.20 

64.77 
35.26 
544.23 

3.159 59 

Value 

ln Corrldor 
IAnesl 

- -  

- - 

- -  

- - 

Woodlands and Weflandra 

Medium 

In Watershed 
l ~ c r e r l  

627 02 

627 02 

39631 

1261 

383.70 

1.023.33 

Moderate-Parkway 

in  Watershed 
l ~ c r e r l  

15.35 

15.35 

278.28 

278.28 

680.79 

680.79 

173.06 

17.51 

155.55 

1.147.48 

Valve 

in  Corridor 
l ~ c r e r i  

624.50 

624.50 

391.27 

7.57 

383.70 

1.015.77 

In Corridor 
lAcre.1 

- 

- 

215.82 

215.82 

668.26 

668.26 

- 

145.35 

- - 

17.51 

127.84 

- 

1.029.43 



Figure 3 The City of Wauwatosa has established a Floodplain 

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

PUBLIC OUTDOOR 
RECREATION 
AND RELATED 
OPEN SPACE 

38% 

ZONING PROVIDING 
PARTIAL PROTECTION 
OF THE CORRIDOR 

PRIVATE OUTDOOR RECREATION \ 
AND RELATED OPEN SPACE 7% 

- 
I. T H E  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 zoning 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. 

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 floodplaill 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 t o  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 
interpretations of the stated intent of the regulations. 

All of the districts 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. 



Unit Cost o f  Corridor Lands: Existing land values in 
primarily unimproved riverine areas of the watershed 
were examined t o  provide a basis for estimating the 
cost of alternative plan elements for corridor protection 
involving land a ~ ~ u i s i t i o n . ~  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 

Unit cost o f  riuerine area lands also was used as input 
to the Flood Economics Submodel described in Chap- 
ter VIII, Volume I ,  o f  this report. 

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. I t  should also 

Table 10 

SUMMARY OF  EXISTING LAND USE CON'TROLS HAVING THE POTENTIAL TO PROTECT 
THE PRIMARY ENVIRONMENTAL CORRIDORS I N  THE MENOMONEE RIVER WATERSHED: 1975 

NOTE: N/A indicates data not applicable 

Source: SEWRPC. 



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 RlVERlNE AREA LAND COSTS I N  THE MENOMONEE RIVER WATERSHED: 1975 

a 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. 

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. 

Land valueb 
Dollars/Acre 

300 

300 

300 

600 

5,000 

300 

5,000 

5,000 

300 

5,000 

20,000 

20,000 

1,000 

3,500 

3,500 

5,000 

5,000 

5,000 

250 

35,000 

5,000 

Stream or Other Location 

North Branch of Menomonee River 

Willow Creek 

Upper Menomonee River 

Nor-X-Way Channel 

Lilly Creek 

Butler Ditch 

Little Menomonee River 

Lower Menomonee River 

Dousman Ditch 

Underwood Creek 

South Branch of Underwood 
Creek 

Honey Creek 

Tamarack Swamp 

Bishops Woods 

Wooded area in Section 24, T9N. 
R20E 

Source: Civil Division Assessors and Other Officials and SEWRPC. 

Identification of Areaa 

Reach 

Entire length 

Entire length 

Upstream (north) of Waukesha-Washington County line (CTH Q) 

Downstream (south) of Waukesha-Washington County line (CTH Q) and 
upstream (north) of Good Hope Road (CTH PP) 

Downstream (south) of Mill Road and upstream (north) of Silver Spring 
Drive (CTH VV) 

Upstream (north) of Donges Bay Road 

Upstream (south) of Silver Spring Drive (CTH VV) 

Entire length 

Upstream (north) of Ozaukee-Milwaukee County line (CTH Q) 

Downstream (south) of Ozaukee-Milwaukee County line 

(CTH 0)  and upstream (north) of Bradley Road 

Downstream (south) of Silver Spring Drive (CTH E) 

Upstream (west) of the Stadium Freeway 

Upstream (west) of Calhoun Road (CTH KX) 

Downstream (east) of Calhoun Road (CTH KX) 

Upstream (west) of Pilgrim Road 

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

Downstream (north) of lH 94 

Upstream (south) of IH 894 

- - 

- - 

. - 



natural resource elements such as streams, woodlands, Primary Environmental Corridor 
wetlands, and wildlife habitat and most of the elements Subelement 1: Minimum Protection 
that do remain are generally of lower quality. However, The first alternative p r i m e  environmental corridor 
these remaining remnants have the potential to subelement considered was a minimum design consisting 
contribute substantively to  the stability of the of maintaining the use of existing public and private 
ecosystem and the quality of life in the Menomonee outdoor recreation and related open space lands and of 
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. 

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 Existine Outdoor Recreation and Related " ~ - -  - .~---~ 

Open Space: This component recognizes that existing 
public and private outdoor recreation and related open 

Table 12 

ALTERNATIVE PRIMARY ENVIRONMENTAL CORRIDOR PROTECTION 
SUBELEMENTS FOR THE MENOMONEE RIVER WATERSHED 

Source: SEWRPC. 

Subelement 

1. Minimum 
Protection 

Component 

a. Maintenance of existing public and private outdoor recreation 
and related open space lands in the primary environmental 
corridor. 

- - 

- - 

- - 

Acquisition 
Cost 

(in Dollars) 

- - 

55.54 

100.00 

44.46 

Area 

2. Inter- 

Acres 

4,641 

Protection corridor. 

corridor lands along the main stem of the Menomonee River 
and at five other locations in the watershed. 

Percent of 
Primary 

Environmental 
Corridor 

44.46 

--- 

mediate and related open space lands in the primary environmental 

b. Use of land use controls to protect remaining primary 
environmental corridor. 

c. Application of woodland, wetland, and wildlife habitat 
management techniques to all corridor lands. 

a. Maintenance of existing public and private outdoor recreation 

3. Maximum 
Protection 

5,798 

10,439 

4,641 

c. Use of land use controls to protect remaining primary 
environmental corridor. 

d. Application of woodland, wetland, and wildlife habitat 
management techniques to all corridor lands. 

a. Maintenance of existing public and private outdoor recreation 
and related open space lands in the primary environmental 
corridor. 

b. Acquisition of all remaining primary environmental corridor 
lands. 

c. Application of woodland, wetland, and wildlife habitat 
management techniques to all corridor lands. 

2,736 

10,439 

4,641 

5,798 

10,439 

26.21 

100.00 

44.46 

55.54 

100.00 

- - 

- - 

- - 

14,749,150 

.. 



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 

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. 

of agricultural, floodland, shoreland conservancy, and 
very low-density residential zoning within the watershed. The areas intended for protection by various land use 
This zoning should, at a minimum, encompass all of controls total 5,798 acres, or about 55 percent of the 
the riverine areas of the watershed lying within the total primary environmental corridor in the watershed 
primary environmental corridor. Such zoning will help and approximately 7 percent of the watershed area. 
protect the remaining woodlands, wetlands, and wildlife About 74 percent of the above area proposed for 
habitat areas, as well as the floodlands and water protection by various land use controls is already subject 
within the watershed from continued deterioration and to some form of land use controls consistent with pro- 
destruction by fragmented urban development. These tection of the primary environmental corridor. 
zoning measures will also serve to  prevent intensification 
of flood problems within the watershed. Management of Woodlands, Wetlands and Wildlife Habi- 

t&: This component involves the application of sound 
With the passage of the State Water Resources Act in management techniques to  all woodland, wetland, and 
1966, the Wisconsin Legislature recognized the need wildlife habitat areas in general in the watershed and, in 
for floodway and floodplain fringe regulation. Under particular, to  those located within the primary environ- 

Table 13 

PRIMARY ENVIRONMENTAL CORRIDOR SUBELEMENT 1: MINIMUM PROTECTION 

NOTE: In addition to the above eomponenrr, rubelement 7 includes applicafion of woadland, wetland, and wildlife habitat managasnr techniques to ell corridor lands 

Source: SEWRPC. 

Civil Dlvizion 

Milwaukee County 
3: 

Greenfield 
Milwaukee 
Wauwatora 
West Allir 

Villager 
Greendale 
West Milwaukee 

Ozaukee County 
city: - 

Mequon 

W.lhingt.3" county 
*: 

Milwaukee 

a 
Germantown 

Townr: 
Germantown 
Richfield 

Waukefha County 
Citier: 

Brookfield 
New Berlin 

villager' - 
Butler 
Elm Grove 
Menomonee 

Falls 
Towns. - 

Brookfield 
Llsbon 

Total 

Primary Environmental 

Acres 

76.80 
1.753.83 
1.441.77 

456.53 

. . 

729.62 

2,928.85 

29.65 
26.97 

1,470.16 

94.55 
159.27 

1,251.05 

20.32 

10.439.37 

Primary Environmental Corridor 
Presently Protected by Public or 

Private Dutdoor Recreational and 
Corridor 

Percent of 
Watershed Total 

0.74 
16.80 
13.81 
4.37 

6.99 

28.06 

0.28 
0.26 

14.08 

0.91 
1.53 

11.98 

0.19 

i m o o  

Acres 

51.20 
1.520.67 
1.375.50 

433.43 

372.39 

26.97 

341.89 

49.91 
120.91 
348.22 

4,641.09 

Percent of 
Civil Division 

Total 

3.77 
8.82 

17.03 
8.98 

9.60 

15.71 

5.65 
2.24 

17.05 

18.94 
7.66 

10.48 

13.23 

Primary Envbronmental Corridor 
to be Protected Primarily by 

Acres 

190.03 

661.67 

2.1 15.98 

591.08 

10.28 
724.64 

20.32 

4,314.00 

Primary Environmental Corridor 
to be Rotected by New 

Related Open Space 

Percent d Total 
Primary 

Environmental 
Corridor in 

Ctvil Dwirion 

66.67 
86.71 
95.40 
94.94 

. . . 

12.71 

100.00 

23.26 

52.79 
75.92 
27.83 

- -  

Acres 

25.60 
43.13 
66.27 
23.10 

67.95 

440 48 

29.65 

537.19 

44.64 
28.08 

178.19 

1,484.28 

Use 

Percent of 
Civil Dlvlrion 

Total 

2.52 
7.65 

16 25 
8.53 

2.0 

2.24 

3.97 

10.00 
5.81 
2.92 

Existing Land Use 

Percent of Total 
Primary 

Environmental 
Corrvdor 10 

Civil Division 

10.84 

90.69 

72.25 

40.21 

6.45 
57.92 

1 W.00 

Controls 

Percent of 
Civil Dlvirion 

Total 

0.96 

8.70 

11.35 
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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. 

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 Owen Svace: This comwonent. 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 

Table 14 

PRIMARY ENVIRONMENTAL CORRIDOR SUBELEMENT 2: INTERMEDIATE PROTECTION 

NOTE: In addition to the above components, subelement 2 includes appbcarion of woodland. wetland. and wildlife managemenrreehniquer m ail corridor lands. 

Source: SEWRPC. 
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Map 4 

PRIMARY ENVIRONMENTAL CORRIDOR SUBELEMENT 2: INTERMEDIATE PROTECTION 

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. 



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 private 
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 3 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 
acquisition cost, would be expended in the Waukesha 

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-$6 54,200-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 3,572 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 1 5  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 

LEGEND 

EXISTING PUBLIC OUTDOOR 
RECREATION AND RELATED 
OPEN SPACE 

EXISTING PRIVATE OUrWOR 
I RECREATION AND RELATED 

OPEN SPACE 

CORRIDOR LANDS TO EE 
PROTECTED BY PUBLIC 
ACCUlSlTlON 

NOTE: IN ADDITION, THIS 
SUBELEMENT INCLUDES 
APPLICATION OF 
WOODLAND, WETLAND AND 
WILDLIFE HABTAT 
MANAGEMENT TECHNQUES 
TO ALL CORRIDOR LANDS 

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 all 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. 



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 

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 1 8  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- 
$8,9001>ccurring 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 techniques 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. 

Table 15 

PRIMARY ENVIRONMENTAL CORRIDOR SUBELEMENT 3: MAXIMUM PROTECTION 
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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 l&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 



Table 16 

COMPARISON OF THE RELATIVE ABILITY OF THE ENVIRONMENTAL CORRIDOR SUBELEMENTS TO MEET 
WATERSHED NATURAL RESOURCES-RELATED STANDARDS AND RECREATIONAL NEEDS 

Source: SEWRPC. 

5 0 

Standard or Need Comment 

Environmental Corridor Subelement 

The standard could be met under 
Elements 1 and 2 by adoption of 
floodland regulations that meet 
minimum requirements of the 
State of Wisconsin floodland 
management program and, 
equally important, incorporate a 
comprehensive approach to 
floodland management. 

-- 
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. It is, therefore, not 
possible t o  meet the woodland 
standard. 

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. 

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

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. 

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. 

Subelement 1 : 
Minimum 
Protection 

Floodlands: Maintain 100-year Could be met Could be met Met 
recurrence interval floodlands that 
are unoccupied by or not yet 
committed to urban development 
in essentially natural open space 
condition. 

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

Wetlands: Protect all wetlands 

over 50 acres and those with 
high resource value. 

Wildlife: Maintain a wholesome 
habitat. 

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

Outdoor Recreation--Water: 
Upgrade surface water quality 
so 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. 

Subelement 2: 
Intermediate 
Protection 

Subelement 3: 
Maximum 
Protection 

Cannot be met 

Could be met 

Could be met 

Could be met 

Could be met 

Cannot be met 

Could be met 

Could be met 

Could be met 

Could be met 

Cannot be met 

Met 

Could be met 

Could be met 

Could be met 



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 1 8  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 1 3  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 areassuch 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 



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 

corridw 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 t o  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 1 4  
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 



recreational trails within the watershed in Milwaukee 
County parklands including the 0.75-mile-long trail that 
parallels the Menomonee River between 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 railway 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 :bout 
$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 
$7 50,000 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. 



Map 6 

PARKWAY DRIVE-SCENIC DRIVE SUBELEMENT FOR THE MENOMONEE RIVER WATERSHED 

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. 



Table 17 

PARKWAY DRIVE-SCENIC DRIVE A N D  RECREATIONAL TRAIL SUBELEMENTS FOR THE MENOMONEE RIVER WATERSHED 

1 Location I Subelement 3:  Parkwav Drive-Scenic Drive-Recreational Trail I 

Subtotal 

Waukerha 

Subtotal 

Total 

Existing 
Connecting 

Urban 
Streets 
(Miles) 

Village of Butler 
Village of Menomonee Falls 
City of Brookfield 

County 

Milwaukee 

Subtotal 

Ozaukee 

Subtotal 

Washington 

Subtotal 

Existing Connecting 
Rural Roadways 
to be Designated 
Scenic Pleasure 

Drivera 
(Miles) 

0.2 

Total Length and 
Cost of Parkway Drive 

Scenic Drive - R cre tional 

2.0 

2.0 

16.0 

Civil Division 

City of Milwaukee 
City of Wauwatosa 
City d West Allir 

City of Mequon 

Village of Germantown 

Existing 
Parkway 
Driver 
(Miles) 

2.6 
8.9 
2.5 

14.0 

a Does not include 7.1 miles of  the proposed Southern Lakes Scenic Drive in the Washington Countypwtion of the watershed. 

0.6 
4.8 

5.4 

6.9 

Waukerha 

Subtotal 

Total 

b~ 24-foot wide, two-lane biturninouspavement without curb, gutter, and storm sewer with a unit capital cost, including engineering and contingencies of $ l2~7,090~er mile of parkway pleasure drive 

' A n  8-foot wide biturnhour pavement with a unit capital cost, including engineering and contingencier, of  $22,500per mile. 

6.9 

13.2 

Village of Butler 
Village of Menornonee Falls 
City of Brookfield 

d ~ n ~ r ~  by $807,500 for s total Plan Element 1 cost of  $3245,030 to account for the following facilities in Milwaukee County: Two bridgesat a cost of $ZZ5,WO, fouronderplssesb.m~fh ailmadembankments 
at a Cost of $450,030, and two channel realignmenn at  a cost of $ZOPWplur one underpas beneath a railmad embankment in Waukesha County at a cost of $1 12,500. 

Increase bv $247,500 for a total Plan Element 2 cost of $661,500 to acmonr for the following facilities in Milwaukee County: Two bridges at a msr of  $75,090, three underpasses beneath railmad embankments at  
a cost of $125.000 and two channei realignmentsat a cost of  $lO,WOplus one onderpsss beneath a raiimad embankment in Waukesha County st  a cost of  $37,500. 

2.3 

2.0 

2.0 

16.0 

lnc-e by $545,090 for a total Plan Elment 3 cost of $2,312,030 to account for the following facilities in Milrulukee County: Two bridges at  a cost pf  $225,000. three underpasses beneath ailroad embank 
men- at a ms t  of  $187,5W.and two channel realignments at a cost of  $20,O&J pius one underpla beneath a railmad embankment in Waukesha County s t  a cost of  $1 12,500. 

Source: SEWRPC. 

4.0 

0.3 
5.3 
0.4 

6.0 

18.4 

0.6 
4.8 

5.4 

6.9 

90,000 

6.750 
119.250 

9.000 

135.000 

41 4,OOOe 

13.2 

10.9 

0.9 
12.1 
0.4 

13.4 

56.8 

2.3 

0.3 
5.3 

5.6 

13.2 

37,500 
662.500 

- - 
700.000 

1.650.000 

- - 
- - 

0.4 
0.4 

5.2 

9,000 
9,000 

11 7,000 

0.9 
12.1 
0.4 

13.4 

56.8 

37.500 
662.500 

9.000 
7W,WO 

1,767,000' 



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. 

For pmposes 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 northern 
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. 

6~ Jurisdictional Highway System Plan for Washington 
County, SEWRPC Planning Report No.  23, October 1974. 

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 

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 comtructed 
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. 



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 
$661,500 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 t o  provide 
a high level of public access at a minimum cost. Alter- 
native subelement 3 envisions 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. 

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 a total 
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 interconnect~d 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 drivescenic 
drive alternative; alternative subelement 2-the recrea- 
tional trail-scenic drive alternative; or alternative sub- 
element 3-the parkway drive-scenic drive--recreational 



Map 8 

PARKWAY DRIVESCENIC DRIVE-RECREATIONAL TRAIL SUBELEMENT FOR THE MENOMONEE RIVER WATERSHED 

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. 



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 7,703 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. 

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 t o  
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 t o  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 land use plan is set within the 
context of, and reflects, the concepts and recommenda- 
tions contained in the revised and updated regional 
land 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 highdensity 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 o i  8 e  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 t o  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, 1 3  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 1 3  sites, including 2 of the highest 
value sites. The remaining nine sites within the corridor 
would 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 



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 
t o  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-he 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. 

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. 



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 I11 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 I 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. 

AVAILABLE 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 
I11 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 



achieve the land use development objectives, sanitary 
sewerage system development objectives, and water control 
facility development objectives and supporting standards 
set forth in Chapter I1 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 subsequent 
gradual release, thereby substantially decreasing down- 
stream discharges and stages and, consequently, flood 
damage. A key factor in the potential application of this 
alternative 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 

commu.nities 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 to 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 stream 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 a t  elevations approximating the 100-year 



Table 18 

ALTERNATIVE FLOODLAND MANAGEMENT MEASURES CONSIDERED 
I N  THE MENOMONEE RIVER WATERSHED PLANNING PROGRAM 

Structural 

Nonstructural 

Alternative 

Storage 

Function 

Major 
Category 

Diversion 

Comment Name 

TO divert waters from a point upstream of 
the flood-prone reaches and discharge to an 

TO detain floodwaters upstream of flood- 
prone reaches for subsequent gradual release 

acceptable receiving watercourse outside 
of the watershed 

May be accomplished by on-channel 
reservoirs or by offchannel or 
underground storage 

Channel modification 
and enclosure 

Dikes and floodwalls 

Bridge and culvert 
alteration or 
replacement 

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

Reservation of 
floodlands for 
recreational and 
related open 
space use 

Floodland regulations 

Control of land use 
outside of the 
floodlands 

To convey flood flows through a rive1 
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 

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 

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

TO reduce the backwater effect of 
br~dges and culverts 

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

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

Flood insurance TO minimize monetary loss or reduce Premiums may be subsidized or 
monetary impact on structure owner actuarially determined 

To minimize flood damage by using May be accomplished through private 
floodlands for compatible recreational development, such as a golf course, or 
and related open space uses and also to by public acquisition o f  the land or 
retain floodwater storage and of an easement 
conveyance 

Lending institution 
policies 

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

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 information to prospective buyers 

Community utility To discourage construction in flood-prone 
policies areas by controlling the extension of 

utilities and services 

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

Structure 
floodproofing 

Source: SEWRPC. 

Structure 
removal 

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

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

-- 



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 

Figure 4 
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the natural floodwater storage capability of the river reach 
so 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 a s  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 s t ream 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 a t  
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 crea te  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 



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 

program1 of 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 counties, cities, 
villages, and towns under police powers granted by state 
legislatures. Such regulations are ordinarily intended for 

' SEWRPC Plannine R e ~ o r t  No. 27. A Reeional Park and - L, 

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). 



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? 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 floodway limits, 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. 

2 ~ o r  a graphic demonstration o f  this effect ,  refer to:  
SEWRPC Planning Report No.  13. A Com~rehensive Plan - 
for the Milwaukee River watershed, volume Two,  "Alter- 
native Plans and Recommended Plans," pp. 163 to 172. 

Control of Land Use Outside 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 a s  
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 a reas  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 la ter  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 a s  
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 runoff 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. 

It 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 a s  a result of the 
Federal Flood Disaster Protection Act of 1973 which 



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. 

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 a t  structural joints- 



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 other 
objectionable materials normally associated with base- 
ment flooding. 

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 

The Wisconsin Uniform Building Code states that base- 
ment windows must have a minimum openable area of 
1 percent o f  the floor area unless ventilation is provided 
by  other means such as mechanical ventilation units. 
Furthermore, the current policy o f  the interpretation 
committee o f  the Southeastern Wisconsin Building Inspec- 
tors Association is t o  require the use o f  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 and Disadvantages o f  Floodproofing: 
The principal advantage of floodproofing is that it provides 
a means whereby individual homeowners 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 struc- 
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 



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 a s  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 I11 
of this volume. Such restored environmental corridor lands 
could be used for outdoor recreat ion 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 
a re  proposed. 

Another potentially negative aspect of structure removal 
is a loss in tax base to a community a s  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 a s  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 cal ibrat ing 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 a s  well a s  under various 
alternative future development conditions within the water- 
shed. Some of the model output, such a s  the floodland 
delineations under existing land uses, is intended for 
immediate application. Other model output, such a s  flood 

flow discharge-frequency relationships for alternative 
future watershed development conditions, can help in 
making decisions a s  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 a r e  
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 modeling 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 a s  could be obtained from actual hydrologic 
and hydraulic monitoring, the results a re  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 quanti tat ive infor- 
mation to serve a s  input into fhe 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 a s  being 
portioned into two areas-floodland and nonfloodland. Flood- 
lands were strictly defined a s  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 a s  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 a s  consisting only of those floodland a reas  



Figure 5 

FLOODLAND AND NONFLOODLAND 
AREAS OF A WATERSHED 

FLOODLAND 

LAND WITHIN THE 
NATURAL FLOODLANDS 

LAND OUTSIDE OF THE 
NATURAL FLOODLANDS 

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 11, 111, 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 I11 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 

4~imulat ion o f  Conditions 5 and 7 ,  each o f  which 
assumes complete development o f  the watershed lands 
surface, required the development o f  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 o f  low-density and medium 
density development in combination with hydrologic 
soil Group B in large areas o f  the western portion of 
the Village o f  Germantown. 



DEVELOPMENT IN FLOODLAND AND NONFLOODLAND AREAS OF A WATERSHED 

FLOODLAND - L A N D  OUTSIDE OF FLOODLANDS 

CHANNEL 
FLOODPLAIN 

CASE I 
NATURAL CONDITIONS WITHIN 
AND OUTSIDE OF THE FLOOD- 
L A N D S  

CASE II 
URBAN DEVELOPMENT OUTSIDE 
OF THE FLOODLANDS W l T H  NO 

Yr '- A 

FLOODLAND DEVELOPMENT 

CASE m 
URBAN DEVELOPMENT OUTSIDE 
OF THE FLOODLANDS W l T H  
URBAN DEVELOPMENT IN THE 
FLOODLANDS PROTECTED BY 
FILL 

DECREASED STORAGE A N D  CONVEYANCE 
WITHIN FLOODLANDS RESULTS I N  
INCREASED DISCHARGES A N D  STAGES 
I N  DOWNSTREAM REACHES 

INCREASED IMPERVIOUSNESS 
OF LANDS OUTSIDE OF THE 
FLOODLANDS RESULTS IN 
INCREASED RUNOFF VOLUMES 
AND DECREASED RUNOFF 
TIME BOTH OF WHICH 
PRODUCE INCREASED FLOOD 
DISCHARGES AND STAGES 
ALONG THE S T R E A M  SYSTEM 

CASE D Z  
URBAN DEVELOPMENT OUTSIDE 
OF THE FLOODLANDS W l T H  
URBAN DEVELOPMENT IN THE 
FLOODLANDS PROTECTED BY 
CHANNELIZATION 

NOTE. NOT TO SCALE-VERTICAL EXAGGERATION 

Source: SEWRPC. 

6. Uncontrolled Development of Floodlands-no additional The hydrologic and hydraulic submodels were applied to 
development outside of the floodlands, relative to 1975 each of the seven urban configurations using the full avail- 
conditions, in combination with development of all 72 able meteorological data base consisting of 35 years of 
miles of floodland. data. Each of these simulation model applications yields 

corresponding flood flows for the 35-year period for a t  

7. Uncontrolled Development of Floodland and Nonfloodland least 10 selected points in the watershed-six on the 

Areas-complete urbanization of lands outside of the Menomonee River, two on the Little Menomonee River, 

floodlands in combination with development of all 72 one on Underwood Creek and one on Honey Creek-as shown 

miles of floodland. on Map 9. The 10 locations selected for comparison of 
flood flows under the seven watershed development 

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. 

conditions were chosen so a s  to include the Menomonee 
River and its major tributaries. These sites also were 
selected to represent locations a t  which land use transitions 
exist today-such a s  on the Menomonee River a t  the 
Washington-Waukesha County line-or where such transi- 
tions may  exist in the future-such a s  the Ozaukee- 
Milwaukee County line. The series of flood flows a t  each 
of the 10 sites was used to develop log-Pearson Type I11 
discharge-frequency relationships for each selected 
location. Inasmuch a s  discharge-frequency relationships 
are concise representations of a watershed or subwatershed 
flood flow characterist ics ,  these discharge-frequency 
relationships were selected a s  an effective means for 
comparing and contrasting the hydrologic response of the 
watershed to the seven combinations of development in 
floodland and nonfloodland areas. 



Figure 7 

SCHEMATIC REPRESENTATION OF HISTORIC, 
EXISTING, AND HYPOTHETICAL FUTURE LAND USE 

AND FLOODLAND DEVELOPMENT CONDITIONS 
IN THE MENOMONEE RIVER WATERSHED 

EXISTING 

YEAR 2000 PLAN UNCONTROLLED DEVEU3PMENT UNCONTROLLED DEVELDPMEM 
OUTSIDE OF FLOODLAWS WITHIN FLOODLANDS 

UNCONTROLLED DEVELOPMENT 
OUTSIDE OF AND WlTH N FWODLANDS 

LEGEND 

FLOODLAND AREAS 

NATURAL CHANNEL AND 

MAJOR CHANNEL WORKS 

NON-FLOODLANDAREAS 

0 I U R A L  

FLOODPLAIN 

OR FILLED F I  

\ , URBAN 

Source: SEWRPC. 

The hydraulic response of the watershed to the seven 
combinations of floodland and nonfloodland development 
was determined by computing and contrasting 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 

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

LEGEND 

s<mAmo m , m  OF S T R W  ,"s,eM 

.-TIONS A, W i C *  A ,,-=iyl FLOOD 

OEYSLrnENT CO*DI.IC*l S A W .  
O S  LOSITIOWSI 

LmA,'" AT W"" A '""'a, '"" 
m w  S R I E S  UErlh IIUYLAT.TFD Fal 
OEVSLCIULIT conDlTl0ns ,.2,1,4$e. 
4ND 7 (80 Lc.%TION.II 

The analysis phase of the watershed planning program included 
a study of the likely impact of land use and floodland 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 urbanizationof 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. 



Inasmuch a s  the Hydraulic Submodel 2 also was applied 
for existing conditions in order to obtain flood s tage  
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 a t  each of 
10 locations in the watershed. Table 19 presents 5-, lo-, 
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 a t  the Washington-Waukesha 
County line (River Mile 23.47), Figure 10 shows the 
discharge-frequency relationship for the Little Menomonee 
River a t  the Ozaukee-Milwaukee County line (river mile 
6.95); and Figure 11 shows the discharge-frequency rela- 
tionship for Underwood Creek a t  the Waukesha-Milwaukee 
County line (River Mile 2.53). 

The 5-, lo-, 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 a t  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-, lo-, 25-, 50-, and 100-year recurrence interval 
discharges for the Menomonee River a t  Wauwatosa under 
existing (1975) land use and channel conditions are  set 
forth in Table 21. These discharge values a re  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 a t  that location 
a s  reported in Chapter V, Volume 1, of this report, also 
are set forth in Table 21. It 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 a s  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, 
a s  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. I t  is of 
interest to note that the existing condition 100-year 
discharge of 13,500 cfs for the Menomonee River a t  Wauwa- 
tosa equals flood of record a t  that location, that is, the 
13,500 cfs flood flow recorded there on April 21,1973. 

"Natural" Land Use and Floodland Conditions 
Natural conditions are  defined a s  the existing conditions 
in the watershed minus all of the impervious surfaces and 
the floodland modifications that have developed in the 
watershed a s  a result of man's activities. The watershed 
land surface and stream channel system were represented 
a s  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 s t r eam system were represented by 39 
stream reaches a s  shown on Map 11. 

Appl ia t ion  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-, 
lo-, 25-, 50-, loo-, and 500-year flood flow discharges 
for each of the 10 sites. Supplemental computations yielded 
100-year recurrence interval flood stages a t  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 s t r eam sys tem 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 
Map 12. 

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-, 
lo-, 25-, 50-, loo-, and 500-year flood flow discharge for 
each of the 10 sites. Supplemental computation yielded 
100-year recurrence interval flood stages a t  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. 



Map 10 

THE EFFECTS OF URBANIZATION ON 100-YEAR FLOOD FLOWS IN THE MENOMONEE RIVER WATERSHED 

LEGEND 

LOCATION AT WHICH 100- 
YEAR DISCHARGE WAS 
SIMULATED FOR SEVEN 
LAND USE-FLOODLAND 
DEVELOPMENT CONDITIONS 

USE- FLOODLAND 
LOPMENT CONDITIONS 

2 YEAR 1950 

3 EXISTING 1975 

4 PLANNED 2 0 0 0  

S COMPLETE DEVELOPMENT 
OF NONFLODDLANDS 

6 COMPLETE DEVELOPMENT 
OF FLOODLANDS 

7 COMPLETE DEVELOPMENT 
OF FLOODLANDS AND 
NONFLOODLANDS 

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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Table 19 (continued) 

Part I I 

Table 19 (continued) 

a Existing 119751 conditions minus a// impervious surfaces and channel modifications. 

Source: SEWRPC. 

Stream 

Little 
Menomonee River 

Little 
Menomonea River 

Underwood Creek 

Honey Creek 

Recurrence 
Interval 
(Yean) 

5 
10 
25 
50 

100 
500 

5 
10 
25 
50 

100 
500 

5 
10 
25 
50 

100 
500 

5 
10 
25 
50 

100 
500 

Discharges 

Location 

River 
Mile 

0.00 

6.91 

2.53 

0.00 

Minimum Ration of 10-Year Discharges 
Median Ratio of 10-Year Discharges 

Maximum Ratio of 100-Year Discharges 
Minimum Ratio of 100-Year Discharges 
Median Ratio of 100-Year Discharges 

Description 

At  the Confluence 
with the 
Menomonee River in 
the City of Milwaukee 

Dzaukee-Milwaukee 
County Line 

Waukesha-Milwaukee 
County Line Imme- 
diately Upstream of 
Confluence with the 
South Branch of 
Underwood Creek 

At  the Confluence 
with the 
Menomonee River in 
the City of Wauwatosa 

Maximum Ratio of 10-Year 
0.2 
0.7 

1 .O 
0.2 
0.6 

Condition 1 : 

Discharge 
lcfsl 

425 
540 
680 
785 
885 

1.100 

265 
340 
440 
515 
590 
775 

350 
475 
650 
785 
925 

1,260 

355 
465 
600 
695 
785 
975 

1 .O 
1.0 

2.9 
1.0 
1.0 

1 .O 
1.5 

4.4 
1 .O 
1.5 

~ a t u r a l ~  

Relative 
to 1975 

Conditions 
(Ratio) 

0.6 
0.7 
0.7 
0.7 
0.6 
0.6 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

0.6 
0.7 
0.6 
0.6 
0.6 
0.5 

0.2 
0.2 
0.2 
0.2 
0.2 
0.2 

1 .O 

Condition 2: 

0.5 
0.7 

1 .O 
0.5 
0.6 

Discharge 

(cfs) 

430 
540 
680 
785 
885 

1,100 

265 
340 
440 
515 
590 
775 

365 
500 
685 
820 
965 

1,300 

875 
1.120 
1,510 
1,850 
2,260 
3,470 

Condition 3: 
1950 

Relative 
to Natural 
Conditions 

(Ratio) 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1 .O 
1.0 
1.0 
1.0 

1 .O 
1.1 
1.1 
1.0 
1 .O 
1.0 

2.5 
2.4 
2.5 
2.7 
2.9 
3.6 

2.4 

Discharge 
(cfsl 

655 
800 

1.010 
1,180 
1,370 
1,870 

265 
340 
440 
515 
590 
775 

580 
725 

1,030 
1,310 
1,660 
2,760 

1,750 
2.140 
2,640 
3,040 
3,460 
4,520 

1 .O 
2 .O 

4.4 
1 .O 
2.0 

Relative 
to 1975 

Conditions 
(Ratio) 

0.7 
0.7 
0.7 
0.6 
0.6 
0.6 

1 .O 
1 .O 
1 .O 
1.0 
1 .O 
1 .O 

0.6 
0.7 
0.7 
0.6 
0.6 
0.5 

0.5 
0.5 
0.6 
0.6 
0.7 
0.8 

1.0 

1975 

Relative 
to Natural 
Conditions 

(Ratio) 

1.5 
1.5 
1.5 
1.5 
1.5 
1.7 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.7 
1.5 
1.6 
1.7 
1.8 
2.2 

4.9 
4.6 
4.1 
4.4 
4.4 
4.6 

4.6 

Condition 4: 

1 .O 
1.2 

1.5 
1 .O 
1.1 

Discharge 

(cfs) 

955 
1,150 
1,410 
1,630 
1,860 
2,480 

265 
340 
440 
515 
590 
775 

640 
845 

1.1 70 
1,480 
1.840 
2.980 

2,090 
2.460 
2890 
3,190 
3.490 
4,170 

1.9 
2.4 

6.3 
1.4 
2.6 

Condition 5: 
Uncontrolled Development 

1.2 
1.5 

3.1 
1.1 
1.5 

MOO Plan 

Relative 
to Natural 

Conditions 
(Ratio) 

2.2 
2.1 
2.1 
2.1 
2.1 
2.3 

1 .O 
1 .O 
1.0 
1.0 
1.0 
1.0 

1.8 
1.8 
1.8 
1.9 
2.0 
2.4 

5.9 
5.3 
4.8 
4.6 
4.4 
4.3 

5.3 

Outside 

Discharge 
(cfs) 

950 
1,125 
1,370 
1,790 
2,020 
2.360 

945 
1,140 
1,400 
1,610 
1,840 
2,420 

835 
1.1 10 
1,540 
1,930 
2,390 
3.820 

2,410 
1,960 
3,710 
4,310 
4,940 
6,550 

1.4 
2.1 

6.0 
1.3 
2.5 

Relative 
to 1975 

Conditions 
(Ratio) 

1.5 
1 A 
1.4 
1.4 
1.4 
1.3 

1 .O 
1.0 
1.0 
1.0 
1.0 
1.0 

1.1 
1.2 
1.1 
1.1 
1.1 
1.1 

1.2 
1 .l 
1.1 
1.0 
1 .O 
0.9 

1.7 

Condition 6: 
Uncontrolled Development 

1 .O 
1.2 

1.9 
1.1 
1.4 

' 

of 

Relative 
to Natural 
Conditions 

(Ratio) 

2.2 
2.1 
2.0 
2.3 
2.3 
2.1 

3.6 
3.4 
3.2 
3.1 
3.1 
3.1 

2.4 
2.3 
2.4 
2.5 
2.6 
3.0 

6.8 
6.4 
6.2 
6.2 
6.3 
6.7 

6.4 

Discharge 
(cfs) 

875 
1.160 
1,610 
2,020 
2.500 
3,940 

345 
485 
695 
880 

1,090 
1.680 

625 
880 

1,320 
1.770 
2,350 
4,370 

1,870 
2,390 
3.1 90 
3.890 
4,690 
7,050 

Condition 7: 
Uncontrolled Development 

Within and Outside 
Floodlands 

Relative 
to 1975 

Conditions 
(Ratio) 

1.5 
1.4 
1.4 
1.5 
1.5 
1.3 

3.6 
3.4 
3.2 
3.1 
3.1 
3.1 

1.4 
1.5 
1.5 
1.5 
1.4 
1.4 

1.4 
1.4 
1.4 
1.4 
1.4 
1.4 

3.4 

Discharge 
(cfsl 

2,290 
2,850 
3,630 
4.260 
4.920 
6,650 

1.720 
2.1 50 
2,740 
3.230 
3,750 
5,100 

905 
1,240 
1,790 
2,320 
2,980 
5.1 50 

2,350 
2,890 
3,630 
4,240 
4,890 
6,600 

2.6 
3.8 

6.4 
3.2 
4.0 

Within Floodlands 

Relative 
to Natural 
Conditions 

(Ratio) 

2.1 
2.1 
2.4 
2.6 
2.8 
3.6 

1.3 
1.4 
1.6 
1.7 
1.8 
2.2 

1.8 
1.9 
2.0 
2.3 
2.5 
3.5 

5.3 
5.1 
5.3 
5.6 
6.0 
7.2 

5.1 
1.4 
2.0 

6.4 
1.4 
1.9 

Relative 
to 1975 

Conditions 
(Ratio) 

1.3 
1.5 
1.6 
1.7 
1.8 
2.1 

1.3 
1.4 
1.6 
1.7 
1.8 
2.2 

1.1 
1.2 
1.3 
1.4 
1.4 
1.6 

1.1 
1.1 
1.2 
1.3 
1.4 
1.6 

1.5 

of Floodlands 

Relative 
t o  Natural 
Conditions 

(Ratio) 

5.4 
5.3 
5.3 
5.4 
5.6 
6.0 

6.5 
6.3 
6.2 
6.3 
6.4 
6.6 

2.6 
2.6 
2.8 
3.0 
3.2 
4.1 

6.6 
6.2 
6.1 
6.1 
6.2 
6.8 

6.3 

Relative 
t o  1975 

Conditions 
(Ratio) 

3.5 
3.6 
3.6 
3.6 
3.6 
3.6 

6.6 
6.3 
6.2 
6.3 
6.4 
6.6 

1.6 
1.7 
1.7 
1 .8 
1.8 
1.9 

1.3 
1.4 
1.4 
1.4 
1.4 
1.5 

6.3 



Figure 8 

SIMULATED DISCHARGE-FREQUENCY RELATIONSHIPS FOR THE MENOMONEE RIVER 
AT WAWATOSA (RIVER MILE 6.10) UNDER HISTORIC. EXISTING, AND FUTURE CONDITIONS 

PERCENT PROBAWLITY OF OCCURRENCE OR EXCEEDANCE IN ANY YEAR 
99.99 99 96 90 80 50 20 10 4 2 1 0.5 0.2 0.1 0.01 

l00,000 

80,000 

CONDITION I .  NATURAL 
60POO 

CONDITION 2: 1950 

CONDITION 3: EXISTING (1975) 
40POO 

CONDITION 4: YEAR 2000 PLAN 

Y) - CONDITION 5 UNCONTROLLED DEVELOPMENT 
LL OUTSIDE OF FLOODLANDS 
U 

5 20,000 
CONDITION 6. UNCONTROLLED DEVELOPMENT 

WITHIN FWODLANDS 
0 
r < ' ' ' ' ' CONDITION 7: UNCONTROLLED DEVELOPMENT 

OUTSIDE OF AN0 WITHIN 1 
0 

2 
;: I OD00 
W 

a 8,000 
V) 
3 

$ 6.0, 

2 
Z 

2 4,000 
Z 

2,000 

1,000 
1 0 1  1.04 1 . 1 1  1.25 2 5 10 25 50 100200500 

RECURRENCE INTERVAL IN YEARS 

Source: SEWRPC. 

Year 2WO Plan Land use  and Floodland Conditions watershed under the year 2000 planned land use and 
The recommended year 2000 land use plan for the floodland conditions. As shown on the map, 11 different 
Menomonee River watershed is described In Chapter 111 of land segment types and 108 land segments were required 
this volume. That plan calls for accommodating the forecast to represent the surface of the watershed outside of the 
12 percent increase in population In the watershed by the flocdland areas. The 72 lineal miles of floodland in the 
conversion of about 15 square miles of land from rural to modeled portion of the watershed stream system were 
urban use by the year 2000. The planned conversion of land represented by 108 stream reaches which are shown on 
from rural to urban use will produce changes in the flood Map 13. 
flow characteristics of the watershed. The year 2000 plan 
condition simulation was intended to quantify these changes Application of the hydrologic and hydraulic simulation 
In flood flow characterlstlcs in order to determine where model using 35 years of meteorological data, yielded flood 
within the watershed changes may be expected, the flow discharge-frequency relationships for each of the 10 
magnitude of the changes, and the possible significance selected Iocatlons in the basin. Table 19 presents the 5-, 
of the changes with respect to the aggravation of existing lo-, 25-, 50-, 100-, and 500-year flood flow discharges 
flood problems or to the development of new flood problems. for each of the 10 sites. Supplemental computations yielded 

100-year recurrence Interval flood stages a t  each of 
The watershed land surface and s t ream system were 10 locations in the basin as  set forth in Table 20. Graphical 
represented as  shown on Map 13 for the purpose of discharge-frequency relationships for four Selective 
simulating the hydrologic and hydraulic behavior of the locations are  presented in Figure 8 to Figure 11. 



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

PERCENT PROBABILITY OF OCCURRENCE OR EXCEEDANCE IN ANY YEAR 
sass 9s 96 90 80 so  20 10 4 2 I 05 0.2 0.1 10,000 

8,000 

6,000 
CONDITION 2: IS50 

CONDITION 3: EXISTING 11975) 
4,000 

CONDITION 4: YEAR 2000 P L A N  

CONDITION 5. UNCONTROLLED DEVELOPMENT 
f OUTSIDE OF FLOODLANOS 
U 

z 2,000 
CONDITION UNCONTROLLED DEVELOPMENT 

WITHIN FWODLANDS 
W " 
LY u 
I 
0 

2 
Y 1,000 u 
W 
a 800 
(0 
3 

8 600 
z s z 2 400 
z 

200 

100 
1.01 1.04 1.11 1.25 2 5 10 25 50 100200500 

RECURRENCE INTERVAL IN Y E A R S  

Source: SEWRPC. 

The hydrologic.hydraulic summary tables which appear 
in Appendix E of this volume contain lo-, 50-, and 100.year 
recurrence interval flood discharges and stages for the 
72 miles of watershed s t r eam system included in the 
simulation analysis. The corresponding flood stage profiles 
and flood hazard maps appear in Appendlx 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 s t r eam 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 simulationmodel 
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-, lo-, 25-, 50-, 11% and 500-year flood flow discharges 
for each of the 10 sites. Supplemental computations yielded 
100-year recurrence interval flood stages a t  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. 



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

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 he no additional urban development in 
that portion of the watershed lying outside of the floodlands- 
and complete flll 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 the watershed stream system were represented 
by 39 stream reaches. 

Floodland fill and development in those portions of the 
watershed stream system not yet channelized or otherwise 
developed and filled were represented by assuming that 
floodland flll 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, a s  shown on Figure 6. In 
addition, it was assumed that the inclined side slopes of 
the flocdland 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 relatlonshlps for each of the 10 
selected locations in the basin. Supplemental computations 
yielded 100-year recurrence interval flood stages a t  each 



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

aource: SEWRPC. 

PERCENT PROBABILITY OF OCCURRENCE OR EXCEEDANCE IN A N Y  YEAR 
99.99 99 96 90 80 50 20  10 4 2 1 0.5 0.2 0.1 0.01 
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of the 10 locations in the basin as set forth in Table 20. 
Table 19 presents the 5.. lo-, 25-, SO-, loo-, 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. 
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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 
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Table 20 

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

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

Source: SEWRPC. 

Table 21 

Stream 

Menomonee River 

Menomonee River 

Menomonee River 

Menomonee River 

Menomonee River 

Menomonee River 

Little 
Menomonee River 

Little 
Menornonee River 

Underwood Creek 

Honey Creek 

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

Recurrence 
Interval 
(Years) 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

Minimum Increase in 100-Year Stage 
Median Increase in 100-Year Stage 

River 
Mile Range 

0.00- 0.23 

4.23. 4.43 

5.82- 5.96 

8.33- 8.47 

12.52-12.88 

23.00-24.00 

0.00- 0.52 

6.91- 7.08 

2.53- 2.60 

0.00- 0.05 

NOTE:  This table i l lustrates the  expected inf luence o f  length o f  record  o n  

f lood discharges: shor t  records tend  t o  resul t  in overestimation o f  

f l o o d  flows. 

Condition 4: 
2000 Plan 

Relative 
to 1975 

Conditions 
(feet) 

0 .O 

0.5 

1 .O 

1 .O 

1.5 

0.5 

1.5 

0.0 

1 .O 

0.5 

1.5 

Location 

Description 

Reach Upstream of Confluence with 
the Milwaukee River 

Reach Upstream of Chicago, 
Milwaukee, St. Paul, and Pacific 
Railroad (S-590) 

Reach Downstream of S. 68th Street 
(S-630) 

Reach Upstream of Paved Ford 
(S-655) 

Reach Upstream of W. Hampton 
Avenue 6 6 9 0 )  

Reach Upstream and Downstream of 
County Line RoadICTH Q (S-845) 

Reach Upstream of Confluence with 
the Menomonee River 

Reach Upstream of County Line Road 
15-1485) 

Reach Upstream and Downstream 
United Parcel Service Bridge (S-1230) 

Reach Upstream of Confluence with 
the Menomonee River 

Maximum Increase in 100-Year Stage 

Recurrence 

Interval 

(Years) 

5 
10 
25 
50 

100 

a Incorporates the 12 years o f  h is tor ic  data inasmuch as the  h istor ic  stream- 

f l o w  record was the p r i m a r y  basis o f  the cal ibrat ion o f  the Water Resources 

Simulat ion M o d e l  p r i o r  t o  using the m o d e l  t o  generate the  35 year f l o o d  

f l o w  series. 

Source: SEWRPC. 

0.0 
0.75 

Discussion of the Hydrologic-Hydraulic 
Response of the Watershed Under Postulated Historic, 

F lood  Discharges i n  Cubic Feet Per Second 
Existing, and Future Conditions 
The 5- through 500-year discharge-frequency da t a  

Land Use-Floodland 

Condition 5 
Uncontrolled 
Development 

Outside of 

Based o n  Statistical 

Analyses of  12 Years o f  

Historic F lood  Flows 

Under Condi t ions tha t  

Approx imate  Existing Land 

Use-Floodland Condi t ions 

3 ,400  
8,000 

1 2,600 
1 7,200 
23,000 

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, 

Relative 
to 1975 

Conditions 
(feet) 

0.0 

4.5 

2.5 

3.0 

3.0 

2.0 

3.0 

3.0 

3.0 

2.5 

4.5 
0.0 
3.0 

Based o n  Statistical 

Analyses of  35 Years o f  

Simulated F lood  F lows  

Under Existing Land  

Use-Floodland condi t ionsa 

5,800 
6,900 
9,200 

1 1,200 
13,500 

clearly demonstrate the potential hydrologic-hydraulic 
impact of alternative land use development conditions. The 

Floodlands 

Relative 
to 2000 

Conditions 
(feet) 

0.0 

4.0 

1.5 

1.5 

1.5 

1.5 

1.5 

3.0 

2.0 

1.5 

4.0 
0.0 
1.5 

Development Conditions 

Condition 6: 
Uncontrolled 
Development 

Within 

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 outside of the flood- 
lands, on stream flood flow and flood stage characteristics. 

Relative 
to 1975 

Conditions 
(feet) 

0.0 

3.5 

2.0 

2.0 

3.0 

1.5 

3.0 

4.0 

3.0 

1 .O 

4.0 
0.0 
2.5 

Condition 7: 
Uncontrolled 
Development 
Within and 
Outside of 

Discharge-Frequency Relationships: Figures 8 through 
Figures 11, which a r e  discharge-frequency relationships 
for four watershed locations under each of the seven land 
use-floodland development conditions, a r e  typical of the 
discharge-frequency relationships that exist or may be 
expected to exist within the watershed under various 

Floodlands 

Relative 
to 2000 

Conditions 
(feet) 

0.0 

2.5 

1 .O 

1 .O 

1.5 

1.5 

1.5 

4.0 

1.5 

0.5 

4.0 
0.0 
1.5 

Floodlands 

Relative 
to 1975 

Conditions 
(feet) 

0.5 

6.5 

3.5 

4.5 

8.0 

4.5 

9.0 

9.0 

5.0 

4.5 

9.0 
0.5 
4.75 

watershed development conditions. It may be noted that 
the various discharge-frequency curves a t  any location 

Relative 
to 2000 

Conditions 
(feet) 

0.5 

5.5 

2.5 
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7.5 
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9.0 
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4.0 



Map 11 

REPRESENTATION OF THE MENOMONEE RIVER WATERSHED FOR 
HYDROLOGIC-HYDRAULIC SIMULATION: NATURAL CONDITIONS 

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-locations 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 flood 
flows ranged from 1 .O to 4.4 with the median value of 1.5. 

Source: SEWRPC. 



Map 12 

REPRESENTATION OF THE MENOMONEE RIVER WATERSHED FOR 
HYDROLOGIC-HYDRAULIC SIMULATION: 1'950 CONDITIONS 

LEGEND 

SUBWATERSHED EOUNDARY 

SUBBASIN BOUNDARY 

SUBBASIN IDENT IF ICAT l ON 

AL PERCENT IMPERVIOUSNESS 
-AND SEGMENT BASIS 

2 PERCENT 

2 0  PERCENT 

?5 PERCENT 

65 PERCENT 

SUBBASIN HYDROLOGIC LAND 
SEGMENT TYPE IDENTIFICATION 

HYDROLOGIC LAND SEGMENT 
IDENTIFICATION 

HYDROLOGIC LAND SEGMENT 
BOUMIARY 

SIMULATED PORTION OF STREAM 
SYSTEM 

REACH LIMITS ARE COINCIDENT 
WITH THE LOCATIONS AT WHICH 
LAND SEGMENT BOUNDARIES 
CROSS SIMULATED STREAM. A 
TOTAL OF 39 REACHES WERE 
USED TO SIMULATE THE STREAM 
SYSTEM WITH HYORAUL 1 C 
SUBMODEL I 

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 f l  1.0 to 1.9 with a median value 
of 1.5. 

Source: SEWRPC. 



Map 13 

REPRESENTATION OF THE MENOMONEE RIVER WATERSHED FOR 
HYDROLOGIC-HYDRAULIC SIMULATION: YEAR 2000 PLAN CONDITIONS 

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 flood 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. 



Map 14 

REPRESENTATION OF THE MENOMONEE RIVER WATERSHED FOR HYDROLOGIC-HYDRAULIC 
SIMULATION: UNCONTROLLED DEVELOPMENT OUTSIDE OF FLOODLANDS 

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 uncontrolled 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. 



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 a t  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 a s  shown on Figure 8. The ratio of the 
year 2000 plan conditions lo-, 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 (1975) 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 a t  its 
point of confluence with the Milwaukee River. The 10-year 
recurrence interval flood flow discharge under natural 
conditions a t  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 a t  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 a s  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 because 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 a t  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 a t  this point. The 100-year recurrence interval 
existing condition discharge a t  this point is 3,140 cfs, which 
is only 1.1 times the "natural" condition 100-year 
recurrence interval discharge of 2,750 a t  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 
1.5. The ratio of 100-year recurrence interval discharges 
under existing conditions and under na tura l  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 a s  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" condition 
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 a t  any particular point on 
the stream system, may be expected to increase a s  the 
fraction of existing rural land, and therefore the fraction 
of developable land, in the a r e a  tr ibutary to the si te  
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. 

Consider, 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 a r e a  
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 a t  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 a t  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 a t  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 a s  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 



value being 3.4 times the former. The 1975 condition 
100-year discharge a t  this location is 590 cfs whereas 
under Condition 5 the discharge would be 1,840 cfs 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 tr ibutary 
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 a s  a whole, the 
"natural" condition 10-year recurrence interval discharge 
a t  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 a re  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 ul t imate development conditions. The 100-year 
recurrence interval discharge a t  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 a s  indicated 
by a comparison of "natural" condition and Condition 7 
flood flows a t  the Ozaukee-Milwaukee County line. The 
10-year recurrence interval discharge under "natural" 
conditions a t  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 a t  all the 10 selected 
sites on the s t r eam system, the rat io 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. 

The Hydrologic-Hydraulic Consequences of the Year 2000 
Land u s e  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 s tages  tha t  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 a s  a whole, the year 2000 plan 
condition 10-year recurrence interval discharge a t  the 
watershed outlet is 10,900 cfs which is only about 6 percent 
la rger  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 a s  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 a re  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 a t  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 a t  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 rat io 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- 
PRONEREACHES 

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  r isk 
expressed in dollars was selected a s  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 a s  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 a t  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 at tendant  hydrologic effects which are  
reflected in the simulation of year 2000 plan conditions. 
Headwater reaches,  such a s  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 description 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 s t r eam sys tem selected fo r  
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 



Map 15 

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

LEGEND 

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. 

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 Outside 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 associated 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 
storm water system deficiencies. Flood problems and damages associated with the April 21, 1973, flood event- 
storm water problems are defined and contrasted in the flood of record in the Menomonee River watershed. 
Chapter VI, Volume 1, of this report. April 21, 1973, flood event damages in the Village of Elm 

Grove, the City of Brookfield, along Honey Creek and down- 
Monetary Flood Risks stream of Harwood Avenue in the City of Wauwatosa, and 
The economic submodel which is described in Chapter VIII, the City of Mequon closely approximate the loss that would 
Volume 1 of this report, was used to calculate the sum be incurred as  a result of a 100-year recurrence interval 
of the direct and indirect monetary flood risks for each flood event. In other flood-prone reaches of the watershed, 



Table 22 

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

Source: SEWRPC. 

however, such a s  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. 

Length 
(Miles) 

0.58 
0.57 
0.1 1 

0.46 

0.57 

1 .25 
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1.26 

2.59 

1.54 
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0.40 
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0.58 
0.76 
1 .78 
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1.32 
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0.75 

1 .06 
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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 

Civil Division 

Village of 
Elm Grove 

City of Brookfield 

Village of 
Menomonee Falls 

City of 
Wauwatosa 

City of Mequon 

City of Milwaukee 

Downstream End 

Street, Highway, 
or Other Location 

Gebhardt Road Extended 
Juneau Boulevard 
Chicago, Milwaukee, St. Paul.and 

Pacific Railroad 
Chicago, Milwaukee, St. Paul, and 

Pacific Railroad Downstream of 
Wall Street 

Confluence with Paved Portion o f  
Underwood Creek 

900 Feet Downstream of 
Clearwater Drive 

North Avenue 

Lisbon Road 

Confluence with Upper 
Menomonee River 

State Highway 74 
Jacobson Drive Extended 
700 Feet West of Pilgrim Road 
Margaret Road Extended 
Li l ly Road 
Milwaukee-Waukesha County Line 

N. 60th Street Extended 
N. 68th Street 
Harwood Avenue 
North Avenue 
Burleigh Street 
Capitol Drive 
Confluence with Menomonee River 
Confluence with Menomonee River 

Mequon Road (STH 167) 

N. 45th Street 

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

The Village of Elm Grove 
As set forth in Table 23, the estimated average annual 

Stream 

Underwood Creek 

Underwood Creek 

Butler Ditch 

Li l ly Creek 

Upper 
Menomonee River 

Menomonee River 

Honey Creek 
Underwood Creek 

Li t t le 
Menomonee River 

Menomone River 

Upstream End 

State, Highway, 
or Other Location 

North Avenue 
Gebhardt Road Extended 
Juneau Boulevard 

Chicago, Milwaukee, St. Pau1,and 
Pacific Railroad Upstream of 
Watertown Plank Road 

Chicago, Milwaukee, St. Paul-and 
Pacific Railroad Downstream 
of Wall Street 

Pilgrim Road 

900 Feet Downstream of  
Clearwater Drive 

West Boundary of SE 114 
Section 2.T7N. R20E 

Chicago Northwestern Railroad 

County Line Road (CTH Q) 

State Highway 74 
Jacobson Drive Extended 
700 Feet West of Pilgrim Road 
Margaret Road Extended 
Li l ly Road 

N .  68th Street 
Harwood Avenue 
North Avenue 
Burleigh Street 
Capitol Drive 
Hampton Avenue 
W. Wisconsin Avenue 
USH 45 

Freistadt Road (CTH M)  

N. 60th Street Extended 

monetary flood risks along Underwood Creek in the Village 
of Elm Grove under existing conditions; year 2000 plan 

I. D. 
Number 

UC-10 
UC-11 
UC-12 

UC-13 

UC-15 

UC-6 

UC-8 

BD-18 

LC-1 

UMR 3-1 
UMR 3-2 
UMR 3-3 
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UMR 3-5 
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LMR-2 
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L M R 4  
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L M R G  
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River 
Mile 

4.82 
4.24 
3.67 

3.56 

3.10 

6.68 

5.43 

2.28 

2.59 

23.47 
21.93 
21 6 5  
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19.74 

5.96 
6.72 
8.50 
9.68 

11.20 
12.52 
0.91 
0.75 

10.18 

5.38 

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 a r e  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" 



Table 23 

MONETARY FLOOD RISKS FOR SELECTED REACHES I N  THE MENOMONEE RIVER WATERSHED 

a Includes direer damage m rrructurer and contentsplus indirect damages arsocrafed wrrh rhar rrructural damage. 

Baaed on hrstoric f l w d  stager available 

Source: SEWRPC. 

Villageof 
Menornonee Falls 

City of 
Wauwat~sa 

City of . 
Mequon 

city of 
Milwaukee 

Total 

situation-risks a re  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, $59,200, $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 r isks a re  
conservatively estimated to increase to $141,300 per year, 
a 140 percent increase over the existing conditions risk. 

Lilly Creek 

Menornonee River 

Subtotal 

Menornonee Rcver 

Subtotal 

Honey Creek 

Underwood 
Creek 

Subtotal 

Little 
Menornonee River 

Menornonee River 

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 $407,800. 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 

LC-? 

UMR 3-1 
UMR 3-2 
UMR 3-3 
UMR 3-4 
UMR 3-5 
UMR 3-6 

Subtotal 

LMR-1 
LMR~2 

Subtotal 

LMR-3 
LMR4 
LMRd 
LMR6 

HC-7 

UC-9 

LTMR-2 

LMR-7 

67.2 

25.2 
0 0 
9 5 
0.0 
9.7 
0.0 

44.4 

75.5 
54.4 

129.9 

1.6 
65.6 
47.2 
0.0 

114.4 

0 8  

2.1 

9.6 

10.0 

238.2 

82.4 
0.0 

34.2 
0.0 

21.9 
0 0 

1385 

1.394.7 
7022 

2.096.9 

67 5 
149 5 
131 1 

0.0 

348.1 

3 9  

25.4 

- 

16.4 

728.2 

364  
0.0 

10.0 
0.0 

10 3 
0.0 

567 

56 7 

1.085 5 
828.6 

1.914.1 

255.0 
125.5 
299.6 

0.0 

680.1 

3 4 

9.8 

2,6074 

14.6 

80.5 

4.408.9 

43.0 

12.8 
0.0 
8.9 
0.0 
4.6 
0.0 

26.3 

69.3 

94.5 
525 

147.0 

4.6 
50.8 
23.8 
0.0 

79.2 

0.5 

2.6 

229.3 

2.3 

38.6 

630.5 

200 2 

33.5 
0.0 

10.0 
0.0 

11.3 
0.0 

548 

-- 

324 2 
341.4 

665.6 

4 6 
87 9 
830  
0 0 

175.5 

1 3 

3.5 

-- 

9 6  

35.0 

- 

3335 

109 1 
0.0 

35.8 
0.0 

368 
0.0 

181.7 

- 
1.877.2 

933.6 

2.8108 

2263 
241 8 
231 7 

0 0 

699.8 

3.8 

646 

- 

16.4 

841.9 

-- 

109.4 

183 
0.0 
9.5 
0.0 
6.5 
0.0 

36.3 

1457 

190.6 
140.3 

330.9 

11 7 
65 9 
47.8 
0.0 

125.4 

0.7 

3.9 

4609 

2.3 

48.6 

1.096.1 

221 8 

106.2 
0 0 

34.2 
0 4 

21.9 
83.3 

246.0 

1.100 9 
5401 

1,6410 

10.6 
108.2 
946 
0.0 

2134 

2.4 

22.8 

~- 

137 7 

364.0 

-- 

393.6 

300.9 
0 0 

866  
4.8 

69.8 
2.2 

464.3 

-- 

3.438 3 
1.378.5 

4.816.8 

529.3 
358 5 
385.3 

0.3 

1,273.4 

5.5 

1753 

-- 

2366 

1.426.0 

-- 

133.5 

56.7 
0.0 

18.3 
0.3 

128  
5.3 

93.4 

226.9 

494.5 
226.1 

720.6 

26.3 
76.8 
68.1 
0.0 

1732 

1.0 

159 

910.7 

29.0 

163.6 

1,896.4 

132.4 

34.4 
0 0 

10.0 
0.3 
9 9  
1.3 

559 

-- 

352.1 
141.0 

4991 

4.0 
104.5 
91.4 
0.0 

199.9 

0.9 

4.4 

-- 

27.3 

66.9 

-- 

348.8 

212 1 
0 0 

789 
0 4  

40.0 
45.2 

3766 

- 

2.457 6 
1.110.7 

3.568.3 

341 3 
471 5 
466.2 

0.4 

1.2814 

5.4 

113.2 

-- 

129.2 

1,201.2 

-- 

81.9 

22.1 
0.0 

101  
0.2 
5.6 
2.3 

40.3 

1222 

236.9 
99.0 

335.9 

150 
77.9 
56.3 
0 0 

149.2 

0.6 

7.9 

493.6 

9.5 

74.7 

1.140.6 

330.0 

214.8 
0.0 

750  
0 4  

648 
61.6 

416.6 

- 

1.729.3 
683.7 

2.4130 

41.8 
202.4 
376.6 

0.3 

621.1 

2.2 

259 

-- 

177.9 

5051 

-- 

621 6 

693 3 
0.0 

196.0 
6.6 

122.3 
247.9 

1.266.1 

-- 

3.166.9 
2.0928 

5.259.7 

834.6 
688.8 

1.126.4 
13.5 

2.6633 

5.7 

3145 

-- 

187 8 

1.9297 

-- 

187 1 

117.7 
0.0 

44.9 
0 7  

288 
28.6 

220.7 

407.8 

624.4 
295.2 

919.6 

51.9 
126.5 
195.4 

1 2 

375.0 

1.0 

28.7 

1.324.3 

34.1 

224.0 

2,641 .O 







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 est imated 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 7, 
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, 
$38,600, $48,600, $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 basin. 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, a t  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 a t  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. 



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 s t r eam 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 a t  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, a t  the confluence 
of Butler Ditch and a tr ibutary 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 a t  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 a t  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 

acquired, thereby providing for control of approximately 
1.1 inches of runoff from the tributary drainage area, 
amortization of just the si te  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 a t  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 a t  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 Menornonee River 
in the City of Wauwatosa, because of the relatively small 
tributary area and flood flow controlled it was considered 
unlikely that storage a t  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 a t  this reservoir 
site is only 580 cfs and very small relative to the 100-year 
recurrence interval peak flood discharge of 16,800 cfs a t  
the N. 70th Street crossing of the Menomonee River in the 
City of Wauwatosa. Therefore, although the storage site 
on the Little Menomonee River a t  the Ozaukee-Milwaukee 
County line may be suitable from topographic, land use, 
and volume perspectives, it does not have the potential 
to achieve a significant reduction in flood damages in the 
downstream reaches. 

5 T h e  potential surface storage sites include North Lake, 
an approximately 60-acre lake t o  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 t o  the Milwaukee 
County Park Commission from the Harza Engineering 
Company, August 1971. 

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 Menornonee 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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POTENTIAL FLOODWATER STORAGE SITES I N  THE MENOMONEE RIVER WATERSHED 

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 storing floodwater in a mined storage chamber beneath the water- 
shed was examined. 

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

a Ornitred from furrhw consideration because of high iand acquisition and deveiopment costs relative to probable fiood damage reduceion benefits. 

Soume SEWRPC 

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 
a s  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. 

Number 
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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 ups t ream 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 ups t ream 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. 

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 a s  
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 s t ruc ture  a s  
a function of stage. The outlet structure for each of the 
nine on-channel storage sites was designed a s  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 

Figure 12 

STAGE-STORAGE-DISCHARGE RELATIONSHIP FOR POTENTIAL DETENTION 
RESERVOIR NO. 1 I N  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 a t  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 a s  to pass a two-year 
recurrence interval  discharge under year 2000 plan 
conditions a t  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 a t  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 a s  
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 a t  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 flood problems in that Village. 
The hydrologic effect of this site is illustrated in Figure 13 
which depicts flood flow hydrographs for the Menomonee 
River a t  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 a s  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 a t  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 absolute and percent 
reduction in peak flood discharge a t  the downstream 
location is considerably less than that a t  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 a t  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 ups t ream runoff-it ha s  no 
significant impact on the first, or local, peak. Farther 
downstream a t  the point where the Menomonee River flows 

from the Village of Menomonee Fal l s  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 a s  a single floodwater 
storage reservoir. 

Site 16 on the Little Menomonee River in the Citv 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 Fre is tad t  Road crossing of the Little 
Menomonee River in the City of Mequon a t  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 a t  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 i t s  
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 a t  Freistadt Road could be 
expected to reduce the peak flood discharge a t  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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Downstream, just above its confluence with Little 
Menomonee Creek, the peak flood discharge on the Little 
Menomonee River could be expected to be reduced from 
about 162 cfs to about 115 cfs, a reduction of 29 percent. 

Based on these analyses of the hydrologic-hydraulic 
behavior of this detention reservoir, which indicated that 
an impoundment located a t  the Freistadt Road could be 
expected to substantially reduce flood discharges through 
the flood-prone reach immediately downstream in the City 
of Mequon, further simulation studies were conducted. 
The objective of these analyses, which included additional 
hydrologic-hydraulic studies as  well as  economic analyses, 
was to determine the likely reduction in average annual 
monetary flood risks that could be achieved through the 
construction of this impoundment. 

The flood flow simulation model was applied to that portion 
of the Little Menomonee River subwatershed tributary to 
the City of Mequon flood-prone reach using the entire 
available meteorological data base-consisting of 35 years 
of data-and year 2000 plan land use-floodland development 
conditions to further test the potential effects of a detention 
reservoir located a t  Freistadt Road. This simulation model 
application yielded flood flows within the flood-prone reach 
corresponding to the 35-year weather conditions. The flood 
flows were then used to develop a log Pearson Type I11 
discharge-frequency relationship. Figure 14 shows the 
discharge-frequency relationships for the flood-prone 
reach with and without the upstream detention reservoir 
and indicates that  the 100-year recurrence interval 
discharge could be reduced from about 300 cfs to 105 cfs 
as a result of construction of the detention reservoir. 

Figure 14 

DISCHARGE-FREQUENCY RELATIONSHIPS AT RIVER MILE 9.69 ON THE LITTLE MENOMONEE RIVER 
IN THE CITY OF MEQUON WlTH AND WITHOUT AN UPSTREAM DETENTION RESERVOIR 
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Hydraulic Submodel 2 was then used to compute flood 
stage profiles through the flood-prone reach for selected 
recurrence intervals. The resulting flood stage profiles 
were found to be significantly lower than those existing 
in the absence of the detention reservoir, with the decrease 
in stage associated with the 100-year recurrence interval 
discharge ranging from one to two feet. The resulting stage- 
probability information was then used in the model to 
compute average annual monetary risks. 

Although topographic conditions and existing land use would 
permit development of a detention reservoir having 
a capacity of up to 5,860 acre-feet with a surface area of 
approximately 380 acres, the simulation studies indicate 
that only about 100 acre-feet of detention storage would 
be required to capture essentially all of the runoff generated 
by the 1.4 square mile tributary drainage area in response 
to the 35-year series of meteorological events. The 
necessary storage, plus two feet of freeboard, could be 
achieved with a detention reservoir, as shown on Map 19, 
covering about 86 acres of land at an elevation of 733.0 feet 
Mean Sea Level Datum. This land area was increased about 
20 percent to 103 acres to provide for access to the site 
for maintenance purposes and to allow for refinement in 
the ultimate taking lines based upon consideration of real 
property boundary line locations. 

The total capital cost of a detention reservoir a t  Site 16 
is estimated at $41,700, consisting of $41,200 for land 
acquisition, $350 for construction of an outlet control 
structure a t  the existing culvert under Freistadt Road 
(CTH F) ,  and $150 for constructing a small earthen 
embankment on the watershed divide a t  the upstream 
limits of the detention reservoir. The average annual cost 
corresponding to the $41,700 capital cost of the detention 
reservoir a t  a 6 percent interest rate and for a project 
life and amortization period of 50 years would be $2,645. 
Adding estimated operation and maintenance costs of $1,000 
per year yields a total annual cost of $3,645. 

The flood control benefits which could be expe-ted to result 
from this expenditure would be the abatement of all of 
the flood damages in the residential area along the Little 
Menomonee River immediately north of Mequon Road that 
are directly attributable to the River therefore achieving 
an average annual benefit of $2,300. The resulting benefit- 
cost ratio would be about 0.63 and the annual excess of 
costs over benefits would be about $1,300. The analysis 
thus indicates that construction of a detention reservoir 
on the Little Menomonee River at Freistadt Road in the 
City of Mequon would be an economically unsound, although 
technically practicable, means for abating the Little 
Menomonee River flood problem in the residential area 
located immediately downstream of Freistadt Road. 

Based on information obtained during the field surveys 
conducted in this area subsequent to the April 1973 flood 
and on an examination of topographic conditions, 
particularly natural drainage ways and roadside drainage 
swales, it appears as  though the area also experiences 
inundation problems as a result of storm water runoff that 
originates on the high ground east of the residential area 
and flows through the area enroute to the Little Menomonee 

River. While construction of a detention reservoir upstream 
of the Little Menomonee River would eliminate some 
flooding from the River and may even provide for improved 
discharge of storm water from the residential area, some 
storm water problems are likely to remain. 

Site 19 Adjacent to the Menomonee River in the City of 
Milwaukee: The third reservoir site considered, Site 19, 
consists of the Hartung Quarry, located in the City of Mil- 
waukee adjacent to the Menomonee River a t  approximately 
River Mile 10.15. The quarry, which lies immediately above 
flood-prone reaches of the Menomonee River in the City 
of Wauwatosa, could provide 1,950 acre-feet of storage 
and has the potential to reduce flood damage in that City. 
Under a combination of the meteorological events which 
produced the April 1973 flood and year 2000 plan land use 
and floodland development conditions, flood water storage 
at Hartung Quarry could be expected to reduce the peak 
discharge of the Menomonee River a t  W. North Avenue, 
River Mile 8.33, immediately above the confluence with 
Underwood Creek, from about 6,200 cfs to about 4,300 cfs, 
a 31 percent reduction. The peak discharge at the N. 70th 
Street crossing of the Menomonee River in the City of 
Wauwatosa, River Mile 5.96, which is within that riverine 
area of the City of Wauwatosa experiencing the most serious 
flood problems, could be expected to be reduced from about 
16,000 cfs to about 14,550 cfs, a reduction of only 9 percent. 

Based on this hydrologic-hydraulic evaluation, it was 
concluded that floodwater storage at Hartung Quarry would 
not offer significant flood relief to downstream flood- 
prone lands located along the Menomonee River in the 
Cities of Wauwatosa and Milwaukee. Therefore, additional 
hydrologic-hydraulic analyses were not considered 
warranted, and Site 19 was eliminated from further 
consideration as a single floodwater storage reservoir. 

Site 22 on Dousman Ditch in the City of Brookfield: The 
fourth reservoir site considered was Site 22 located on 
the Dousman Ditch in the City of Brookfield. A 1,350 acre- 
foot detention reservoir could be formed by an earthen 
embankment located at Gebhardt Road, River Mile 0.63. 
It would be located immediately above the flood-prone 
reaches along Underwood Creek in the City of Brook- 
field, and the Village of Elm Grove, and, therefore, 
would have the potential of reducing flood damages in 
those communities. 

Under the meteorological events which produced the 
April 1973 flood and year 2000 plan land use and floodland 
development conditions, this reservoir could be expected 
to reduce the peak flood discharge at North Avenue, River 
Mile 4.82, on the City of Brookfield-Village of Elm Grove 
boundary from about 1,830 cfs to about 1,070 cfs, a 42 
percent reduction. It could also be expected to reduce the 
peak flood discharge on Underwood Creek a t  the Waukesha- 
Milwaukee County line, River Mile 2.53, from about 
1,990 cfs to about 1,600 cfs, a 20 percent reduction. 
Assuming that the meteorological events which produced 
the September 1972 flood occurred in the watershed under 
year 2000 plan land use and floodland development 
conditions, the detention reservoir could be expected to 
reduce the peak flood discharge of Underwood Creek at 
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A detention reservoir covering a site of approximately 100 acres was examined as an alternative means of resolving the flood problems experi- 
enced by residential development an the edges of the Little Menomonee River floodplain immediately upstream of Mequon Road. Analyses 
indicated that, although the detention reservoir was technically feasible, i t  would not be an economically sound means for abating the 
flood problem. 

Source: SEWRPC. 



North Avenue from about 725 cfs to about 420 cfs, 
a 42 percent reduction. It could also be expected to reduce 
the peak discharge on Underwood Creek a t  the Waukesha- 
Milwaukee County line from about 795 cfs to about 605 cfs, 
a 24 percent reduction. Assuming that the meteorological 
events which produced the June 1940 flood occurred under 
year  2000 plan land use and floodland development 
conditions, the detention reservoir could be expected to 
reduce the peak flood discharge on Underwood Creek a t  
W. North Avenue from about 945 cfs to about 485 cfs, 
a 49 percent reduction. It could also be expected to reduce 
the peak flood discharge a t  the Waukesha-Milwaukee 
County line from about 1,000 cfs to about 735 cfs, a 27 
percent reduction. 

Based on this analysis, whichindicated that an impoundment 
located a t  Site 22 could be expected to substantially reduce 
flood discharges through downstream flood-prone reaches 
in the City of Brookfield and the Village of Elm Grove, 
further simulation studies were conducted. The objective 
of these analyses, which included additional hydrologic- 
hydraulic studies a s  well a s  economic investigations, 
were to determine the reduction in average annual monetary 
flood risks along Underwood Creek in the City of Brook- 
field and the Village of Elm Grove. 

The flood flow simulation model was applied to that portion 
of the Underwood Creek subwatershed west of the 
Waukesha-Milwaukee County line, using the complete 
available meteorological data base-consisting of 35 years 
of data-and year 2000 plan land use-floodland development 
conditions and assuming that a reservoir was constructed 
a t  Site 22. This simulation model application yielded flood 
flows corresponding to the 35-year period of meteorological 
conditions a t  selected points along Underwood Creek, 
including five locations within flood-prone reaches in the 
City of Brookfield and the Village of Elm Grove. The series 
of flood flows a t  these locations then was used to develop 
Log Pearson Type I11 discharge-frequency relationships. 
The model was then used to compute flood stage profiles 
through the flood-prone reaches for selected recurrence 
intervals. The resulting flood stage profiles were found 
to be significantly lower than those existing in the absence 
of the detention reservoir  with the reduction in s tage  
associated with the 100-year recurrence interval discharge 
ranging from zero to 10 feet with the largest decrease 
occurring in the City of Brookfield upstream of the Chicago, 
Milwaukee, St. Paul and Pacific Railroad bridge a t  River 
Mile 6.32. The detention reservoir could be expected to 
effect an approximately 2.5 foot decrease in the 100-year 
recurrence interval flood stage profile under year 2000 
plan land use-floodland development conditions on Under- 
wood Creek a t  W. North Avenue while the 100-year 
recurrence interval flood s tage  would be reduced by 
approximately 0.7 feet on Underwood Creek a t  the 
Waukesha-Milwaukee County line. The resulting stage- 
probability information was then used in the model to 
compute average annual monetary risks. 

Although topographic conditions and existing land use would 
permit development of a detention reservoir having a 
capacity of up to 1,370 acre-feet with a surface area of 
approximately 376 acres, the simulation studies indicate 

that only about 215 acre-feet of detention storage would 
be required to control the runoff generated by the 3.78 
square mile tributary drainage area in response to the 
35-year series of meteorological events. The necessary 
storage, plus two feet of freeboard, could be achieved with 
a detention reservoir, a s  shown on Map 20, covering about 
180 acres of land a t  an elevation of 827.6 feet Mean Sea 
Level Datum. This area was increased about 20 percent, 
to 216 acres, to provide for access to the site for mainte- 
nance purposes and to allow for refinement in the ultimate 
taking lines based upon consideration of real property 
line locations. 

The total capital cost of the detention reservoir a t  Site 22 
is estimated a t  $630,100, composed of $216,000 for land 
acquisition, $1,600 for construction of the outlet control 
structure a t  Gebhardt Road, $150,000 for elevating and 
improving Pilgrim Road (CTH YY) along the east edge of 
the reservoir, $2,500 for constructing an earthen embank- 
ment on the west side of the detention reservoir along 
the Indianwood Drive residential area, and $260,000 for 
construction of four backwater  control and  pumping 
facilities-three located along Pilgrim Parkway and one 
on Indianwood Drive. The average annual cost equivalent 
to the $630,100 capital cost of the detention reservoir a t  
a 6 percent interest  r a t e  and for  a project life and 
amortization period of 50 years would be $40,000. Adding 
estimated operation and maintenance costs of $6,200 per 
year yields a total annual cost of $46,200. 

The flood control benefits which could be expected to result 
from this expenditure would be a 48 percent reduction in 
average annual flood damages-from $74,000 to $38,000- 
to the residential areas along Underwood Creek in the 
City of Brookfield and a 44 percent reduction in average 
annual flood damages-from $363,000 to $203,000-to the 
residential and commercial areas along Underwood Creek 
in the Village of E lm Grove. Thus the annual  average  
benefit would approximate $36,000 in Brookfield and 
$160,000 in Elm Grove for a total of $196,000. The resulting 
benefit-cost ratio would be 4.2, and the annual excess of 
benefits over cost would be about $150,000. Thus a detention 
reservoir located on the Dousman Ditch a t  Gebhardt Road 
in the City of Brookfield is an economically sound, a s  well 
as  technically practicable, means for abating part of the 
flood problem in downstream residential and commercial 
a r ea s  within the City of Brookfield and the Village of 
Elm Grove. 

System of Surface Storage Sites: The above analyses of 
the four individual potential detention reservoirs were 
followed by a watershedwide simulation study utilizing the 
meteorological conditions responsible for the June 1940, 
September 1972, and April 1973 floods. The purpose of 
this study was to determine if the construction and 
integrated operation of a system of 11 detention reservoirs 
constituted a technically feasible means of abating flood 
problems in the lower reaches of the Menomonee River 
through the Cities of Wauwatosa and Milwaukee. The 
11 sites comprising the system of surface storage would 
have a combined storage volume of about 21,700 acre-feet. 
This volume is approximately equivalent to three inches of 
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A 215 acre flood detention reservoir on Dousman Ditch at Gebhardt Road in the City of Brookfield was examined as one alternative means Of 

resolving existing and forecast flood problems along Underwood Creek in the City of Brookfieid and the Village of Elm Grove. Hydrologic. 
hydraulic, and economic analyses indicated that the detention reservoir vmuld substantially reduce flood discharges, flood stages, and flood 
damages along downstream flood-prone reaches. This detention rerervoir, in combination with other structural and nonstructural measures, was 
recommended for inclusion in the watershed plan for resolution of the Elm Grove-Brookfield flooding problem. 
Source: SEWRPC. 
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mates the amount of 'direct ruwff from the watershed reduce the peak discharge of the Menomonee River a t  
during the April 1973 flood-the maximum flood of record. North Avenue, River Mile 8.50, Immediately above the 

confluence with Underwood Creek, from about 6,200 cfs 
Under a combination of conditions condsting of metmro- to about 3,100 cis, a 40 percent reduction, while the peak 
logical events which produced the April 1973 flood and flood stage would be reduced by approximately 4.2 feet. 
year 2WO plan land use and floodland development, the At the N. 70th Street crwslng ob the Menomonee River in 



the City of Wauwatosa, River Mile 5.96, in a r iverine 
area experiencing serious flood problems, the peak flood 
discharge could be expected to be reduced from about 
16,000 cfs to about 11,050 cfs, a reduction of 31 percent, 
while the peak flood stage would be reduced by approxi- 
mately 1.7 feet. The peak flood discharge a t  the Hawley 
Road Crossing of the Menomonee River in the City of 
Milwaukee (River Mile 5.15) which is also within a riverine 
area experiencing serious flood problems, could be 
expected to be reduced from about 16,250 cfs to about 
11,600 cfs, a 29 percent reduction, while the peak flood 
stage would be reduced by approximately 2.7 feet. The 
above discharge reduction-stage reduction data demonstrate 
a common characterist ic  of floodland hydrology and 
hydraulics in that large percent reductions in major flood 
discharge are  normally accompanied by only small absolute 
reductions in stage. 

Under a combination of conditions consisting of the 
meteorological events which produced the September 1972 
flood and year 2000 plan land use and floodland development, 
the system of surface storage sites could be expected to 
reduce the peak flood discharge of the Menomonee River 
a t  W. North Avenue, River Mile 8.50, from about 4,600 cfs 
to about 2,900 cfs, a 37 percent reduction. The peak flood 
discharge a t  the N. 70th Street crossing of the Menomonee 
River in the City of Wauwatosa, River Mile 5.96, could 
be expected to be reduced from about 10,100 cfs to about 
7,550 cfs, a reduction of 25 percent. The peak flood 
discharge a t  Hawley Road crossing of the Menomonee River 
in the City of Milwaukee (River Mile 5.15) could be expected 
to be reduced from about 9,700 cfs to about 7,750 cfs, 
a 20 percent reduction. 

Under a combination of conditions consisting of meteoro- 
logical events which produced the June 1940 flood and 
year 2000 plan land use and floodland development, the 
system of surface storage sites could be expected to reduce 
the peak flood discharge of the Menomonee River a t  North 
Avenue, River Mile 8.50, from about 4,900 cfs to about 
2,800 cfs, a 43 percent reduction. The peak flood discharge 
at  the N. 70th Street crossing of the Menomonee River in 
the City of Wauwatosa, River Mile 5.96, could be expected 
to be reduced from about 11,700 cfs to about 8,000 cfs, 
a reduction of 32 percent. The peak discharge a t  the Hawley 
Road crossing of the Menomonee River in the City of 
Milwaukee, River Mile 5.15, could be expected to be 
reduced from about 12,350 cfs to about 8,950 cfs, a 27 
percent reduction. 

Based on this hydrologic-hydraulic evaluation, it was 
concluded that the flood water storage provided by a system 
of I1 surface storage sites would not offer significant flood 
relief to flood-prone lands located along the Menomonee 
River in the City of Wauwatosa and the City of Milwaukee. 
Such a storage system would achieve a peak flood discharge 
reduction of only about 30 percent along the Menomonee 
River reach from about N. 70th Street downstream to 
Hawley Road under the three selected meteorological events 
and future land use conditions. Therefore, additional 
hydrologic-hydraulic analyses were determined to be not 
warranted, and the system of surface storage sites was 
eliminated from further consideration as a s t ruc tura l  
floodland management measure. 

Feasibility of Subsurface Storage 
A preliminary assessment was made of the technical and 
economic feasibility of constructing mined storage 
chambers in the bedrock underlying the lower portions of 
the watershed and using these chambers for the temporary 
storage of floodwaters thereby providing protection to 
flood-prone reaches along Underwood Creek in the Cities 
of Brookfield and Wauwatosa and the Village of Elm Grove, 
along Honey Creek in the City of Wauwatosa, and along the 
Menomonee River in the Cities of Wauwatosa and Milwau- 
kee. One large mined storage chamber could be constructed 
beneath the lower portion of the watershed with connections 
to flood-prone reaches by means of conduits, or a series 
of smaller mined storage chambers could be constructed 
a t  several locations throughout the lower portion of the 
watershed so a s  to afford protection to the above listed 
reaches. The mined storage chamber or chambers would 
receive flood waters from the stream system in the lower 
portion of the watershed during major flood events and 
then, subsequent to the passage of the flood, would be 
emptied by pumping the stored water back into the stream 
system, or by using the water for other purposes such a s  
water supply or augmentation of low stream flows. 

Initial evaluation of simulated flood flows indicated that 
a total storage capacity of about 7,500 acre-feet would be 
required in the lower portion of the watershed to substan- 
tially reduce the flood damages that may be expected to be 
incurred along Underwood Creek, Honey Creek, and the 
Lower Menomonee River during major  flood events. 
Assuming a unit cost of $15.00 per cubic yard of mined 
storage, the total capital cost for subsurface storage would 
be $180 million. The corresponding average annual cost 
a t  a 6 percent interest rate and a project life and amortiza- 
tion period of 50 years-exclusive of operat ing and 
maintenance costs-would be $11.5 million. The maximum 
potential flood control benefits that could be attributed 
to this alternative would be the elimination of all damages 
along Underwood Creek, Honey Creek, and the Lower 
Menomonee River which are  estimated to be an average 
of $945,800 per year under 2000 plan conditions. Thus, the 
benefit-cost ratio for the subsurface storage alternative 
would be about 0.08 and annual costs would exceed annual 
benefits by about $10.5 million, clearly indicating that this 
alternative would be economically unsound. 

Other possibilities exist for the construction subsurface 
storage facilities within the Menornonee River watershed 
that would achieve some flood mitigation benefits such 
as in the Village of Menornonee Falls area. While these 
and other potential subsurface storage arrangements might 
be technically feasible, they were not examined further 
under the watershed planning program because it was 
apparent  from the prel iminary screening of the lower 
watershed subsurface storage al ternative tha t  other 
subsurface storage alternatives within the basin would be 
unsound economically by a wide margin. 

FLOODWATER DIVERSION ALTERNATIVES 

In the consideration of alternative structural flood control 
measures, it was recognized that Lake Michigan might 
provide a convenient discharge point for floodwaters 
diverted from within the Menomonee River watershed but 



that, while such a diversion may be technically feasible, 
it would probably not be economically sound. The 
preliminary screening of diversion possibilities also 
identified the possibility of diverting floodwaters from the 
Menomonee River watershed stream system down into the 
deep tunnel system which is one alternative recommended 
for abatement of the combined sewer overflow problem 
in the Milwaukee metropolitan area. Each of these two 
floodwater diversion possibilities-diversion to Lake 
Michigan and diversion to the deep tunnel system- 
were subjected to a preliminary examination and, as 
described below, were found to be technically feasible but 
economically unacceptable. 

Diversion to Lake Michigan 
In order to obtain a preliminary quantification of the 
economics of diversion to Lake Michigan, one potential 
diversion was subjected to preliminary technical and 
economic analyses. It was assumed that a gravity flow 
conduit would be constructed from the Menomonee River, 
immediately downstream of its confluence with the Little 
Menomonee River, beneath Hampton Avenue through 
portions of the City of Milwaukee, the City of Glendale, 
and the Village of Whitefish Bay, discharging to Lake 
Michigan at the foot of E. Hampton Avenue. The diversion 
conduit would have a total length of about 8.7 miles. The 
upstream invert would be at an elevation of about 680 feet 
above mean sea level datum and the downstream invert 
would be at an elevation of about 560 feet above mean sea 
level datum for a total drop, and therefore available 
hydraulic head, of 120 feet. The conduit would be tunneled 
through unconsolidated material and would be lined 
with concrete. 

A design flow of 6,900 cfs was selected, approximately 
the entire 100-year recurrence interval flood discharge 
of the Menomonee River under year 2000 conditions a t  
the point of diversion. Hydraulic calculations indicate that 
a conduit having a diameter of approximately 20 feet would 
be required to carry the design flow under gravity flow 
conditions using the available hydraulic head. 

Assuming a unit cost of $1,500 per lineal foot of conduit, 
the total capital cost for the diversion conduit would be 
$69.0 million. The corresponding average annual cost a t  
a 6 percent interest rate and a project life and amortization 
period of 50 years would be $4.4 million, excluding 
operation and maintenance costs. The maximum potential 
flood control benefits that could be anticipated from this 
alternative would be the elimination of all damages along 
the Menomonee River within the Cities of Wauwatosa and 
Milwaukee, damages estimated at an average of $504,900 
per year under year 2000 plan conditions. The benefit-cost 
ratio for the diversion alternative would thus be about 0.11, 
clearly indicating that this alternative would be economi- 
cally unsound. The alternative would have the additional 
disadvantage of discharging to Lake Michigan in the vicinity 
of the water supply intake for the Whitefish Bay-Fox Point- 
Glendale water supply systems, the intake being located 
about 1.5 miles to the north of E. Hampton Avenue. 

There are other possibilities for the diversions to Lake 
Michigan from within the Menomonee River watershed that 
could achieve some flood mitigation benefits such as a 

diversion from Underwood Creek immediately upstream 
of the Village of Elm Grove and a diversion from the 
Menomonee River immediately upstream of the Village 
of Menomonee Falls. While these and other potential 
diversions to Lake Michigan might be technically feasible, 
they were not examined further under the watershed 
planning program because it was apparent from the 
preliminary screening of the Hampton Avenue diversion 
that other diversions within the basin would be economically 
unacceptable by a wide margin. 

Diversion to the Deep Tunnel System 
Another diversion possibility that was explored in a 
preliminary manner under the Menomonee River watershed 
planning program was the discharge of floodwaters to an 
expanded version of the deep tunnel system recommended 
in the Milwaukee River watershed plan. As described in 
detail in Chapter VII, Volume 1,  of this report, the 
Menomonee River watershed combined sewer system is 
part of a large, contiguous 27 square mile combined sewer 
service area in the Milwaukee metropolitan area which, 
during significant rainfall and snowmelt events, discharges 
combined sewage to the Menomonee, Milwaukee, and 
Kinnickinnic Rivers and to Lake Michigan. The adopted 
Milwaukee River watershed plan recommends a combination 
deep tunnel, mined storage/flow through treatment alterna- 
tive as the most cost-effective solution to the combined 
sewer overflow problem. The plan further recommends 
that a preliminary engineering study be undertaken to 
determine with greater precision and detail the configura- 
tion of the recommended system as required to serve the 
entire 27-mile combined sewer service area. As of 1976, 
a consulting firm retained by the Milwaukee-Metropolitan 
Sewerage Commission was midway through the 
recommended preliminary engineering study. 

With respect to the Menomonee River watershed, the deep 
tunnel system would be constructed within the City of 
Milwaukee at a depth of 250 to 350 feet beneath the 
Menomonee River extending upstream six miles from the 
Milwaukee River to the Hawley Road crossing of the 
Menomonee River. The Menomonee River portion of the 
deep tunnel system would be constructed in dolomite 
bedrock, might be lined with concrete, and would have 
a diameter ranging from 8.5 feet a t  the downstream end 
to 6.0 feet at the upstream end. 

Assuming that a commitment were made to construct the 
Menomonee River segment of the deep tunnel, it could 
provide part of a system whereby floodwaters could be 
diverted from flood-prone reaches in the Lower Menomonee 
River, conveyed through the deep tunnel to the mined 
storage chamber provided beneath the Milwaukee Harbor, 
and subsequently pumped from that storage reservoir and 
discharged to Lake Michigan. The cost of such a flood 
control measure would be the incremental cost associated 
with increasing the capacity of the recommended deep 
tunnel system so as to facilitate the capture, conveyance, 
and storage of floodwaters from the Menomonee River 
watershed in excess of that from the combined sewer 
service area tributary to the Menomonee River. More 
specifically, these incremental costs may include the costs 
of increasing the length of the deep tunnel beneath the 
Menomonee River so as to extend it farther upstream 



into the watershed, enlarging the diameter of the deep 
tunnel beneath the Menomonee River so as to increase 
its conveyance capacity, increasing the volume of the 
mined storage chamber beneath the Milwaukee Harbor so 
as to permit the storage of additional floodwaters and, 
finally, increasing the capacity for pumping water from 
the mined storage chamber and treating it prior to 
discharge to Lake Michigan. 

The alternative of diverting Menomonee River watershed 
floodwaters to the deep tunnel system was subjected to 
an initial analysis consisting of a determination of the 
hydraulic consequences of extending the recommended 
Menomonee River deep tunnel from its terminus at Hawley 
Road upstream a distance of 1.4 miles to the Harwood 
Avenue crossing of the Menomonee River in the Old Village 
area of the City of Wauwatosa. This upstream tunnel 
terminus was selected since a major diversion of flood- 
waters at this location could result in a significant 
reduction in inundation and damages to downstream 
Menomonee River floodlands in the City of Wauwatosa. 

This hydraulic analysis of the extended deep tunnel system 
indicated that if the entire facility were devoted to carrying 
floodwaters, that is, if there would be no local contribution 
of storm water runoff or combined sewage downstream 
of Harwood Avenue, the capacity of the deep tunnel would 
be only 600 cubic feet per second, relatively small 
compared to the 100-year discharge a t  Harwood Avenue 
of 12,600 cfs under year 2000 plan conditions. Therefore, 
a simple extension of the recommended deep tunnel beneath 
the Menomonee River would not constitute a technically 
feasible flood control alternative for the Menomonee 
River watershed. 

The above initial analysis was followed by one in which 
the objective was to determine the technical and economic 
feasibility of a 7.4-mile-long deep tunnel needed to convey 
the 100-year discharge beneath the Menomonee River from 
Harwood Avenue downstream to mined storage chamber 
beneath the Harbor. Hydraulic computations indicated that 
an approximately 20-foot diameter conduit would be 
required. Assuming a unit cost of $1,500 per lineal foot 
of conduit, the total capital cost for the extended and 
expanded deep tunnel beneath the Menomonee River would 
be about $59 million. This is approximately $42 million 
in excess of the estimated $17 million capital cost of the 
recommended 6.0- to 8.5-foot diameter, 6.0-mile-long 
conduit between the Harbor and Hawley Road based on an 
estimated unit cost for the latter of $550 per lineal foot. 
The average annual cost corresponding to the $42 million 
incremental capital cost of the extended and expanded deep 
tunnel at 6 percent interest rate and for a project life and 
amortization period of 50 years would be $2.6 million 
exclusive of operating and maintenance costs. 

The maximum potential flood control benefits which could 
be expected to result from this expenditure would be 
elimination of all damages along the Menomonee River 
within the City of Wauwatosa downstream of Harwood 
Avenue, estimated to be an average of $330,900 per year 
under 2000 land use plan conditions. Therefore, considering 
only the capital costs of the tunnel, the benefit-cost ratio 

for the alternative employing an extended and enlarged 
deep tunnel beneath the Menomonee River would be about 
0.13 and the annual excess of costs over benefits is 
$2,269,000, clearly indicating that this alternative would 
be economically unsound. 

There a re  other possibilities for diversions to Lake 
Michigan via an extended and enlarged tunnel system 
beneath the Menomonee River. While these potential 
diversions to Lake Michigan might be technically feasible, 
they were not examined further under the watershed 
planning program because it was apparent from the 
preliminary screening of the above diversion that other 
diversions from within the basin to Lake Michigan would 
be economically unacceptable by a wide margin. 

ALTERNATIVE FLOODLAND MANAGEMENT PLAN 
ELEMENTS FOR INDIVIDUAL COMMUNITIES 

In addition to examining structural alternatives-flood- 
water storage and floodwater diversion-which would 
have the potential of mitigating flood problems in several 
communities and in many flood-prone reaches, the 
watershed study also included an investigation of the 
potential for employing one or more primarily structural 
measures on a community-by-community basis in those 
riverine areas  experiencing the most severe flood 
problems. The communities identified for inclusion in 
this analysis were the Village of Elm Grove, the City of 
Brookfield, the Village of Menomonee Falls, the City of 
Wauwatosa, the City of Mequon, and the City of Milwaukee, 
with the selection of communities being based on the 
earlier selection of river reaches requiring detailed 
assessment of floodland management measures. The 
floodland management measures examined for each of the 
above communities included floodproofing and removal 
of structures, channel modification, dike and floodwall 
construction, and bridge and culvert alteration or replace- 
ment. The results of these analyses are presented below 
on a community-by-commuliity basis. 

The Village of Elm Grove 
The Flood Problem: As shown on Map 15, the Village of 
Elm Grove contains five flood-prone reaches which include 
the entire 2.29-mile-long portion of Underwood Creek 
lying within the Village. 

For the Village as a whole, average annual monetary 
flood risks attributable to both primary and secondary 
flooding under existing conditions are estimated a t  about 
$213,800, whereas the average annual monetary flood risks 
under year 2000 land use and floodland development 
conditions are estimated at about $362,800, a 70 percent 
increase over existing conditions. It should be emphasized 
that the increase in average annual monetary damages 
under year 2000 plan conditions is solely attributed to 
anticipated changes in upstream land use development in 
the watershed inasmuch as the analysis presumes that 
no new flood-prone structures would be constructed in 
the Village of Elm Grove. As discussed earlier in this 
chapter, complete development of the floodland and 
nonfloodland portions of the tributary area could be 
expected to result in an approximately two-fold increase 



in average annual monetary flood risks and, if additional 
flood-prone development were permitted along Underwood 
Creek in the Village of Elm Grove, even higher monetary 
risks would be incurred. As a result of direct and indirect 
flood damages associated with Underwood Creek flooding, 
the Village may be expected to incur $1.36 million in 
flood damages during a 100-year recurrence interval 
flood under existing conditions, whereas the 10- and 
100-year recurrence interval flood damages under year 
2000 plan conditions could be expected to approximate 
$0.73 million and $1.51 million, respectively. 

Floodproofing A floodproofing 
and removal alternative was developed and analyzed to 
determine if such a structure-by-structure approach would 
be a technically, economically, and environmentally 
acceptable solution to the flood problem in the Village. 
For purposes of this analysis, the 100-year recurrence 
interval event under year 2000 plan condition was used 
as  a basis for determining how many flood-prone structures 
would have to be removed and the number that would have 
to be floodproofed. 

In the case of residential structures in the primary flooding 
zone, floodproofing was assumed to be feasible if the design 
flood stage was below the first floor elevation and structure 
removal was assumed to be required if the design flood 
stage was at or above the first flood elevation. Flood- 
proofing was assumed to be feasible for all nonresidential 
structures within the primary flooding zone irrespective 
of flood stage, with the floodproofing cost for stages above 
the first floor being a function of the distance between 
the flood stage and the first floor elevation. With respect 
to structures located in the secondary flooding zone, that 
is, outside of but immediately adjacent to the 100-year 
recurrence interval floodlands, it was assumed that  
floodproofing would be applied to those structures with 
basement floors below the elevation of the design flood 
stage. The total floodproofing cost so computed for the 
secondary flooding zone was then reduced by a factor 
ranging from 0.50 to 0.90 to reflect the fact that not all 
buildings in that zone with basement floors set a t  an 
elevation below the design flood stage would in fact incur 
secondary flooding. The factors assigned to each flood- 
prone reach were the same as that used to compute flood 
damage in the secondary zone. Chapter VIII, Volume 1, of 
this report contains a complete discussion of the problems 
associated with the computation of flood damages in the 
secondary flooding zone and the manner in which that 
problem was resolved. As shown on Map 21, the analyses 
indicated that about 19 structures would have to removed 
from the 100-year recurrence interval floodlands under 
this alternative and a total of about 181 structures located 
in the primary and secondary flooding zones may require 
some form of floodproofing. Future flood damage to private 
residences and commercial structures within the Village 
of Elm Grove would be virtually eliminated by the flood- 
proofing and removal. Table 25 sets forth the approximate 
number of structures to be floodproofed and removed 
and also summarizes the estimated costs and benefits. 

Assuming that the aforementioned structure floodproofing 
and removal measures would be fully implemented and 
utilizing an annual interest rate of 6 percent and a project 

life and amortization period of 50 years, the equivalent 
average annual cost is est imated a t  about $118,800, 
consisting entirely of the amortization of the $1.87 million 
capital cost-$0.58 miilion for floodproofing and $1.29 
million for removal. The average annual flood abatement 
benefit is estimated a t  about $362,800, yielding a benefit- 
cost ratio of 3.05 and an excess of annual benefits over 
costs of about $244,000. Therefore, the structure flood- 
proofing and removal plan element, a s  described herein, 
would be both technically and economically feasible within 
the Village of Elm Grove. 

Channel Modifications: A major channel modification 
alternative was developed and analyzed for the lands 
subjected to flooding by Underwood Creek in the Village 
of Elm Grove in order to determine if such a structural 
measure would provide a technically feasible, economically 
sound, and environmentally acceptable solution to the 
existing and forecast flood problems. The proposed channel 
was designed to pass the 100-year recurrence interval 
flood discharges under year 2000 land use plan conditions 
without overtopping. A minor channel modification alterna- 
tive also was investigated for a portion of Underwood 
Creek beginning in the Village of Elm Grove and extending 
upstream into the City of Brookfield. 

Major Channelization: The major channelization alterna- 
tive for Underwood Creek in the Village of Elm Grove 
is shown on Map 22. A schedule of the physical charac- 
teristics of the major channel modifications and the 
attendant costs and benefits is set forth in Table 25. 
Under this alternative, major channel improvements would 
be carried out over a total reach of 2.0 miles. The improved 
channel would be located along or near the alignment of 
Underwood Creek in the Village of Elm Grove extending 
from the Waukesha-Milwaukee County line a t  the down- 
stream end of the Village to the Village of Elm Grove-City 
of Brookfield boundary (W. North Avenue) a t  the north end 
of the Village. The alignment of the proposed channel would 
follow the alignment of Underwood Creek except for an 
approximately three-quarter-mile-long reach a t  the east 
end of the Village where the new channel would be located 
as  much as  1,000 feet north of the Underwood Creek 
paralleling the Chicago, Milwaukee, St. Paul, and Pacific 
Railroad right-of-way. This off-channel alignment was 
selected to minimize bridge and culvert reconstruction, 
to avoid passage through and disruption of the commercial 
area located along Bluemound Road, and to achieve a 0.15 
mile reduction in the length of the channelization. 

The bottom of the improved Underwood Creek Channel 
would, a t  its downstream end, match the grade  of the 
existing channelized reach along the Milwaukee County 
portion of Underwood Creek. The channel bottom profile 
and the channel cross-sectional shape a t  the upstream end 
of the channelized reach would be designed so as  to effect 
an acceptable transition from the major channelization 
within the Village of Elm Grove to the natural channel 
grade  and shape in the City of Brookfield. Moving in 
a downstream direction, the channelization would lower 
the existing Underwood Creek channel grade  by about 
2.5 feet a t  Marcella Drive, about 6.5 feet a t  Juneau 
Boulevard, about 8.0 feet a t  Watertown Plank Road, and 



Map 21 

STRUCTURE FLOODPROOFING AND REMOVAL ALONG UNDERWOOD CREEK IN  THE VILLAGE OF ELM GROVE 

LEGEND 

I 100-YEAR RECURRENCE INTERVAL 
FLOODLANDS --PLANNED LAND USE 
AND EXISTING CHANNEL CONDITIONS 

AREA IN WHICH STRUCTURES MAY 
REQUlRE FLOODPROOFING AND/OR 
REMOVAL (FLOODPROOF UP TO 181 
STUCTURES AND REMOVE ABOUT 
19 STRUCTURES) 

UC-I0 - 
UC-I I 

REACH IDENTIFICATION 

Structure floodproofing and removal were examined ar one alternative means of resolving the existing and forecast flood problems along 
Underwood Creek in the Village of Elm Grove and found to be both technically and economically feasible. Under this floodland management 
measure, up to 181 structures would be floodproofed and approximately 19 structures would be removed. 

Source: SEWRPC. 



PRINCIPAL FEATURES AND COSTS AND BENEFITS OF FLOODLAND 
MANAGEMENT ALTERNATIVES FOR THE VILLAGE OF ELM GROVE 
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Map 22 

MAJOR CHANNEL MODIFICATIONS ALONG UNDERWOOD CREEK IN THE VILLAGE OF ELM GROVE 

LEGEND 

100-YEAR RECURRENCE INTERVAL 5 FLOODLANDS-- PLANNED LAND USE 
AND EXISTINO CHANNEL CONDITIONS 

PROPOSED MAJOR CHANNEL-. 
CONCRETE AND TURF LINED 

APPROXIMATE DEPTH OF PROWSED 
CHANNEL IN FEET 

PROPOSED BRIDGE REPLACEMENT 

UC-I I 
REACH IDENTIFICATION 

The deepening, widening, and straightening along two miles of Underwood Creek, supplemented with the replacement of the seven stream 
crossings, was examined as a potential structural flood control measure and was found to be technically practicable and economically feasible. 
This measure would have a nsgative aesthetic impact on the primarily residential area north of Juneau Boulevard because the attractiveness of 
the existing natural channel and floodplain would be compromised by the ctossaection enlargement required for the channelization project and 
by the placement of mncrete invert and sidewalls. In contrast, channelization of the Underwood Creek reach downstream of Juneau Boulevard 
within the Village of Elm Grove would provide an opportunity to restore Eome of the aesthetic value of the riverine area in the business mm- 
mercial area of the Village by development of an urbanoriented parkway. 

Source: SEWRPC. 
115 



about 1.5 feet at the Waukesha-Milwaukee County line. 
The width of the invert or bottom of the concrete channel 
within the Village of Elm Grove would be 20 feet and side 
slopes would be one on three. The bottom, and the side 
slopes up to a 10-year flood stage, would be lined with 
concrete resulting in a total concrete width of from 35 to 
44 feet. 

The channelization would require the demolition and 
replacement of the existing bridges at the following seven 
crossings-listed in downstream order-of Underwood 
Creek in the Village of Elm Grove: Marcella Drive, the 
access road to the Village Hall, Juneau Boulevard, the 
Chicago, Milwaukee, St. Paul and Pacific Railroad, 
a private bridge, Watertown Plank Road, and, again, the 
Chicago, Milwaukee, St. Paul and Pacific Railroad. The 
cost of all of the above-bridge replacements was charged 
against the major channelization alternative. In addition, 
the 575-foot-long section of conduit that presently conveys 
Underwood Creek beneath the shopping center parking lot 
immediately south of Watertown Plank Road would be 
removed and replaced with a large open channel. 

Assuming that the aforementioned major channelization 
project would be fully implemented and utilizing an interest 
rate of 6 percent and a project life and amortization period 
of 50 years, the average annual cost is estimated at about 
$233,300 consisting of the following: amortization of the 
$1,865,100 capital cost of the channel modifications, 
amortization of the $1,796,100 capital cost of bridge 
demolition and reconstruction, and $1,000 in annual 
operation and maintenance costs. Assuming that major 
channelization would completely eliminate all direct and 
indirect flood damages along Underwood Creek in the 
Village of Elm Grove, the average annual flood abatement 
benefit is estimated at about $362,800, yielding a benefit- 
cost ratio of 1.56, and an annual excess of benefits over 
costs of about $129,500. Therefore, major channelization 
may be considered technically and economically feasible 
through the Village of Elm Grove. 

The major channelization proposal would have a potentially 
negative aesthetic impact on that portion of Underwood 
Creek north of Juneau Boulevard and would, on the other 
hand, have a potentially positive aesthetic impact on that 
portion of Underwood Creek south of Juneau Boulevard, 
particularly the reach passing through the commercial 
area of the Village. In the primarily residential area north 
of Juneau Boulevard, the attractiveness of the existing 
natural channel and floodplain would be compromised by 
the cross-section enlargement required for the channeliza- 
tion project and by the placement of concrete invert and 
sidewalls. These changes would be apparent to residents 
of the adjacent areas  and would constitute a negative 
aspect, particularly to those homeowners who value their 
residential location because of the naturalness of Under- 
wood Creek and its natural floodplains. 

As discussed in Chapter I11 of this volume, 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 area 
could be restored to corridor use, however, by developing 
a continuous parkway from Juneau Boulevard downstream 
to the east limits of the Village. This parkway would, 
because of the surrounding intensive business and 
commercial land uses, necessarily have to have an urban 
characteristic and would offer only limited outdoor recrea- 
tional opportunities such as pleasure walking while adding 
beauty and "green" open space to the urban area and 
providing for continuity in the primary environmental 
corridor. The proposed channelization through this portion 
of the Village could provide the major focus or framework 
within which such an urban oriented parkway could be 
developed. The channelized reach from Juneau Boulevard 
downstream to the east limits of the Village, or portions 
of that reach, could be developed as an urban parkway 
with grassy areas, pleasure walks, and attractive plantings 
of trees and shrubs. 

Minor Channe1ization:An often suggested method for 
resolving flood problems-but one usually ineffective insofar 
as major flood events are concerned-is to undertake 
a program of minor and selective channel clearing, 
deepening, widening, and shaping. This approach is 
intended to remove "obstructions" to flow with little effort 
and expense, thereby making the channel system itself 
more efficient so that flood flows may be conveyed a t  
lower stages. 

A minor channel clearing, deepening, widening, and shaping 
alternative was developed for a reach of Underwood Creek 
in the Elm Grove-Brookfield area under the Menomonee 
River watershed study in order to demonstrate the 
limitations of this technique. Under this alternative, it 
was assumed that a 1.92 mile reach of Underwood Creek 
extending from Juneau Boulevard in the Village of Elm 
Grove upstream to Clearwater Road in the City of Brook- 
field would be cleared of obstructions, deepened by about 
one-half foot, have its bottom width increased by 10 percent 
on each side and shaped so as  to increase the hydraulic 
efficiency. Hydraulic analyses of this alternative, as 
summarized in Table 26, indicate that the stages of the 
5-, 50- and 100-year recurrence interval floods under 
year 2000 plan land use conditions could be expected to be 
lowered by only very small amounts as a result of the 
minor channel improvement; for example, for the 100-year 
flood flow condition, a maximum decrease of 0.2 feet could 
be expected immediately downstream of Marcella Avenue 
and of Clearwater Road. As a result, overland flooding 
and average annual monetary flood damages would not be 
significantly reduced. 

Based on the inability of this channel clearing, deepening, 
widening, and shaping alternative to achieve significant 
flood stage and damage reductions, this alternative was 
deemed technically unsound for application in the Village 
of Elm Grove, the City of Brookfield, and in other flood- 
prone reaches of the watershed. Accordingly, this 
alternative was omitted from further consideration as 
a viable structural flood control alternative for the 
Menomonee River watershed. 



Table 26 

EFFECT OF MINOR CHANNEL MODIFICATIONS ON 5-, 50-, AND 100-YEAR RECURRENCE INTERVAL FLOOD 
STAGES ALONG UNDERWOOD CREEK IN THE VILLAGE OF ELM GROVE AND THE CITY OF BROOKFIELD 

2000 land us.? plan cond,r;ons. 

b ~ e a n  Sea Level. 

cstage ;"crease. 

Source: SEWRPC. 

Civil 
Division 

Village of 
Elm Grove 

Village of 
Elm Grove 

City of 
Brookfield 

Dikes and Floodwalls: A dike and floodwall alternative was 
developed and analyzed for the lands subjected to flooding 
by Underwood Creek in the Village of Elm Grove in order 
to determine if such a structural measure would provide 
a technically sound, economically viable, and environmen- 
tally acceptable solution to the existing and probable future 
flood problems. The 100-year recurrence interval flood 
discharge under year 2000 land use plan conditions was 
used a s  the basis for a preliminary design of the dikes 
and floodwalls. 

The dike and floodwall alternative for Underwood Creek 
in the Village of Elm Grove is shown on Map 23. A schedule 
of the physical characteristics of the dikes and floodwalls 
and the attendant costs and benefits is presented in Table 
25. Under this alternative, a total of 4.02 miles of earthen 
dikes and concrete or sheet steel floodwalls similar to 
those shown on Figure 4 would be constructed along most 
of both sides of the 2.25-mile-long reach of Underwood 
Creek within the Village of Elm Grove. About 2.42 miles 
of earthen dike and about 1.60 miles of concrete or sheet 
steel floodwall would be required. Extensive use of the 
more costly concrete or sheet steel floodwalls rather 

than earthen dikes would be necessary in the downstream 
portion of the Village due to the limitations imposed by 
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the very narrow band of unoccupied land located between 
the edge of Underwood Creek and the existing primarily 
commercial structures located along much of the flood- 
prone reach. In order to convey the design flood flow with 
a minimum free-board of two feet, the earthen dikes and 
concrete floodwalls would be extremely high in some 
locations with a maximum height above the existing ground 
level of 11.0 feet along that reach of Underwood Creek 
between Watertown Plank Road and the downstream 
Chicago, Milwaukee, St. Paul, and Pacific Railroad bridge. 
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The dike and floodwall l l te rna t ive  would require the 
construction of new bridges a t  13 crossings of the Under- 
wood Creek in order to contain the floodwaters within the 
confines of the dikes and floodwalls. These new structures 
would be required a t  the following 13 crossings-listed in 
downstream order-of Underwood Creek in the Village: 
W. North Avenue, Marcella Drive, the access road to the 
Village Hall, Juneau Boulevard, the private crossing 
immediately north of Watertown Plank Road, a private 
crossing south of the parking lot located south of Water- 
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With Minor 

Channelization 
(feet above r n s ~ ) ~  

741.2 

743.0 
743.0 

743.5 
743.5 
743.5 
743.5 
743.7 
743.8 
744.2 
745.5 
745.9 
746.6 

747.9 
748.4 
748.7 
748.7 

748.8 

751.0 
751.0 
751.0 
751.1 
751.3 
751.4 
752.1 
752.4 
753.5 

756.2 
757.0 

50-Year Flood 

Stage 
Without Minor 
Channelization 

(feet abovemsllb 

745.3 

745.4 
745.4 

745.5 
745.5 
745.5 
745.5 
745.6 
745.8 
746.1 
747.2 
747.5 
748.4 

749.0 
750.7 
750.9 
750.9 

751 .O 

752.1 
752.1 
752.1 
752.2 
752.6 
752.8 
753.2 
753.6 
756.3 

757.5 
758.6 

Flow condition? 

Stage 
With Minor 

Channelization 
(feet above mrllb 

745.3 

745.4 
745.4 

745.5 
745.5 
745.5 
745.5 
745.6 
745.7 
74 5.9 
747.1 
747.4 
7482 

749.2 
750.6 
750.9 
750.9 

751 .O 

752.1 
752.1 
752.1 
752.2 
752.5 
752.8 
753.1 
753.5 
756.3 

757.5 
758.6 

Discharge 
(cfr) 

1,943 

1.943 
1,943 

1,943 
1,943 
1.943 
1,943 
1,943 
1.943 
1,943 
1.943 
1,943 
1,943 

1943 
1,943 
1,943 
1943 

1,943 

1.943 
1.943 
1,943 
1.943 
1,943 
1,943 
1,943 
1,943 
1,943 

1,943 
1,943 

Stage 
Decrease 

(feet) 

0.0 

0.0 
0.0 

0.2 
0.2 
0.2 
0.3 
0.2 
0.2 
0.3 
0.4 
0.3 
0.4 

0.3 
0.3 
0.2 
0.3 

0.3 

0.2 
0.2 
0.2 
0.1 
0.1 
0.2 
0.0 
0.2 
0.8 

0.0 
0.0 

Stage 
Decrease 

(feet) 

0.0 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.1 
0.2 
0.1 
0.1 
0.2 

(0.21' 
0.1 
0.0 
0.0 

0.0 

0.0 
0.0 
0.0 
0.0 
0.1 
0.0 
0.1 
0.1 
0.0 

0.0 
0.0 

100-Year Flood 

Stage 
Without Minor 
Channelization 

(feetabwe msllb 

745.7 

745.8 
745.8 

7459 
745.9 
746.0 
746.0 
746.1 
746.2 
746.6 
747.6 
748.0 
748.9 

749.4 
751.4 
751.6 
751.7 

751.7 

752.3 
752.3 
752.4 
752.5 
752.9 
753.2 
753.6 
754.0 
756.5 

7579 
758.9 

Flow~ondit ionP 

Stage 
With Minor 

Channelization 
ifeetabove msllb 

745.7 

745.8 
745.8 

745.9 
745.9 
7459 
746.0 
746.1 
746.2 
746.4 
747.5 
747.8 
748.7 

749.6 
751.4 
751.6 
751.7 

751.7 

752.3 
752.3 
752.4 
752.4 
752.9 
753.2 
753.5 
753.8 
756.7 

757.9 
758.9 



Map 23 

DIKE-FLOODWALL SYSTEM ALONG UNDERWOOD CREEK IN THE VILLAGE OF ELM GROVE 

LEGEND 

100-YEAR RECURRENCE INTERVAL I FLOODLANDS-- PLANNED LAND USE 
AND EXISTING CHANNEL CONDITIONS 

- PROPOSED CONCRETE FLOODWALL 

-I PROPOSED EARTHEN DIKE 

APPROXIMATE HEIGHT OF DIKE 
OR FLOODWALL IN FEET 

PROPOSED SPECIAL BRIDGE 
STRUCTURE TO ENABLE ROAD 
CLOSURE DURING FLOOD EVENT 

PROPOSED BRIDGE REPLACEMENT 
(COST ASSIGNED TO PREVIOUSLY 
ADOPTED PLAN 

PROPOSED STORM WATER 
PUMPING STATION 

REACH IDENTlFlCATlON 
UC-I I 

A combination of earthen dikes,concrete floodwalls, and storm water pumping facilities intended to contain flood flows and prevent inundation 
of riverine area structures was examined as a possible measure to resolve existing and forecast flood problems along Underwood Creek in the 
Village of Elm Grove. While this mearure was shown to be technically practicable and economically feasible, the dikesand floodwalls,which 
would have a height above existing ground grade of as much as 10 feet, would entail an unacceptably high aesthetic "cost" particularly in the 
northern, primarily residential, portion of the village. 

Source: SEWRPC. 



town Plank Road, another private crossing located 
immediately west of the Milwaukee Road railroad embank- 
ment, and six additional private crossings located along 
that portion of Underwood Creek that lies near to and 
parallels Bluemound Road. 

In addition, the dike-floodwall alternative would have to 
include provision for the construction of a minimum of 
six major storm water lift or pumping stations and 
backwater gates near the end of storm sewer outfalls that 
are tributary to Underwood Creek. These facilities would 
be required to prevent the movement of floodwaters from 
the river into the surrounding urban area via these storm 
sewers and drainage channels and to prevent the accumula- 
tion of lateral runoff behind the dikes and floodwall creating 
local drainage problems. 

Assuming that the dike and floodwall project would be 
fully implemented and utilizing an annual interest rate of 
6 percent and a project life and amortization period of 
50 years, the average annual cost is estimated at $314,500, 
consisting of the following: amortization of the $2,266,500 
capital cost of the dikes and floodwalls and the land 
necessary to construct them, amortization of the $2,123,600 
capital cost of new river crossings, amortization of the 
$390,000 capital cost of backwater control and pumping 
facilities, and $11,200 in annual operation and maintenance 
costs of the dikes, floodwalls, and pumping facilities. 
Assuming that the dike-floodwall system would completely 
eliminate all direct and indirect flood damages along 
Underwood Creek in the Village of Elm Grove, the average 
annual flood abatement benefit is  estimated a t  about 
$362,800, yielding a benefit-cost ratio of 1.15 and an annual 
excess of benefits over costs of about $43,300. Therefore, 
the Village of Elm Grove dike and floodwall plan element, 
as described herein, may be considered both technically 
sound and economically feasible. 

As opposed to the favorable economic features of the dike- 
floodwall alternative, the great height of the dikes and 
floodwalls would make the structures extremely unsightly. 
This height would be necessitated by high flood stages 
relative to existing riverine area  topography and by 
engineering criteria that require a freeboard of a t  least 
two feet above that stage. The residents protected by the 
dikes and floodwalls, particularly those property owners 
living nearest the river, would generally have their view 
of Underwood Creek blocked by the structures and would 
encounter difficulty in gaining access to the s t ream 
because most of the dikes and floodwalls would have crests 
at a height of 5.0 feet or more above the existing elevation 
of the river edge. The dike and floodwall alternative, 
particularly in the northern portion in the Village, would 
seriously detract from the aesthetic pleasure derived from 
driving along riverine areas as well as from living adjacent 
to these areas. The structures in this area, which would 
lie adjacent to and on the river side of any local streets 
which parallel Underwood Creek, would range in height 
from 4.0 to 10.0 feet and thus constitute a visual barrier 
to pleasure drivers as well as to people residing in 
the area. 

A high aesthetic cost would also be incurred by the 
commercial area of the Village inasmuch as the massive 
concrete or sheet steel walls required in that area would 

detract from the overall appearance of this shopping 
center. While the costs associated with such aesthetically 
undesirable characteristics are elusive and difficult to 
assign a monetary value to, they are, nevertheless real. 
These high aesthetic "costs" may be expected to be 
a major factor in developing local opposition to any dike 
and floodwall alternative. 

Bridge and Culvert Alteration or Replacement For Flood 
Control Purposes: The removal and possible replacement 
of selected bridges or culverts on Underwood Creek within 
the Village of Elm Grove was examined as a potential 
means of significantly reducing flood problems in the 
reaches immediately upstream of these crossings. Bridges 
and culverts producing backwater in excess of 1.0 feet 
in flood-prone reaches were selected for inclusion in the 
technical examination of this alternative. The four bridges 
or culverts that were identified consist of a private bridge 
at River Mile 2.83, the Chicago, Milwaukee, St. Paul, and 
Pacific Railroad bridge at River Mile 3.10, a private 
bridge a t  River Mile 3.12, and the Marcella Avenue bridge 
at River Mile 4.48. 

Hydraulic analyses based upon the 100-year recurrence 
interval flood discharge corresponding to year 2000 plan 
conditions and the assumption that the above-listed four 
bridges were either removed entirely or were replaced 
by structures having essentially no backwater effect, 
indicate that removal or replacement of the bridges could 
be expected to reduce the 100-year recurrence interval 
flood stage through the Village of Elm Grove by a maximum 
of only 1.0 foot, this maximum decrease occurring at the 
private bridge located at River Mile 2.83. 

Based on the above hydraulic analyses, it was concluded 
that the removal or replacement of selected bridges and 
culverts within the Village of Elm Grove did not constitute 
a technically feasible means of significantly reducing the 
magnitude of the flood problem that prevailed within the 
community and, therefore, further technical and economic 
analyses of this floodland management alternative were 
not warranted. 

Concluding Statement: Five distinctly different structural 
floodland management alternatives-storage in a detention 
reservoir, major channel modifications, minor channel 
modifications, dikes and floodwalls, bridge and culvert 
alterations or replacement-and one nonstructural 
measure-a combination of structure floodproofing and 
structure removal-were examined as possible solutions 
to the serious flood problem that exists along Underwood 
Creek in the Village of Elm Grove. In addition, a seventh 
alternative, that of taking no action, is available to the 
public agencies concerned, and the flood damages attendant 
to this alternative provide an important basis for the 
analyses of the potential benefits associated with each of 
the other alternatives. 

The principal features of, and the costs and benefits 
associated with, each of the floodland management alterna- 
tives are summarized in Table 25 together with the major 
favorable and unfavorable nontechnical and noneconomic 
considerations likely to influence selection of the most 
desirable solution. In addition to the alternatives identified 



in the table, the diversion of floodwaters to Lake Michigan 
and the temporary storage of floodwaters in mined storage 
chambers beneath the watershed were subjected to 
a preliminary assessment and, although these two alterna- 
tives were determined to be technically feasible, both were 
shown to be economically unsound by a wide margin. 

Excluding the "no action" approach, all of the above 
structural and nonstructural alternatives were found to be 
technically feasible with the exception of minor channel 
modification and bridge and culvert alteration or replace- 
ment. The remaining four measures were found to be 
economic, thus providing four separate technically and 
economically feasible solutions to the flood problems along 
Underwood Creek in the Village of Elm Grove. 

Even though structure floodproofing and removal constitutes 
a technically and economically feasible floodland manage- 
ment alternative for the Village of Elm Grove, this 
alternative was eliminated from further considqration 
for four important reasons: First, complete implementation 
of a voluntary structure floodproofing and removal program 
is unlikely and with partial implementation, the Village 
of Elm Grove would be left with a significant residual 
problem whenever a major flood event occurs. Assuming 
that numerous individual property owners incur the 
necessary cost to implement floodproofing and further 
assuming that the floodproofing devices are adequately 
maintained, community officials may still be faced with 
the problem of reducing the flood threat to those structures 
that have not been voluntarily floodproofed. Second, other 
viable alternatives are available, each of which could be 
applied with a significantly higher likelihood of success 
in eliminating most of the Underwood Creek flood problems. 
Third, even if a voluntary structure floodproofing program 
were completely carried out, the Village of Elm Grove 
would still be subjected to extensive overland flooding that 
would hamper routine access to and from some riverine 
area structures, would continue to periodically close local 
streets to automobile traffic, and would interfere with the 
rapid movement of emergency vehicles. Furthermore, 
yard and street damages and cleanup costs would remain 
with the structure floodproofing and removal alternative, 
and sanitary and storm sewers would continue to experience 
surcharging. Fourth, some floodproofing is very likely 
to be applied without adequate professional advice, and, 
as a result, structure damage is likely to occur and once 
again Village officials are likely to be asked to assist in 
the resolution of the problem. 

Dikes and floodwalls also were eliminated from further 
consideration partly because of the undesirable aesthetic 
impact of these structures in both residential and 
commercial areas of the Village, particularly when other 
equally effective and aesthetically more acceptable 
alternatives are available. Another factor contributing 
to the elimination of the dike and floodwall alternative is 
its dependence on the quick response and reliability of 
storm water pumping stations. This is a significant 
contrast with the other remaining available structural 
alternatives-channelization and detention storage-which 
operate on a gravity flow basis and are not, therefore, so 

heavily dependent upon maintenance practices, on the 
reliability of automatic controls, and on uninterrupted 
power supply. 

Although detention storage would abate only about 45 
percent of the flood problem in the Village of Elm Grove 
as measured by reduction in average annual flood damages, 
this measure does exhibit very favorable benefit-cost 
features. Therefore, another alternative was developed 
consisting of a combination of major channel modification 
and detention storage since such a combination would 
permit a reduction in the channel cross-section and, 
therefore, effect a cost saving in the channelization 
component that might offset the additional cost associated 
with detention storage. The major channelization component 
of this channelization-storage alternative was sized to 
convey the 100-year flood discharge that would exist under 
year 2000 plan conditions with the detention reservoir. 
The channel would be similar to that described above 
except that it would not be so deep. Proceeding in a down- 
stream direction, channelization would lower the existing 
Underwood Creek channel grade by about 2.0 feet a t  
Marcella Drive, about 4.0 feet at Juneau Boulevard, about 
3.0 feet at Watertown Plank Road, and about 1.0 feet a t  
the Waukesha-Milwaukee County line. These grade 
lowerings are 0.5, 2.5, 5.0, and 0.5 feet, respectively, less 
than what would be required if only channelization were 
used to provide flood protection. 

The annual cost of the channelization component of the 
channelization-storage alternative is estimated a t  about 
$206,600, including amortization of the $1,688,600 capital 
cost of the channel modification, amortization of the 
$1,553,700 capital cost of the attendant bridge demolition 
and reconstruction, and $1,000 in annual operation and 
maintenance costs. The estimated cost is $26,700 less 
than the alternative employing only channelization. The 
annual cost of the storage component of the channelization- 
storage alternative that would be assigned to the Village 
of Elm Grove is estimated at $37,700 including: amortiza- 
tion of $514,200 of the total $630,100 capital cost of the 
land and structures and other facilities and responsibility 
for $5,100 of the total $6,200 annual operation and 
maintenance costs. The costs of the reservoir were 
assigned on the assumption that costs would be shared 
by the Village of Elm Grove and the City of Brookfield 
in proportion to the flood damage mitigation benefits 
derived in each community which would total $36,000 
per year in Brookfield and $160,000 per year in Elm 
Grove. Therefore, the total average annual cost of the 
channelization-storage alternative, as shown in Table 25, 
is estimated at about $244,300, which is $11,000, or 
5 percent more than the $233,300 annual cost of the major 
channel modification alternative. The 5 percent difference 
in estimated costs for the channelization alternative and 
the composite channelization-storage alternative is within 
the likely error of the cost estimates and, therefore, it 
may be concluded that there is no significant cost difference 
between these two alternatives. Assuming that the 
channelization-storage alternative would completely 
eliminate all direct and indirect flood damages along 
Underwood Creek in the Village of Elm Grove, the average 



annual flood abatement benefit is estimated a t  about 
$362,800, yielding a benefit-cost ratio of 1.49 and an annual 
excess of benefits over costs of about $118,500. Therefore, 
the channelization-storage alternative may be considered 
a technically and economically feasible solution to the 
existing and forecast Underwood Creek flood problems 
in the Village of Elm Grove. 

As was the case with the channelization alternative, the 
channelization-storage alternative would have a potentially 
negative aesthetic impact on that portion of Underwood 
Creek north of Juneau Boulevard and would, on the other 
hand, have a potentially positive aesthetic impact on that 
portion of Underwood Creek south of Juneau Bouldvard, 
particularly the reach passing through the commercial 
area of the Village. As discussed in Chapter I11 of this 
volume, the latter riverine area could be redeveloped a s  
a continuous parkway from Juneau Boulevard downstream 
to the east limits of the Village. The channelization 
component of the channelization-storage alternative could 
provide the major focus, or framework, within which such 
an urban-oriented parkway could be developed. The 
channelized reach could be developed as  an urban parkway 
with grassy areas, pleasure walks, and attractive plantings 
of trees and shrubs. Another potentially troublesome 
feature of the channelization-storage alternative is the 
need to coordinate the design, construction, and financing 
of the storage reservoir component with the City of 
Brookfield since the reservoir site is in Brookfield. 

After due consideration of the various technical and 
economic features and other aspects of the channelization 
alternative and the channelization-storage alternative, 
it was recommended by the Commission staff that  
channelization be employed to resolve existing.and forecast 
flood problems along Underwood Creek in the Village of 
Elm Grove. In the event that the City of Brookfield elected 
to develop a detention reservoir upstream of the Village 
of Elm Grove on Dousman Ditch, then the size of the 
channel cross-section through E lm Grove could be 
reduced accordingly. 

Action of the Menomonee River Watershed Committee: 
After careful consideration of the five technically and 
economically feasible floodland management alternatives 
developed by the Commission staff for Underwood Creek 
in the Village of Elm Grove and of the Commission staff 
recommendation that channelization or channelization in 
combination with upstream storage be employed to resolve 
existing and forecast flood problems in that reach, the 
Menomonee River Watershed Committee requested that 
the staff develop an additional alternative. This alternative 
consists of four parts: a detention storage reservoir 
located upstream of the Village on Dousman Ditch in the 
City of Brookfield; major channelization and necessary 
hydraulic structure replacement along Underwood Creek 
in the Village of Elm Grove with the major channelization 
terminating in the form of a drop structure immediately 
upstream of the Juneau Boulevard bridge; modest, herein 
termed intermediate channel improvements-defined a s  
development of a turf channel sized so as  to convey the 
10-year recurrence interval flood discharge under year 
2000 plan conditions-and necessary hydraulic structure 

alteration along the Underwood Creek reach between Juneau 
Boulevard and W. North Avenue; and floodproofing of those 
structures along the Juneau Boulevard-W. North Avenue 
reach of Underwood Creek that are not adequately protected 
by channelization. The primary purpose of developing this 
storage-major channelization-intermediate channelization- 
structure floodproofing al ternative was to reduce the 
aesthetic impact of the recommended major channelization 
alternative or the composite major channelization-storage 
alternative by reducing the depth, width, and cross- 
sectional area of the channelized section between Juneau 
Boulevard and W. North Avenue and by eliminating the 
use of a concrete invert and partial concrete sidewalls 
in this reach. 

The storage-major channelization-intermediate channeliza- 
tion-structure floodproofing alternative is shown on Map 24 
and the salient physical characteristics and the attendant 
costs and benefits are set forth in Table 25. The storage 
component of this alternative would consist of a 215 acre- 
foot detention reservoir located upstream on Dousman 
Ditch in the City of Brookfield and would be identical to 
the reservoir incorporated in the above storage and 
channelization-storage alternatives. 

The 0.91-mile-long major channelization component of 
this composite alternative would be located along or near 
the alignment of Underwood Creek and would extend in an 
upstream direction from the Village of Elm Grove-City 
of Wauwatosa line a t  River Mile 2.53 and terminate a t  
Juneau Boulevard in Elm Grove a t  River Mile 3.67. An 
approximate two-foot drop in the channel bottom would 
be provided immediately upstream of the Juneau Boulevard 
bridge and the alignment, grade, and cross-section of 
the channel downstream of that location would be identical 
to that of the channelization-storage alternative described 
above. The major channelization component of this 
alternative would require demolition and replacement of 
the existing bridges a t  the following five crossings- 
listed in downstream order-of Underwood Creek in the 
Village: Juneau Boulevard; the Chicago, Milwaukee, 
St. Paul, and Pacific Railroad; a private bridge; Watertown 
Plank Road; and another Chicago, Milwaukee, St. Paul, and 
Pacific Railroad crossing. In addition, the 575-foot-long 
section of conduit that presently conveys Underwood Creek 
beneath the shopping center parking lot immediately south 
of Watertown Plank Road would be removed and replaced 
with a large open channel. 

The intermediate channelization component of this composite 
alternative would consist of a turf-lined channel sized to 
convey the 10-year recurrence interval flood flow of 
Underwood Creek under year 2000 plan conditions with 
the upstream reservoir in place. The intermediate 
channelization component of this alternative also would 
require replacement of the Marcella Street bridge and 
the Village Hall bridge. The term "intermediate channeli- 
zation" is used herein to distinguish it from the minor 
channelization al ternative described above. Minor 
channelization was defined a s  consisting of removing 
obstructions from the stream channel, deepening the stream 
channel by about one-half foot, increasing the bottom width 
of the channel by 10 percent on each side, and shaping the 



Map 24 

DETENTION STORAGE, MAJOR AND INTERMEDIATE CHANNELIZATION, AND STRUCTURE 
FLOODPROOFING ALONG UNDERWOOD CREEK I N  THE VILLAGE OF ELM GROVE 

LEGEND 

100-YEAR RECURRENCE INTERVAL 
FLOODLANDS--PLANNED LAND USE 
AND EXISTING CHANNEL CONDITIONS - PROPOSED MAJOR CHANNEL-' 
CONCRETE AND TURF LINED - PROPOSED INTERMEDIATE CHANNEL-- 
TURF LINED 
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REQUIRE FLOODPROOFING - (FLOODPROOF UP TO 105 STRUCTURES) 
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BOULEVARD WITH INTERMEDIATE 
CHANNELIZATION 

- REACH IDENTIFICATION 

A t  the request of the Menomonee River Watershed Committee, the Commission staff developed a floodlend management alternative for the 
Village of Elm Grove consisting of a combination of upstream detention storage, major and intermediate channelization, and supplemental 
structure floodproofing. After reviewing the technical, economic, and environmental features of this and other alternativer, the Menomonee 
River Watershed Committee recommended that the storage-major channelizationintermediate channelization-floodproofing alternative be used 
to  resolve existing and forecast flood problems along Underwood Creek in the Village of Elm Grove. 

Source: SEWRPC. 



channels to increase the hydraulic efficiency. A hydraulic 
analysis of the 1.92 mile Underwood Creek reach extending 
from Juneau Boulevard in the Village of Elm Grove 
upstream to Clearwater Road in the City of Brookfield 
indicated that under year 2000 plan conditions, minor 
channelization would reduce the 5-year recurrence 
interval flood stage by a maximum of 0.8 feet and the 
50-year and 100-year recurrence interval flood stages by 
a maximum of only 0.2 feet. Intermediate channelization 
refers to the use of a completely turf-lined channel larger 
in cross-section than minor channelization so as  to achieve 
greater flood stage reduction but having a smaller cross- 
section than that used in the channelization and channeliza- 
tion-storage alternatives. 

Three factors were considered in selecting the 10-year 
recurrence interval flood discharge under conditions of 
the year 2000 plan and upstream detention reservoir a s  
the basis for design of a turf-lined channel. First, it has 
been demonstrated that natural channels tend to be over- 
topped by floodwaters once on the average of about every 
two years; that is, natural channels contain flood flows up 
to approximately the two-year recurrence interval  
discharge. Therefore, the design discharge should be 
significantly higher than that of a two-year recurrence 
interval flow if the frequency of channel overtopping is 
to be significantly reduced. Secondly, since the analysis 
of minor channelization described above clearly indicated 
that a small alteration in the shape of the existing channel 
had no significant impact on 50- through 100-year recur- 
rence interval flood stages, the cross-section selected 
for the intermediate channelization would have to be 
substantially larger than that selected for minor channeli- 
zation in order to achieve a meaningful reduction in flood 
damages. Thirdly, inasmuch as  the underlying reason for 
examining an alternative with intermediate channelization 
is to significantly reduce the aesthetic impact of the channel 
work in the affected reach,  it is imperative that  the 
intermediate channelization be sized so as  to cause less 
alteration to the natural topography than would be caused 
by major channelization. 

An examination of the size of turf channel required to 
convey 5- through 100-year recurrence interval flood 
flows through the Underwood Creek reach bounded by 
Juneau Boulevard and W. North Avenue under year 2000 
plan conditions with the upstream detention reservoir in 
place revealed that a turf channel sized to carry flows 
in the 25- to 50-year recurrence interval range would 
have a cross-section quite similar to that of the concrete 
and turf channel envisioned in the major channelization- 
storage alternative. Thus, in order to minimize the 
aesthetic impact of the intermediate channel, it  was 
necessary to select a design flow less than the 25-year 
recurrence interval discharge and, as  discussed above, 
in order to achieve some reduction in flood stages it was 
necessary to select a design discharge more severe than 
the two-year recurrence interval flow. Therefore, the 
10-year peak flood discharge of 520 cfs under year 2000 
plan conditions with the upstream detention storage in 
place was selected for design of the channel. 

Figure 15 shows the relationships between the various 
cross-sections a t  River Mile 4.12 on Underwood Creek 
in the vicinity of Tonawanda School. These cross-sections 
are typical of those that would exist throughout the Juneau 
Boulevard-W. North Avenue reach. More specifically, 
Figure 15 compares channel floodplain cross-sections 
corresponding to existing topographic conditions, minor 
channelization, intermediate channelization, and major 
channelization with and without the upstream reservoir. 
The intermediate channelization would lower the existing 
channel grade a t  River Mile 4.12 approximately 3.5 feet 
or about two feet less than the channel would have to be 
lowered for major  channelization with the upstream 
reservoir, and about five feet less than the channel would 
have to be lowered for major channelization without the 
upstream reservoir. Furthermore, the total width of the 
altered cross-section under conditions of intermediate 
channelization would be approximately 47 feet, or 87 
percent of the total 54 foot width of the cross-section for 
major channelization with the upstream reservoir in place 
and 76 percent of the 62 foot width of the cross-section 
for major channelization assuming that the upstream 
detention reservoir is not in place. Assuming the upstream 
reservoir to be in place, the cross-sectional shape of the 
turf channel sized to carry a 10-year recurrence interval 
flood discharge approaches the cross-sectional shape of 
a concrete and turf channel designed to carry a 100-year 
recurrence interval discharge because the turf bottom 
and side walls in the former offer more resistance to flow 
than the combination of the concrete and turf in the latter. 
The Manning roughness coefficient, which is the quantitative 
measure of resistance to flow in an open channel, is about 
0.035 for a turf channel and only about 0.017 for a concrete 
channel, indicating that  the flow resistance of turf is 
approximately twice that of concrete. 

A series of backwater computations was conducted to 
obtain the flood stage profiles that would exist upstream 
of Juneau Boulevard within the Village of Elm Grove with 
the intermediate channel .in that reach and with major 
channelization downstream of Juneau Boulevard. These 
profiles were calculated so as  to permit a comparison 
with those that would exist with major channelization 
throughout the entire length of Underwood Creek within 
the Village and with natural channel-floodplain conditions. 

Assuming year 2000 conditions and existence of the 
upstream detention reservoir, major channelization would 
reduce the 100-year flood stage profile a t  River Mile 
4.10-approximately midway between Juneau Boulevard 
and Marcella Street-by about four feet relative to existing 
channel-floodplain conditions, whereas intermediate 
channelization would reduce the 100-year recurrence 
interval flood stage profile by about 2.5 feet. At this same 
location, major channelization would reduce the 10-year 
recurrence interval flood stage profile by about 2.5 feet 
relative to existing channel-floodplain conditions, whereas 
intermediate channelization would reduce the 10-year flood 
stage profile by about 2.0 feet. In general, this backwater 
analysis indicates that intermediate channelization, a turf 
channel sized to carry the 10-year recurrence interval 
flood discharge, when applied to the Underwood Creek 
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component will not be achieved, therefore leaving 
a residual flood problem; the problems associated with 
overland flooding which will remain in the areas provided 
with floodproofing; the strong possibility that some flood- 
proofing will be applied without adequate professional 
advice, resulting in structure damage and danger to occu- 
pants; and, although less severe than a major channelization, 
the aesthetic impact of the intermediate channelization 
component in the residential areas. 

Another negative feature of the detention storage-major 
channelization-minor channelization-floodproofing alterna- 
tive is the likelihood of erosion problems in the turf-lined 
channel section between Juneau Boulevard and W. North 
Avenue. Backwater computations indicate that 2- through 
100-year recurrence interval flood flows under year 2000 
plan conditions and with the upstream reservoir in place 
would produce average velocities in the turf channel 
ranging from about four to six feet per second. Even if 
turf channels are well maintained, velocities in excess 
of about five feet per second may be expected to cause 
erosion problems. Therefore, it is apparent that the 1.14- 
mile-long reach of turf-lined channel would occasionally 
suffer erosion damage that would require repair  and 
restoration by the Village of Elm Grove. In addition, the 
erosion would detract from the appearance of the channel 
and would result in the deposition of sediment and other 
eroded material downstream along Underwood Creek in the 
Village of Elm Grove and the City of Wauwatosa. 

After reviewing the technical and economic and the non- 
technical and noneconomic features of the six economically 
feasible alternatives, the Menomonee River Watershed 
Committee recommended that the storage-major 
channelization-intermediate channelization-floodproofing 
alternative be used to resolve existing and forecast flood 
problems along Underwood Creek in the Village of 
Elm Grove. 

The Village of Elm Grove has installed a movable gate 
at the downstream end of the 575-foot-long conduit that 
conveys Underwood Creek beneath the shopping center 
parking lot south of Watertown Plank Road. The gate, 
when closed, provides a temporary, approximately 300,000 
gallon reservoir maintained for fire-fighting purposes in 
the business-commercial area of the Village. Assuming 
implementation of recommended major channelization 
through this reach, a similar volume of water could be 
maintained for fire-fighting purposes by installing 
a movable gate to a height of approximately 2.5 feet above 
the channel grade at a location about 0.25 miles downstream 
of the Watertown Plank Road. 

The City of Brookfield 
The Flood Problem: As shown on Map 15, the City of Brook- 
field contains two flood-prone reaches of the Menomonee 
River system, one located along a 1.86-mile-long portion 
of Underwood Creek and one located along a 1.26-mile-long 
portion of Butler Ditch. Average annual monetary flood 
risks for these two reaches attributable to both primary 
and secondary flooding under existing conditions a r e  
estimated at about $59,200, while the average annual 
monetary flood risks under year 2000 land use and floodland 

development conditions are estimated at about $75,800, 
a 28 percent increase over existing conditions. It should 
be emphasized that the increase in average annual 
monetary damages under year 2000 plan conditions is 
attributed solely to anticipated changes in upstream land 
use development in the Underwood Creek and Butler Ditch 
subwatersheds inasmuch as the analysis presumes that 
no new flood-prone structures will be constructed in the 
City of Brookfield. As discussed earlier in this chapter, 
complete development of the floodland and nonfloodland 
portions of the watershed that are tributary to Underwood 
Creek and Butler Ditch in the City of Brookfield could be 
expected to result in an approximately two-fold increase 
in average annual monetary risks and, if additional flood- 
prone development were permitted within the flood-prone 
reaches, even higher monetary risks would be incurred. 
As a result of direct and indirect flood damages associated 
with Underwood Creek flooding, the City may be expected 
to incur about $337,000 in flood damages during the 
100-year recurrence interval flood under existing condi- 
tions, whereas damages resulting from the 100-year 
recurrence interval flood under year 2000 plan conditions 
could be expected to approximate $387,000. 

A flood problem also exists in the City of Brookfield along 
the South Branch of Underwood Creek in the vicinity of 
W. Bluemound Road (USH 18). Flood damages were not 
calculated, and alternative floodland management measures 
were not examined for this reach of Underwood Creek 
inasmuch as the associated flood hazard area contains 
only a few structures, and the problem that exists will 
be abated by replacement of the Chicago, Milwaukee, 
St. Paul, and Pacific Railroad bridge. This bridge, which 
obstructs the flow in the South Branch of Underwood 
Creek, was being altered in early 1976 as the watershed 
planning program was being completed. Alternative 
floodland management measures were developed separately 
for the flood-prone reaches along Underwood Creek and 
Butler Ditch. This approach was used because these 
reaches are contained within separate subwatersheds, each 
of which is tributary to the Menomonee River. 

Floodproofing and Removal of Structures: A floodproofing 
and removal alternative was developed and analyzed to 
determine if such a structure-by-structure approach would 
constitute a technically, economically, and environmentally 
acceptable solution to the flood problem in the City. The 
design criteria and overall approach used in this analysis 
were identical to those applied in the Village of Elm Grove. 

For the Underwood Creek flood-prone area, and as shown 
on Map 25, the analyses indicated that there were about 
17 structures that would have to be removed from the 
100-year recurrence interval floodlands under this 
alternative, and a total of about 87 structures located in 
the primary and secondary flooding zones may require 
some form of floodproofing. Future flood damages to 
private residences would be virtually eliminated by the 
floodproofing and removal. Table 27 sets forth a schedule 
of the approximate number of structures to be floodproofed 
and also summarizes the estimated costs and benefits. 
The equivalent average annual cost of the structure flood- 
proofing measures calculated using an annual interest 
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A combination of structure floodproofing and removal was examined as an alternative means for resolving existing and probable future flood 
problems in the residential areas lying along Underwood Creek in the City of Brookfield. This measure was determined to be technically 
practicable and economically feasible. Positive noneconomic and nontechnical considerations include immediate partial flood relief at the 
discretion of property owners and the fact that most of the cost would be borne by beneficiaries. On the negative side, it is unlikely that flood- 
proofing and removal would be completely and effectively carried out on a voluntary basis. Furthermore, overland flooding and some of the 
attendant problems would remain. 

Source: SEWRPC. 

rate of 6 percent and a project life and amortization period and secondary flooding zones may require some form of 
of 50 years, is estimated a t  about $65,700, consisting floodproofing. Future flood damages to private residences 
entirely of the amortization of the $1,036,300 capital cost- would be virtually eliminated by the floodproofing and 
$57,600 for floodproofing and $978,700 for removal. The removal. Table 27 sets forth a schedule of the approximate 
average annual flood abatement benefit is estimated a t  number of structures to be floodproofed and also 
about $73,500, yielding a benefit-cost ratio of 1.12 and an summarizes the estimated costs and benefits. The 
excess of annual benefits over cost of about $7,800. equivalent average annual cost of the structure flood- 
Therefore, the structure floodproofing and removal proofing measure calculated, using an annual interest rate 
alternative, as  described herein, would be both a technically of 6 percent and a project life and amortization period of 
sound and economically feasible means of abating flood 50 years, is estimated at about $400, consisting entirely 
damages in the Underwood Creek flood-prone area of the of amortization of the $6,400 capital cost of the structure 
City of Brookfield. floodproofing. The average annual flood abatement benefit 

is estimated a t  about $2,300, yielding a benefit cost ratio 
For the Butler Ditch flood-prone area, and as  shown on of 5.75 and an excess of annual benefits over cost of about 
Map 26, the analyses indicated that  there were no $1,900. Therefore, the structure floodproofing alternative, 
structures that would have to be removed from the 100-year as  described herein, would be both a technically sound and 
recurrence interval floodlands under this alternative, but economically feasible means of abating flood damages in 
that a total of about 20 structures located in the primary the Butler Ditch flood-prone area of the City of Brookfield. 
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Map 26 

STRUCTURE FLOODPROOFING ALONG BUTLER DITCH IN THE CITY OF BROOKFIELD 
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Structure floodproofing was determined to be a technically and economically feasible solution to existing and forecast flood problems along 
the short reach of Butler Ditch immediately west of Lilly Road in the City of Brookfield. This measure, which would require the floodproofing 
of up to 20 residential structures, was recommended for inclusion in the watershed plan. 

Source: SEWRPC. 

Channel Modifications, Structure Floodproofing and Bridge 
Alteration: As shown on Map 27, the channelization 
component of this alternative would extend from River 
Mile 5.43-approximately 0.16 mile downstream of the 
Clearwater Drive crossing of Underwood Creek--down- 
stream to the City of Brookfieid-Village of Elm Grove 
boundary a t  W. North Avenue (River Mlle 4.82) where it 
wouid join a major channel Improvement beginning a t  
that point and extending down through the Village of Elm 
Grove. The channelization portion of this alternative 
assumes that a major channel modification project will 
he carried out in the Village of Elm Grove with the 
following channellzatiou costs being assigned to the City 
of Brookfield: the entire cost of the channelization within 
the City of Brookfield plus the incremental cost associated 
with the additional channel depth that would be required 
in the Village of Elm Grove in order to provide an adequate 
channel grade a t  the City of Brookfield-Village of Elm 
Grove llne. The channelization component of this alternative 
was not extended farther upstream along Underwood Creek 

in Brookfield because of the steep channel grades which 
exist along the Creek upstream of Cleanvater Drive, which 
would necessitate the use of many costly channel drop 
structures, and because of the very close proximity of 
the residential structures to Underwood Creek, particularly 
along that reach extending from approximately San Gabriel 
Drive extended upstream to Pilgrim Road. The channeliza- 
tion was designed to pass the 100-year recurrence interval 
discharge under year 2WO land use plan conditions without 
overtopping. The modified channel would be located along 
the alignment of Underwood Creek in the City of Brookfield 
and in the Village of Elm Grove. The channel bottom profile 
and channel cross-sectional shape a t  the upstream end of 
the channelized reach would he designed so as  to effect 
an acceptable transition to the existlng natural channel 
grade and shape. Proceeding in a downstream direction. 
the channelization would lower the existing Underwood 
Creek channel by about four feet a t  Ridgewood Road 
extended (River Mile 5.35), about four and one-half feet a t  
Ivy Lane extended (River Mile 5.13), about five feet a t  the 



MAJOR CHANNEL WORKS, STRUCTURE FLOODPROOFING AND REMOVAL, AND 
BRIDGE MODIFICATION ALONG UNDERWOOD CREEK IN THE CITY OF BROOKFIELD 
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100-YEAR RECURRENCE INTERVAL 
FWDLANDS--PLANNED LAND USE 
AND EXISTING CHANNEL CONDITIONS 

PROPOSED MAJOR CHbNNEL--03CRETE 
AND TURF LINED 

APPROXIMATE DEPTH OF PROPOSED 
CHANNEL IN FEET 
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NOTES I IN  T K  REACH FROM THE C H I C m .  
MILWAUKEE ST  RZUL AND PACIFIC 
RAILROAD  RIDGE TO THE POINT 
OF BEGINNING OF THE PROPOSED 
C H M L  IMPROVEMENTS THE 100- 
YEAR RECURRENCE INTERVAL 
FLOOD HAZARD LINE WILL REMAIN 
UNCHANGED FROM a l S T l N G  
CONDITIONS 

2 ELOW RIVER MILE 543 THE 100- 
YEAR RECURRENCE INTERVAL FLOOD 
WOULD BE CONTAINED WITHIN THE 
P R o m s e D  CHANNEL 

This alternative consists of a combination of measures intended to resolve existing and forecast flood problems along Underwood Creek in the 
City of Brookfield. This approach was shown to be technically practicable and economically feasible and, therefore. was one of the several 
measures considered in formulation of floodland management recommendations for the 8rookfield.Elm Grove area. 

Source: SEWRPC 



Brookfield-Elm Grove line (River Mile 4.82), about five 
and one-half feet a t  Underwood River Parkway extended 
(River Mile 4.40), and about six feet a t  Elmhurst Parkway 
extended (River Mile 3.99). The width of the invert or 
bottom of the concrete channel within the City of Brookfield 
would be 20 feet and the side slopes would be one vertical 
on three horizontal. The bottom and side walls up to the 
10-year flood stage would be lined with concrete, resulting 
in a total concrete width of from 25 to 35 feet within 
Brookfield. 

The channelization would require demolition and 
replacement of the existing bridge a t  the W. North Avenue 
crossing of Underwood Creek. The cost of reconstructing 
this crossing, however, was not charged against the 
channelization-floodproofing-bridge alteration alternative 
since the structure is recommended for improvement in 
the adopted jurisdictional highway system plan for Wauke- 
sha County in order to provide adequate traffic capacity. 

The structure floodproofing component of this alternative 
would be applied along Underwood Creek beginning in the 
vicinity of Clearwater Drive crossing a t  River Mile 5.59 
and extending ups t ream to the Chicago, Milwaukee, 
St. Paul, and Pacific Railroad bridge a t  River Mile 6.32. 
As shown on Map 27, the analyses indicated tha t  two 
structures may have to be removed from the 100-year 
recurrence interval floodlands while a total of about 44 
structures located in the primary and secondary flooding 
zones may require some form of floodproofing. Future 
flood damages to private residences would be abated in 
this reach by the application of floodproofing and removal. 

Modification of the Chicago, Milwaukee, St. Paul, and 
Pacific Railroad bridge a t  River Mile 6.32 was included 
a s  an integral part of this alternative because hydraulic 
computations indicate that  the bridge constitutes 
a significant obstruction to flow-this crossing produces 
a backwater effect of approximately 18 feet under year 2000 
plan-100-year recurrence interval discharge conditions- 
and because the close proximity of residential structures 
to Underwood Creek in this area render the construction 
of major channel works impractical since such construction 
would actually require removal of the structures that a re  
to be protected. The railroad bridge would be altered by 
providing an enlarged waterway opening that would pass 
the 100-year recurrence interval discharge under year 
2000 plan conditions with the maximum head loss of 
0.5 feet. 

The technical practicality and economic feasibility of 
a local bypass of Underwood Creek was examined a s  
a potentially more cost-effective method of resolving the 
flood problems in the Underwood Creek reach bounded by 
Pilgrim Road and the Chicago, Milwaukee, St. Paul, and 
Pacific Railroad bridge. The bypass would consist of an 
open channel parallel to and west of Pilgrim Road extending 
from the intersection of Underwood Creek and Pilgrim 
Road approximately 950 feet in a northerly direction to 
the Chicago, Milwaukee, St. Paul, and Pacific Railroqd. 
At this point, there would be a transition to a large conduit 
that would pass beneath the railroad grade, turn east and 
pass beneath Pilgrim Road, and extend easterly approxi- 

mately. 520 feet to join Underwood Creek immediately 
downstream of the railroad crossing of the Creek. As 
shown on Map 29, this facility would permit the diversion 
of the 100-year recurrence interval flood flow under year 
2000 plan conditions of 1,940 cfs past the flood-prone 
Underwood Creek reach between Pilgrim Road and the 
Chicago, Milwaukee, St. Paul, and Pacific Railroad but 
could be designed so that moderate stream flows could 
be maintained through the existing channel in this reach 
for aesthetic purposes. The open channel portion of this 
alternative would have a bottom width of 20 feet, side walls 
with a one-on-three slope, and the bottom and the side 
slopes up to the 10-year recurrence stage would be lined 
with concrete. The conduit portion of this subalternative 
would consist of 600 feet of 7.5-feet-diameter concrete 
conduit having an upstream invert elevation of about 810.2 
feet above Mean Sea Level Datum and a downstream invert 
elevation of about 794.5 feet above Mean Sea Level Datum 
for a total drop, and therefore available hydraulic head, 
of 15.7 feet. 

The capital cost of the open channel component of the 
bypass subalternative is estimated at  $131,000 and the 
capital cost for the conduit component would be $402,000, 
including allowance for a support structure where the 
conduit passes beneath the Chicago, Milwaukee, St. Paul, 
and Pacific Railroad, giving a total capital cost of $533,000 
for the bypass subalternative.  This capital  cost is 
approximately 2.5 times the $210,000 capital cost of 
reconstructing the Chicago, Milwaukee, St. Paul, and 
Pacific Railroad bridge over Underwood Creek. It is 
apparent that the reconstruction of that bridge is a more 
cost-effective way of solving the flood problem in the 
Underwood Creek reach between Pilgrim Road and the 
railroad bridge and, therefore, the bypass subalternative 
did not receive further consideration in the development 
of floodland management alternatives for Underwood Creek 
in the City of Brookfield. 

A schedule of the physical characteristics of the major 
channelization-floodproofing-bridge replacement alterna- 
tive and the at tendant  costs and benefits is presented in 
Table 27. The equivalent average  annual  cost of the 
alternative calculated, using an annual interest rate of 
6 percent and project life and amortization period of 
50 years, is estimated a t  about $63,600 consisting of: 
$39,100 for amortization of the $617,000 capital cost of 
the channel modification and associated bridge replace- 
ment, $900 for amortization of the $14,500 capital cost of 
structure floodproofing, $10,000 for amortization of the 
$156,800 capital cost of structure removal, $13,300 for 
amortization of the $210,000 capital cost of demolition 
and reconstruction of the Chicago, Milwaukee, St. Paul, 
and Pacific Railroad bridge, and $300 annual operation 
and maintenance costs. Assuming tha t  the major  
channelization-floodproofing-bridge alteration alternative 
would completely eliminate all direct and indirect flood 
damages along Underwood Creek between Pilgrim Road 
and W. North Avenue in the City of Brookfield, the average 
annual flood abatement benefit is  est imated a t  about 
$73,500, yielding a benefit-cost ratio of 1.16 and an  annual 
excess of benefits over costs of about $9,900. Therefore, 
the channelization-floodproofing-bridge alteration alterna- 



tive may be considered a technically practicable and 
economically viable means of abating flood damages in 
the flood-prone reach along Underwood Creek in the City 
of Brookfield. 

Another factor to be considered in the evaluation of this 
alternative is that it could not be undertaken unilaterally 
by the City of Brookfield inasmuch as technical feasibility 
requires that the channel modifications extend downstream 
into the Village of Elm Grove in order to effect an 
acceptable transition to the existing channel grade. In the 
event that the Village of Elm Grove does not undertake 
the channel modifications, the City of Brookfield would 
be faced with the problem of securing permission from 
the Village of Elm Grove to extend channelization into 
the Village and would also be faced with the responsibility 
of absorbing not only the cost of channel improvements 
within Brookfield but also the entire cost of that portion 
extending downstream into the Village of Elm Grove. 

A major channelization alternative was not developed for 
the Butler Ditch flood-prone reach in the City of Brookfield. 
Relative to most other flood-prone reaches, average 
annual damages per mile of riverine area are small in 
the Butler Ditch reach and therefore it was apparent that 
a costly structural measure like major channel works 
would not be economically feasible. 

Dikes and Floodwalls, Structure Floodproofing and Bridge 
Alteration: As shown on Map 28, the dike-floodwall 
component of this alternative would be limited to the river 
reach extending from River Mile 5.95 downstream to the 
City of Brookfield-Village of Elm Grove boundary a t  
W. North Avenue (River Mile 4.82). Under this alternative, 
a total of 1.56 miles of earthen dikes and concrete or sheet 
steel floodwalls similar to those shown in Figure 15 would 
be constructed along both sides of Underwood Creek. About 
1.44 miles of earthen dike and about 0.12 miles of concrete 
or sheet steel floodwall would be required. In order to 
convey the design flood flow with a minimum freeboard 
of two feet, the dikes and floodwalls would be up to seven 
feet high in some locations. The dike-floodwall system 
would require construction of a new bridge at the Clear- 
water Drive crossing of Underwood Creek (River Mile 
5.59) in order to contain the floodwaters within the confines 
of the dikes and floodwalls. In addition, the dike-floodwall 
component of this alternative would include provision for 
construction of a minimum of five major storm water lift 
or pumping stations and backwater gates near the end of 
storm sewer outfalls or other drainageways that a r e  
tributary to Underwood Creek. These facilities would be 
required to prevent movement of floodwaters from the 
River to the surrounding urban areas through the storm 
sewers and drainageways and to prevent any accumulation 
of lateral runoff behind the dikes and floodwall creating 
local drainage problems. 

The structure floodproofing component of this alternative 
would be applied along Underwood Creek beginning at about 
River Mile 6.0 and extending upstream to the Chicago, 
Milwaukee, St. Paul, and Pacific Railroad bridge a t  River 
Mile 6.32. As shown on Map 28, the analyses indicate that 
there would be no structures that would have to be removed 

from the 100-year recurrence interval floodlands while a 
total of about seven structures located in the secondary 
flooding zones may require some form of floodproofing. 
Future flood damages to private residences would be 
abated in this reach by application of floodproofing. 

Modification of the Chicago, Milwaukee, St. Paul, and 
Pacific Railroad bridge a t  River Mile 6.32 was included 
as an integral part of this alternative because, as already 
noted, hydraulic computations indicate that the bridge 
constitutes a significant obstruction to flow-this crossing 
produces a backwater effect of approximately 18 feet under 
year 2000 plan-100-year recurrence interval discharge 
conditions-and because the close proximity of residential 
structures to Underwood Creek in this area render the 
construction of dikes and floodwalls impractical since such 
construction would actually require removal of some of the 
structures that are to be protected. The railroad bridge 
would be altered by providing an enlarged waterway opening 
that would pass the 100-year recurrence interval discharge 
under year 2000 plan conditions with a minimum backwater 
of 0.5 feet. It may be necessary under this alternative to 
supplement replacement of the railroad bridge with 
selected floodproofing of structures along Underwood Creek 
in the reach bounded at the downstream end by the railroad 
bridge and at the upstream end by Pilgrim Road. The cost 
of that floodproofing was not included in the economic 
analyses because it was determined that those costs would 
be very small compared to the cost of reconstructing the 
railroad bridge and would not, therefore, significantly 
influence the outcome of the benefit cost analysis. 

The schedule of the physical characteristics of this 
alternative and the attendant costs and benefits is presented 
in Table 27. The equivalent average annual cost of the dike 
and floodwall-bridge alteration alternative, calculated using 
an annual interest rate of 6 percent and a t  a project life 
and amortization period of 50 years, is estimated at $87,200 
consisting of the following: $36,200 for amortization of the 
$570,200 capital cost of the dikes and floodwalls and land 
necessary to construct them, $23,300 for amortization of 
the $368,000 capital cost of the new river crossings, 
$20,600 for amortization of the $325,000 capital cost of 
the backwater control and pumping facilities, $100 for 
amortization of the $1,500 capital cost of floodproofing, 
and $7,000 for annual operation and maintenance costs. 
Assuming that the dike and floodwall-bridge alteration 
project would completely eliminate all direct and indirect 
flood damage along Underwood Creek in the City of 
Brookfield between Pilgrim Road and W. North Avenue, 
the average annual abatement benefit is estimated at about 
$73,500, yielding a benefit-cost ratio of 0.84 and an annual 
excess of costs over benefits of about $13,700. Therefore, 
the dike and floodwall-bridge alteration plan element as  
described herein may be considered technically 
practicable, but it is not economically feasible for the 
flood-prone reaches along Underwood Creek in the City 
of Brookfield. 

A dike-floodwall alternative was not developed for the 
Butler Ditch flood-prone reach in the City of Brookfield. 
Relative to most other flood-prone reaches, average 
annual damages per mile are small in the Butler Ditch 
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EXISTING CONDITIONS 

This alternative measure for abating existing and probable future flood problems along Underwood Creek in the City of Brookfield consists of 
selective use of earthen dikes and concrete floodwalls and of structure floodproofing supplemented with removal of the hydraulic constriction 
imposed by the existing Chicago, Milwaukee, St. Paul, and Pacific Railroad bridge and with storm water pumping facilities. While technically 
practicable, this alternative was shown to be economically unfeasible. 
Source: SEWRPC. 



reach and, therefore, it was apparent that a costly struc- 
tural measure like major channel works would not be 
economically feasible. 

Bridge or Culvert Alteration or Replacement for Flood 
Control Pur~oses:  The removal or alteration of selected 
bridges or culverts on Underwood Creek and Butler Ditch 
in the City of Brookfield-other than the Chicago, Milwau- 
kee, St. Paul, and Pacific Railroad bridge and other 
crossings included with the channelization dike floodwall 
alternatives-was examined as a potential means of reducing 
the flood problems in the reaches immediately upstream 
of such crossings. Bridges and culverts in these reaches 
producing backwater effects in excess of one foot under 
year 2000 plan-100-year recurrence interval discharge ' 

conditions were identified to determine if a reduction in 
backwater would be a technically and economically 
feasible means of resolving a substantial portion of flood 
problems. Two crossings were found to exist in this 
category along the Underwood Creek flood-prone reaches 
and none on the Butler Ditch flood-prone reach. The Santa 
Maria bridge at River Mile 5.99 on Underwood Creek 
produces a backwater of about two feet and the Indian Creek 
Parkway bridge at River Mile 6.20 produces a backwater 
of about 2.5 feet. Removal or modification of these struc- 
tures so as to essentially eliminate the backwater effect 
would reduce local floodstages over a very short reach- 
about 0.1 mile-and, therefore, monetary flood risks would 
not be significantly reduced throughout the Underwood 
Creek flood-prone reach. Consequently this alternative 
was deemed to be not technically practicable and further 
analyses of alteration or replacement of these two Under- 
wood Creek crossings not warranted. 

Detention Storage, Bridge Alteration, and Structure Flood- 
proofing and Removal: Although detention storage would 
abate only about one-half of the flood problem along 
Underwood Creek in the City of Brookfield, as measured 
by the reduction in average flood damages, this measure 
does exhibit very favorable cost benefit features in that 
an average annual benefit of approximately $36,000 would 
be achieved with an average annual cost assignable to 
Brookfield for the detention reservoir of approximately 
$8,500, which would represent its share of the total 
annual cost of $46,200 for the reservoir. The costs of the 
reservoir were assigned on the assumption that the total 
average annual costs of $46,200 would be shared by the 
Village of Elm Grove and the City of Brookfield in propor- 
tion to the flood damage mitigation benefits derived in 
each community, namely $36,000 per year in Brookfield 
and $160,000 per year in Elm Grove. Therefore, in order 
to use the very favorable benefit-cost features of the 
detention reservoir, another alternative was developed 
for abating flood damages along Underwood Creek in the 
City of Brookfield consisting of three components: an 
upstream detention storage on Dousman Ditch at Gebhardt 
Road; replacement of the Chicago, Milwaukee, St. Paul, 
and Pacific Railroad bridge; and structure floodproofing 
and removal along the 1.51-mile-long reach of Underwood 
Creek bounded by the railroad bridge on the upstream 
end and North Avenue on the downstream end. As shown 
on Map 29, the analyses indicated that seven structures 
may have to be removed from the 100-year recurrence 

interval floodlands under this alternative, and a total of 
about 65 structures located in the primary and secondary 
flood zones may require some form of floodproofing. This 
compares with the removal of 17 structures and the flood- 
proofing of up to 87 structures would be required under 
the structure floodproofing and removal alternative 
discussed above. 

The equivalent average annual cost of the detention storage- 
bridge replacement-floodproofing alternative, calculated 
using an annual interest rate of 6 percent and a project 
life of amortization period of 50 years, is estimated a t  
about $46,700, consisting of $8,500 per year assignable 
to the City of Brookfield for amortization of the capital 
costs and for the operation and maintenance of the upstream 
detention reservoir; $13,300 per year for amortization 
of the $210,000 capital cost of replacing the railroad bridge; 
$2,600 per year for amortization of the $41,000 capital 
cost of structure floodproofing; and $22,300 for amortiza- 
tion of the $352,600 capital cost of structure removal. 
The cos;s of the reservoir were assigned on the assumption 
that the total average annual costs of $46,200 for the 
detention reservoir would be shared by the Village of 
Elm Grove and the City of Brookfield in proportion to the 
flood damage mitigation benefits derived by each community 
which would total $36,000 per year in the City of Brook- 
field and $160,000 per year in the Village of Elm Grove. 
Future flood damages to private residences would be 
virtually eliminated by this alternative and the resulting 
average annual flood abatement benefit is estimated at 
about $73,500, yielding a benefit-cost ratio of 1.57 and an 
excess annual benefit over annual cost of about $26,800. 
Therefore, the detention storage-bridge replacement- 
structure floodproofing and removal alternative, as  
described herein, would be both technically feasible and 
economically viable for the Underwood Creek flood-prone 
area within the City of Brookfield. In the event that the 
Village of Elm Grove would not participate in financing 
the upstream detention reservoir, the equivalent average 
annual costs incurred by the City of Brookfield would 
increase to about $84,400, consisting of the amortization 
of the $210,000 capital cost of replacing the railroad bridge 
and the amortization of the $393,600 capital cost of 
structure floodproofing and removal plus the entire $46,200 
annual cost of the upstream detention reservoir. The 
average annual flood abatement benefit would remain a t  
$73,500, yielding a benefit cost ratio of 0.87 and an excess 
of annual cost over benefits of about $10,900. Therefore, 
the detention storage and structure floodproofing alterna- 
tive, as described herein, would be both technically and 
economically feasible for the Underwood Creek flood-prone 
area within the City of Brookfield only if the Village of 
Elm Grove participates in financing the upstream 
detention reservoir. 

In order to identify the most cost-effective means of elimi- 
nating the flood problem in the short reach of Underwood 
Creek between Pilgrim Road and the Chicago, Milwaukee, 
St. Paul, and Pacific Railroad bridge, an analysis was 
made of the economics of a subalternative in that reach 
consisting of structure floodproofing and removal in lieu 
of replacement of the railroad bridge. The increase in 
capital cost associated with structure floodproofing and 



DETENTION STORAGE, BRIDGE MODIFICATION, AND STRUCTURE FLOODPROOFING 
AND REMOVAL ALONG UNDERWOOD CREEK IN  THE CITY OF BROOKFIELD 
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This alternative floodland management measure combines the best features of other alternatives examined for the Purpose of resolving existing 
and forecast flood problems along Underwood Creek in the City of Brookfield. I t  i s  recommended that this combination of detention storage. 
bridge modification, and structure floodproofing and removal be implemented in the City of Brookfield in combination with floodproofing 
and intermediate and major channel improvements downstream along Underwood Creek in the Village of Elm Grove. 

Source: SEWRPC. 



removal in this reach was determined to be $211,900, 
whereas the reduction in capital cost associated with 
elimination of the need for replacing the railroad bridge 
was determined to be $210,000, for a net increase in capital 
cost of $1,900. Based on the results of this economic 
investigation, reconstruction of the railroad bridge is more 
cost-effective than structure floodproofing and removal 
for resolving the flood problems in the Pilgrim Road- 
railroad bridge reach of Underwood Creek. 

Concluding Statement: Five distinctly different structural 
floodland management alternatives-storage in a detention 
reservoir, major channelization supplemented with 
structure floodproofing and removal and bridge alteration, 
a dike-floodwall system supplemented with structure 
floodproofing and bridge alteration, bridge alteration or 
replacement, and a storage-floodproofing bridge 
replacement- and removal combination-and one nonstruc- 
tural measure-a combination of structure floodproofing 
and structure removal-were examined as possible solutions 
to the flood problems that exist along Underwood Creek 
in the City of Brookfield. In addition, a seventh alternative, 
that of taking no action, is available to the public agencies 
concerned, and the flood damages attendant to this 
alternative provided an important basis for the analyses 
of the potential benefits associated with each of the 
other alternatives. 

The principal features of and the costs and benefits 
associated with each of the floodland management alterna- 
tives for both Underwood Creek and Butler Ditch flood- 
prone areas are summarized in Table 27 together with 
the major favorable and unfavorable nontechnical and 
noneconomical considerations likely to influence selection 
of the most desirable solution. In addition to the 
alternatives identified in the table, the diversion of 
floodwaters to Lake Michigan and the temporary storage 
of waters in mined storage chambers beneath the watershed 
were subjected to a preliminary assessment; although 
these two alternatives were determined to be technically 
feasible, both were shown to be economically unsound by 
a wide margin. 

All of the structural and nonstructural alternatives 
examined in detail for the Underwood Creek reach were 
found to be technically feasible with the exception of bridge 
alteration or replacement. Of the remaining five measures, 
four were found to be both technically practicable and 
economically feasible-detention storage, structure flood- 
proofing and removal, major channelization supplemented 
with structure floodproofing and removal and bridge 
alteration, and the storage-floodproofing and removal- 
bridge alteration composite. 

The alternative involving only upstream detention storage 
was eliminated from further consideration. Even though 
this alternative exhibits very favorable benefit-cost 
features, it would only eliminate about 45 percent of the 
flood problem along Underwood Creek between W. North 
Avenue and Pilgrim Road. The alternative involving only 
structure floodproofing and removal, although technically 
and economically feasible for this reach of Underwood 
Creek, was eliminated from further consideration for four 

important reasons. First, complete implementation of 
voluntary structure floodproofing and removal program 
is unlikely and, with partial implementation, the City of 
Brookfield would be left with a significant residual flood 
problem whenever a major flood event occurs. In spite 
of the fact that numerous individual property owners may 
have implemented floodproofing and have incurred the 
necessary costs, community officials may still be faced 
with the problem of reducing the flood threat to those 
structures that have not been voluntarily floodproofed. 
Second, other viable alternatives are available, which 
could be applied with significantly higher likelihood of 
success in eliminating most of the Underwood Creek flood 
problems. Third, even if the voluntary structure flood- 
proofing program were completely carried out, extensive 
overland flooding would still occur thereby, hampering 
the access to and from some riverine area structures, 
periodically closing local streets to automobile traffic, 
and interfering with the rapid movement of emergency 
vehicles. Furthermore, yard and street damages and 
cleanup costs would remain with the structure floodproofing 
and removal alternative. Fourth, some floodproofing is 
very likely to be applied without adequate professional 
advice and, as a result, structure damage is likely to 
occur, and once again City officials are likely to be asked 
to assist in the resolution of the problem. 

The alternative involving major channel modification 
supplemented with structure floodproofing and removal 
and bridge alteration was eliminated from further 
consideration because the economic features of this 
alternative-annual benefit minus annual cost of $9,900 
and a benefit-cost ratio of 1.16-are significantly less 
attractive than the economic features of the fourth and 
last technically practicable and economically feasible 
alternative involving storage, bridge replacement, and 
structure floodproofing and removal which has an annual 
excess of benefits over cost of $26,800 and a benefit-cost 
ratio of 1.57. 

After due consideration of the various technical and 
economic features and other aspects of the storage and 
floodproofing alternative, it is recommended that upstream 
storage on Dousman Ditch in combination with replacement 
of the Chicago, Milwaukee, St. Paul, and Pacific Railroad 
bridge and structure floodproofingand removal be employed 
to resolve existing and forecast flood problems along 
Underwood Creek in the City of Brookfield. This alterna- 
tive is recommended even if the Village of Elm Grove 
elects not to participate in the funding of the Dousman 
Ditch detention storage area which would render this 
alternative slightly uneconomic from a strictly flood 
control perspective. Development of a detention reservoir 
along Dousman Ditch in the City of Brookfield is fully 
consistent with preservation of the primary environmental 
corridor along the Dousman Ditch inasmuch as it would 
provide a mechanism-in addition to the use of floodland 
and conservancy zoning, as recommended in the land use 
plan element-for maintaining the area in public open 
space use. 

The only economically feasible means of reducing the 
secondary flooding problem that exists in the City of 
Brookfield along Butler Ditch is structure floodproofing. 



Although floodproofing has significant negative features 
as identified in Table 27, and as  discussed above, it is 
the only means available for achieving relief from 
secondary flooding and is recommended for the Butler 
Ditch reach. More specifically, it is recommended that 
floodproofing be applied to residential structures in the 
primary and secondary flooding zones along Butler Ditch 
that are not subject to first floor inundation by the 100-year 
recurrence interval flood under year 2000 plan conditions. 
These residential structures should be floodproofed to an 
elevation two feet above the 100-year recurrence interval 
flood stage. Inasmuch as the 100-year flood stage is below 
the first floor elevation of all residential structures in 
this reach, there are no structures recommended for 
removal. It is imperative that all floodproofing measures 
be applied under the guidance of a registered engineer. 
Failure to utilize adequate professional supervision 
is likely to result in damage to the structure during 
a major flood. 

The Village of Menomonee Falls 
The Flood Problem: As shown on Map 15, the Village 
of Menomonee Falls contains four flood-prone reaches 
of the Menomonee River watershed stream system. Three 
of these reaches are located along the main stem of the 
Menomonee River and have a combined length of 3.13 miles 
or approximately half the total length of the Menomonee 
River within the Village of Menomonee Falls. The fourth 
flood-prone reach is located along Lilly Creek between 
its confluence with the Menomonee River and the Chicago 
and Northwestern Railroad crossing a t  River Mile 2.59, 
with most of the damage in this reach being concentrated 
in the residential area bounded a t  the downstream end by 
W. Good Hope Road at River Mile 0.84 and extending 
upstream approximately 0.58 miles to about Jerry Lane 
extended a t  River Mile 1.42. 

For the Village as  a whole, average annual monetary flood 
risks attributable to both primary and secondary flooding 
under existing conditions are estimated a t  about $69,300, 
whereas the average annual monetary flood risks under 
year 2000 land use and floodland development conditions 
are estimated a t  about $145,700, a 110 percent increase 
over existing conditions. It should be emphasized that the 
increase in average annual monetary damages under year 
2000 plan conditions is attributed solely to anticipated 
changes in land use development in upstream portions 
of the watershed inasmuch as the analysis presumes that 
no new flood-prone structures will be constructed in the 
Village of Menomonee Falls. As discussed earlier in this 
chapter ,  complete development of the floodland and 
nonfloodland portions of the watershed that are tributary 
to the Menomonee River and Lilly Creek in the Village 
of Menomonee Falls could be expected to be resolved in 
an approximately six-fold increase in average annual 
damages. If additional flood-prone development were 
permitted within the Village of Menomonee Falls, even 
higher monetary risks would be incurred. As a result of 
direct and indirect damages associated with the flooding 
of the Menomonee River and Lilly Creek, the Village may 
be expected to incur about $376,700 in flood damages 
during a 100-year recurrence interval flood under existing 
conditions and damages of about $515,200 under year 2000 
plan conditions. 

For analytic purposes, each of four flood-prone reaches 
within 'the Village of Menomonee Falls  was treated 
individually. This approach was employed primarily 
because the four reaches are separated from each other, 
giving rise to the possible technical feasibility of applying 
different approaches in each of the reaches. 

Floodproofing and Removal of Structures: A structure 
floodproofing and removal alternative was developed and 
analyzed for each of the four flood-prone reaches within the 
Village of Menomonee Falls to determine if a structure- 
by-structure approach would constitute a technically 
feasible, economically sound, and environmentally 
acceptable solution to the flood problem in the Village. The 
design criteria and overall approach used in this analysis 
were identical to those applied to the Village of Elm Grove 
flood problem. The floodproofing and removal a!ternative 
are shown on Map 30 and the approximate number and 
types of structures to be floodproofed and removed are 
set forth in Table 28 along with the at tendant costs 
and benefits. 

For that reach of the Menomonee River between County 
Line Road (CTH Q) a t  River Mile 23.47 and Main Street 
(STH 74) a t  River Mile 21.93, the analyses indicated that 
only two structures may have to be removed from the 
100-year recurrence interval floodlands under this 
alternative, and up to about 59 structures located in the 
primary and secondary flooding zones would require some 
form of structure floodproofing. Future flood damages to 
private residences and commercial structures within 
this reach would be virtually eliminated by structure 
floodproofing and removal. The average annual cost of 
this alternative, computed using an interest r a t e  of 
6 percent and a project life and amortization period of 
50 years, is estimated a t  about $9,800, consisting entirely 
of amortization of the $47,700 capital costs of the structure 
floodproofing and the $107,900 capital cost of structure 
removal. The average annual flood abatement benefits 
are estimated a t  about $18,300, yielding a benefit-cost 
ratio of 1.87 and an excess of annual benefits over annual 
costs of about $8,500. Therefore, the structure flood- 
proofing and removal alternative would be both technically 
and economically feasible for this reach. 

For that reach of the Menomonee River between Jacobson 
Drive extended a t  River Mile 21.65 and River Mile 21.25, 
which is located approximately 700 feet west of Pilgrim 
Road, the analyses indicated that up to about 25 structures 
located in the primary and, secondary flooding zones would 
require some form of floodproofing. Future flood damages 
to private residences within this reach could be virtually 
eliminated by structure floodproofing and removal. The 
average annual cost of the structure floodproofing and 
removal measures, computed using an interest rate of 
6 percent and project life and amortization period of 50 
years, is estimated a t  about $700, consisting entirely of 
the amortization of the $10,900 capital cost of the structure 
floodproofing. The average annual flood abatement benefits 
are estimated a t  about $9,500 yielding a benefit-cost ratio 
of 13.6 and an excess of annual benefits over annual costs 
of about $8,800. Therefore, the structure floodproofing 
and removal alternative would be both technically and 
economically feasible for this reach. 
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Map 38--ecmtlmred 

Structure floodproof~ng and removal were examined as one alternative means of resolving the existing and probable future flood problems 
along portions of the main stem of the Menomonee River and along Lilly Cre& within the Village of Menomonee Falls. Under this floodland 
management measure, up to 117 structures would be floodproofed and up to three structures would be removed along the Menomonee River 
while up to 90 structures would be floodproofed and up to 21 structures would be removed along Lilly Creek. This alternative war found to be 
an economically feasible solution to the flood problems. 

Source: SEWRPC. 



For the reach of the Menomonee River between Margaret 
Road extended a t  River Mile 20.93 and Lilly Road a t  River 
Mile 19.74 the analyses indicated that about one structure 
may have to be removed from the 100-year recurrence 
interval floodlands under this alternative and up to about 
33 structures located in the primary and secondary 
flooding zones would require some form of floodproofing. 
Future flood damages to private residences within this 
reach would be virtually eliminated by structure flood- 
proofing and removal. The average annual cost of the 
structure floodproofing and removal measures, computed 
using an interest rate of 6 percent and a project life and 
amortization period of 50 years, is estimated a t  about 
$4,500, consisting entirely of amortization of the $19,500 
capital costs of the structure floodproofing and the $51,900 
capital cost of structure removal. The average annual 
flood abatement benefits are estimated a t  about $8,500, 
yielding benefit-cost ratio of 1.88 and an excess of annual 
benefits over annual costs of about $4,000. Therefore, the 
structure floodproofing and removal alternative would be 
both technically and economically feasible for this reach. 

For the flood-prone reach of Lilly Creek between its 
confluence with the Menomonee River and the Chicago 
and Northwestern Railroad bridge a t  River Mile 2.59, 
the analyses indicated that about 21 structures may have 
to be removed from the 100-year recurrence interval 
floodlands under this alternative and up to about 90 
structures located in the primary and secondary flooding 
zones would require some form of floodproofing. Future 
flood damages to private residences and commercial 
structures within this reach would be virtually eliminated 
by structure floodproofing and removal. The average 
annual cost of the structure floodproofing and removal 
alternative, computed using an interest rate of 6 percent 
and a project life and amortization period of 50 years, 
is estimated a t  about $79,500, consisting entirely of the 
amortization of the $73,300 capital cost of the structure 
floodproofing and the $1,180,000 capital cost of removal. 
The average annual flood abatement benefits are estimated 
at about $109,400, yielding a benefit-cost ratio of 1.38 and 
an excess of annual benefits over annual cost of about 
$29,900. Therefore, the structure floodproofing and 
removal al ternative would be both technically and 
economically feasible for this reach. 

Locally Proposed Channel Modifications: The Village of 
Menomonee Falls has completed a preliminary design 
for the ultimate channelization of a major portion of the 
5.52 mile length of the Menomonee River, extending from 
the Washington-Waukesha County line through the Village 
to the Waukesha-Milwaukee County line, and of the 3.00- 
mile-long reach of Lilly Creek extending from its 
confluence with the Menomonee River upstream to 
W. Silver Spring Drive.6 This preliminary plan for the 
ultimate channelization of the Menomonee River and Lilly 

Creek was prepared in recognition of existing and likely 
future flood and stormwater drainage problems and in 
order to permit the proper design of the trunk sewer 
grades and alignments, street locations, and storm sewer 
outfall grades. 

The alignment and grade of the proposed Menomonee 
River channel modifications were used to select the 
alignment and grade for the trunk sewer that parallels 
the Menomonee River and will ultimately connect the 
two Village sewage treatment plants to the Milwaukee- 
Metropolitan Sewerage Commissions' sewer system and 
treatment facilities. The ultimate channel grade was used 
to set the trunk sewer grade sufficiently low so that future 
sewers passing beneath the river and connecting to the 
trunk sewer would not have to be constructed as  inverted 
siphons. The alignment and grade of the locally proposed 
ultimate channelization in the Village also were used to 
size and set grades for storm sewers discharging or 
planned to discharge at the following locations: on the 
Menomonee River a t  River Mile 22.80 near the River Court 
Shopping Center and a t  River Mile 21.00 and 20.72, near 
the Pilgrim Road sewage treatment plant, and along the 
entire length of Lilly Creek. 

This tentative proposal for the ultimate channelization of 
the Menomonee River and Lilly Creek is pertinent to the 
floodland management element of the Menomonee River 
watershed plan inasmuch as  the proposed channelization 
includes the four flood-prone reaches identified under 
the watershed study. The locally proposed channelization, 
in effect, constitutes one possible floodland management 
alternative that should be examined inasmuch as  consider- 
able effort has been expended by the Village Engineer in 
preparation of the proposal and the proposal is directed 
to the solution of existing and future flooding and storm 
water problems. Accordingly, the locally proposed 
channelization proposal, as  shown on Map 31, was analyzed 
in order to determine if such a structural measure would, 
in accordance with the objectives and standards established 
under the watershed study, provide a technically feasible, 
economically sound, and environmentally acceptable 
solution to the existing and forecast flood and storm water 
problems in the Village. 

For purposes of this analysis, the alignment, grade, and 
cross-section shape of the ultimate channel works as  
obtained from the Village of Menomonee Falls were used, 
with one substantive exception: the cross-section used 
in the analysis for the channel works on the 0.60-mile- 
long reach of the Menomonee River between Arthur Avenue 
and Margaret Road extended incorporates the use of a 
concrete lining for the channel bottom and the lower 
portion of the sidewalls because of the likelihood of erosion 
problems in this steeply sloped reach, whereas the locally 
proposed channel would be completely turf-lined in 
this reach. 

 his preliminary design is described in t w o  reports- 
"Menomonee River Channelization Proposal" and "Lilly 
Creek Channelization Proposal"-prepared b y  Mr. Max A.  
Vogt ,  Village Engineer, Village o f  Menomonee Falls, 
May 12,  1976. 

In the flood-prone reaches, the proposed channel cross- 
section would be sized to contain the 100-year recurrence 
interval flood discharges under the year 2000 land use 
plan conditions with a two-foot freeboard. With the 



exception of the above 0.60 mile reach of the Menornonee 
River and a 1.55 mile reach of Lilly Creek, the channel 
would be turf-lined since flood flow velocities would be 
less than a critical value of about five feet per second 
as a result of the relatively mild channel bottom slopes. 
The major channelization alternative for the Menomonee 
River and Lilly Creek in the Village of Menornonee Falls 
is shown on Map 31. A schedule of the physical charac- 
teristics of the major channel modifications and the 
attendant costs and benefits is set forth in Table 28. 

Under this alternative, major channel improvements 
would be carried out over a total of 7.60 miles. The channel 
bottom profile and the channel cross-sectional shape a t  
both the upstream and downstream ends of the Menomonee 
River portion and at the upstream end of Lilly Creek 
portion would be designed so as to effect an acceptable 
transition to the existing channel grade and shape. 
Proceeding in a downstream direction, channelization 
along the Menornonee River would lower the existing 
Menomonee River channel grade by about five feet a t  the 
private bridge at River Mile 22.72, about three feet at 
the Pilgrim Road crossing (River Mile 21.13), about three 
feet at the Lilly Road crossing (River Mile 19.74), and 
about two feet at the Menornonee River-Lilly Creek 
confluence (River Mile 18.98). The width of the invert or 
bottom of the channel along the Menomonee River within 
the Village of Menornonee Falls would be about 25 feet 
and side slopes would be about 25 feet; side slopes would 
be one on four, resulting in a channel top width ranging 
from approximately 70 to 120 feet wide. The channelization 
would require that the following nine bridges along the 
Menornonee River be replaced with structures which span 
the improved channel completely without obstructing the 
flow in any manner: a private bridge (River Mile 22.72), 
Roosevelt Drive (River Mile 22.11), Arthur Avenue (River 
Mile 21.48), Pilgrim Road (River Mile 21.13), Lilly Road 
(River Mile 19.74), three private pedestrian bridges (River 
Miles 18.95, 18.76, and 18.65), and a private bridge (River 
Mile 18.85). The demolition and reconstruction costs for 
all of the above structures would be charged to this 
alternative with the exception of three structures- 
Roosevelt Drive, Pilgrim Road, and Lilly Road-which 
are recommended for replacement under the adopted 
Jurisdictional Highway System Plan for Waukesha County. 
The channelization would also affect five private bridges 
(River Miles 22.17, 18.81, 18.73, 18.41, and 18.22) and 
two Chicago, Milwaukee, St. Paul, and Pacific Railroad 
bridges (River Miles 22.28 and 22.21) which would not be 
replaced under this alternative since these seven bridges 
are unused or are used very little and, according to the 
Village Engineer, are not necessary for future development 
of the local areas. 

Proceeding in a downstream direction along Lilly Creek, 
the channelization would lower the existing channel grade 
by about 6.0 feet at the Chicago and Northwestern Railroad 
bridge (River Mile 2.59), about 6.0 feet at the W. Mill Road 
crossing of Lilly Creek (River Mile 1.88), and about 2.0 
feet a t  the W. Good Hope Road crossing of Lilly Creek 
(River Mile 0.84) .  Upstream of Je r ry  Lane extended 
(River Mile 1.55) to W. Silver Spring Road (River Mile 
2.97), the channel would be turf-lined with a bottom width 

of 20 feet, and side slopes would be one on three. Down- 
stream of Jerry Lane extended to the confluence with the 
Menomonee River, the bottom and part of the sidewalls 
would be lined with concrete to prevent erosion and to 
reduce the channel width in the reach between Oakwood 
Drive extended (River Mile 1.65) and W. Good Hope Road 
(River Mile 1.16) where local streets and structures are 
close to the stream. The concrete bottom would be 12 feet 
wide and the sidewalls would have three on one slopes 
with concrete up to the 10-year recurrence interval stage 
resulting in a total concrete width of approximately 30 feet. 

The channelization would require that the following seven 
crossings of Lilly Creek-listed in downstream order- 
be replaced with structures which span the improved 
channel without obstructing the flow in any manner: 
Chicago and Northwestern Railroad (River Mile 2.59), 
Bobolink Avenue (River Mile 2.48), Kaul Avenue (River 
Mile 2.43), W. Mill Road (River Mile 1.88), Lilly Road 
(River Mile 1.80), Brentwood Drive (River Mile 1.06), 
and W. Good Hope Road (River Mile 0.84). The demolition 
and reconstruction costs of all of the above structures 
were charged against this alternative, with the exception 
of three structures-W. Mill Road, Lilly Road, and 
W. Good Hope Road-which are recommended for replace- 
ment under the adopted jurisdictional highway system plan 
for Waukesha County. The proposed channelization also 
affects four private bridges along Lilly Creek (River Miles 
2.55, 2.27, 2.20, and 2.11) which would not be replaced 
under this alternative since they are unused or used very 
little and not necessary for future development of the 
local areas.  Although the Kaul Avenue and Bobolink 
crossings of Lilly Creek are hydraulically inadequate for 
the existing and anticipated flows, they are structurally 
sound and could carry future traffic volumes adequately; 
therefore, to be consistent with previous analyses under 
the watershed study, the replacement costs for these two 
structures were included in this channelization alternative. 

The average annual cost of the Menomonee River portion 
of the major channelization project, computed using an 
interest rate of 6 percent and a project life and amortiza- 
tion period of 50 years, is estimated at about $136,200 
consisting of the following: amortization of the $1,569,600 
capital costs of the channel modifications, amortization 
of the $509,000 capital costs of bridge demolition and 
reconstruction, and $4,300 in annual operation costs. 
Assuming that the major channelization would completely 
eliminate all direct and indirect flood damages along the 
Menomonee River in the Village of Menomonee Falls, 
the average annual flood abatement benefit is estimated 
at about $36,300, yielding a benefit-cost ratio of 0.27 with 
an annual excess of costs over benefits of $99,900. There- 
fore, while ultimate major channelization of portions of 
the Menomonee River as tentatively proposed by the 
Village of Menomonee Falls is technically practicable, 
it is not an economically sound means of resolving existing 
and forecast flood problems along the Menornonee River. 

The average annual cost of the Lilly Creek portion of the 
major channelization project, computed using an interest 
ra te  of 6 percent and a project life and amortization 
period of 50 years, is estimated at about $158,200 
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consisting of the following: amortization of the $1,771,500 
capital cost of the channel modifications, amortization 
of the $652,300 capital cost of bridge demolition and 
reconstruction, and $2,200 in annual operation costs. 
Assuming that the major channelization would completely 
eliminate all direct and indirect flood damages along Lilly 
Creek in the Village of Menomonee Falls, the average 
annual flood abatement benefit is estimated at about 
$109,400, yielding a benefit-cost ratio of 0.69, and an 
annual excess of costs over benefits of $48,800. There- 
fore, while the ultimate major channelization of Lilly 
Creek as tentatively proposed by the Village of Menomonee 
Falls is technically practicable, it is not an economically 
feasible means of resolving existing and forecast flood 
problems along Lilly Creek. 

Bridge and Culvert Alteration or Replacement for Flood 
Control Purposes: The removal or alteration of selected 
bridges or culverts on the Menomonee River and Lilly 
Creek in the Village of Menomonee Falls was examined 
as a potential means of reducing the flood problems in 
the reaches immediately upstream of such crossings. 
There is only one stream crossing in the four reaches that 
produces sufficient backwater to affect the flood stages 
in a flood-prone reach: that is the W. Good Hope Road 
crossing of Lilly Creek a t  River Mile 0.84, which exhibits 
a backwater of about 6.5 feet under year 2000 plan-100- 
year recurrence interval discharge conditions. While 
removal or modification of this structure so as to 
essentially eliminate the backwater effect would reduce 
local flood stages, monetary flood risks would not be 
significantly reduced throughout the upstream flood-prone 
reach primarily because of the steep channel grade in this 
area; therefore, further technical and economic analyses 
of alteration or replacement of this bridge were not 
considered warranted. Inasmuch as the W. Good Hope Road 
bridge is to be replaced in accordance with the adopted 
jurisdictional highway system plan for Waukesha County, 
some flood relief will accrue to the upstream residential 
area provided that the new crossing is designed in 
accordance with the standards set forth in Chapter I1 
of this volume. 

Concluding Statement: One structural floodland manage- 
ment alternative-major channel modification as proposed 
by the Village-and one nonstructural measure-structure 
floodproofing and removal-were examined as possible 
solutions to the flood problems that exist within three 
flood-prone reaches along the Menomonee River in the 
Village of Menomonee Falls. In addition, a third alterna- 
tive, that of taking no action, is available to public agencies 
concerned, and the flood damages attendant to this 
alternative provided an important basis for analysis of the 
potential benefits associated with each of the alternatives. 

The principal features of and the cost and benefits 
associated with each of the floodland management 
alternatives examined for the Menomonee River within 
the Village are summarized in Table 28 together with the 
major favorable and unfavorable nontechnical and 
noneconomic considerations likely to influence selection 
of the most desirable solutions. In addition to alternatives 
identified in the table, the diversion of floodwaters to 

Lake Michigan and temporary storage of floodwaters in 
mined storage chambers beneath the watershed were 
subjected to a preliminary assessment for possible 
application in the watershed. Although these two alterna- 
tives were determined to be technically feasible, both 
were shown to be economically unsound by a wide margin. 
A preliminary assessment also indicated that the use of 
dikes and floodwalls is an extremely uneconomic means 
of resolving the flood problem in the three flood-prone 
reaches along the Menomonee River within the Village 
and in the flood-prone reach along Lilly Creek. 

The only technically practicable and economically feasible 
means of resolving existing and forecast flood problems 
along the Menomonee River in the Village of Menomonee 
Falls is the use of structure floodproofing and removal. 
Therefore, it was recommended by the Commission staff 
that structure floodproofing and removal be implemented, 
recognizing that all floodproofing measures should be 
applied under the guidance of a qualified engineer. Failure 
to utilize adequate professional supervision is likely to 
result in damage to the structure during a major 
flood event. 

Two different structural floodland management alterna- 
tives-major channel modification, as proposed by the 
Village, and bridge alteration-and one nonstructural 
measure-structure floodproofing and removal-were 
examined as possible solutions to the flood problem that 
exists along Lilly Creek in the Village of Menomonee Falls. 
In addition to a fourth alternative, that of taking no action, 
is available to the public agencies concerned and the flood 
damages attendant to that alternative provided an important 
basis for an analysis of the potential benefits associated 
with each of the other alternatives. 

The principal features of and the cost benefits associated 
with each of the floodland management alternatives for 
Lilly Creek are summarized in Table 28 together with 
the major favorable and unfavorable nontechnical and 
noneconomic considerations likely to influence selection 
of the most desirable solution. Structure floodproofing and 
removal - a r e  the only technically practicable and 
economically feasible means of resolving existing and 
forecast problems along the entire Lilly Creek flood-prone 
reach in the Village of Menomonee Falls. 

Therefore, it was recommended by the Commission staff 
that structure floodproofing and removal be the primary 
means for resolving existing and forecast flood problems 
along Lilly Creek in the Village of Menomonee Falls 
subject to the condition that the floodproofing measures 
be applied under the supervision of a qualified engineer. 

Action of the Menomonee River Watershed Committee: 
A complete revaluation of the locally proposed channeliza- 
tion measures along portions of the Menomonee River and 
Lilly Creek in the Village of Menomonee Falls must 
include, in addition to flood damage mitigation, considera- 
tion of the relationship between the proposed channel 
alterations, particularly the associated reduced channel 
bottom grade, and the grades of existing or locally 
proposed storm sewer ouffalls along both the Menomonee 



River and Lilly Creek. According to the Village Engineer, 
a lower channel grade associated with the locally proposed 
channelization is needed to achieve the design capacity of 
the following existing storm sewer outfalls along the main 
stem of the Menomonee River as shown on Map 31: an 
outfall near the Rivercourt Shopping Center at River Mile 
22.80 and two outfalls near the Pilgrim Road Sewage 
treatment plant a t  River Miles 21.00 and 20.72. In addition, 
a lower channel grade is required to facilitate achieving 
the design capacity of planned storm sewers that are 
proposed to discharge to the Menomonee River a t  the 
following locations: near the Rivercourt Shopping Center 
at River Mile 22.74 where a planned storm water outfall 
will serve primarily residential development, and near 
the Lilly Road crossing of the Menomonee River a t  River 
Mile 19.98 where a planned storm water outfall will serve 
an industrial-commercial area. A lower channel grade 
is also needed to facilitate operation of storm sewers 
serving existing and proposed industrial and residential 
land lying along both sides of most of the 3.0-mile-long 
reach of Lilly Creek downstream of W. Silver Spring 
Drive. These existing and proposed storm sewers 
discharge to Lilly Creek at approximately two to three 
block intervals. The planned storm sewer systems are 
designed to drain land zoned for residential, commercial, 
and industrial use in conformance with local and regional 
land use plans. In the opinion of the Village Engineer, 
these locally proposed channel improvements represent 
a committed decision in the sense that significant local 
construction funds have been expended for urban storm 
sewers and considerable effort has been expended in local 
storm drainage system planning, all of which are based 
on the grade of the locally proposed channel along portions 
of the Menomonee River and Lilly Creek. 

In light of the Village commitment to channelization as  
reflected by the location and size and grades of existing 
and proposed storm sewers and storm sewer outfalls, the 
Menomonee River Watershed Committee recommends that 
the channelization alternative be used to resolve existing 
and probable future flood problems along the Menomonee 
River and Lilly Creek within the Village of Menomonee 
Falls. This approach will resolve existing and probable 
future flood problems along portions of the Menomonee 
River and Lilly Creek in a manner that recognizes and 
complements the existing and locally proposed storm 
water drainage system. It is recognized that the channel 
modifications are likely to be constructed in a phased 
manner in response to local needs and availability 
of funding. 

The City of Wauwatosa 
The Flood Problem: As shown on Map 15, the City of 
Wauwatosa contains eight flood-prone reaches on the 
Menomonee River watershed stream system. Six of these 
reaches are located along a 7.14-mile-long portion of the 
Menomonee River, one along a 0.75-mile-long portion of 
Underwood Creek, and one along a 0.91-mile-long portion 
of Honey Creek. For the City as a whole, average annual 
monetary flood risks attributable to both primary and 
secondary flooding under existing conditions are estimated 
at about $229,300, whereas the average annual monetary 

flood risks under year 2000 land use and floodland develop- 
ment conditions are estimated at about $460,900, a 50 
percent increase over existing conditions. It should be 
emphasized that the increase in average annual monetary 
damages under year 2000 plan conditions is attributed 
solely to anticipated changes in land use development in 
upstream portions of the watershed inasmuch as  the 
analysis presumes that no new flood-prone structures 
will be constructed in the City of Wauwatosa. As discussed 
earlier in this chapter, complete development of the 
floodland and nonfloodland portions of the watershed that 
are tributary to the Menomonee River, Underwood Creek, 
and Honey Creek in the City of Wauwatosa could be 
expected to result in an approximately six-fold increase 
in average annual monetary risks. If additional flood-prone 
development were permitted within the City of Wauwatosa, 
even higher monetary risks would be incurred. As a result 
of direct and indirect damages associated with flooding 
of the Menomonee River, Underwood Creek, and Honey 
Creek, the City may be expected to incur about $2.5 million 
in flood damages during a 100-year recurrence interval 
flood under existing conditions, and damages of about $3.5 
million under year 2000 plan conditions. 

For analytical purposes the flood-prone areas within the 
City of Wauwatosa were divided into four sections. 
Section 1 consists of flood-prone areas located along 1.34 
miles of the Menomonee River downstream of Harwood 
Avenue. Section 2 consists of flood-prone areas located 
along 5.8 miles of the Menomonee River upstream of 
Harwood Avenue to W. Capitol Drive. Section 3 consists of 
flood-prone areas located along 0.91 miles of Honey Creek. 
Section 4 consists of flood-prone areas located along 0.75 
miles of Underwood Creek. This sectional approach was 
employed because the nature and severity of the flood 
problems in the City of Wauwatosa are highly variable 
among the various flood-prone reaches and, therefore, the 
best solutions to the flood problems are likely to vary from 
one riverine area to another. For example, both primary 
and secondary flooding occur in Section 1, whereas 
essentially only secondary flooding occurs in Sections 2, 3, 
and 4 with very little overland flooding. Furthermore, while 
average annual flood damages in Section 1 under plan 
conditions total $247,000 per mile of riverline area,  
average annual damages in Sections 2, 3, and 4 total, 
respectively, only $22,000, $800, and $5,200 per mile. 
Therefore, the flood problem is much more severe in 
Section 1 than in Sections 2,3, and 4 and consequently, there 
may be expected to be a greater number of economically 
feasible alternative solutions for the problems in Section 1. 

Floodproofing and Removal of Structures: A structure 
floodproofing and removal alternative was developed and 
analyzed for each section to determine if a structure-by- 
structure approach would constitute a technically feasible, 
economically sound, and environmentally acceptable 
solution to the flood problem in the City. The design 
criteria and overall approach used in this analysis were 
identical to that applied in the Village of Elm Grove. The 
floodproofing and removal alternative is shown on Map 32 
and the attendant costs and benefits a re  set forth in 
Table 29. 
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For Section 1 located along the Menomonee River, the 
analyses indicated that about 50 structures would have to 
be removed from the 100-year recurrence interval flood- 
lands under this alternative, and a total of about 251 
structures located in the primary and secondary flooding 
zones may require some form of floodproofing. Future 
flood damages to private residences and commercial 
structures within this Section would be virtually eliminated 
by structure floodproofing and removal. Table 29 sets 
forth a schedule of the approximate number and types of 
structures to be floodproofed and removed and also 
summarizes the estimated costs and benefits. Assuming 
that the aforementioned structure floodproofing and 
removal measures would be fully implemented in Section 1 
and utilizing an annual interest rate of 6 percent and a 
project life and amortization period of 50 years, the 
equivalent average annual cost is estimated at about 
$216,800, consisting entirely of the amortization of the 
$3.4 million capital costs of the structure floodproofing 
and removal-$1.4 million for floodproofing and $2.0 million 
for removal. The average annual flood abatement benefits 
are estimated at about $330,900, yielding a benefit-cost 
ratio of 1.53 and an excess of annual benefits over annual 
costs of about $114,100. Therefore, the structure flood- 
proofing and removal alternative would be both technically 
and economically feasible in Section 1. 

For Section 2, also located along the Menomonee River, 
the analyses indicated that about 9 structures would have 
to be removed from the 100-year recurrence interval 
flood lands, and a total of about 211 structures located 
in the primary and secondary flooding zones may be 
required some form of floodproofing. Future flood 
damages to private residences and commercial structures 
within Section 2 would be virtually eliminated by the 
structure floodproofing and removal. Table 29 sets forth 
a schedule of the approximate number and types of 
structures to be floodproofed and removed and also 
summarizes the estimate costs and benefits. Assuming 
that the aforementioned structure floodproofing and 
removal measures would be fully implemented and utilizing 
an annual interest rate of 6 percent and a project life and 
amortization period of 50 years, the equivalent of average 
annual costs is estimated at about $59,900, consisting 
entirely of the amortization of the $942,700 capital costs 
of the structure floodproofing and removal-$19,700 for 
floodproofing and $40,200 for removal. The average annual 
flood abatement benefits is estimated at about $125,400, 
yielding a benefit-cost ratio of 2.09 and an excess of annual 
benefits over cost of about $65,500. Therefore the structure 
floodproofing and removal alternative would be both 
technically, and economically feasible in Section 2. 

For Section 3 located along Honey Creek, the analyses 
indicated that no structures would have to be removed 
from the 100-year recurrence interval floodlands and that 
a total of only about 13 structures located in the primary 
and secondary flooding zones may require some form of 
floodproofing. Future flood damages to private residences 
and commercial structures within Section 3 would be 
virtually eliminated by the structure floodproofing. 
Table 29 sets forth a schedule of the approximate number 
and types of structures to be floodproofed and also 

summarizes the estimate costs and benefits. Assuming 
that the structure floodproofing measures would be fully 
implemented, and utilizing an annual interest ra te  of 
6 percent and a project life and amortization period of 
50 years, the equivalent of average annual costs is 
estimated at about $200, consisting entirely of the 
amortization of the $3,300 capital costs of the structure 
floodproofing. The average annual flood abatement benefits 
is estimated a t  about $700, yielding a benefit cost ratio 
of 3.50, and an excess of annual benefits over costs of 
about $500. Therefore, the structure floodproofing alterna- 
tive would be both technically and economically feasible 
in Section 3. 

For Section 4, located along Underwood Creek, the analyses 
indicated that no structures would have to be removed 
from the 100-year recurrence interval floodlands, and a 
total of about 56 structures located in the primary and 
secondary flooding zones may require some form of 
floodproofing. Future flood damages to private residences 
and commercial structures within Section 4 would be 
virtually eliminated by the structure floodproofing and 
removal. Table 29 sets forth a schedule of the approximate 
number and types of structures to be floodproofed and 
removed and also summarizes the estimate costs and 
benefits. Assuming that the aforementioned structure 
floodproofing and removal measures would be fully 
implemented, and utilizing an annual interest ra te  of 
6 percent and a project life and amortization period of 
50 years, the equivalent of average annual costs is 
estimated a t  about $1,900, consisting entirely of the 
amortization of the $29,800 capital costs of the structure 
floodproofing. The average annual flood abatement benefit 
is estimated at about $3,900, yielding a benefit-cost ratio 
of 2.05 and an excess of annual benefits over cost of about 
$2,000. Therefore the structure floodproofing and removal 
alternative would be both technically and economically 
feasible in Section 4. While the Milwaukee-Metropolitan 
Sewerage Commissions' trunk sewer construction program 
currently underway in Wauwatosa will reduce some sewer 
backup problems along Underwood Creek and the 
Menomonee River during the small, more frequent floods, 
it is not expected to substantially reduce the secondary 
flooding problems during major flood events. 

Channel Modifications: A major channel modification 
alternative was developed for Section 1. Major channel 
modification alternatives were not developed for Sections 
2, 3, and 4 because the monetary flood damage risks in 
this area, which are mainly attributable to secondary 
flooding, are not sufficient to warrant consideration of 
a major flood control project. Furthermore, Section 3, 
located along the lower reaches of Honey Creek, and 
Section 4, located along the lower reaches of Under- 
wood Creek, have already been provided with some 
channel improvements. 

The channel proposed for construction along that portion 
of the Menomonee River within the City of Wauwatosa 
downstream of Harwood Avenue was designed to pass the 
100-year recurrence interval flood discharges under year 
2000 land use plan conditions without overtopping. The 
major channelization alternative is shown on Map 33. The 
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Because of the severity of the historic and forecast flood problem along the Menomonee River in the City of Wauwatosa between Harwood 
Avenue and the Wauwatosa-Milwaukee boundary, a variety of floodland management measures was examined. One such measure consists of 
maior channelization of the Menomonee River beginning at Harwood Avenue in the Old Village area of Wauwatora and extending downstream 
approximately 0.50 mile into the City of Milwaukee. This alternative was shown to be a technically practicable and economically feasible solu- 
tion to the flood problem, but would have a negative aesthetic impact on the appearance of riverine area parklands and adjacent residential 
areas throughout the entire affected reach. 

Source: SEWRPC. 

salient physical characteristics of the major channel 
modification and the attendant costs and benefits are set 
forth in Table 29. Under this alternative, major channel 
improvements would be carried out over a total reach of 
1.84 miles. The Improved channel would be located along 
the alignment of the Menomonee River and would extend 
in a downstream direction from the Harwood Avenue bridge 
a t  River Mile 6.72 in the "Old Village" area of Wauwatosa, 
cross the City of Wauwatosa-City of Mllwaukee Une a t  
River Mile 5.38, and terminate in Milwaukee a t  about 
River Mile 4.88, or about 0.25 miles downstream of 
Hawiey Road. 

The Chamel bottom profile and the channel cross-sectional 
shape a t  both the upstream and downstream ends of the 
channelized reach would be designed so as  to effect an 

acceptable transition to the existing channel grade and 
shape. The extension of the channel from the City Of 
Wauwatosa into the City of Milwaukee is necessary in order 
to substantially reduce Menomonee River flood stages near 
the eastern limits of Wauwatosa and to achieve an accept- 
able downstream transition with the existing channel. 
Proceeding in a downstream direction, the channelization 
would lower the existing Meuomouee River channel grade 
by about five feel at theconfluence of the Menomonee River 
and Honey Creek <River Mile 6.231. about five feet at ii. 63th 
Street (River Mile 5.96), about three feet a t  the City Of 

Wauwatosa-City of Mllwaukee boundary (River Mile 5.381, 
and about two feet a t  Hawley Road (River Mile 5.15). The 
width of the invert or bottom of the concrete channel within 
the City of Wauwatosa would be about 40 feet and side 
slopes would he one on three. The bottom, and the side 



walls up to the 10-year recurrence interval flood stage, 
would be lined with concrete resulting in a total concrete 
width of approximately 90 feet. The channelization would 
require the replacement of the N. 70th Street bridge and 
the low bridge at Hawley Road. Although the channel works 
would pass through the N. 68th Street bridge, it was 
assumed that this structure could be retained since it was 
recently rebuilt with a low foundation and an enlarged 
waterway opening. 

Portions of the channel in the vicinity of Hawley Road 
would be constructed in bedrock which might effect 
a savings in the cost of construction materials. Much 
of the monetary savings in construction materials, 
however, is likely to be offset by increased excavation 
cost and, therefore, the channelization cost estimates in 
this reach do not explicitly account for the construction 
of channel on bedrock. 

Assuming that the aforementioned major channelization 
project would be fully implemented and utilizing an annual 
interest rate of 6 percent and a project life and amortiza- 
tion period of 50 years,  the average annual cost is 
estimated at about $294,700, consisting of the following: 
amortization of the $4,053,000 capital costs of the channel 
modifications, amortization of the $578,600 capital cost 
of bridge demolition and reconstruction, and $900 in annual 
operation and maintenance costs. Assuming that the major 
channelization would completely eliminate all direct and 
indirect flood damages along the Menomonee River 
downstream of Harwood Avenue in the City of Wauwatosa, 
the average annual flood abatement benefit is estimated 
at about $330,900, yielding a benefit-cost ratio of 1.12, 
and an annual excess of benefits over costs of $36,200. 
Therefore, major channelization may be considered both 
technically practicable and economically feasible for that 
reach of the Menomonee River downstream of Harwood 
Avenue in the City of Wauwatosa. 

The major channelization proposal would have a potentially 
negative aesthetic impact on most of the 1.8-mile-long 
reach that would be affected inasmuch as most of one or 
both sides of the reach are utilized for outdoor recreation 
and related open space use or for residential use. The 
attractiveness of the existing natural channel and floodplain 
would be compromised by the extensive cross-section 
enlargement required for the channelization project and 
by the placement of the concrete invert and sidewalls. 
Trees and shrubs lining both sides of the existing channel 
would have to be removed in order to construct the channel 
works. The resulting aesthetic impact would be most 
severe for the reach downstream of N. 70th Street in that 
this reach contains a thick, but narrow, band of trees and 
shrubs, most of which would be removed. The aesthetic 
impact would be apparent to residents of the adjacent 
areas as well as to users of Hart Park and the Honey 
Creek Parkway and Parkway Drive and Jacobus Park. 

Dikes and Floodwalls: A dike and floodwall alternative 
was developed for Section 1. Dike and floodwall alternatives 
were not developed for Sections 2, 3, and 4 because the 
monetary flood damage risks in this area, which are mainly 
attributable to secondary flooding, are not sufficient to 

warrant consideration of a major flood control project. 
Perhaps even more fundamentally, dikes and floodwalls 
are not a technically feasible way to resolve secondary 
flood problems. 

The dikes and floodwalls were designed to pass the 100- 
year recurrence interval flood discharge under year 2000 
land use plan conditions through Section 1 with a two-foot 
freeboard. The dike and floodwall alternative for the 
Menomonee River downstream of Harwood Avenue in the 
City of Wauwatosa is shown on Map 34. The salient physical 
characteristics of the dikes and floodwalls and the attendant 
costs and benefits are set forth in Table 29. Under this 
alternative a total of 1.84 miles of earthen dikes and 
concrete or sheet steel floodwalls similar to those shown 
on Figure 4 would be constructed along most of both sides 
of the 1.34-mile-long reach of the Menomonee River 
downstream of Harwood Avenue. About 1.13 miles of 
earthen dike and about 0.71 miles of concrete or sheet 
steel floodwall would be required. Extensive use of the 
more costly concrete, or sheet steel floodwalls rather 
than earthen dikes, would be necessary a t  certain locations 
along both sides of the river due to the limitations imposed 
by the very narrow band of open land available between 
the Menomonee River and the Honey Creek Parkway Drive 
which lies immediately south of and parallel to the River. 
In order to convey the design floodflow with the minimum 
freeboard of two feet, the earthen dikes and concrete 
floodwalls would be extremely high in some locations with 
a maximum height above the existing ground level of about 
10 feet along the north side of the Menomonee River 
at Hart Park in Wauwatosa. 

The dike and floodwall alternative would require the 
construction of new bridges at three crossings of the 
Menomonee River in order to contain the flood waters 
within the confines of the dikes and floodwalls. These new 
structures would be required at the following crossings- 
listed in downstream order-of the Menomonee River; the 
Chicago, Milwaukee, St. Paul, and Pacific Railroad bridge, 
the N. 70th Street bridge, and the N. 68th Street bridge. 

In addition, the dike and floodwall alternative would have 
to include provision for construction of a minimum of six 
major storm water lift or pumping stations and the 
installation of backwater gates a t  or near the ends of the 
storm sewer outfalls or other drainageways that a re  
tributary to the Menomonee River. These facilities would 
be required to prevent the movement of floodwaters from 
the River to the surrounding urban area via these storm 
sewers and drainageways and to prevent the accumulation 
of lateral runoff behind the dikes and floodwalls, thereby 
creating local drainage problems. 

Assuming that the dikes and floodwalls alternative would 
be fully implemented in Section 1 and utilizing an annual 
interest rate of 6 percent and a project life and amortiza- 
tion period of 50 years, the average annual cost is 
estimated a t  $194,900, consisting of: amortization of the 
$1,241,000 capital costs of the dikes and floodwalls and 
the land necessary to construct them, amortization of the 
$1,320,000 capital cost of the new river crossings, 
amortization of the $390,000 capital costs of the backwater 
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Dikes and floodwalls, su~~lemented with storm water pumping stations, constitute another alternative measure considered for resolution of 
existing and forecast flood problems along the Menomonee River in the City of Wauwatosa downstream of W. Harwood Avenue. While these 
measures were shown to be technically and economically feasible, it is likely that the aesthetic impact of dikesand fioodwalls, having a height 
U P  to 10 feet above existing floodplain ground grades, would render this alternative publicly unacceptable. 

Source: SEWRPC. 

control and pumping facilities, and $7,700 in annual 
operation and maintenance costs. Assuming that the dike. 
floodwall system would completely eliminate all direct 
and indirect flood damages along the Menomonee River 
downstream of Harwood Avenue, the average annual flood 
abatement benefit is estimated a t  about $330,900 yielding 
a benefit-cost ratio of 1.70 and an annual excess of benefits 
over costs of about $136,000. Therefore, the dike and 
floodwall alternative would be both technically and 
economically feasible in Section 1. 

The height of the dikes and floodwalls may be considered 
extremely unsightly by owners or tenants of homes in the 
residential a rea  located in this section north of the 
Menomonee River between N. 70th Street and N. 72nd 
Street and south of the River between N. 66th Street  

extended and N. 70th Street. The crest of the dikes and 
fioodwalls along the River in this area would be about five 
to seven feet above the existing ground grade.  These 
structures would dominate the local environment in addition 
to forming a visual hagier between local residents and 
the Menomonee River. Users of the Honey Creek Parkway 
Drive, which parallels the River on the south, would have 
their view of the River completely obstructed over a six- 
blpck length of the drive from N. 66th Street extended to 
N. 72nd Street by a dike-floodwall structure that would be 
up to seven feet high. The view of the Menomonee River 
from Hart Park also would be blocked by the approximately 
10-foot-high dike and floodwall which would have to be 
constructed along the north bank of the River in that area. 
A five- to nine-foot-high dike-floodwall structure would 
have to be placed along the north side of the Menomonee 



River from N. 60th Street to N. 70th Street to protect the 
commercial development located on the north floodplain 
of the Menomonee River in that area. The visual impact 
of this structure on parkway users could be reduced by 
constructing the dikes and floodwalls as far away from the 
north bank of the River as possible so as  to permit 
retention of most of the trees and shrubs lining the north 
bank of the Menomonee River. 

Another negative aspect of the dike and floodwall system 
is its dependence on the successful operation of backwater 
gates and pumping facilities at a minimum of six storm 
water outfalls. In order to assure prompt and proper 
operation of these facilities, automatic controls would have 
to be provided and a regular maintenance and testing 
program instituted. 

Bridge or Culvert Alteration or Replacement for Flood 
Control Purposes: The removal or alteration of selected 
bridges or culverts on the Menomonee River, Underwood 
Creek, and Honey Creek in the City of Wauwatosa was 
examined as a potential means of significantly reducing 
the flood problems in the reaches immediately upstream 
of such crossings. All bridges and culverts in these 
reaches producing backwater in excess of 1.0 feet under 
year 2000 plan 100-year recurrence interval flood 
discharge conditions were identified. Four such bridges 
exist along flood-prone reaches of the Menomonee River 
upstream of Harwood Avenue. The combination of the 
Harwood Avenue bridge at River Mile 6.72 and the adjacent 
Chicago, Milwaukee, St. Paul, and Pacific Railroad bridge 
produces a backwater effect of about 4.0 feet; however, 
the River is so deeply incised in this area relative to 
surrounding topography and structures that there are no 
flood problems immediately upstream of the bridges. 
Therefore, this backwater effect is of no practical concern. 
Far ther  upstream along the Menomonee River, the 
W. North Avenue bridge at River Mile 8.50 produces 
a backwater effect of about 1.0 feet, the W. Burleigh Street 
bridge at River Mile 9.68 produces a backwater effect of 
about 1.5 feet, and the W. Capitol Drive bridge at River 
Mile 11.2 produces a backwater effect of about 2.0 feet. 
While removal or modification of these structures so as 
to essentially eliminate the backwater effects would reduce 
local flood stages, monetary flood risks would not be 
significantly reduced within the flood-prone reaches and, 
therefore, further technical and economic analyses of 
alteration or replacement of these Menomonee River 
crossings were not considered warranted. 

Four bridges located along the flood-prone reach of Honey 
Creek downstream of the W. Wisconsin Avenue bridge at 
River Mile 0.91 exhibit backwater effects in excess of 
1.0 feet. The Honey Creek Parkway Drive bridge at River 
Mile 0.17 has a backwater effect of about 1.7 feet, the 
Portland Avenue bridge at River Mile 0.4 produces a 
backwater effect of almost 5 feet, the Honey Creek Parkway 
crossing at River Mile 0.61 produces a backwater effect 
of about 3 feet, and the W. Wisconsin Avenue bridge at 
River Mile 0.91 produces a backwater effect of about 3 
feet. The upstream three bridges are located within or 
immediately downstream of the reach along Honey Creek 
in which secondary flooding occurs and, therefore, altera- 

tion or replacement of the three bridges may be 
a technically practical means of reducing flood problems. 
Average annual flood damages computed for this reach 
are very low, however-less than $1,000 per year- so that 
the alteration or replacement of existing bridges would 
not be economically feasible. Therefore, further considera- 
tion of bridge alteration or replacement along Honey 
Creek was not considered warranted. 

Concluding Statement: Two distinctly different structural 
floodland management alternatives-major channel 
modifications and dikes and floodwalls-and one nonstruc- 
tural measure-a combination of structure floodproofing 
and structure removal-were examined a s  possible 
solutions to the serious flood problems that exist in the 
City of Wauwatosa along the Menomonee River downstream 
of Harwood Avenue. In addition, a fourth alternative, that 
of taking no action, is available to the public agencies 
concerned, and the flood damages attendant to this 
alternative provided an important basis for the analyses 
of the potential benefits associated with each of the 
other alternatives. 

Only two alternatives-structure floodproofing and removal 
and that of taking no action-were examined as possible 
solutions to the secondary flood problem that exists along 
Underwood Creek downstream of the Zoo Freeway in the 
City. Three alternatives-structure floodproofing and 
removal, bridge alteration or replacement, and taking no 
action-were considered a s  possible solutions to the 
secondary flood problem that exists along the Menomonee 
River upstream of Harwood Avenue and along Honey 
Creek downstream of W. Wisconsin Avenue within the 
City of Wauwatosa. 

The principal features of, and the costs and benefits 
associated with, each of the floodland management alterna- 
tives for each of the above four s t ream reaches a r e  
summarized in Table 29 together with the major favorable 
and unfavorable nontechnical and noneconomic considera- 
tions likely to influence selection of the most desirable 
solution. In addition to the alternatives identified in the 
table, the diversion of floodwaters to Lake Michigan and 
the temporary storage of floodwaters in mined storage 
chambers beneath the watershed were subjected to 
a preliminary assessment. Although these two alternatives 
were determined to be technically feasible, both were 
shown to be economically unsound by a wide margin. 

All of the three structural and nonstructural alternatives 
initially examined for the Menomonee River reach down- 
stream of Harwood Avenue were found to be technically 
and economically feasible. Even though structure 
floodproofing and removal constitutes a technically and 
economically feasible floodland management alternative 
for the Menomonee River reach downstream of Harwood 
Avenue in the City of Wauwatosa, this alternative was 
eliminated from further consideration for four reasons: 
First, complete implementation of a voluntary structure 
floodproofing and removal program is unlikely and, with 
partial implementation, the City of Wauwatosa would be 
left with a significant residual problem whenever a major 
flood event occurs. In spite of the fact that numerous 



individual property owners may have implemented 
floodproofing and have incurred the necessary costs, 
community officials may still be faced with the problem 
of public demands for action to reduce the flood threat 
to those structures that have not been voluntarily flood- 
proofed. Second, other viable alternatives are available, 
each of which could be applied with a significantly higher 
likelihood of success in eliminating most of the Menomonee 
River flood problems between Harwood Avenue and the 
eastern limits of Wauwatosa. Third, even if a voluntary 
structure floodproofing program were completely carried 
out, the area would still be subjected to extensive overland 
flooding that would hamper routine access to and from 
some riverine area structures, would continue periodically 
to close local streets to automobile traffic, and, would 
interfere with the rapid movement of emergency vehicles. 
Furthermore, yard and street damages and cleanup costs 
would remain with the structure floodproofing and removal 
alternative. Fourth, some floodproofing is very likely to 
be applied without adequate professional advice and, as 
a result, structure damage is likely to occur and once 
again City officials are likely to be asked to assist in the 
resolution of the problem. 

Each of the two remaining technically and economically 
feasible alternatives available for application to the 
Menomonee River in Wauwatosa downstream of Harwood 
Avenue-major channel modification and a dike-floodwall 
system-will detract significantly from the aesthetic values 
of the River. The visual impact of the dike-floodwall 
system will be greater than that of channelization since 
the former will obstruct the view of the River from 
adjacent residential areas, from Hart Park and from much 
of the Menomonee River Parkway Drive, while the latter, 
although drastically altering the channel area, will not 
obstruct the view of the riverine and surrounding areas. 
Another significant negative feature unique to the dike- 
floodwall alternative is the critical reliance on successful 
operation of necessary backwater gates, pumping facilities, 
and automatic controls a t  about six storm water outfalls. 
This is in marked contrast to the much simpler gravity 
operation of the major channelization alternative. 

After due consideration of the various technical and 
economic features and other aspects of the channelization 
alternative and the dike-floodwall alternative, the 
Commission staff recommended that channelization be 
employed to resolve existing and forecast flood problems 
in the City of Wauwatosa along the Menomonee River 
downstream of Harwood Avenue. Even though channelization 
does not exhibit cost-benefit characteristics as favorable 
as those associated with the dike-floodwall alternative, 
channelization is preferred over the dike-floodwall system 
because channelization will have less of a negative 
aesthetic impact and its effective functionlng is entirely 
dependent on gravity flow. 

The only economically feasible means of reducing the 
secondary flooding problem that exists in Wauwatosa along 
the Menomonee River upstream of Harwood Avenue, along 
Honey Creek downstream of Wisconsin Avenue, and along 
Underwood Creek downstream of the Zoo Freeway is 
structure floodproofing. Although this approach has 

significant negative features, as identified in Table 29 
and as discussed above, it is the only means available for 
achieving relief from secondary flooding and is recom- 
mended for these three reaches. More specifically, it is 
recommended that floodproofing be applied to those 
residential structures in the primary and secondary 
flooding zones along the Menomonee River upstream of 
Harwood Avenue, along Honey Creek downstream of 
Wisconsin Avenue, and along Underwood Creek downstream 
of the Zoo Freeway as identified on Map 32 that are  not 
subject to first flood inundation by the 100-year recurrence 
interval flood under year 2000 plan conditions. These 
residential structures should be floodproofed to an 
elevation two feet above the 100-year recurrence interval 
flood stage under conditions of the year 2000 land use plan. 
A total of only nine residential structures were identified 
for possible removal by virtue of having the first floor 
at or below the 100-year flood stage. Inasmuch as the 
estimated differences between the design flood stage and 
the first floor elevations are small, it is likely that the 
affected structures could be floodproofed in lieu of 
removing them. 

It is also recommended that commercial and industrial 
structures subject to primary or secondary flooding be 
floodproofed, even if the 100-year flood stage is above the 
first floor, provided that the buildings have sufficient 
structural strength to withstand the additional forces that 
they would receive during the design flood event. It is 
imperative that all floodproofing measures, irrespective 
of the structure types involved, be applied under the 
guidance of a registered engineer. Failure to utilize 
adequate professional supervision is likely to result in 
damage to the structure during a major flood as well 
as pose a threat  to the owners, tenants, and users of 
the structure. 

Action of the Menomonee River Watershed Committee: 
After careful consideration of the three technically and 
economically feasible floodland management alternatives 
developed by the Commission staff for the Menomonee 
River in the City of Wauwatosa downstream of Harwood 
Avenue and after similar consideration of the Commission 
staff recommendation that channelization be employed to 
resolve existing and forecast flood problems in that reach, 
the Menomonee River Watershed Committee requested 
that the staff develop an additional alternative for the 
reach. This alternative consists of three components: 
major channelization along the Menomonee River from 
a point about 0.25 miles downstream of Hawley Road to 
an upstream terminus in the form of a drop structure 
immediately east of the N. 70th Street bridge; acquisition 
and removal of residential structures in the approximately 
13 acre area bounded by the City of Wauwatosa Hart Park 
on the west, N. 70th Street on the east, W. State Street 
on the north, and the Menomonee River on the south; and 
supplemental selected structure floodproofing and removal 
in other flood-prone areas upstream of N. 70th Street 
as needed. This channelization-structure floodproofing 
and removal alternative would reduce the undesirable 
aesthetic impact of the staff recommended channelization 
alternative by confining channel modifications to that 
portion of the stream downstream of N. 70th Street. These 



aesthetic considerations were deemed particularly impor- 
tant in this reach because of proposals being considered 
by the City for the renewal of the "Old Village Center" 
and its immediate environs. Furthermore, it would provide 
for the ultimate expansion of the City of Wauwatosa Hart 
Park in an easterly direction along the Menomonee River. 

The composite channelization-structure floodproofing and 
removal alternative is shown in graphic summary form 
on Map 35 and the salient physical characteristics and 
attendant costs and benefits a re  set forth in Table 29. The 
1.22-mile-long channelization component of this composite 
alternative would be located along the existing alignment 
of the Menomonee River and would extend in a downstream 
direction from the N. 70th Street bridge a t  River Mile 6.10 
across the City of Wauwatosa-City of Milwaukee line a t  
River Mile 5.38 and terminate in the City of Milwaukee a t  
about River Mile 4.88, or about 0.25- miles downstream of 
Hawley Road. An approximately 4.5 foot drop in the channel 
bottom would be provided immediately downstream of the 
N. 70th Street bridge and the alignment, grade, and cross- 
section of the channel downstream of that location would 
be identical to those of the major channel modification 
alternative described above. The channelization would 
require a replacement of the low bridge a t  Hawley Road. 
Although the channel works would pass under the N. 68th 
Street bridge, it was assumed that this structure could be 
retained since it was recently rebuilt with a low foundation 
and an enlarged waterway opening. 

About 49 primarily residential structures would have to 
be removed from the 100-year recurrence interval flood- 
lands in the approximately 13 acre area bounded by Hart 
Park on the west, N. 70th Street on the east, W. State Street 
on the north, and the Menomonee River on the south. In 
addition, about 12 primarily residential structures may 
have to be removed from the 100-year recurrence interval 
floodland in the area north of W. State Street, and a total 
of about 93 structures located in the primary and secondary 
flooding zones upstream of N. 70th Street may require 
some form of floodproofing. 

The average annual cost of the composite channelization- 
structure floodproofing and removal alternative computed, 
using an annual interest rate of 6 percent and a project 
life and amortization period of 50 years, is estimated a t  
about $381,200. This cost  consists of: $186,500 for 
amortization of the $2,940,200 capital costs of the channel 
modifications, $22,600 for amortization of the $356,000 
capital cost of the bridge demolition and reconstruction, 
$165,200 for amortization of the $2,603,000 capital cost 
of structure removal, $6,300 for amort izat ion of the 
$100,200 capital cost of structure floodproofing, and $600 
for annual operation and maintenance cost attendant to 
the channel works. Assuming that the combination of 
channelization and structure floodproofing and removal 
would be so implemented a s  to completely eliminate direct 
and indirect damages along the Menomonee River down- 
stream of Harwood Avenue in the City of Wauwatosa, the 
average annual flood abatement benefit is estimated a t  
about $330,900, yielding a benefit-cost ratio of 0.87 and 
an annual excess of costs over benefits over $50,300. 
Therefore, while the composite channelization-structure 

floodproofing removal  al ternat ive may be considered 
technically practicable, it is uneconomic for that reach 
of the Menomonee River downstream of Harwood Avenue 
in the City of Wauwatosa. 

The benefit-cost analyses indicate that the channelization 
component of the channelization-structure floodproofing 
and removal alternative is economic in that the equivalent 
average annual cost is $209,700 and the equivalent average 
annual benefit is $259,200, yielding a benefit-cost ratio 
of 1.24. In contrast ,  the  s t ruc ture  floodproofing and  
removal component-which would be applied upstream of 
the N. 70th Street crossing-is markedly uneconomic in 
that the equivalent average annual cost is $171,500 and 
the equivalent average annual benefit is $71,700, yielding 
a benefit-cost ratio of 0.42. The channelization alternative 
recommended by the Commission staff is also uneconomic 
for the N. 70th Street-Harwcod Avenue reach but not by 
a s  wide a margin as  the channelization-structure flood- 
proofing and removal alternative. The equivalent average 
annual cost of channelization in this reach is $85,000 and 
the equivalent average annual benefit is $71,700 yielding 
a benefit-cost ratio of 0.84. 

Demolition and reconstruction of the  N. 70th S t ree t  
crossing, in conjunction with downstream channelization, 
so a s  to essentially eliminate the backwater effect of that 
structure, would reduce the 100-year flood stage profile 
under year 2000 conditions upstream of N. 70th Street 
bridge by an insignificant amount.  Thus, there  is no 
opportunity to reduce the cost of structure floodproofing 
and removal along the Menomonee River between N. 70th 
Street and Harwood Avenue by including the demolition 
and reconstruction of the  N. 70th S t ree t  bridge in 
the alternative. 

The most cost-effective means of eliminating the primary 
and secondary flooding along the Menomonee River between 
the N. 70th S t ree t  bridge and  Harwood Avenue is to 
channelize the reach in general conformance with the 
concepts set forth in the ma jo r  channel  modification 
alternative discussed above. The equivalent average annual 
cost of such channelization in this reach ,  including 
demolition and reconstruction of the 70th Street bridge, 
is $92,200 which compares to an  equivalent average annual 
cost of $171,500 for structure floodproofing and removal. 

The composite channelization-structure floodproofing and 
removal alternative would have a potentially negative 
aesthetic impact on most of the 1.34-mile-long Menomonee 
River reach within the City of Wauwatosa between N. 70th 
Street and the Wauwatosa-Milwaukee line inasmuch a s  
one or both sides of the reach a r e  utilized for outdoor 
recreation and related open space use or for residential 
use. The attractiveness of the existing natural channel 
floodplain would be compromised by the extensive cross- 
section enlargement required for the channelization project 
and by the placement of the concrete invert and floodwalls. 
Trees and shrubs lining both sides of the existing channel 
would have to be removed in order to construct the channel 
works. The Menomonee River in this reach is lined by 
a dense but narrow band of trees and shrubs, most of which 
would have to be removed during construction of the 
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PARK EXPANSION (REMOM AW7UT 
49 STRUCTURES) 

100-YEAR RECURRENCE INTERVAL 
FLOOD HAZARD LINE ABOVE 
N.70Tn STREET WITH h&AJJOR 
CM4NNELIZ4TION BELOW N70TH 
STREET 

READI IDENTIFICATION 

NOTE: BELOW N m T H  STREET THE 100- 
YEAR RECLRRENCE INTEWAL FLOOD 
WOULD BE CONTAINED WITHIN 
THE PROWSEO MAJOR CHANNEL 

This alternative measure for flood damage mitigation combines major channelization along the Menomonee River downstream of N. 70th Street 
with structure floodproofing and removal along the Menomonee River immediately upstream at N. 70th Street. This technically practicable 
measure, while found to be slightly uneconomic, was recommended for inclusion in the comprehensive plan for the Menomonee River water. 
shed by the watershed committee because, in addition to resolving the major flood problems in this area, retention of the Harwood Avenue- 
N. 70th Street reach in a "natural" state i s  consistent with the City of Wauwatosa's intent to renew the Old Village area and the structure 
removal aspect in the Han Park area would accommodate a needed expansion of Hart Park. 

Source: SEWRPC. 

channel works. The aesthetic impact would be very apparent 
to residents of the adjacent areas as well as to users of 
the Milwaukee County Parkway and Parkway Drive and 
Jacobus Park. 

The composite channelization-structure floodproofing and 
removal alternative would, however, have a positive 
aesthetic effett upstream of N. 70th Street in that it would 
eltminate the need to drastically alter the Menomonee 
River channel in this area and would also provide for 
a 13 acre expansion of the City's Hart  Park to the east 
through the acquisition and removal  of flood-prone 
residential structures in that area. Although the annuallzed 
monetary cost of this composite alternative exceeds the 

annualized benefits, the difference is not large-the average 
annual benefits are 87 percent of the average annual 
cost-and, therefore, the Intangible but neveraeless real 
values associated with protecting the aesthetic features 
of the Menomonee River upstream of N. 70th Street and 
with the desirable expansion of Hart  Park may be judged 
to offset the unfavorable benefitcost analysis. 

After reviewing the technical, economic, and nontechnical 
and noneconomic features of the four available alterna- 
tives-structure floodproofing and removal, major channel 
modification, dikes and floodwalls, and the chmelization- 
structure floodproofing and removal  composite-the 
Menomonee River Watershed Committee recommended 



that the channelization-structure floodproofing and removal 
alternative be used to resolve existing and forecast flood 
problems along the Menomonee River in Wauwatosa 
between the eastern limits of the City and Harwood Avenue. 

Three intangible factors ultimately entered into the 
Watershed Committee's decision to recommend the 
channelization-structure floodproofing and removal 
alternative for the Menomonee River in Wauwatosa down- 
stream of Harwood Avenue. First, with implementation 
of these measures, the Menomonee River channel and 
riverine area between N. 70th Street and Harwood Avenue, 
which passes through the "Old Village Center" and its 
immediate environs, would be retained in its present 
"natural" condition. This is in harmony with the long- 
range plans of the Village to rejuvenate the "Old Village 
Center" focusing on the various amenities associated with 
the Menomonee River. Second, based in part on a May 1974 
report7 from the Wauwatosa City Planning Division to 
the City Plan Commission, a need exists for additional 
outdoor recreational facilities in the immediate area 
because of inadequate land area and facilities a t  Hart Park 
which serves a citywide recreational function including 
use for school athletic programs. City of Wauwatosa 
officials estimate that approximately 188,000 individual 
visits were made to Hart Park in 1975 to use or participate 
in the variety of outdoor recreational facilities or activities 
provided there. 8 The structure removal component of the 
recommended channelization-structure floodproofing and 
removal alternative would provide 13 acres of additional 
parkland immediately adjacent to the eastern limits of Hart 
Park and thereby serve to significantly reduce the crowding 
and overuse presently experienced a t  this facility. The 
third intangible factor entering into the Committee decision 
to recommend the channelization-structure floodproofing 
and removal alternative is a long-range solution to the 
future problem, perceived by the City of Wauwatosa, of 
decreasing property values in the residential a r eas  
bounded by Hart Park on the west, W. State Street on the 
north, N. 70th Street on the east, and the Menomonee River 
on the south. A November 1974 report to the City Plan 
Commission9 notes that, a t  that time, the average age 
of all structures in this area was 59 years. The November 
1974 report refers to a 1968 proposal by the City Planning 
Staff to reserve the area bounded by Hart Park on the 
west, W. State Street on the north, N. 70th Street on the 
east, and the Menomonee River on the south for future 
park use. The report notes that this recommendation was 
based upon three factors: the flood-prone nature of the 
area, the need for additional outdoor recreational space, 

' "Repor t  o n  the Acquisition o f  Property for the Exten- 
sion o f  Hart Park," Prepared b y  the City Planning Divi- 
sion o f  Wauwatosa for the City Plan Commission, May 13, 
1 9 7 4 , ~ .  1.  

* ~ ~ r i l  9, 1976, letter t o  SEWRPC from J. William Little, 
City Administrator, Wauwatosa. 

' ~ e ~ o r t  t o  the Wauwatosa City Plan Commission from 
the Planning Administrator regarding an application t o  
rezone property, November 8, 1974, p. 6. 

and the fact that the area had an "aging housing stock on 
undersized lots which would be difficult, if not impossible, 
to upgrade to code standards and may not be economically 
feasible to rehabilitate in the future".lO 

The City of Mequon 
The Flood Problem: As shown on Map 15, the City of 
Mequon contains one flood-prone reach within the 
~ e i o m o n e e  River watershed, a reach encompassing 1.06 
miles of the Little Menomonee River within the City. As 
a result of direct and indirect flood damages associated 
with flooding along this reach of the Little Menomonee 
River, the City may be expected to incur $16,400 in urban 
flood damages during a 100-year recurrence interval flood 
under existing and year 2000 plan conditions. Average 
annual monetary flood risks in this reach attributable to 
both primary and secondary flooding under existing 
conditions as  well a s  year 2000 land use and floodland 
development conditions are estimated a t  about $2,300. The 
average annual damages are identical under existing and 
year 2000 plan condition because the plan anticipates no 
additional urban development upstream of the flood-prone 
reach within the Little Menomonee River subwatershed. 
As discussed earlier in this chapter, complete development 
of the floodland and nonfloodland portions of the tributary 
area could be expected to result in an approximately 
fifteen-fold increase in average annual monetary flood 
risks. If additional flood-prone development were permitted 
along Little Menomonee River in the City of Mequon, even 
higher monetary risks would be incurred. 

Floodproofing of Structures: A floodproofing alternative 
was developed and analyzed to determine if such 
a structure-by-structure approach would constitute 
a technically, economically, and environmentally acceptable 
solution to the flood problem of the City. The design 
criteria and related assumptions used to develop this 
alternative were identical to those applied in developing 
the floodproofing and removal alternative for the Village 
of Elm Grove. As shown on Map 36, the analyses indicated 
that  about 19 structures located in the pr imary  and 
secondary flood zones may require some form of flood- 
proofing. Future flood damage attributable to the Little 
Menomonee River would be virtually eliminated by such 
floodproofing. Table 30 sets forth a schedule of the 
approximate number and types of structures to be 
floodproofed and also summarizes the estimated costs 
and benefits. 

The average annual cost of the structure floodproofing 
measures computed, using an annual interest rate of 
6 percent and a project life amortization period of 50 
years, is estimated a t  about $800, consisting entirely of 
the amortization of the $12,000 capital  costs of the 
floodproofing. The average annual flood abatement benefit 
is estimated a t  about $2,300, yielding a benefit-cost ratio 
of 2.88 and an excess of annual benefits over costs of 
about $1,500. Therefore, the structure floodproofing plan 
element, as  described herein, would be both technically 
and economically feasible within the City of Mequon. 

'O Ibid, p. 10. - 
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Portions of this residential area are subjected to backwater flooding from the Little Menomonee River, a problem that is further aggravatad by 
localized storm waer drainage problems. Selective floodproofing of residential structures was examined as one alternative means of resolving 
this problem and was subsequently recommended for implementation. 

Source: SEWRPC. 

Dikes: A dike alternative was developed and analyzed for - 
the residential lands subjected to flooding by Little 
Menomonee River in the City of Mequon to determlne if 
such a structural measure would provide a technically 
sound, economically vlahle, and environmentally acceptable 
solution to the existing and probable future flood problems. 
The 100-year recurrime interval flood discharge under 
sear  2000 land use olan conditions was used as  a basis for 
B preliminary design of the dikes. 

The dike alternative for the Little Menomonee River in 
Mequon shown on Map 37 and the attendant cost and benefits 
are presented in Table 30. Under this alternative, a total 
of 0.8 miles of earthen dikes similar to those shown in 
Figure 4 would be constructed along the east side of the 
0.5-mile-long reach of the Little Menomonee River passing 
near the residential development. In order to convey the 
design flood flow with a minimum freeboard of two feet, 
the earthen dikes would have a maximum height above 
existing ground level of about three feet. 

The dike alternative would not require the reconstruction 
or modification of any bridges or stream crossings. The 
dike alternative would, however, include provision for the 
construction of two storm water pumping stations, equlpped 
with backwater gates, near the end of the storm water 
drainageways tributary to the Little Menomonee River. 
These facilities would be required to prevent the movement 
of floodwaters from the River into the surrounding urban 
a rea  through these storm water drainageways and to 
prevent accumulation of lateral runoff behind the dikes 
and floodwalls creating local drainage problems. 

The average annual cost of the dike alternative, computed 
using an annual interest rate of 6 percent and a project 
life and amortization period of 50 years, is estimated at 
$17,600. This cost consists of: amortization of the $96,300 
capital costs of the dikes and the land necessary to 
construct them, amortization of the $130,000 capital costs 
of backwater control and pumping facilities, and $3,200 
in annual operation and maintenance costs. Assuming that 
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An earthen dike in combination with storm water pumping stations would achieve substantial reduction in  flooding attributed to backwater 
from the Little Menomonee River and would also help to alleviate local storm water drainage problems in this residential area. Although techni- 
cally practicable, this alternative was determined to be economically unfeasible. 

Sourca: SEWRPC. 

the dike system would completely eliminate all residential 
flood damages attributable to the Little Menomonee River 
In the City of Mequon, the average annual flood abatement 
benefit is estimated a t  about $2,300, ylelding a benefit- 
cost ratio of 0.13 and an annual excess of costs over 
benefits of about $15,300. Therefore, the City of Mequon 
dike alternative plan element, as  described herein, may 
be considered technically feasible but economically 
unsound. 

Bridge and Culvert Alteration or Replacement for Flood 
Control Purpases: The removal and possible replacement 
of one or more selected bridges or culverts on Little - 
Menomonee River within the City of Mequon was examined 
as  a potential means of significantly reducing problems 
to the residential area immediately upstream of Mequon 
Road (STH 167). The Mequon Road bridge was the only 
structure having a backwater that could potentially affect 

the flood stages in the flood-prone reach. Hydraulic 
analyses based upon the 100-year recurrence interval 
flood discharge under year 2000 plan conditions indicate 
that removal or replacement of that bridge could be 
expected to reduce the 100-year recurrence interval flood 
stage through the flood-prone reach by approximately 0.5 
to 1.0 foot. Based on this hydraulic analysis, it was 
concluded that removal or replacement of the Mequon Road 
bridge did not constitute a technically feasible means of 
significantly reducing the magnitude of flood problem that 
prevails within the community and, therefore, further 
technical and economic analysis of this floodland 
management alternative was not warranted. Inasmuch as  
the Mequon Road bridge is to be replaced in accordance 
with the adopted jurisdictional highway system plan for 
Ozaukee County, some flwd relief will accrue to the 
upstream residential area provided that the new crossing 
is designed in accordance with the standards set forth 
in Chapter I1 of this volume. 



Concluding Statement: Three distinctly different structural 
floodland management alternatives-storage in a detention - 

reservoir as described earlier in this chapter, earthen 
dikes, and bridge alteration-and one nonstructural 
measure-structure floodproofing-were examined as  
possible solutions to the residential area flood problem 
that exist along the Little Menomonee River immediately 
north of Mequon Road in the City of Mequon. In addition, 
a fifth alternative, that of taking no action, is available 
to the public agencies concerned, and the flood damages 
attendant to this alternative provided an important basis 
for an analysis of the potential benefits associated with 
each of the other alternatives. 

The principal features of, and the costs and benefits 
associated with, each of the floodland management 
alternatives are summarized in Table 30 tegether with 
the major favorable and unfavorable nontechnical and 
noneconomic considerations likely to influence selection 
of the most desirable solution. In addition to the alterna- 
tives identified in the table, the diversion of flood waters 
to Lake Michigan and a temporary storage of floodwaters 
in mined storage chambers beneath watershed were 
subjected to a preliminary assessment and, although these 
two alternatives were determined to be technically 
feasible, both were shown to be economically unsound by 
a wide margin. A preliminary assessment indicated that 
channelization would be an extremely uneconomic means 
of resolving the flood problem in the residential area 
along the Little Menomonee River in Mequon and therefore 
further technical and economic analyses of this alternative 
was not warranted. 

All of the structural  and nonstructural al ternatives 
identified in Table 30 were found to be technically feasible 
with the exception of bridge alteration or replacement. 
Of the remaining measures, only structure floodproofing 
was found to be economic, with the other measures having 
unfavorable benefit-cost ratios. 

After due consideration of the various technical, economic, 
and nontechnical and noneconomic features of the available 
alternatives, it is recommended that  floodproofing be 
employed to resolve existing and forecast flood problems 
along the Little Menomonee River in the City of Mequon. 
It is imperative that all floodproofing measures, irrespec- 
tive of the structure types involved, be applied under the 
guidance of a registered engineer. Fa i lure  to utilize 
adequate professional supervision is likely to result in 
damage to the structure during a major flood event. 

Based on information obtained during the field surveys 
conducted in this area subsequent to the April 1973 flood 
and on examination of topographic conditions, particularly 
the character of the natural drainageways and roadside 
drainage swales, it appears probable that this area also 
experiences drainage problems attendant to storm water 
runoff originating on high ground to the east of the residen- 
tial area and flowing through the area enroute to the Little 
Menomonee River. While the recommended floodproofing 
should eliminate most of the flood problems directly 
attributable to high stages on the Little Menomonee River, 
some storm water drainage problems are likely to remain 
in the area east of the floodlands. 

The City of Milwaukee 
The Flood Problem: As shown on Map 15, the City of 
Milwaukee contains one short flood-prone reach along 
a 0.93-mile-long portion of the Menomonee River bounded 
a t  the downstream end by N. 45th Street a t  River Mile 
4.45 and a t  the upstream end by N. 60th Street Extended 
at River Mile 5.38. While very little flood-prone develop- 
ment exists on the south side of this reach of the River, the 
area north of the River and south of W. State Street which 
approximately parallels the River in this reach does 
contain flood-prone industrial and commercial  
development. In addition, there are some a reas  of 
residential development in this reach north of W. State 
Street that would be affected by a major flood event. 

Average annual monetary flood risks attributable to both 
primary and secondary flooding under existing conditions 
are estimated a t  about $38,600 for this reach, whereas 
the average annual monetary flood risks under year 2000 
land use and floodland development conditions a r e  
estimated a t  about $48,600, a 26 percent increase over 
existing conditions. It should be emphasized that the 
increase in average annual monetary damages under year 
2000 plan conditions is solely attributed to anticipated 
changes in upstream land use development in the water- 
shed inasmuch a s  analysis presumes that  no new 
flood-prone structures would be constructed along the 
Menomonee River in this reach. As discussed earlier in 
this chapter, complete development of the floodland and 
nonfloodland portions of the tr ibutary a r e a  could be 
expected to result in approximately a six-fold increase 
in average annual monetary flood risks in this reach and, 
if additional flood-prone development were permitted 
along the Menomonee River in this area, even higher 
monetary risks would be incurred. As a result of direct 
and indirect flood damages associated with Menomonee 
River flooding, this reach may be expected to incur 
$728,200 in flood damages during a 100-year recurrence 
interval flood under existing conditions whereas 100-year 
recurrence interval flood damages under year 2000 plan 
conditions could be expected to approximate $841,900. 

Floodproofing of Structures: A floodproofing alternative 
was developed and analyzed to determine if such 
a structure-by-structure approach would be a technically, 
economically, and environmentally acceptable solution to 
the flood problem in this Menomonee River reach. The 
design criteria and overall approach used in this analysis 
were identical to those applied in the Village of Elm Grove. 

As shown on Map 38, the analyses indicated that  no 
structures would have to be removed from the 100-year 
recurrence interval floodlands under this alternative 
and a total of about 77 structures located in the primary 
and secondary flooding zones may require some form of 
floodproofing. Future  flood damage to commercial, 
industrial, and private residences within this reach would 
be virtually eliminated by the floodproofing. Table 31 sets 
forth a schedule of the approximate number and type of 
structures to be floodproofed and also summarizes the 
estimated costs and benefits. 

Assuming that the aforementioned structure floodproofing 
measures would be fully implemented and utilizing an 
annual interest rate of 6 percent and a project life and 
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Structure floodproofing was examined as one alternative means of resolving existing and probable future flood problems along that reach of the 
Menomonee River between N. 45th Street and N. 60th Street Extended in thecity of Milwaukee. Under this floodland management measure, 
up to 77 structures consisting of 24 wmmercial-industrial buildings and 53 private residences would be floodproofed. This technically Prac- 
ticable and economically feasible floodland management measure was recommended for inclusion in the watershed plan. 

Source: SEWRPC. 

amortization period of 50 years, the equivalent average 
annual cost is estimated a t  about $20,300, consisting 
entirely of the amortization of the $320,200 capital cost 
of the floodproofing. The average annual flood abatement 
benefit is estimated a t  about $48,MX), yielding a benefit- 
cost ratio of 2.39 a t  an excess of annual benefits over cost 
of about $28,300. Therefore, the structure floodproofing 
and removal plan element, as  described herein, would 
be both technically and economically feasible along this 
flood-prone reach of the Menomonee River in the City 
of Milwarnee. 

Channel Modifications: A major channel modification 
alternative was developed for this flood-prone reach. The 
channel would be designed to pass the 100-year recurrence 
interval flood discharge under the year 2000 plan condition 

with two feet of freeboard. The major channelization 
alternative shown on Map 39 and the attendant costs and 
benefits are  set forth in Table 31. Under this alternative, 
major channel improvements would be carried out over 
a total of 0.7 miles of thc Menomonee River. The improved 
channel would be located along the alignment of the 
Menomonee River and would extend in an  upstream 
direction from the N. 45th Street crossing a t  River Mile 
4.45-the location of a drop structure marking the present 
upstream terminus of major channelization along the 
Menomonee River-to a channel drop structure located 
a t  the Hawley Road crossing of the Menomonee River 
a t  River Mile 5.15. The channel bottom profile and 
channel cross sectional shape a t  the downstream end of 
the channelized reach would be designed so as  to effect 
an acceptable transition to the channel grade and shape 
of existing channelized section. 
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MAJOR CHANNEL MODIFICATIONS ALONG THE MENOMONEE RIVER IN THE CITY OF MILWAUKEE 
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PROPOSED MAJOR CHANNEL-- 
(CONCRETE AND TURF LINED) 

APPROXIMATE DEPTH OF PROPOSED 
C H A N N a  IN FEET 

I PROPOSED BRlDOE REPLACEMENT 

LMR-7 R E X H  IDENTIFICAT!ON 

NOTE: THE 100-YEbR RECURFENCE INTERVAL 
FLOOD WOULD BE CONTAINED WITHIN 
THE PROWSW MAJOR CHANNEL 

The possibility of lowering the grade of the Menomonee River channel in the N. Hawley Road-N. 45th Street reach in the City of Milwaukee 
and widening the channel and lining the bottom and the lower portion of the sidewalls with mncrete wasexamined under the watershed plan- 
ning program. While this alternative measure would be technically practicable, it was shown to be economically infeasible by a wide margin. 

Source; SEWRPC. 

Proceeding in a downstream direction, the channelization Hawiey Road, the design of the major channel modification 
would lower the existing Menomonee River channel grade hetween 45th Street and Hawley Road would be modified 
by about 2.5 feet in the form of a drop structure on the so as to eliminate the drop structure a t  Hawiey Road and 
downstream side of the Hawley Road crossing (River Mile continue the channelization west of this location thereby 
5.15), about 2.5 feet at the Stadium Freeway crossing providing continuity with the upstream channelization 
(River Mile 4.63), and about 2.0 feet just upstream of within the City of Wauwatosa. This possible variation 
N. 45th Street (River Mile 4.45). The width of the invert or on the basic channelization alternative considered for the 
bottom of the concrete channel would be about 40 feet and N. 45th Street-Hawley Road reach would not significantly 
side slopes would be one on three. The bottom and side- alter the costs assignable to the reach and therefore 
walls of the channel, up to the 10-year recurrence interval would not signlflcantly affect the henefit-costs analyses. 
flood stage, would he lined with concrete resulting in 
a total concrete width of approximately 100 feet. The The average annual cost of the major channelization 
channelization would require replacement of the Chicago, alternative, calculated using an annual interest rate of 
Milwaukee, St. Paul, and Pacific Railroad bridge a t  River 6 percent and a project life and amortization period of 50 
Mile 4.56 and the private bridge a t  River Mile 4.83. years, Is estimated a t  about $175,500 consisting of the 

following: amortization of the $1,752,800 capltal cost of 
In the event that major channelization is carried out along the channel modifications, amortization of the $1,007,000 
the Menomonee River in the City of Wauwatosa west of capital cost of bridge demolition and reconstruction, and 



$400 in annual operation and maintenance costs. Assuming 
that the major channelization would completely eliminate 
all direct and indirect flood damages along the Menomonee 
River in the City of Milwaukee between N. 45th Street and 
Hawley Road, the average annual flood abatement benefit 
is estimated a t  about $48,600, yielding a benefit-cost 
ratio of 0.28 and an annual excess of costs over benefits 
of $126,900. Therefore, although major channelization 
is technically practicable, it is not economically feasible 
for that reach of the Menomonee River. 

The major channelization proposal could have a negative 
aesthetic impact on most of the 0.7 mile long reach that 
would be affected inasmuch a s  the land to the south 
between the Stadium Freeway and Hawley Road is intended 
for park development by the Milwaukee County Park 
Commission. The aesthetic impact, however, would be 
minimal inasmuch as  the overall riverine development 
environment under existing conditions is not particularly 
attractive. With careful design, the channelization 
proposal would afford an opportunity to actually improve 
the aesthetic aspects of this reach as viewed from the 
future park lands on the south by provision of riverine 
area landscaping in the form of grassy areas, trees, 
shrubs, and other amenities. 

Dikes and Floodwalls: A dike-floodwall alternative was 
developed for this flood-prone reach with the structures 
being designed to pass the 100-year recurrence interval 
flood discharge under year 2000 planned conditions with 
two feet of freeboard. The dike and floodwall alternative 
for the Menomonee River reach bounded by N. 45th Street 
and N. 60th Street extended is shown on Map 40, and the 
attendant cost and benefit are set forth in Table 31. 

Under this alternative a total of 1.0 mile of earthen dikes 
and concrete or sheet steel floodwalls similar to those 
shown in Figure 4 would be constructed primarily along 
the north side of the Menomonee River. About 0.6 mile 
of earthen dike and about 0.4 mile of concrete or sheet 
steel floodwall would be required. In order to convey the 
design flood flow with a minimum freeboard of two feet, 
the dikes and floodwalls would be quite high in some 
locations with a maximum height above existing ground 
level of about 10 feet along the north side of the 
Menomonee River just upstream of N. 45th Street. The 
dike and floodwall alternative would require the recon- 
struction of the Chicago, Milwaukee, St. Paul, and Pacific 
Railroad bridge a t  River Mile 4.56, the private bridge a t  
River Mile 4.83, and the low Hawley Road bridge a t  River 
Mile 5.15, in order to contain the floodwaters within the 
confines of the dikes and floodwalls. In addition, the dike 
and floodwall alternative would have to include provision 
for the construction of a minimum of four major storm 
water lift or pumping stations and installation of backwater 
gates a t  or near the ends of the storm sewer outfalls or 
other drainage ways that are tributary to the Menomonee 
River. These facilities would be required to prevent the 
movement of the floodwaters from the River to the 
surrounding urban area via these storm sewers and 
drainage ways and to prevent accumulation of lateral 
runoff behind the dikes and floodwalls, thereby creating 
local drainage problems. 

Assuming that the dike and floodwall alternative would 
be fully implemented and utilizing an annual interest rate 
of 6 percent and a project life and amortization period 
of 50 years, the average annual cost is estimated a t  
$163,000 consisting of: amortization of the $869,200 
capital costs of the dikes and floodwalls and the land 
necessary to construct them, amortization of the 
$1,363,000 capital cost of the new river crossings, 
amortization of the $260,000 capital cost of the backwater 
control and pumping facilities, and $4,800 in annual 
operation and maintenance costs. Assuming that  the 
dike-floodwall system would completely eliminate all 
direct and indirect flood damages along the Menomonee 
River between N. 45th Street and Hawley Road, the average 
annual flood abatement benefit is estimated a t  about 
$48,600 yielding a benefit-cost ratio of 0.30 and an 
annual excess of costs over benefits of about $114,400. 
Therefore, the dike and floodwall alternative would be 
technically practicable, but not economically feasible. 

The dikes and floodwalls-most of which would lie along 
the north edge of the Menomonee River between the 
Stadium Freeway and Hawley Road-would not cause 
a significant aesthetic problem when viewed from the 
north side of the River because of the primarily 
industrial-commercial uses in that area. The dikes and 
floodwalls may be regarded as  having a positive aesthetic 
effect inasmuch as  they would serve a s  a visual barrier 
between the parklands on the south and the industrial- 
commercial area to the north. A significant negative 
aspect of the dike and floodwall system is its dependence 
on the successful operation of backwater gates and 
pumping facilities and a t  least four storm water outfalls. 
In order to assure prompt and proper operation of these 
facilities, automatic controls would have to be provided 
and a regular maintenance and testing program instituted. 

Bridge or Culvert Alteration or Replacement for Flood 
Control Pur~oses :  The removal or alteration of selected 
bridges on the Menomonee River was examined a s  
potential means of significantly reducing the flood 
problems in the N. 45th Street-Hawley Road reach. Under 
year 2000 plan-100 year recurrence interval flood 
discharge conditions, the N. 45th Street bridge a t  River 
Mile 4.45 produces a backwater of about 2.7 feet, and the 
Chicago, Milwaukee, St. Paul, and Pacific Railroad bridge 
at River Mile 4.56 produces a backwater of about 4.1 feet. 
Backwater computations under year 2000 plan-100 year 
recurrence interval discharge conditions indicate that 
removal or modification of these two structures so as  to 
essentially eliminate their backwater effects would reduce 
the 100-year flood stage about 2.3 feet in the vicinity of 
the Stadium Freeway, 0.1 feet halfway between the Stadium 
Freeway and Hawley Road, and insignificantly a t  Hawley 
Road. Based on these results, it was concluded that bridge 
modification would not significantly reduce monetary flood 
risks through the reach and, therefore, further technical 
and economical analyses of alteration or replacement of 
the two Menomonee River crossings were not considered 
warranted. 

Concluding Statement: Three distinctly different 
structural floodland management alternatives-major 
channel modifications, dikes and floodwalls, and bridge 
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A system of dikes an$ floodwalls, located primarily along the north bank of the Menomonee River,supplemented with storm water pumping 
stations and bridge altbrations,would be a technically practicable way to resolve flooding along the north side of the Menomonee River between 
approximately N. 60th Street Extended and N. 45th Street in the City of Milwaukee. This alternative measure was, however, shown to be 
economically infeasible. 

Source: SEWRPC. 

alteration or  replacement-and one nonstructural 
measure-the combination of structure floodpmofing and 
removal-were examined as  possible solutions to the flood 
problems that exists along the Menomonee River in the 
City of Milwaukee between N. 45th Street and N. 60th Street 
extended. In addition, a fifth alternative, that of taking no 
action, is available to the public agencies concerned, and 
the flood damages attendant to this alternative provided 
an important basis lor the analysis of the potential 
benefits associated with each of the other alternatives. 

The principal features of, and the costs of benefits 
associated with, each of the floodland management 
alternatives are  summarbed in Table 31 together with 
the major favorable nontechnical and noneconomic 
considerations likely to influence selection of the most 

desirable solutions. In addition to the above alternatives, 
the diversion of floodwaters to Lake Michigan and the 
temporary storage of floodwaters and mined storage 
chambers beneath the watershed were subjected to 
preliminary assessment and, although these alternatives 
were technically feasible, both were shown to be 
economically unsound by a wide margin. Consideration 
was also given to the use of a system of upstream 
detention storage facilities to resolve the flood problems 
in this reach but that alternative was determined to be 
technically Infeasible. 

Excluding the "no action" alternative, all four of the 
remaining alternatives were found to be technically 
feasible with the exception of bridge alteration or  
replacement. Of the remaining three measures, only 



one-structure floodproofing-was found to be economically 
feasible with the other measures being uneconomic by 
a wide margin. It is, therefore, recommended that 
floodproofing be employed to resolve existing forecast 
flood problems along the Menomonee River between 
N. 45th Street and N. 60th Street extended in the City of 
Milwaukee. It is imperative that all floodproofing measures, 
irrespective of the structure types involved, be applied 
under the guidance of a registered engineer. Failure to 
utilize adequate professional supervision is likely to result 
in damage to the structure during a major flood event. 

Watershedwide Effects of Recommended Channel 
Modifications and Detention Storage 
The recommended floodland management element of the 
watershed plan includes the following primarily structural 
flood control measures, as shown on Map 41, for the 
abatement of the existing, and for the avoidance of new, 
flood problems in the Menomonee River watershed: 

The construction of a 215 acre-foot flood detention 
reservoir on the Dousman Ditch in the City of 
Brookfield. 

The construction of 1.14 miles of intermediate 
channel improvements-consisting of a turf-lined 
channel designed to convey the 100-year recur- 
rence interval flood flow under year 2000 plan 
conditions-and attendant necessary bridge and 
culvert modification along Underwood Creek 
between Juneau Boulevard and W. North Avenue 
in the Village of Elm Grove. 

The construction of 0.91 miles of major channel 
improvements-consisting of a concrete-lined 
channel designed to convey the 100-year recur- 
rence interval flood flow under year 2000 plan 
conditions-and attendant necessary bridge and 
culvert modifications along Underwood Creek 
between Juneau Boulevard and the Waukesha- 
Milwaukee County line in the Village of Elm Grove. 

The construction of 1.22 miles of major channel 
improvements-consisting of a concrete-lined 
channel designed to convey the 100-year recur- 
rence interval flood flow under year 2000 plan 
conditions-and attendant necessary bridge and 
culvert modifications along the Menomonee River 
between N. 70th Street and a point about 0.25 miles 
downstream of Hawley Road in the City of 
Wauwatosa and the City of Milwaukee. 

The construction of a total of 4.6 miles of major 
channel improvements and attendant necessary 
bridge and culvert modifications along three 
reaches of the main stem of the Menomonee River 
in the Village of Menomonee Falls consisting more 
specifically of 1.36 miles of turf-lined channel 
between the Washington-Waukesha County line and 
STH 74; 0.60 miles of concrete-lined channel 
between Arthur Avenue and Margaret Drive 
extended; and 2.64 miles of turf-lined channel 
between Margaret Drive extended and the 

Waukesha-Milwaukee County line, all designed to 
convey the 100-year recurrence interval flood flow 
under year 2000 plan conditions in floodprone reaches. 

The construction of a total of 2.97 miles of major 
channel improvements and attendant necessary 
bridge and culvert modifications along two reaches 
of Lilly Creek downstream of W. Silver Spring 
Drive within the Village of Menomonee Falls, 
consisting more specifically of 1.42 miles of turf- 
lined channel between W. Silver Spring Drive and 
Oakwood Drive extended and 1.55 miles of 
concrete-lined channel between Oakwood Drive 
extended and the confluence with the Menomonee 
River, all designed to convey the 100-year recur- 
rence interval flood flow under year 2000 plan 
conditions. 

Therefore, in addition to the construction of a detention 
reservoir, the construction of a total of 10.84 miles of 
major or intermediate channel modifications is recom- 
mended within the Menomonee River watershed between 
1976 and the year 2000. The major channel modification 
work is in addition to the 18.3 miles of major channel 
modifications-consisting of 15.8 miles of concrete-lined 
channel and 2.5 miles of underground conduit-that already 
exist in the Menomonee River watershed stream system 
primarily within the Milwaukee County portion of the 
watershed. 

Earlier sections of this chapter discussed the hydrologic- 
hydraulic consequences and flood damage effects of 
alternative land use-floodland development conditions and 
demonstrated that extensive floodland development in the 
watershed, whether through floodland fill up to the channel 
limits or through stream channelization, can markedly 
increase flood flows, flood stages, and flood damages. 
There is, therefore, cause for concern over the expected 
long-term impact of the recommended structural flood 
control measures-channelization and detention storage- 
on downstream flood flows, flood stages, and flood 
damages. Moreover, analysis of the expected effect of 
recommended structural flood control measures on flood 
flows and stages is required by the adopted water control 
facility development objectives and standards, particularly 
the standard which states that the upstream and down- 
stream effect of structural flood control works and flood 
discharges and stages shall be determined and, if the flood 
control works significantly increase upstream or 
downstream discharges or stages, such works shall be 
used only in conjunction with complementary facilities for 
the storage and movement of the incremental flood waters 
through the watershed stream system. 

Accordingly, the simulation model was used to assess the 
impact of the recommended channel modifications and 
detention storage on a full range of flood flows by 
comparing flood flows a t  selected locations in the watershed 
under year 2000 planned land use-floodland development 
conditions with and without the recommended channel 
modifications and detention storage. This analysis was 
initiated with the idea that, if the recommended structural 
flood control works produced a significant impact on 



Map 41 

THE EFFECTS OF CHANNELIZATION AND DETENTION STORAGE ON 
100-YEAR RECURRENCE INTERVAL FLOODFLOWS IN THE MENOMONEE RIVER WATERSHED 

An analysis was conducted under the watershed planning program to quantitatively determine the net impact of the recommended 10.84 miles 
of channel modifications and the 215 acre-foot detention storage reservoir on a full range of floodflows throughout the watershed. The results 
are displayed on this map comparing floodflows at selected locations in the watershed under year 2000 plan land use-floodlend development 
conditions with and without the recommended structural flood control works. The analysis indicates that the recomrPlendgd structural flood 
control works may be expected to result in from a 90 percent decrease to a 50 percent increase in 100-year recurrence interval peak flood 
discharges. There should, however, be no significant adverse effects associated with those increases primarily because the recommended channel 
works would be sized and constructed so as to s~fely contain and convey the increased flood flows. 



downstream flood flows in flood-damage-prone reaches, 
then subsequent analyses would be conducted to determine 
the associated impact on flood stages and, if necessary, 
on flood damages. 

Procedure: The analytic procedure was very similar to 
that used to determine the hydrologic and hydraulic 
consequences of alternative land use-floodland develop- 
ment. More particularly, the simulation model applications 
made earlier with the Hydrologic Submodel and Hydraulic 
Submodel 1 for year 2000 plan land use and floodland 
development conditions-65 percent urban land use and 35 
percent rural land use outside of the floodlands with, 
relative to 1975 conditions, no additional floodland 
development or channelization-were altered so as  to 
incorporate the effects of the recommended detention 
storage and the recommended 10.84 miles of additional 
channel modifications. The objective of this additional 
simulation model application was to compare flood flows 
a t  selected locations for year 2000 plan land use and flood- 
land development conditions without the detention storage 
and channelization to flood flows under plan conditions 
with the detention storage and channelization presumed 
completed in order to investigate the incremental effect 
of the recommended structural flood control measures. 
It is important to note that the analysis of year 2000 plan 
land use and floodland development conditions without the 
recommended detention storage and channelization includes 
those channel modifications already existing in the 
watershed. 

The full available meteorological data base consisting of 
35 years of data were used as  input to the model so as  to 
yield corresponding flood flows for the 35-year period 
at 14 selected points on the watershed stream system as  
shown on Map 41. The 14 locations selected for comparison 
of flood flows were chosen to be representative of reaches 
along the watershed stream system that are within or 
immediately downstream of reaches in which structural 
floodland management measures are recommended and, 
therefore, might exhibit changes in flood flow 
characteristics as  a result of the structural flood control 
elements. The series of flood flows obtained by simulation 
at each of the 14 sites was used to develop Log Pearson 
Type 111 discharge-frequency relationships for each 
location from which the 5-, lo-, 25-, 50-, loo-, and 
500-year recurrence interval flood flow discharges were 
obtained. 

Results: Table 32 presents flood flows for each of the 14 
selected sites under year 2000 land use-floodland 
development conditions with and without the recommended 
detention storage and channelization. The 100-year flood 
flow discharges under the two conditions are presented 
and compared graphically on Map 41. Based on the data 
set forth in Table 32 and Map 41, the following conclusions 
may be drawn concerning the watershedwide effect of the 
recommended detention storage and channelization on flood 
flows: 

1. The ratio of 100-year recurrence interval flood 
discharges under year 2000 planned land use 
conditions with the recommended channelization 

and detention storage to 100-year recurrence 
interval discharges under year 2000 planned land 
use conditions without the recommended struc- 
tural flood control works ranges from a low of 
0.1 to a maximum of 1.5 for the 14 selected 
locations on the watershed stream system. 

2. The largest increase in 100-year flood dis- 
charges-10 to 50 percent-may be expected along 
that reach of the Menomonee River within the 
Village of Menomonee Falls a s  a result of the 
channelization recommended within the Village. 
This increase would not have a significant detri- 
mental impact since the channel works would be 
designed so as  to safely convey the increased flow 
throughout most of this reach and since affected 
riverine areas not slated for channel works are 
generally not occupied by flood-prone development. 

3. A 20 to 30 percent increase in 100-year recur- 
rence interval discharges is anticipated along the 
length of Lilly Creek in the Village of Menomonee 
Falls a s  a result of the recommended channeliza- 
tion of that stream. The channel works would be 
designed to safely convey the increased 100-year 
recurrence interval discharge thereby negating 
any adverse effects of the increased discharge. 

4. The overall or  net hydrologic impact  of the 
recommended structural flood control works on 
the Menomonee River watershed stream system 
may be assessed by examining the simulation 
results a t  the mouth of the watershed, that is, a t  
the confluence of the Menomonee and Milwaukee 
Rivers. A 100-year flood flow increase under 
year 2000 planned land use conditions of only 
10 percent may be expected a t  that location as  
a result of the construction of 10.84 miles of major 
channel works and a 215 acre-foot detention 
reservoir within the watershed. 

5. The largest anticipated decrease in 100-year 
recurrence interval flood flows under year 2000 
plan conditions is an approximately 90 percent 
decrease on Dousman Ditch immediately above 
its confluence with Underwood Creek in the City 
of Brookfield. This marked decrease reflects the 
desired hydrologic impact of the recommended 
upstream detention reservoir. 

6. The net effect on the entire length of Underwood 
Creek of the detention storage on Dousman Ditch- 
a tributary to Underwood Creek-and the recom- 
mended 2.05 miles of major channel modifications 
along Underwood Creek within the Village of Elm 
Grove is a 0 to 40 percent decrease in 100-year 
recurrence interval flood flows. 

7. With few exceptions, the recommended structural 
flood control works have, for a given location on 
the watershed stream system, the same relative 
impact they have on the full range of flood flows, 
that is, on the 5- to 500-year recurrence interval 
discharges. 



Concluding Statement: The above analysis indicates that 
the recommended structural flood control works may be 
expected to result in from a 90 percent decrease to a 50 
percent increase in 100-year recurrence interval peak 
flood discharges under year 2000 planned land use condi- 
tions in the Menomonee River watershed. The increased 
flood flows occur within or immediately downstream of 
stream reaches for which major channelization is 
recommended. There should, however, be no significant 
adverse effects associated with increases in discharge 
within reaches recommended for channelization since the 
recommended channelworks would be sized and constructed 
so as to safely contain and convey the flood flows. Further- 
more, there should not be any significant adverse effects 
associated with increases in flood flows a t  the downstream 
end of channelized reaches because: 1) the Menomonee 
River channelization in the City of Wauwatosa will not 
increase flood flows; 2) the Underwood Creek 
channelization in the Village of Elm Grove will, in 
combination with upstream storage, actually yield 
decreased flood flows; 3) the 20 percent increase in 100- 
year flood flows from a channelized Lilly Creek in the 
Village of Menomonee Falls can be readily accommodated 
in the hydraulic design of the channel works for the 
Menomonee River at the Lilly Creek-Menomonee River 
confluence; 4) the 40 percent increase in 100-year flood 
flows on the Menomonee River at the Menomonee Falls 
Dam can probably be accommodated by existing conveyance 
capacity through the steep, essentially unoccupied flood- 
lands in the reach immediately downstream of the Dam; 
and 5) the 20 percent increase in 100-year flood flows on 
the Menomonee River at the Waukesha-Milwaukee County 
line can be readily conveyed through the wide expanse of 
Milwaukee County parklands immediately downstream of 
this location. 

BRIDGE AND CULVERT ALTERATION OR 
REPLACEMENT FOR TRANSPORTATION PURPOSES 

As indicated earlier in this chapter, bridges and culverts 
that a re  inadequately designed from a hydraulic 
perspective can significantly increase flood stages and 
areas of inundation and are also subject to closure during 
major flood events, thereby adversely affecting the function 
of the regional highway transportation system. The above 
community-by-community discussion of structural flood- 
land management alternatives included a search for 
bridges that may aggravate existing flood problems. The 
purpose of this section of the chapter is to identify those 
bridges and culverts that could be expected, by virtue of 
inadequate hydraulic capacity and overtopping of the 
approach roads or the structure, to interfere with the 
operation of the highway and railroad transportation 
system during major flood events. 

The watershed development objectives and supporting 
principles and standards set forth in Chapter I1 of this 
volume specify that bridges shall accommodate, according 
to the categories listed below, the designated flood events 
without overtopping of the related roadway or railroad 
track and without resultant disruption of traffic flood- 
waters. The categories and designated flood events are: 

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

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

3. Freeways, expressways, and railroads-a 100- 
year recurrence interval flood discharge. 

It is evident that the severity of the flood to be passed by 
a bridge or culvert without overtopping increases in 
proportion to the importance of the crossing in the regional 
transportation system. The relative importance or 
functional classification of each roadway river crossing, 
that is, minor or collector streets, arterial streets and 
highways, and freeways and expressways, is established 
by the SEWRPC year 2000 regional land use-transportation 
plan. The bridge standards are intended to assure that 
a sufficient number of critical river crossings will remain 
passable during major flood events so that the regional 
highway and railroad transportation system can function 
properly. 

Information contained within the hydrologic-hydraulic 
summary tables set forth in Appendix E of this volume in 
combination with the above bridge standards was used to 
identify the existing bridges and culverts in the watershed 
that have substandard capacity for being useable during 
major flood events. As set forth in Table 33, 48 bridges 
and culverts may be expected to have substandard 
hydraulic characteristics under year 2000 plan conditions; 
and it is recommended that, when they are modified or 
replaced by local or state highway agencies or by 
railroads as a part of highway and railroad improvement 
programs, these crossings should be designed to provide 
adequate capacity in accordance with recommended 
standards. Of the total number of substandard bridges 
and culverts, 16 are located on minor or collector street 
where the 10-year recurrence interval standard is 
applicable; 21 are located on arterial streets and highways 
(other than freeways and expressways) where the 50-year 
recurrence interval standard is applicable; and 11 are 
located on freeways, expressways, and railroads where 
the 100-year recurrence interval standard is applicable. 
Of these 48 structures, one has been identified as causing 
significant aggravation of existing flood problems; that is 
the Chicago, Milwaukee, St. Paul, and Pacific Railroad 
bridge in the City of Brookfield on Underwood Creek a t  
River Mile 6.32 near Pilgrim Road. Benefit-cost analyses 
were not considered as a valid factor in evaluating bridge 
or culvert modification or replacement because many of 
the affected structures are nearing the end of their useful 
lives and will, in any case, require modification or 
replacement for transportation system improvement or 
maintenance purposes. 

The location, as well as  the design, of all new bridges and 
culverts-that is, of structures proposed to be located over 
major streams at points within the watershed where 



Table 32 

HYDROLOGIC-HYDRAULIC EFFECT OF RECOMMENDED CHANNELIZATION AND DETENTION STORAGE 

Stream 

Menomonee River 

Menornonee River 

Menomonee River 

Menomonee River 

Menomonee River 

Menornonee River 

Menomonee River 

Recurrence 
Interval 

(Years) 

5 
10 
25 
50 

1 00 
500 

5 
10 
25 
50 

100 
500 

5 
10 
25 
50 

100 
500 

5 
10 
25 
50 

100 
500 

5 
10 
25 
50 

100 
500 

5 
10 
25 
50 

100 
500 

5 
10 
25 
50 

1 00 
500 

Location 

River 
Mile 

0.00 

4.23 

6.10 

8.33 

12.52 

17.95 

18.98 

Year 2000 Land Use- 
Floodland Development 

Conditions Without 
Channelization and 
Detention Storage 

Discharge 

( c ~ s )  

8,800 
10,900 
13,900 
16,400 
19,200 
26,800 

7,300 
9,100 

1 1,800 
14,100 
16,600 
23,900 

7,300 
9,100 

1 1,800 
14,100 
16,800 
24,300 

3,490 
4,230 
5,250 
6,050 
6,900 
9,100 

2,300 
2,830 
3,550 
4,130 
4,730 
6,300 

1,850 
2,200 
2,800 
3,200 
3,600 
4,600 

1,100 
1,300 
1,500 
1,700 
1,900 
2,400 

Description 

Watershed Outlet in the 
City of Milwaukee 

Chicago, Milwaukee, 
St. Paul, and Pacific 
Railroad in the 
City of Milwaukee 

Streamflow Gaging Station 
in the City of Wauwatosa 

Immediately Upstream of the 
Confluence with Underwood 
Creek in the City of 
Wauwatosa 

Immediately Upstream of the 
Confluence with the 
Little Menomonee River 
in the City of Milwaukee 

Waukesha-Milwaukee County 
Line upstream of 
W. Good Hope Road 

Immediately Upstream of the 
Confluence with Lilly Creek 
in the Village of 
Menornonee Falls 

Year 2000 Land 
Use-Floodland Development 

Conditions 
and 

Discharge 

( c ~ s )  

9,700 
12,000 
1 5,400 
18,200 
21,300 
30,000 

6,900 
8,800 

1 1,600 
14,100 
16,900 
25,000 

6,900 
8,800 

1 1,600 
14,100 
16,900 
25,000 

3,500 
4,300 
5,300 
6,100 
7,000 
9,200 

2,500 
3,000 
3,800 
4,500 
5,100 
6,800 

2,100 
2,600 
3,300 
3,800 
4,400 
5,800 

1,400 
1,800 
2,200 
2,500 
2,800 
3,600 

With Channelization 
Detention Storage 

Relative to Year 
2000 Conditions 

Without Channelization 
and Detention Storage 

(Ratio) 

1.1 
1.1 
1.1 
1.1 
1.1 
1.1 

0.9 
1 .O 
1 .O 
1 .O 
1 .O 
1 .O 

0.9 
1 .O 
1 .O 
1 .O 
1 .O 
1 .O 

1 .O 
1 .O 
1 .O 
1 .O 
1 .O 
1 .O 

1.1 
1.1 
1.1 
1.1 
1.1 
1.1 

1.1 
1.2 
1.2 
1.2 
1.2 
1.3 

1.3 
1.4 
1.5 
1.5 
1.5 
1.5 



Table 32 (continued) 

Source: SEWRPC. 

Year 2000 Land Use- 
Floodland Development 

Conditions Without 
Channelization and 
Detention Storage 

Discharge 

( c ~ s )  

480 
580 
700 
790 
880 

1.100 

860 
1 ,I 00 
1,500 
1,800 
2,200 
3,200 

350 
440 
590 
710 
860 

1,300 

2,200 
2,900 
4,000 
4,900 
6,100 
9,600 

640 
845 

1,170 
1,480 
1,840 
2,980 

560 
750 

1,100 
1,400 
1,700 
2,900 

450 
600 
830 

1,100 
1,300 
2,100 

Recurrence 
Interval 
(Years) 

5 
10 
25 
50 
100 
500 

5 
10 
25 
50 
100 
500 

5 
10 
25 
50 

1 00 
500 

5 
10 
25 
50 
100 
500 

5 
10 
25 
50 
100 
500 

5 
10 
25 
50 
100 
500 

5 
10 
25 
50 
100 
500 

Stream 

Menornonee River 

Lilly Creek 

Lilly Creek 

Underwood Creek 

Underwood Creek 

Underwood Creek 

Dousrnan Ditch 

Year 2000 Land 
Use-Floodland Development 

River 
Mile 

21.93 

0.00 

1.83 

0.00 

2.53 

L 

4.82 

0.00 

Conditions 
and 

Discharge 

( c ~ s )  

670 
790 
950 

1.100 
1,200 
1,400 

1,000 
1,300 
1,800 
2,200 
2,600 
3,900 

440 
590 
830 

1.100 
1,300 
2,200 

2,100 
2,800 
3,900 
5,000 
6,200 
10,200 

400 
560 
7 90 

1.000 
1,300 
2,200 

320 
430 
600 
750 
940 

1,500 

100 
100 
110 
110 
120 
1 30 

Location 

Description 

Menornonee Falls Dam 
in the Village of 
Menomonee Falls 

A t  the Confluence with 
the Menornonee River 
in the Village of 
Menomonee Falls 

W. Mill Road in the 
Village of Menornonee Falls 

A t  the Confluence with 
the Menornonee River 
in the City of Wauwatosa 

Waukesha-Milwaukee 

County Line Immediately 
Upstream of the Confluence 
with the South Branch of 
Underwood Creek 

W. North Avenue in the 
City of Brookfield 

At  the Confluence with 
Underwood Creek in the 
City of Brookfield 

" 

With Channelization 
Detention Storage 

Relative to  Year 
2000 Conditions 

Without Channelization 
and Detention Storage 

(Ratio) 

1.4 
1.4 
1.4 
1.4 
1.4 
1.3 

1.2 
1.2 
1.2 
1.2 
1.2 
1.2 

1.3 
1.3 
1.4 
1.5 
1.5 
1.7 

1 .O 
1 .O 
1 .O 
1 .O 
1 .O 
1.1 

0.6 
0.7 
0.7 
0.7 
0.7 
0.7 

0.6 
0.6 
0.5 
0.5 
0.6 
0.5 

0.2 
0.2 
0.1 
0.1 
0.1 
0.1 



Table 33 

RIVER CROSSINGS I N  THE MENOMONEE RIVER WATERSHED HAVING SUBSTANDARD HYDRAULIC CAPACITIES 

a Thrs table identifies publ ic bridges and culverts which, when considered i n  conjunction with their approach roadways, have substandard hydraulic capacities under 
year 2000 plan conditions according t o  the water control facility standards set forth i n  Chapter 11 o f  this volume. 

Bridges and culverts are identified b y  structure number and are located on Map 4 1 o f  Volume 1 o f  this report. 

Overtopping is a result o f  backwater from Underwood Creek. 

N o t  available. 

Source: SEWRPC. 

Stream 

Lower 
Menomonee River 

Honey Creek 

Underwood Creek 

South Branch 
Underwood Creek 

Dousman Ditch 

Lit t le 
Menomonee River 

Upper 
Menomonee River 

Butler Ditch 

Li l ly Creek 

Nor-X-Way Channel 

Willow Creek 

North Branch 
Menomonee River 

Date of 
Construction 

of Major 
Reconstruction 

N / A ~  

N /A 

N /A 

N /A 

N /A 

N /A 

N /A 
N /A 

1905 

N /A 
1934 

1947 

N /A 
N /A 

1910 

N /A 
N/A 
N /A 
N /A 
N /A 
N /A 
N /A 
N /A 

N /A 

1962 

N /A 

N /A 
1965 
N /A 

N /A 
N /A 

N /A 
N /A 

1971 
N /A 
N /A 
N /A 
N /A 
N /A 
N /A 
N /A 

N /A 
N IA  
N /A 

N /A 

N/A 

 umber^ 

530 

535 

540 

542 

590 

605 

630 
635 
640 

650 
660 

950 
965 

1202 

1270 
1275 
1290 

1295 
1300 
1305 
1310 
1315 
1320 
1330 
1335 

1350 

1800 

1360 

1425 
1435 
1485 

870 
880 

1615 
1620 

31 10 
3120 
3130 
3140 
3150 
3185 
3190 
3200 

3400 
3410 
3420 

3300 

2905 

Design 

Frequency 
(Years) 

100 

100 

100 

100 

100 

100 

50 
10 

100 

50 
50 

10 
10 

100 

10 
50 

100 

10 
10 
10 
50 
10 
10 
10 

100 

50 

50 

50 

50 
10 
50 

50 
50 

50 
50 

50 
50 
10 
50 
50 
10 
10 
50 

50 
100 
10 

50 

10 

Structure ldentificationa 

Name 

Chicago, Milwaukee, St. Paul, 
and Pacific Railroad 

Chicago, Milwaukee, St. Paul, 
and Pacific Railroad 

Chicago, Milwaukee, St. Paul. 
and Pacific Railroad 

Chicago, Milwaukee, St. Paul, 
and Pacific Railroad 

Chicago, Milwaukee. St. Paul, 
and Pacific Railroad 

Chicago, Milwaukee, St. Paul, 
and Pacific Railroad 

N. 68th Street 
N. 70th Street 
Chicago, Milwaukee, St. Paul, 

and Pacific Railroad 
Swan Boulevard 
North Avenue 

Honey Creek Parkway 
Wisconsin Avenue 

Chicago, Milwaukee, St. Paul, 
and Pacific Railroad 

Wall Street 
Watertown Plank Road 
Chicago, Milwaukee, St. Paul, 

and Pacific Railroad 
Juneau Boulevard 
Village Hall Bridge 
Marcella Avenue 
North Avenue 
Clearwater Drive 
Santa Maria Court 
Indian Creek Parkway 
Chicago, Milwaukee. St. Paul, 

and Pacific Railroad 
Pilgrim Parkway 

W. Bluemound Road 

North Avenue 

W. Mil l  Road 
W. Leon Terrace 
County Line Road 

River Lane 
Freistadt Road 

Hampton Road 
Lisbon Road 

Appleton Avenue 
Good Hope Road 
Brentwood Drive 
Li l ly Road 
Mil l  Road 
Kaul Avenue 
Bobolink Avenue 
Silver Spring Road 

Fond du  Lac Avenue 
USH 41 and 45 
Stanley Drive 

Maple Road 

Holy Hi l l  Road 

Hydraulic 

Approach 

Road 
Overtopped 

X 

X 

X 

X 

X 

X 

X 
X 
X 

X 
X 

X 
X 

X 

X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

X 

xc 

X 

X 
X 
X 

X 
X 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 

X 

X 

Inadequacy 

Bridge 

Deck 
Overtopped 

X 

X 

X 

X 
X 

X 

X 

X 
X 
X 
X 

X 
X 

X 

X 

X 
X 

X 
X 
X 
X 

X 
X 

River 
Mile 

1.87 

1.91 

1.95 

1.97 

4.24 

4.56 

5.96 
6.10 
6.70 

8.00 
8.50 

0.17 
0.91 

0.81 

3.25 
3.43 
3.55 

3.67 
3.76 
4.48 
4.82 
5.59 
5.99 
6.20 
6.32 

6.68 

0.05 

0.06 

2.41 
2.62 
6.91 

25.98 
27.1 7 

1.02 
1.35 

0.40 
0.84 
1.06 
1.80 
1.88 
2.43 
2.48 
2.97 

0.07 
0.1 7 
0.27 

0.06 

0.63 

County 

Milwaukee 

Milwaukee 

Milwaukee 

Milwaukee 

Milwaukee 

Milwaukee 

Milwaukee 
Milwaukee 
Milwaukee 

Milwaukee 
Milwaukee 

Milwaukee 
Milwaukee 

Milwaukee 

Waukesha 
Waukesha 
Waukesha 

Waukesha 
Waukesha 
Waukesha 
Waukesha 
Waukesha 
Waukesha 
Waukesha 
Waukesha 

Waukesha 

Waukesha 

Waukesha 

Milwaukee 
Milwaukee 
Milwaukee- 

Ozaukee 

Washington 
Washington 

Waukesha 
Waukesha 

Waukesha 
Waukesha 
Waukesha 
Waukesha 
Waukesha 
Waukesha 
Waukesha 
Waukesha 

Waukesha 
Waukesha 
Waukesha 

Washington 

Washington 



presently no crossing exists-as well as the design of 
replacements of or modifications to existing bridges or 
culverts, should be based upon the applicable objectives 
and standards set forth in Chapter I1 of this volume. Of 
particular importance is the standard which requires that 
all new or replacement bridges and culverts be designed 
so as to accommodate 100-year recurrence interval flood 
discharge under year 2000 plan conditions without raising 
the corresponding peak stage by more than 0.5 feet above 
the peak stage for the 100-year recurrence interval flood, 
as established in the adopted comprehensive watershed 
plan. This provision is intended to assure that the new, 
modified, or replacement river crossings, including their 
approaches, will not aggravate existing flood problems, 
create new flood hazards, or unnecessarily complicate 
the administration of floodland regulations. 

PRIMARY NONSTRUCTURAL 
FLOODLAND MANAGEMENT MEASURES 

Of the 10 available nonstructural floodland management 
measures set forth in Table 18 and discussed earlier in 
this chapter, three are particularly effective for minimizing 
aggravation of existing problems and for preventing 
development of future flood hazards. These three preventa- 
tive measures are: reservation of floodlands for recrea- 
tional and related open space uses through such measures 
as private use or public acquisition of the land or of an 
easement; floodland use regulation as accomplished 
through zoning, land subdivision, sanitary, and building 
ordinances; and regulation of land use outside of the 
floodlands which could also be accomplished through 
zoning, land subdivision, sanitary, and building ordinances. 

It is apparent that these three primary nonstructural 
floodland management measures are directed toward 
regulation or some form of control over the use of land 
as that use may either aggravate existing flood problems 
or create new ones. With respect to their application to 
the Menomonee River watershed, the above nonstructural 
preventative measures a r e  discussed below in two 
categories: land use controls within the floodlands and 
land use controls outside of the floodlands. 

Land Use Control Within Floodlands 
Encouragement of Recreational and Related Open Space 
Uses: The Menomonee River watershed land use plan 
element recommends, as described in Chapter I11 of this 
volume, the continued use and maintenance for outdoor 
recreation and related open space purposes of 7.2 square 
miles of existing public and private outdoor recreation 
and related open space lands. All of these lands lie within 
the primary environmental corridors of the watershed 
and, inasmuch as the corridors generally follow the 
alignment of the major s t ream systems, much of the 
existing public and private outdoor recreation and related 
open space land also encompasses the floodlands of the 
watershed. The land use plan also recommends the 
acquisition of 4.8 square miles of selected high value 
primary environmental corridor lands located primarily 
along the main stem of the Menomonee River, lands which 
also encompass floodland areas. 

Assuming implementation of the land use plan, the total 
12.0 square miles of primary environmental corridor 
land-about three-fourths of the total primary environ- 
mental corridor in the watershed-would be available in 
public or private ownership, for outdoor recreation and 
related open space uses. Maintenance of existing public 
or private outdoor recreation and related open space lands 
and reservation-by public or private ownership or by 
easement-of additional land for these purposes constitute 
an important and effective means of implementing the 
recommended land use plan for the watershed. 

Selected portions of the primary environmental corridors, 
besides being an effective general means of protecting the 
natural resource base, also serve to protect the watershed 
in particular through such specific ways as  the use of 
floodlands for outdoor recreation and other open space 
activities, so constituting an effective means of minimizing 
the aggravation of existing flood problems or the develop- 
ment of new flood problems. It is evident from a study 
of historic flood problems in the watershed, as reported 
in Chapter VI, Volume 1 of this report, that placement 
of urban development in floodland areas is the principal 
cause of the flood problems that currently exist in the 
basin. In addition, hydrologic-hydraulic simulation studies 
described earlier in this chapter clearly demonstrate that 
the substantial reduction in floodwater storage and convey- 
ance associated with floodland fill and development may 
be expected to produce significant increases in downstream 
flood flows, stages, and areas  of inundation, thereby 
seriously aggravating existing flood problems or creating 
new ones. 

It is recommended, therefore, that the use of floodland 
areas for outdoor recreation and related open space 
activities be emphasized and carried out not only to 
implement the land use plan-particularly the primary 
environmental corridor plan elements which recommend 
continued use and maintenance of 7.2 square miles of 
existing public and private outdoor recreation and related 
open space lands and the acquisition of 4.8 square miles 
of selected high value corridor lands-but also to minimize 
the aggravation of existing flood problems and the develop- 
ment of new flood problems. 

Floodland Regulations and the Wisconsin Floodplain 
Management Program: Wisconsin Statutes require that all 
counties, cities, and villages in the watershed with existing 
or potential flood hazards adopt reasonable and effective 
floodland regulations in accordance with the floodplain 
management program administered by the Wisconsin 
Department of Natural Resources. As discussed in 
Chapter 111 of this volume, floodland or floodland-related 
regulations such as wetland or conservancy zoning have 
been adopted by four cities-Brookfield, Mequon, Milwau- 
kee, and Wauwatosa-and by three villages-Elm Grove, 
Germantown, and Menomonee Falls-in the watershed. 

While these floodland and floodland-related regulations 
do control development in flood hazard areas to various 
degrees, they do not generally meet the minimum 
requirements of the State of Wisconsin floodplain manage- 
ment program: The principal failing is the absence of 



adequate flood hazard information including the delineation 
of the limits of the 100-year recurrence interval flood- 
lands. Flood hazard information suitable for floodland 
regulation purposes is now available for the watershed 
stream system as  a result of the hydrologic-hydraulic 
analyses conducted under the Menomonee River watershed 
planning program. 

It is recommended, therefore, that the above four cities 
and three villages revise their floodland and floodland- 
related regulations so as  to be fully consistent with the 
flood hazard data developed under the study for year 2000 
land use plan conditions. It is further recommended, based 
on the identification of existing or potential flood hazards 
under the watershed planning program, that the following 
three communities utilize the flood hazard data generated 
by the planning program in the preparation and adoption 
of floodland and floodland-related regulations: the City 
of West Allis, the Village of Butler, and the City 
of Greenfield. 

In addition to meeting minimum hydrologic-hydraulic 
standards established by the State of Wisconsin floodplain 
management program, it is imperative that the floodland 
and floodland-related regulations developed for the 
Menomonee River watershed be explicitly designed to 
complement and to help to implement the recommended 
land use plan. This is particularly important  for the 
primary environmental corridor element of that plan which 
recommends the protection of 16.3 square  miles of 
primary environmental corridor by a combination of four 
measures: maintenance of 7.2 square miles of existing 
public and private outdoor recreation and related open 
space lands; acquisition of 4.8 square miles of selected 
high value primary environmental corridor lands; 
application of woodland-wetland and wildlife habitat  
management techniques to all corridor lands; and use of 
land use controls to protect those 4.3 square miles of 
primary environmental corridor lands not in public or 
private outdoor recreation use and not recommended for 
acquisition under the watershed plan. 

More specifically, it is recommended that in order to 
conserve the floodwater storage and conveyance capacity 
of the natural floodlands, in order to abate future flood 
hazards and monetary flood damages, in order to reduce 
the existing hazards to human health and safety caused by 
unwise occupation of floodlands, in order to reduce the 
expenditure of public funds to secure the health and safety 
of floodland residents during periods of flooding, and in 
order to promote sound land use development and natural 
resource base protection, one of two basic types of 
floodland and floodland-related measures should be 
instituted by the local units of government on a reach-by- 
reach basis in the watershed. These two recommended 
measures are: 

1. In those areas of the floodlands lying within the 
100-year recurrence interval flood hazard lines 
under year 2000 plan conditions that are presently 
neither developed for urban use nor committed 
to such development by the recordation of land 
subdivision plats and installation of municipal 

improvements such as  street pavements and sewer 
and water utility lines, all future incompatible 
urban development be discouraged through appro- 
priate floodland and floodland-related land use 
regulations. 

2. In those areas of the floodlands that are already 
completely or partly developed for urban uses, 
or committed to such development, the floodland 
and floodland-related land use regulations should 
be designed so as  to accommodate existing 
development, to preserve sufficient conveyance 
capacity for the 100-year floodflow through 
delineation and preservation in open use of a 
floodway, and to require the floodproofing of all 
new urban development permitted in the flood- 
plain fringe. 

Map 42 shows the manner in which the above two types of 
floodland regulations are proposed to be applied to the 
watershed stream system. This reach-by-reach identifica- 
tion of the recommended approach to floodland regulations 
is intended to identify those portions of the watershed in 
which floodland regulations should be designed to preserve 
in essentially open, natural conditions all of the floodland 
areas, as  opposed to those portions of the watershed in 
which floodland regulations must reflect the reality of 
existing urban development. Flood stage and channel 
bottom profiles and corresponding small  scale flood 
hazard maps for 72 miles of stream system in the water- 
shed are attached as  Appendix D. In addition an index 
map showing the availability of large scale flood hazard 
maps is attached as  Appendix F. Of the approximately 
72 miles of watershed stream system for which the 
preparation and adoption of floodland regulations are 
recommended in the watershed plan, about 56 miles would 
be subjected to regulations intended to preserve in 
essentially natural, open use all of the 100-year flood- 
lands under year 2000 conditions. The remaining 16 miles 
would be subjected to regulations intended to recognize 
the commitment to urban development that already exists 
while preserving a sufficient floodway area to provide 
for the safe conveyance of the 100-year recurrence 
interval flood flow. 

While the above floodland regulation recommendations are 
intended to have a positive long-range effect, they are 
based on existing riverine area land use and, because of 
the rapid urbanization process occurring within the 
watershed, are intended for immediate implementation 
including implementation in those reaches for which 
structural flood control works are recommended. It is 
likely that the eventual implementation of recommended 
structural flood control works, such as  major channel 
modifications and a detention reservoir, will necessitate 
the eventual adjustment of floodland regulations within 
and immediately downstream of channelized reaches and 
immediately downstream of the detention reservoir. For 
example, construction of the recommended Dousman Ditch 
detention reservoir in the City of Brookfield will reduce 
the lateral  extent of the floodplain downstream along 
Dousman Ditch and Underwood Creek in the City of Brook- 
field and Village of Elm Grove. Construction of major 



Map 42 

FLOODLAND REGULATION RECOMMENDATIONS FOR THE MENOMONEE RIVER WATERSHED 

In order to  avoid intensification of existing flood problems and the creation of new flood problems, two types of local floodland regulations are proposed to be 
applied in  the riverine areas of the watershed. Riverine reaches containing floodland areas that are presently neither in  urban use nor committed to such use Sho~ld 
be regulated so as to prevent all future incompatible urban development within the 100year recurrence interval flood hazard lines. Such regulations will preserve the 
floodwater storage and conveyance capacity of the floodland area as well as avoid the construction of new flood damage prone structures. In  those river reaches 
containing floodland areas that are partly developed for urban use, or have been committed to such use by platting, street improvement, and utility installation the 
floodland regulations should be designed so as to accommodate the existing development while preserving sufficient conveyance capacity t o  Pass the 100-year 
floodflow through use of a floodway, and to require the floodproofing of all new structures development permitted in  the floodplain fringe. 

Source: SEWRPC. 



channel works along the main stem of the Menomonee 
River in the Village of Menomonee Falls will markedly 
reduce the lateral extent of the floodplain. The need to 
eventually alter floodplain regulations is reflected in the 
adopted water control facility development objectives, 
principles, and standards for the watershed as set forth 
in Chapter I1 of this volume. The relevant standards state 
that the construction of structural flood control works 
shall be deemed to change the limits and extent of 
associated floodways and floodplains but that no such 
changes shall become effective for the purposes of land 
use regulations until such time as the structural flood 
control works are actually constructed and operative. 

In summary, the overriding consideration in the prepara- 
tion and adoption of floodland regulations throughout the 
watershed stream system is the manner in which these 
regulations complement the recommendations made in 
Chapter I11 of this volume concerning the protection of 
the primary environmental corridors. Floodland regula- 
tions can be an effective means of implementing the 
primary environmental corridor plan subelement recom- 
mendations, including providing interim control over 
corridor lands recommended for eventual acquisition, 
provided that the regulatory objectives are expanded beyond 
the single purpose of flood damage mitigation so as also to 
include protection of the primary environmental corridor. 

Land Use Controls Outside of the Floodlands 
The hydrologic-hydraulic studies conducted under the 
watershed planning program clearly demonstrate the 
probable impact on flood flows and stages of changing land 
use outside of the watershed floodland as well as within 
the floodlands. For example, complete urbanization of the 
watershed land surface outside of the floodlands while 
maintaining the floodlands in their present conditions 
could be expected to result, for 10 locations distributed 
throughout the watershed stream system, in increases in 
the 100-year flood flow relative to existing-conditions- 
100-year-flood-flows ranging from about 1.1 to 3.1. In 
contrast, under conditions of the year 2000 land use plan, 
the ratio of 100-year flood flows at the same 10 locations 
relative to existing conditions would vary from 1.0 to 
a high of 1.5. 

Many factors enter into the design of land use plan for the 
Region and for the watershed including relating new 
development sensibly to soil capabilities, to long 
established and planned utility systems, and to the natural 
resource base of the watershed and the allocation of 
sufficient land to each of the various major land use 
categories. The land use plan is also a key element in 
floodland management plan for watershed and it should 
be emphasized that the recommended structural and 
nonstructural floodland management measures for the 
Menomonee River watershed assume the implementation 
of the year 2000 watershed land use plan. Failure to 
recognize the impact of land use on flood problems and 
accordingly to control the manner in which incremental 
urbanization occurs in the Menomonee River watershed 
could negate the positive flood mitigation aspects of many 
of the other nonstructural floodland management measures 
as well as the structural measures recommended for 
the basin. 

SECONDARYNONSTRUCTURAL 
FLOQDLAND MANAGEMENT MEASURES 

Of the total of 15 available floodland management measures 
described earlier in this chapter, all but five have been 
considered in the chapter as they relate to the Menomonee 
River watershed. The remaining measures, all of them 
nonstructural, are: federal flood insurance, lending 
institution policies, realtor policies, community utility 
policies, and emergency programs. The application of 
each of these remaining nonstructural measures to the 
Menomonee River watershed is discussed below. Although 
none of these measures alone is well suited to eliminating 
or significantly reducing existing flood problems, 
a combination of these measures properly applied to 
a community may be instrumental in preventing the 
aggravation of existing flood problems or minimizing the 
development of future flood hazards; may help to alleviate 
the monetary flood loss incurred by owners of existing 
flood-prone property; and, in the case of emergency 
measures, may substantially reduce the threat to the life 
and health of residents of floodprone areas. 

Federal Flood Insurance 
While the federal flood insurance program does not solve 
flood problems or mitigate flood damages, it does provide 
a means for distributing monetary flood losses in the form 
of an annual flood insurance premium and, in those 
situations where the insurance premiums are subsidized, 
the federal flood insurance program also provides a way 
of reducing monetary flood losses to the owner. It is, 
therefore, in the best interest of watershed communities 
to participate in the federal flood insurance program 

While the ultimate decision to purchase flood insurance 
remains with individual property owners, initiative to 
establish the program within a particular community must 
be taken by the municipality having jurisdiction over zoning 
and building codes. The municipality must file a formal 
request with the U.S. Department of Housing and Urban 
Development for consideration for participation in the 
flood insurance program, including in its application an 
account of the historic flood problems in the community 
and a map of the community on which are delineated those 
flood-prone areas for which insurance is desired. Such 
application must also include copies of adopted floodland 
regulations or other adopted measures intended to prevent 
or reduce future flood damages. The community or unit 
of government must also submit assurances of future 
compliance, including resolutions indicating that flood 
problems will be continuously monitored and that such 
problems will be considered in all official actions affecting 
floodland use. Historic flood information and other flood 
hazard data developed under the Menomonee River water- 
shed planning program will be useful to watershed 
communities seeking full participation in the federal flood 
insurance program. 

Based on the hydrologic-hydraulic analyses conducted 
under the watershed study, existing or potential flood 
problems have been identified in the watershed portions 
of all watershed civil divisions with the exception of the 
unincorporated areas of Washington County including the 



Towns of Germantown and Richfield; the unincorporated 
areas of Waukesha County including the Towns of Lisbon 
and Brookfield; the City of New Berlin in Waukesha County; 
and the Village of West Milwaukee and the Village of 
Greendale in Milwaukee County. Those communities which 
have clearly identified flood problems should ac t  to 
part icipate in the federal  flood insurance program. 
Although flood hazards have been identified in the 
Milwaukee County portion of the Menomonee River 
watershed, that entire area has been incorporated and, 
therefore, it is not necessary for Milwaukee County to 
participate in the federal flood insurance program. Some 
of the excepted communities-for example, the City of 
New Berlin-will likely participate in the program by 
virtue of having flood-prone a r e a s  outside of the 
Menomonee River watershed. 

As of the end of 1975, all of the seven cities and six 
villages located wholly or partly in the Menomonee River 
watershed, as well a s  the unincorporated areas of the 
watershed in Washington and Waukesha Counties, had 
taken the necessary affirmative steps to become eligible 
to participate in the Federal flood insurance program. 
In response to those requests for participation under the 
emergency phase of the program, the U.S. Department 
of Housing and Urban Development has  published 
preliminary flood hazard boundary maps for all of the 
above eligible civil divisions with the exception of the 
unincorporated areas of Washington and Waukesha Counties 
and the Village of West Milwaukee. In addition, the U.S. 
Department of Housing and Urban Development, in coopera- 
tion with the Wisconsin Department of Natural Resources 
which coordinates their flood insurance program within 
the State, has authorized insurance rate studies for the 
following civil divisions located wholly or partly in the 
Menomonee River watershed: the Cities of Greenfield, 
Milwaukee, and Wauwatosa in Milwaukee County and the 
Cities of New Berlin and Brookfield and the Villages of 
Menomonee Falls and Butler in Waukesha County. 

It is recommended that the U.S. Department of Housing 
and Urban Development, in cooperation with the Wisconsin 
Department of Natural Resources, authorize the conduct 
of insurance rate studies in the following communities 
which have been identified a s  having flood hazard areas 
and are  located wholly or partly in the watershed: the 
City of West Allis in Milwaukee County, the Village of 
Germantown in Washington County, and the Village of 
Elm Grove in Waukesha County. Although a flood insurance 
study has been completed for the City of Mequon, that study 
did not include the development of flood hazard data for 
the Menomonee River watershed portion of the City and, 
therefore, it is recommended that a supplemental insurance 
rate study be conducted for the Menomonee River water- 
shed portion of the City of Mequon using the flood hazard 
data developed under the watershed study. With completion 
of the above seven authorized insurance rate studies and 
the recommended additional three insurance rate studies, 
property owners in all watershed communities having 
clearly identified flood problems will be able to participate 
in the regular flood insurance program. 

The analysis conducted under the Menomonee River 
watershed planning program anticipated the eventual 
conduct of flood insurance rate studies and, therefore, 

hydrologic-hydraulic data needed to prepare those studies 
have been generated under the watershed planning program. 
In particular, these data include lo-, 50-, loo-, and 500- 
year recurrence interval flood s tage  profiles and 
associated floodplain delineations. It is recommended that 
the contractors retained by the U.S. Department of Housing 
and Urban Development to conduct the flood insurance 
rate studies make maximum utilization of the flood hazard 
data developed under the watershed program. 

Lending Institution Policies 
As a result of the National Flood Insurance Program, 
private lending institutions in the southeastern Wisconsin 
a r ea  have generally assumed the responsibility for 
determining whether or not a property is in a flood-prone 
area and, if so, they require the purchase of flood insur- 
ance before granting a mortgage for a structure on the 
property. It is recommended that lending institutions 
continue to determine the flood-prone status of properties 
prior to the granting of a mortgage, irrespective of the 
requirements of the National Flood Insurance Program, 
and that the principal source of flood hazard information 
within the Menomonee River watershed be that developed 
under the watershed planning program and available 
through either local units of government or the Regional 
Planning Commission. 

Realtor Policies 
As noted earlier in this chapter, an executive order by 
the Governor of Wisconsin in 1973 strongly urges that real 
estate brokers, salesmen, and their agents inform potential 
purchasers of property of any flood hazards which may 
exist a t  the site. It is strongly recommended that this 
program be continued inasmuch a s  the purchaser of 
property, particularly a potential buyer of a residence or 
of a lot for construction of a residence, is not likely to be 
aware of the threat to life and property posed by an event 
a s  rare as a major flood. 

Community Utility Policies 
As discussed earlier in this chapter, local communities 
may adopt policies relating to the extension of certain 
public utilities and facilities such a s  sanitary sewers, 
water  mains,  and s t ree ts  in recognition of the likely 
influence of the location and size or capacity of such 
utilities and facilities on the location of new urban develop- 
ment. It is recommended that the policies of governmental 
units and agencies having responsibility for such utilities 
and facilities within the Menomonee River watershed be 
formulated so that the size, location, and use of those 
utilities and facilities be consistent with the flood-prone 
status of riverine areas. More particularly, it is recom- 
mended that these utility and facility policies be designed 
to complement the floodland regulation recommendations 
for the Menomonee River watershed and the recommended 
primary environmental corridor protection plan subelement. 

Emergency Programs 
An emergency program to minimize the damage and 
disruption associated with flooding normally consists of 
a variety of devices and techniques that a re  tailored to 
the flood hazard characteristics of individual communities. 
It is particularly pertinent to note that historic data and 
simulation results reveal that most of the urban portions 



of the Menomonee River watershed are classified as being 
hydrologically and hydraulically "flashy" in that major 
flood events a re  likely to be caused by intense rainfall 
events that a re  unpredictable a s  to location and time of 
occurrence and that there may be only several hours of 
elapsed time between the initial rise of floodwaters and 
the occurrence of peak stages. It therefore follows that 
it is not practicable to establish a system to predict the 
location, magnitude, and time of occurrence of peak flood 
stages. In addition, these studies indicate that peak flood 
discharges within the Menomonee River watershed for 
selected recurrence intervals may be expected to be 
several times larger than those that would occur in rural 
watersheds of similar size, soils, and topography. 

It is recommended, therefore, that  each  watershed 
community develop procedures to provide floodland 
residents and other property owners with information 
about floods that a re  already in progress. While the 
optinium combination of measures comprising such an 
information system will d i f fer  from community to 
community, it is suggested that measures such as the 
following be considered: monitoring of National Weather 
Service flash flood water bulletins and flash flood warning 
bulletins during periods when rainfall or snowmelt a re  
occurring or a re  anticipated, patrolling riverine areas to 
note when bankfull conditions are eminent, emergency 
messages broadcast to community residents over radio 
and television, use of police patrol cars or other vehicles 
equipped with public address systems, and use of warning 
sirens having a special pattern to indicate that flooding 
is occurring, especially during nighttime hours. While 
emergency measures like those recommended above may 
alleviate some damage to property in flood-prone areas 
by providing property owners with time to prepare for 
the flood stage, their most significant benefit is that they 
provide a way to reduce the threat to the life and health 
of residents of flood-prone areas, particularly during 
nighttime hours when residents of riverine areas may 
not be aware of rising flood waters. None of the other 
floodland management alternatives available to watershed 
communities is directed explicitly to the protection of 
the inhabitants of existing flood-prone areas. 

ACCESSORY FLOODLAND 
MANAGEMENT CONSIDERATIONS 

During the Menomonee River Watershed Planning Program 
there emerged several items of interest which, although 
not pertainingdirectly to floodland management alternatives 
as set forth in this chapter, did relate to the overall 
existing and potential flood problems in the Menomonee 
River watershed. These matters of concern were examined 
during the watershed planning process, and the resulting 
conclusions and recommendations based on that examina- 
tion are described below. 

Maintenance of Stream Gaging Network 
When the Menomonee River Watershed Planning Program 
was initiated in 1972, there was one established daily 
stream gaging station in the basin, that being a U.S. 
Geological Survey wire weight gage located a t  the N. 70th 
Street crossing of the Menomonee River in the City of 

Wauwatosa; the wire weight gage had been in operation 
since October 1, 1961. As a result of the International 
Joint Commission (IJC) Menomonee River Pilot Watershed 
Study which was begun in 1974, there were, a t  the end of 
1975, 11 continuous recording stream gaging stations 
housed in semipermanent structures in the Menomonee 
River watershed-three on intermittent streams and eight 
on the perennial stream system, with one of the latter 
group being located a t  the site of the wire weight gage 
on the Menomonee River in the City of Wauwatosa. This 
network of 11 continuous flow recordation gaging stations 
is operated by the U.S. Geological Survey a s  a participant 
in the IJC Menomonee River Pilot Watershed Study. 

The U.S. Geological Survey also maintains three partial 
record stations in the watershed: a crest stage gage 
operated since 1959 a t  the N. 70th Street crossing of Honey 
Creek in the City of Milwaukee, a low flow gage operated 
since 1962 a t  the Washington-Waukesha County line on 
the Menomonee River, and a combination crest and low 
flow gage operated since 1958 a t  the Donges Bay Road 
crossing of the Little Menomonee River in the City of 
Mequon. Map 43 shows the location and type of stream 
gaging stations operated by the U.S. Geological Survey 
in the Menomonee River watershed a s  of the end of 1975. 

In addition to the above stream flow monitoring stations 
in the watershed, a total of 29 crest stage gages are  
operated in the Milwaukee County portion of the basin by 
the Milwaukee-Metropolitan Sewerage Commissions; 
a total of 38 staff gages are  maintained by the City of 
Milwaukee in the Milwaukee portion of the watershed; 
and a total of 14 staff gages are maintained along the 
Menomonee River within the Village of Menomonee Falls. 

It is also important to note that, a s  a part of the IJC 
Menomonee River Pilot Watershed Study, the Wisconsin 
Department of Natural Resources maintains automatic 
water quality sampling and monitoring equipment a t  the 
11 streamflow gaging sites established for the IJC study, 
a s  well as  one additional water quality station on the 
Menomonee River in the industrial valley near 27th Street. 
Most of the water quality apparatus a t  each of the 12 sites 
is housed within the 11 semipermanent structures that 
house the stream gaging apparatus plus one additional 
such structure a t  the industrial valley site. 

Continuous recording stream gaging stations, a s  well a s  
partial record streamflow stations and crest stage stations, 
by monitoring river flows and stages a t  points strategically 
located within the watershed can provide critical data 
required for future rational management of the surface 
water resources of the basin for the following reasons: 

1. The records from such gaging stations, particu- 
larly those stations located in the upper portions 
of the watershed near the present urban-rural 
transition zone, may eventually serve a s  indi- 
cators of the hydrologic and hydraulic effect of 
headwater urbanization. This is  part icularly 
important in the Menomonee River watershed 
where the headwater areas a re  still essentially 
rural in character and where simulation studies 



Map 43 

LOCATION OF U. S. GEOLOGICAL SURVEY STREAM GAGING STATIONS IN THE MENOMONEE RIVER WATERSHED: 1975 

When the Menomonee River watershed planning program was initiated in 1972, there was one stream gaging station located in  the basin, a U. S. Geological Survey wire weight gage located at the N. 70th 
Street crossing of the Menomonee River in  the City of Weuwatosa. I t  had been i n  operation since October 1, 1961. As a result of the international Joint Commission Menomonee River Pilot watershed 
Study which was initiated in 1974, there ware, at the end of 1975.11 continuous recording stream gaging stations housed in  permanent structures in the Menomonee River watershed at the  location^ ahown 
on this map. The U. S. Geological Survey also maintains three partial record stations in the watershed as shown on the map. The comprehensive plan for the Menomom River vrstershed recomme*s 
that the continuous recorder gages installed at the N. 7Gth Street crossing of the Menomonee River at Wauvatora end at the Pilgrlm Road crossing of the Menomonee River in  the Villageof Menomom 
Fells, for purposes of the IJC Menomonee River Pilot Watershed Study, continue to be operated subsequent to completion of that research project. ~ecords from these  aging stations will S0rv.e as indi-tors 
of the hydrologic and hydraulic effect of heedwater urbanization and can be usad to periodically refine the hydroiogic-hydraulic simulation model developed and used in  the Menomonee R~ver watershed 
planning program as wall as in  the engineering of bridges end culverts and flood control works. 

Source: U. S. Geologicel Survey and SEWRPC. 



indicate the possibility of dramatic increases in 
downstream discharges and stages under condi- 
tions of uncontrolled urban development. 

2. Discharge-frequency relationships derived from 
data provided by continuous recording stream 
gaging stations and by partial record stations in 
addition to flood stage profiles from crest-stage 
gages can be used to periodically refine the 
hydrologic and hydraulic simulation submodels 
developed and used in the Menomonee River 
watershed study. I t  is important to note that 
stream gaging records, obtained in conjunction 
with coincident water quality monitoring data, 
can also be used to periodically refine the water 
quality simulation submodel used in the water- 
shed study. 

It is recommended that  the continuous recorder gage  
temporarily installed a t  the N. 70th Street crossing of the 
Menomonee River in Wauwatosa for purposes of the IJC 
Menomonee River Pilot Watershed Study continue to be 
operated subsequent to the completion of that research 
project. A continuous flow stream gage is preferable a t  
that location in this watershed because of the hydrologically 
and hydraulically flashy na ture  of the basin which 
necessitates discharge measurement made at  intervals of 
several hours rather than the daily observations normally 
made a t  the wire weight gage. It is also important to 
continue data collection a t  the IV. 70th Street crossing of 
the Menomonee River in order to extend the stream flow 
data series that began there on October 1, 1961. Finally, 
the N. 70th Street crossing is reasonably close to the 
downstream end of the Menomonee River watershed and, 
therefore, provides a means of monitoring the hydrologic 
and hydraulic behavior of this urbanizing watershed a s  
it responds to additional urban development both within 
and outside of the floodland area. 

It is further recommended that the continuous recorder 
gage installed on the Menomonee River a t  Pilgrim Road 
(CTH YY) in the Village of Menomonee Falls for purposes 
of the IJC Menomonee River Pilot Watershed Study be 
maintained after conclusion of that study a s  a permanent 
monitoring station. As indicated earlier in this chapter 
under the discussion of the expected behavior of the 
watershed under al ternative land use and floodland 
development conditions, the reach of the Menomonee River 
downstream of the Washington-Waukesha County line and 
upstream of the confluence with the Little Menomonee 
River is particularly susceptible to an altered hydrologic- 
hydraulic regime a s  a result of urban development. The 
Pilgrim Road crossing of the Menomonee River lies within 
this reach and a gaging station at  that  location would 
provide a means to systematically monitor the impact of 
that urban development. 

It is recommended that two of the three partial record 
stations operated in the basin by the U.S. Geological 
Survey-the Freistadt gage on the Little Menomonee River 
and the Milwaukee gage on Honey Creek-continue to be 
operated and that the Village of Menomonee Falls, the 

City of Milwaukee, and the Milwaukee-Metropolitan 
Sewerage Commissions continue to maintain crest stage 
or staff gage networks. 

It is also recommended that certain communities located 
on the major stream system of the watershed establish, 
and in one case add to, a network of crest stage or staff 
gages to provide for acquisition of high water data during 
future major flood events. Watershed communities in 
which the installation of new crest or staff stage gages is 
recommended along stream reaches having flood problems, 
or in which such problems may be expected to develop in 
the future, include the City of Mequon in Ozaukee County, 
the Village of Germantown in Washington County, and the 
City of Brookfield and the Villages of Elm Grove and 
Menomonee Falls in Waukesha County. Recommended 
locations for the placement of a total of nine new crest or 
staff gages in these five communities a re  shown on Map 44. 

The above stream gaging recommendations pertain directly 
to continued monitoring of flood problems in the Menomonee 
River watershed. It is significant to note, however, that 
the existence in the Menomonee River watershed of 12 
semipermanent structures located throughout the basin 
so a s  to receive base flow and direct runoff from a variety 
of land uses and land use combinations and containing 
sophisticated stream flow and water quality monitoring 
devices offers a unique opportunity for continued hydro- 
logic, hydraulic, and water quality research in southeastern 
Wisconsin. Upon completion of the International Joint 
Commission Menomonee River Pilot Watershed Study in 
early 1978, arrangements could be made by educational 
institutions to continue operation of some of the monitoring 
stations either through direct acquisition of the gaging 
stations and some or all of the equipment contained within 
them or by entering into cooperative programs with state 
or federal agencies such a s  the Wisconsin Department 
of Natural Resources and the U.S. Geological Survey, 
respectively. Such research programs might be directed 
to a variety of topics including the development of rainfall- 
runoff relationships for urban areas, the assessment of 
the impact of urban development on the erosion and the 
production of sediment, the relationship between fallout 
and washout from the atmosphere and the quality of surface 
water, the impact of street cleaning procedures in urban 
areas on the quality of runoff to the stream system, and 
the nature and rate of reaction of the watershed stream 
system to the planned removal of the four remaining 
municipal sewage treatment plants. 

Most of the above suggested research programs deal 
primarily with the characteristics and impact of diffuse 
source pollution in urban and rural areas. Diffuse source 
pollution investigations are  the principal thrust of both 
the IJC Menomonee River Pilot Watershed Study and the 
areawide water quality planning and management program 
for southeastern Wisconsin, both of which are  underway 
and slated for completion by the end of 1977. It must be 
recognized, however, that diffuse source pollution and 
the problems it causes constitute a relatively new area 
of water resources planning and management, and it is 
unlikely that the current pilot watershed or the areawide 
water quality program will lead to a complete understanding 



Map 44 

RECOMMENDED ADDITIONAL CREST STAGE OR STAFF GAGES IN THE MENOMONEE RIVER WATERSHED 

LEGEND 

EXISTING STAFF OR CREST A STAGE GAGES 

RECOMMENDED ADDITIONAL zzF& OR CREST STAGE 

The present network of staff and crest stage gages in the watershed is concentrated within Milwaukee County and along the Menomonee River 
within the Village of Menomonee Falls. The watershed plan recommends the installation of nine additional crest stage or staff gages in the 
watershed at the locations shown on this map in brder to provide peak flood stage data for river reaches that have experienced or may be 
expected to experience major flood problems in the future. 

Source: SEWRPC. 



of diffuse source pollution phenomena or to a complete 
resolution of the existing problems by the end of 1977. It 
is, therefore, prudent to anticipate the need for additional 
diffuse source pollution investigations in the southeastern 
Wisconsin area after completion of the IJC Menomonee 
Pilot Watershed Study and the planning phase of the 
areawide water quality management and planning program 
for southeastern Wisconsin. Therefore, it is recommended 
that local, state, and federal agencies and educational and 
research institutions having responsibilities in water  
resource and water resource-related areas in the south- 
eastern Wisconsin area give consideration to the develop- 
ment of research projects, educational programs, and 
other special studies that could incorporate all or portions 
of the existing and extensive water  quality-quantity 
monitoring network within the Menomonee River watershed. 

Flood Characteristics of the 
Menomonee River in the Industrial Valley 
For purposes of this report, the industrial valley of the 
Menomonee River watershed, a s  shown on Map 45, is 
defined a s  those low-lying industrial lands located along 
the Menomonee River from River Mile 0.0 a t  the confluence 
of the Menomonee and Milwaukee Rivers to River Mile 
4.08 a t  the W. Wisconsin Avenue viaduct crossing of the 
Menomonee River.11 As described in Chapter VI, Volume 
1 of this report, major floods occuring in March 1897, 
June 1917, and March 1960 caused extensive damage and 
disruption in the western portions of the Menomonee River 
industrial valley with the Chicago, Milwaukee, St. Paul, 
and Pacific Railroad ya rd  and The Falk  Corporation 
incurring the most severe damage and disruption. Further- 
more, the floods of March 1897, June 1917, and June 1940 
caused extensive damage to what was then a primarily 
residential a r e a  located adjacent  to the Menomonee 
River in the vicinity of what is now the W. Wisconsin 
Avenue viaduct. 

As a result of these and other historic flood problems, 
structural flood control works were constructed along the 
Menomonee River in the portion of the Industrial Valley 
west of the N. 27th Street  viaduct. A Works Projec t  
Administration effort completed in about 1939 resulted in 
deepening and widening the Menomonee River channel in 
the vicinity of W. Wisconsin Avenue. The Milwaukee- 
Metropolitan Sewerage Commissions completed further 
channel modifications in this area and the construction 
of sheet steel flood walls along the western edge of the 
Chicago, Milwaukee, St. Paul, and Pacific Railroad yard 
during the period from 1962 to 1968. Subsequent to the 
March 1960 flood, the Chicago, Milwaukee, St. Paul, and 
Pacific railroad constructed an  earthen dike along the 
south limits of its property to provide protection against 
flooding. As a result of the public and private construction 

of the above dikes, floodwalls and channel works along 
the 2.10-mile-long reach of the Menomonee River extending 
from about N. 27th Street up to W. Wisconsin Avenue, 
this area did not experience any significant flood damages 
during the maximum flood of record-the April 21, 
1973. event. 

As further means of mitigating future flood damages, the 
Milwaukee-Metropolitan Sewerage Commissions have 
issued the public notice (See Figure 16) of high water 
problems in the industrial valley to all property owners 
within the area delineated in Figure 16. The notice recom- 
mends that material, facilities, and equipment located in 
basements within the area should be protected or so placed 
that water rising to an  elevation of 4.0 feet above City of 
Milwaukee datum-equivalent to 584.6 feet above Mean Sea 
Level datum-will cause no damage. 

In a related matter, and a s  discussed in Chapter 111, 
Volume 2 of this report, the Department of City Develop- 
ment of the City of Milwaukee is currently involved in 
a major planning program designed to revitalize the 
Menomonee River industrial valley. Consequently, the 
City of Milwaukee has a renewed interest in many aspects 
of the industrial valley including its potential vulnerability 
to floods. 

Because of the above three factors-the construction of 
dikes, floodwalls, and channel works; the establishment 
of recommended flood protection elevations; and the 
current concern with revitalization of the industrial 
valley-there is a particularly high interest in the flood 
characteristics of the Menomonee River through its 
industrial valley. Those characteristics are the result 
of the combined effect of Menomonee River flood flows 
and Lake Michigan stages, and any assessment of the 
adequacy of existing flood control works and recommended 
flood protection elevations requires quantification of those 
characteristics. Accordingly, backwater studies were 
conducted for the Menomonee River through its industrial 
valley based upon the following discharge conditions: lo-, 
50-, and 100-year recurrence interval  peak flood 
discharges under year 2000 plan conditions and the 100- 
year recurrence interval discharge under uncontrolled 
development of the floodland and nonfloodland portions 
of the watershed. 

Historic Stages a t  the Menomonee-Milwaukee River 
Confluence: Inasmuch as the flood stages ex~erienced in - 
the eastern portion of the 4.08-mile-long industrial valley 
are  influenced by Lake Michigan stages a s  well a s  by 
Menomonee River flood flows, the analysis of the industrial 
valley flood characteristics was initiated by an  examination 
of historic stages near the Menomonee River-Milwaukee 
River confluence. 

The selected upstream limit o f  the industrial valley 
coincides with that used by  the Milwaukee Department 
o f  City Development. See: "A Prospectus-Menomonee 
Valley Redevelopment Area Generic Environmental 
Impact Model," draft prepared by the Milwaukee Depart- 
ment o f  City Development, December 1975. 

Based on the 74-year period of record extending from 1901 
through 1974, the mean water elevation of the inner harbor 
at  Milwaukee a s  determined from stage records maintained 
by the City of Milwaukee at  the S. Water Street bridge 
is 579.5 feet above Mean Sea Level datum. As shown on 
Map 45, the bridge is located a t  River Mile 0.78 on the 
Milwaukee River, 0.1 mile downstream of the Milwaukee 



NOTICE ISSUED BY MILWAUKEE-METROPOLITAN 

GENERAL NOTICE 

TO: Building Owner and/or Occupant 

Record high lake levels predicted for this year may seriously 
interfere with the opeation of both the City and Metro- 
politan Sewerage Commission sewer systems by raising the 
levels of the rivers. This will result in direct interference 
with the outlets of the combined storm and sanitary sewers 
in the downtown area, as well as the separate sanitary 
sewers in other districts. 

Under conditions of high lake levels, rapidly melting snow 
or heavy rains may result in surcharging the sewer system 
to a point where flooding of basements may occur. 

I t  therefore becomes necessary for all residences, stores, 
commercial establishments or other buildings to protect 
themselves to an elevation of plus four. 

This means that materials, facilities and equipment located 
in basements should be protected or so placed that water 
rising to an elevation of four (4) feet above City of Mil- 
waukee datum will cause no damage. 

The accompanying map shows the outline of the area most 
likely to be affected. 

CITY and METROPOLITAN SEWERAGE COMMISSIONS 

March 26, 1952 

NOTE: Four feet above City of Milwaukee datum is equi- 
lent to 584.6 feet above Mean Sea Level datum. 

Figure 16 

SEWERAGE COMMISSIONS RELATIVE TO BASEMENT FLOODING CAUSED BY SEWER BACKUP: MARCH 1952 

- " Source: Milwaukee-Metropolitan Sewerage Commissions. I 



As the result of a series of damaging flood events several major structural flood control works have been carried out in  and immediately upstream of the Meno- 
monee River industrial valley including channelization and construction of sheet steel floodwalls and earthen dikes. Analyses conducted under the watershed 
planning program indicate that these structural flood control works should be supplemented with miscellaneous measuressuch as removal of The Falk Corporation 
dam or with raising of the earthen dike along the southern edge of the railroad yard, and increasing the height of the floodwalls and provision of necessary back- 
water gates and storm water pumping stations along the east side of the Menomonee River between the East-West Freeway and W. Wisconsin Avenue viaduct; along 
the west side of the River between the W.Wisconsin Avenue viaduct and the Chicago,Milwaukee,St. Paul,and Pacific Railroad bridgelocated immediately upstream; 
and along all or portions of both sides of the channel between the railroad bridge and N. 45th Street. These supplemental flood control works are needed t o  protect 
the industrial valley and areas immediately upstream from inundation during a 100year recurrence interval flood event occurring under the proposed year 2000 
land use and channel conditions. 

Source: SEWRPC. 



River-Menomonee River confluence. The median of the 
annual maximum stages of the Milwaukee River a t  the 
S. Water Street crossing and, therefore, the approximate 
median annual maximum stage of the Menomonee River 
a t  its confluence with the Milwaukee River, is 581.0 feet 
above Mean Sea Level datum, or .4 feet aMve City of 
Milwaukee datum. Stage fluctuations a t  this location have 
ranged from a low of 575.7 feet Mean Sea Level datum, 
4.9 feet below City of Milwaukee datum, in 1926 to a high 
of 583.6 feet above Mean Sea Level datum, 3.0 feet above 
City of Milwaukee datum, in 1917 and again in 1973. This 
fluctuation in stages near the confluence of the Menomonee 
and Milwaukee Rivers, which approximates 8.0 feet, is 
illustrated in Figure 17 which shows the historic stages 
of the 74-year record kept by the City of Milwaukee. 

The 74-year series of maximum annual stages a t  the 
Menomonee-Milwaukee River confluence were used to 
construct the stage-frequency relatlonship shown in 
Figure 18. This stage-frequency relationship is very 
similar to a stage-frequency relatlonship derived from 
63 years of Lake Michigan stage data collected by the 
federal government a t  the U.S. Coast Guard Station in the 
Milwaukee Harbor. This indicates that extreme stages 
experienced near the confluence of the Menomonee and 
Milwaukee Rivers are similar to those occurring in Lake 

Michigan a t  Milwaukee. The historic stage data and the 
derived stage-frequency relationships provide a necessary 
basis for any backwater computations for the Menomonee .~ 
River through the industrial valley. 

Backwater Computarion Procedure and Results: Hiswric 
low. median. and hleh maximum annual staees of 518.0. , ~ - - ~  - - 
581.0, 583.6 feet above Mean Sea Level datum at  the 
confluence of the Menomonee and Milwaukee Rivers were 
used as  a beginning for the backwater computations a t  
River Mile 0.00 on the Menomonee River. These computa- 
tions were extended upstream 4.08 miles to the W. WisCOn- 
sin Avenue crossing of the Menomonee River a t  the upper 
end of the industrial valley. The 100-year recurrence 
interval peak flood discharge under year  2000 plan 
conditions of 19,620 cfs was used in the computations from 
River Mile 0.0 to River Mile 2.49 and a discharge of 
18,390 cfs was used from that point to the upstream end 
of the industrial valley. The 1M)-year recurrence interval 
peak flood discharge under' conditions of complete water- 
shed development of 26,500 cfs was also used from River 
Mile 0.0 to the upstream end of the industrial valley. In 
addition, backwater computations were carried out for the 
10- and 50-year recurrence interval flood discharges 
under year 2WO plan conditions for each of the three 
starting stages. 

Figure 17 

HISTORIC STAGES A T  THE WATER STREET BRIDGE ON THE MILWAUKEE RIVER: 1901-1974 

Source: City of Milwaukee Bureau of Engineering and SEWRPC. 



The results of the computations are shown in Figure 19 
in the form of 100-year recurrence interval flood stage 
profiles under year 2000 plan conditions and under 
uncontrolled development conditions. Table 34 summarizes 
the results of the computations for that portion of the 
industrial valley located downstream of River Mile 1.5 and 
shows the interrelationships between flood flows under 
year 2000 plan conditions, starting stages at the 
Menomonee-Milwaukee Rivers confluence, and Menomonee 
River flood stages. 

Interpretation of the Results: The following observations 
may be made and conclusions may be drawn based on the 
flood stage profiles shown in Figure 19 and the supplemen- 
tary flood flow-starting stage-river stage data set forth 
in Table 34. 

1. The Menomonee River within the industrial valley 
may be divided into an upper and a lower reach 
with respect to the factors that influence flood 
stage profiles. Throughout the lower 1.75-mile- 
long reach of the Menomonee River-approxi- 
mately that portion of the River east of the N. 
27th Street viaduct-the flood stages are deter- 
mined primarily by Lake Michigan stages, with 
Menomonee River flood flows exerting a secondary 
effect. l2  In the approximately 2.33-mile-long 
upper reach of the Menomonee River in the 
industrial valley upstream of River Mile 1.75, 
flood stage profiles are not influenced by stages 
at the Menomonee-Milwaukee confluence but are 
solely a function of Menomonee River flood dis- 
charges and the hydraulic characteristics of 
the reach, particularly the complex of four 
railroad bridges located between River Mile 
1.87 and 1.97. These railroad structures form 
hydraulic obstructions that essentially determine 
the flood stages for the Menomonee River imme- 
diately upstream of the railroad bridges. 

' * A n  analysis o f  the effect o f  river flood flows and Lake 
Michigan stages on river flood stages was carried out for 
the lower Milwaukee River under the SEWRPC Mil- 
waukee River watershed planning program. The high 
starting stage used in conjunction with a Milwaukee 
River 100-year discharge under year 1990 plan conditions 
was 583.0 feet Mean Sea Level datum which is close t o  
the 583.6 feet historic high starting stage used in the 
Menomonee River analysis. Under these conditions, the 
lower 3.1 0 mile reach o f  the Milwaukee River, which is 
bounded on its upstream end by  the North Avenue dam, 
exhibited an approximately three foot increase in stage, 
or about one foot per mile. The slope of the Milwaukee 
River flood stage profile is identical t o  that which may be 
expected on  the Menomonee River east o f  the 27th Street 
viaduct under conditions of a high starting stage and year 
2000 plan-100 year recurrence interval flood flow dis- 
charge. Therefore, the lower Menomonee and Milwaukee 
Rivers exhibit similar behavior under conditions of high 
Lake Michigan levels and high flood discharges. 

2. Concerning the lower reach of the Menomonee 
River in the industrial valley east of River Mile 
1.75, Table 34 indicates that flood stages at the 
western end of this reach may be up to 2.0 feet 
higher than a t  the eastern end. For a given 
Menomonee River-Milwaukee River stage, the 
increase in river stage along this lower portion 
of the Menomonee River increases with the 
magnitude of the Menomonee River flood flow. 
For example, for a median starting stage at the 
Menomonee River-Milwaukee River confluence 
of 581.0 feet Mean Sea Level, the increment in 
stage along the downstream 1.5 miles of the 
Menomonee River is 0.5 feet, 1.1 feet, 1.5 feet, 
respectively, for 10-year, 50-year, and 100- 
year discharges under year 2000 plan conditions. 
For a given flood event the flood stage increment 
along the lower 1.5 miles of the Menomonee 
River increases with a decreasing Menomonee 
River-Milwaukee River confluence stage. For 
example, for a 50-year recurrence interval 
discharge of 16,450 cfs under year 2000 plan 
conditions, the stage increment along the down- 
stream 1.5 miles of the Menomonee River 
associated with a high starting stage is 0.9 feet 
while that for a low starting stage is 1.5 feet. 

3. Analyses indicate that the 100-year recurrence 
interval flood stage along the 1.75-mile-long 
reach of the Menomonee River east of approxi- 
mately the N. 27th Street viaduct should generally 
not overtop the bulkhead walls and channel banks 
immediately adjacent to the River and should not, 
therefore, cause widespread inundation of the 
valley floor. There is, however, the possibility 
that localized surface flooding or ponding could 
occur either as a result of scattered overtopping 
of low portions of the bulkhead walls or channel 
banks or as a result of the backup of floodwaters 
through storm sewers that discharge to the 
Menomonee River. A precise delineation of areas 
that may be subject to localized flooding could not 
be made under the watershed planning program 
because of the lack of large-scale topographic 
maps for the industrial valley. 

4. For the lower reach of the Menomonee River east 
of River Mile 1.75, the flood stage profiles 
indicate that a combination of the historic high 
Menomonee River-Milwaukee River confluence 
starting stage of 583.6 feet Mean sea Level and 
a 100-year Menomonee River discharge under year 
2000 plan conditions of 19,620 cfs would produce, 
for the approximately 1.3-mile-long reach of the 
river from River Mile 0.45 to River Mile 1.75, 
a stage slightly above-by several tenths of 
a foot-the flood protection stage of 584.6 feet 
above Mean Sea Level datum, 4.0 feet above City 
of Milwaukee datum. The probability of the 
simultaneous occurrence of such a high starting 
stage at the Menomonee River-Milwaukee River 
confluence and a 100-year recurrence interval 
flood discharge on the Menomonee River is very 



small. For example, Figure 18 indicates that the 
probability of a starting stage at the Menomonee 
River-Milwaukee River confluence of 583.6 feet 
Mean Sea Level or higher in any year is 0.013. 
The probability of a 100-year recurrence interval 
or larger discharge occurring on the Menomonee 
River during that year is 0.01. Assuming that 
the two events a r e  independent, their joint 
probability-probability that they will occur in 
the same year-is the product of the individual 
probabilities, or 0.00013 which corresponds to 
a recurrence interval of about 7,500 years. 
Furthermore, this is the probability that the 
combination of the high Menomonee River- 
Milwaukee River confluence stage and 100-year 
Menomonee River flood flow would occur in the 
same year. The probability of the two events 
occurring at the same time in that year is even 
less. While there a re  other combinations of 
starting stage at the Menomonee River-Milwaukee 
River confluence and the Menomonee River flood 
flows that could produce Menomonee River stages 

above the flood protection elevation recommended 
by the Milwaukee-Metropolitan Sewerage Com- 
missions, the probability that any one of those 
would occur in a given year is very small and 
therefore the recommended flood protection 
elevation of 584.6 feet above Mean Sea Level 
datum may be considered adequate for the 
Menomonee River reach downstream of River 
Mile 1.75. 

5. For the 2.33 mile reach of the Menomonee River 
industrial valley upstream of River Mile 1.75, 
the average slope of the 100-year recurrence 
interval flood stage profile under year 2000 plan 
conditions is steep compared to the profile down- 
stream of River Mile 1.75-about six feet per 
mile for the former, versus approximately one 
foot per mile for the latter-with the 100-year 
stage for the upper portion of the valley being 
above the flood protection elevation of 584.6 
feet Mean Sea Level as recommended by the 
Milwaukee-Metropolitan Sewerage Commissions 

Figure 18 

STAGE-FREQUENCY RELATIONSHIP BASED O N  STAGES RECORDED 
A T  THE WATER STREET BRIDGE O N  THE MILWAUKEE RIVER 

RECURRENCE INTERVAL IN YEARS 

NOTE: THE WATER STREET BRIDGE IS LOCATED 0.1 MILE DOWNSTREAM OF THE MENOMONEE RIVER- 
MILWAUKEE RIVER CONFLUENCE 

Source: SE WRPC. 



? , Figure 19 

FLOOD STAGE PROFILES FOR THE MENOMONEE RIVER I N  THE INDUSTRIAL VALLEY UNDER 
YEAR 2000 PLAN CONDITIONS AND UNDER UNCONTROLLED DEVELOPMENT CONDITIONS 
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Table 34 

THE EFFECT OF FLOOD FLOW AND LAKE STAGE ON THE MENOMONEE RIVER 
DOWNSTREAM OF RIVER MILE 1.75 UNDER YEAR 2000 PLAN CONDITIONS 

A t  River Mile 1.50 

A t  River Mile 0.75 

Menornonee River- 
Milwaukee River 

Confluence 
(feet-rnsl) 

a Based on 74 years o f  maximum annual stage observations by the City of Milwaukee at the Water Street Bridge (River Mile 0.781 on the Milwaukee River-0.1 mile 
downstream of the Menomonee River-Milwaukee River confluence. 

Source: SEWRPC. 

Higha 
~ e d i a n ~  
 LOW^ 

throughout the entire reach. Along this reach of 
the Menomonee River, that is, upstream of River 
Mile 1.75, flood protection elevations a t  least two 
feet above the 100-year flood stage profile for 
year 2000 plan conditions should be established 
to supersede those 'established earlier by the 
Sewerage Commissions. 

583.6 
581.0 
578.0 

Menornonee River- 
Milwaukee River 

Confluence 
(feet-msl) 

6. The 0.50-mile-long-River Mile 1.98 to 2.48- 
sheet pile floodwall constructed on the north side 
of the Menomonee River to protect  The Falk 
Corporation complex is of sufficient height to 
contain the 100-year recurrence interval dis- 
charge of the Menomonee River under year 2000 
plan conditions with a minimum of freeboard of 
about two feet. Under uncontrolled development 
conditions, however, the wall could be expected 
to be breached by floodwaters. 

100-Year Recurrence Interval 10-Year Recurrence Interval 

Higha 
~ e d i a n ~  
 LOW^ 

7.The 0.49-mile-long-River Mile 2.48 to 2.99- 
earthen dike constructed along the north side of 
the Menomonee River to protect  the Chicago, 
Milwaukee, St. Paul, and Pacific Railroad against 
flooding may be expected to be overtopped near 
its downstream end during a 100-year flood flow 
discharge under year 2000 plan conditions. Under 
uncontrolled development condition flood flows, 
the entire 0.49-mile-long segment of earthen dike 
may be expected to be overtopped during a 100- 
year flood event. 

Discharge 
(cfs) 

10,920 
10,920 
10,920 

50-Year Recurrence Interval 

10-Year Recurrence Interval 

583.6 
581.0 
578.0 

8.The 0.64-mile-long-River Mile 2.99 to 3.63- 
sheet pile floodwall constructed on the east side 
of the Menomonee River to protect the Chicago, 
Milwaukee, St. Paul, and Pacific Railroad is of 
sufficient height to contain the 100-year flow of 
the Menomonee River under  y e a r  2000 plan 
conditions with a minimum freeboard of about 
two feet. Under uncontrolled development condi- 
tions, however, the entire length of the sheet pile 

e floodwall may be expected to be  breached by 
floodwaters dur ing  a 100-year recur rence  
interval event. 

Stage Increase 
Relative t o  

Menornonee River- 
Milwaukee River 

Confluence 
(feet) 

1.2 
1.5 
2 .O 

Discharge 
(cfs) 

1 6,450 
16,450 
16,450 

Discharge 
(cfs) 

19,620 
19,620 
19,620 

Discharge 
(cfs) 

10,920 
10,920 
10,920 

9. A portion of the 0.43-mile-long segment of chan- 
nel modifications between IH 94 (River Mile 3.65) 
and the W. Wisconsin Avenue viaduct  (River 
Mile 4.08) does not have sufficient capacity to 
contain the 100-year recurrence interval flood 
flow of the Menomonee River under year 2000 
plan conditions. The flood stage profiles indicate 
that a 0.24 mile length of overbank on the east 
side of the channel within this reach extending 
from the Chicago, Milwaukee, St.  Pau l ,  a n d  
Pacific Railroad bridge a t  River Mile 3.71 to 
River Mile 3.95 is likely to be overtopped under 

Menornonee 
River Stage 
(f eet-msl) 

584.0 
581.5 
578.7 

Menornonee 
River Stage 
(feet-rnsl) 

584.8 
582.5 
580.0 

50-Year Recurrence Interval 

y e a r  2000 plan 100-year recur rence  in te rva l  
discharge conditions. The entire east  bank could 

Stage Increase 
Relative t o  

Menomonee River- 
Milwaukee River 

Confluence 
(feet) 

0.4 
0.5 
0.7 

Menornonee 
River Stage 
(feet-rnsl) 

584.5 
582.1 
579.5 

100-Year Recurrence Interval 

Menornonee 
River Stage 
(feet-rnsl) 

583.8 
581.3 
578.4 

Discharge 
(cfs) 

16,450 
16,450 
16,450 

be expected to be breached by floodwaters with 
the 100-year flood flow occurring under uncon- 

Stage Increase 
Relative t o  

Menornonee River- 
Milwaukee River 

Confluence 
(feet) 

0.9 
1.1 
1.5 

Stage l ncrease 
Relative to 

Menornonee River- 
Milwaukee River 

Confluence 
(feet) 

0.2 
0.3 
0.4 

Stage Increase 
Relative t o  

Menornonee River- 
Milwaukee River 

Confluence 
(feet) 

0.8 
1 .O 
1.3 

Menornonee 
River Stage 
(feetrnsl) 

584.1 
581.7 
578.9 

Discharge 
(cfs) 

19,620 
19,620 
19,620 

Stage Increase 
Relative t o  

Menornonee River- 
Milwaukee River 

Confluence 
(feet) 

0.5 
0.7 
0.9 

Menornonee 
River Stage 
(feet-rnsl) 

584.4 
582.0 
579.3 



trolled development conditions. An approximately 
23 acre area of residential development on the 
east side of the channelized reach may be expected 
to incur flood damage if the channel were over- 
topped. Although flooding in this residential area 
would be a very rare event since an approximately 
50- to 75-year discharge under year 2000 plan 
conditions would be needed to breach the eas t  
bank, the resulting damage and disruption could 
be significant because of the high density of 
residential structures in the area that would be 
inundated. The topography on the west side of this 
reach is higher than that on the east side and, 
therefore, the 100-year recurrence interval peak 
flood discharges under year 2000 plan conditions 
and under uncontrolled development conditions 
should not affect the commercial uses on the 
west bank. 

10. If the lowhead dam located a t  River Mile 2.22 and 
maintained by The Falk  Corporation were 
removed, the 100-year recurrence interval flood 
stage profile under year 2000 plan conditions 
would be lowered so that the existing steel flood- 
walls and earthen dikes could be expected to 
contain the 100-year recurrence interval-year 
2000 plan flood discharge throughout the 1.49- 
mile-long reach of the Menomonee River in the 
industrial valley extending from the dam upstream 
to the Chicago, Milwaukee, St. Paul, and Pacific 
Railroad a t  River Mile 3.71 with a minimum 
freeboard of about one foot. However, even if the 
sheet pile dam were removed, uncontrolled 
development conditions would produce a 100-year 
recurrence interval discharge and corresponding 
flood stage profile that could be expected to over- 
top the earthen dike and steel floodwalls currently 
protecting the Chicago, Milwaukee, St. Paul, and 
Pacific Railroad yard. Removal of The Falk 
Corporation dam would not alleviate the problem 
associated with the 0.43 mile channelized reach 
between IH 94 and the Wisconsin Avenue viaduct. 
Flood stage reductions in that reach attributable 
to removal of the dam are small, generally less, 
than 0.5 feet. Therefore, even if The Falk  
Corporation dam were removed, the residential 
area on the east bank of the Menomonee River 
would be expected to be subjected to flooding 
during the most severe events. 

Concluding Statement: Based on the analysis conducted on 
the flood stage profiles developed for the industrial valley 
under a variety of Lake Michigan stages, river flood flows, 
and land use development conditions, the following conclu- 
sions may be drawn concerning the existing and future 
flood problems in the industrial valley: 

1. The flood protection elevation of 584.6 feet above 
Mean Sea Level datum-4.0 feet above City of 
Milwaukee datum-as established by the Milwaukee- 
Metropolitan Sewerage Commissions can continue 
to be applied to that reach of the Menomonee 
River downstream of River Mile 1.75 located a t  
about the 27th Street viaduct. 

2. A new flood protection elevation of a t  least two 
feet above the 100-year recurrence interval peak 
flood stage profile for year 2000 plan conditions 
should be established along the Menomonee River 
in the industrial valley upstream from River Mile 
1.75, located a t  about the 27th Street viaduct, to 
supersede the flood protection elevation of 584.6 
feet Mean Sea Level datum presently established 
by the Sewerage Commissions. 

3. The earthen dike protecting the south limits of the 
Chicago, Milwaukee, St. Paul, and Pacific Railroad 
yard is of insufficient height to contain the 100- 
year  flood under year  2000 plan conditions 
assuming that The Falk Corporation dam, which 
is located on the Menomonee River immediately 
downstream of the railroad yard, remains in 
place. Removal of The Falk Corporation d a m  
would reduce stages so that the 100-year dis- 
charge under year 2000 plan conditions would be 
conveyed past the Chicago, Milwaukee, St. Paul, 
and Pacific Railroad property without overtopping 
the earthen dike. In the event that  The Falk  
Corporation dam is continued to be required for 
cooling water purposes and therefore cannot be 
removed, the crest of the earthen dike protecting 
the railroad should be raised to an elevation two 
feet above the flood stage profile corresponding 
to the design discharge-the 100-year recurrence 
interval flow under year 2000 plan conditions.' 

4. The east bank of the channelized reach of the 
Menomonee River between the North-South Free- 
way (IH 94) and the W. Wisconsin Avenue viaduct 
will not contain the selected design flow-the 100- 
year recurrence interval discharge under year 
2000 plan conditions. Presumably, following sound 
engineering practice, the major channelization 
alternative was selected for this reach based on 
economic analyses and was designed to convey the 
100-year recurrence interval discharge. Inasmuch 
a s  the channel will not safely convey the refined 
100-year flood flow a s  developed under the 

I3A preliminary engineering study completed in 1964 
proposed the "ultimate improvement" of the Meno- 
monee River in the industrial valley upstream o f  N. 25th 
Street extended. Subsequent channel work was carried 
downstream only as far as River Mile 3.0 at about N.  41st 
Street extended and the invert o f  the channel bottom 
was not placed as low as originally proposed. Backwater 
computations carried out under the watershed study 
indicate that i f  the channel modifications had been con- 
structed at the lower grade as originally proposed and i f  
the channel modifications had been extended down- 
stream t o  The Falk Corporation dam at River Mile 2.22, 
the 100 year flood stage profile under year 2000 planned 
land use conditions would not overtop the earthen dike 
protecting the Chicago, Milwaukee, St. Paul, and Pacific 
Railroad Property. (Reference: "Report on Menomonee 
River Flood Survey-N. 25th Street to W .  Harwood 
Avenue," Klug and Smith Company, June 1964, 64 pp.)  



Menomonee River watershed planning program 
for year 2000 plan conditions, it is prudent to 
supplement the channel works-which represent 
a major expenditure of public funds-with con- 
struction of a floodwall on the east bank of this 
reach and with installation of necessary backwater 
gates and storm water pumping stations near the 
end of storm sewer outfalls. 14 

Adequacy of Channel Works Immediately 
Upstream of the Industrial Valley 
Subsequent to completion of the analyses described above, 
which indicated that a 0.24 mile length of bank on the east 
side of the Menomonee River between the East-West 
Freeway (IH 94) and the W. Wisconsin Avenue viaduct 
could be expected to be overtopped under year 2000 plan 
and 100-year recurrence interval peak flood discharge 
conditions, a similar analysis was conducted for the 
existing major channel works located immediately 
upstream of W. Wisconsin Avenue. As shown on Map 44 
this channelized reach of the Menomonee River extends 
0.37 mile, from the W. Wisconsin Avenue viaduct at River 
Mile 4.08 upstream to N. 45th Street a t  River Mile 4.45 
where a 6.0 foot channel drop marks the upstream terminus 
of the major channel works on the lower Menomonee River. 
This reach, like the reach immediately downstream, was 
deepened and widened as a Works Progress Administration 

l4 The design o f  the channel works constructed between 
the East-West Freeway and N. 45th Street is based on 
a preliminary engineering study completed in 1964. This 
study concluded that the "maximum probable flood 
flow" under then existing (1964) land use and channel 
conditions would be about 10,000 cfs and that the 
100 year recurrence interval flood flow under "ultimate" 
development conditions would be about 16,000 cfs. 
This may be compared to Menomonee River Watershed 
Study 100-year recurrence interval peak flood discharge 
under existing land use and channel conditions in this 
reach o f  16,000 cfs, under year 2000 plan conditions of 
16,770 cfs, and under complete urbanization of 25,100 
cfs. The channel improvements subsequently designed 
and constructed along the 0.80-mile-long Menomonee 
River reach between the East-West Freeway and N. 45th 
Street and downstream o f  that reach to about River 
Mile 3.0 were sized so as to contain the existing condition 
maximum flood flow o f  10,000 cfs. While the proposed 
works in this reach were designed to contain the 10,000 
cfs flow, the design indicates that they would be over- 
topped immediately upstream o f  the East-West Freeway 
under the "ultimate" development condition 100-year 
flood flow o f  16,000 c fs  and that peak flood stages 
would be within about 0.5 foot o f  overtopping the chan- 
nel sidewalls at several locations within the East-West 
Freeway to  N. 45th Street reach. It follows, therefore, 
that the watershed study conclusion that the existing 
channel improvements between the East-West Freeway 
and N. 45th Street would be inadequate under year 
2000-1 00 year recurrence interval discharge o f  16,770 c fs  
is consistent with the results o f  the design o f  those chan- 
nel works. (Reference: 3.) 

project completed in about 1939 and was subsequently 
further deepened by the Milwaukee-Metropolitan Sewer- 
age Commissions. 

Analytic Procedure and Interpretation of Results: The 
backwater computations previously carried out for that 
reach of the Menomonee River from its confluence with 
the Milwaukee River upstream to the W. Wisconsin Avenue 
viaduct were extended upstream to N. 45th Street. A 100- 
year recurrence interval discharge under year 2000 plan 
conditions of 16,770 cfs was used in the analysis of the 
reach from the W. Wisconsin Avenue viaduct upstream to 
N. 45th Street. In addition, the adequacy of the channel 
improvements under a 100-year recurrence interval peak 
flood discharge of 25,100 cfs under uncontrolled develop- 
ment conditions was also analyzed. The analyses produced 
the flood stage profiles shown in Figure 19 and indicated 
the following: 

1. The 0.16-mile-long segment of channel modifi- 
cations between the W. Wisconsin Avenue viaduct 
and the Chicago, Milwaukee, St. Paul, and Pacific 
Railroad bridge at River Mile 4.24 does not have 
sufficient capacity to contain the 100-year 
recurrence interval flood flow of the Menomonee 
River under year 2000 plan conditions. The flood 
stage profiles indicate that the entire 0.16 mile 
length of bank on the west side of the channel within 
this reach could be expected to be overtopped 
under year 2000 plan land use and 100-year 
recurrence interval peak flood discharge 
conditions. An approximately one acre area of 
residential and commercial development located 
along the west side of the channelized reach could 
be expected to incur flood damage if the channel 
were overtopped. Flooding in this area would be 
a relatively rare event since an approximately 
75- to 100-year recurrence interval discharge 
under the year 2000 plan conditions would be 
needed to breach. the west bank. The topography 
on the east side of this reach is markedly higher 
than that on the west side and, therefore, the 
100-year recurrence interval peak discharges 
under year 2000 plan conditions and under 
uncontrolled development conditions should not 
affect the commercial uses located along the east 
bank of the River. 

2. Most of the 0.21-mile-long segment of channel 
modification between the Chicago, Milwaukee, 
St. Paul, and Pacific Railroad, River Mile 4.24, 
and N. 45th Street, River Mile 4.45, does not have 
sufficient capacity to contain the 100-year 
recurrence interval peak flood flow of the 
Menomonee River under year 2000 plan condi- 
tions. The flood stage profiles indicate that all of 
the bank on the south side of the channel within 
this reach could be expected to be overtopped 
under year 2000 plan 100-year recurrence interval 
discharge conditions. An approximately 13 acre 
area of commercial development located on this 
side of the River could be expected to incur flood 
damage if the channel were overtopped. Although 



flooding in this commercial area would be a 
relatively rare event since an approximately 25- 
to 50-year discharge under the year 2000 plan 
conditions would be needed to breach the southwest 
bank, the resulting damage and disruption could 
be significant because of the industrial activity 
in this area. 

The flood stage profiles indicate that a 0.14 mile 
length of bank on the north side of the channel 
within this reach extending from the Chicago, 
Milwaukee, St. Paul, and Pacific Railroad a t  River 
Mile 4.24 to River Mile 4.38 could be expected to 
be overtopped under year 2000 plan and 100-year 
recurrence interval peak flood discharge condi- 
tions. The entire north bank could be expected to 
be breached by flood waters under the 100-year 
recurrence interval peak flood flow that could 
be expected to occur under uncontrolled develop- 
ment conditions. An approximately one acre area 
devoted primarily to parking and storage on the 
north side of the channelized reach could be 
expected to incur flood damage if the channel were 
overtopped by the 100-year recurrence interval 
flood occurring under year 2000 plan conditions. 
Flooding in this area would be a relatively rare 
event, since an approximately 25- to 50-year 
discharge under the year 2000 plan conditions 
would be needed to breach the north bank. 

Concluding Statement: Based on the analyses conducted 
on flood stage profiles developed for the channelized reach 
of the Menomonee River between the W. Wisconsin Avenue 
viaduct and N. 45th Street under year 2000 plan conditions 
and under uncontrolled development conditions, certain 
actions appear warranted. The west bank of the Menomonee 
River between the W. Wisconsin Avenue viaduct and the 
Chicago, Milwaukee, St. Paul, and Pacific Railroad bridge 
(River Mile 4.24) and all or a portion of both banks of the 
River between the railroad bridge and N. 45th Street will 
not contain the selected design flow-the 100-year recur- 
rence interval discharge under year 2000 plan conditions. 
Presumably, following sound engineering practice, major 
channelization was earlier selected for this reach based 
on an economic analysis of alternatives and the channel 
was designed to convey the 100-year recurrence interval 
discharge. Inasmuch as the channel cross-section in this 
reach will not safely convey the 100-year flood flow as  
developed under the Menomonee River watershed planning 
program for year 2000 plan conditions, it is prudent to 
supplement the existing channel works-which represent 
a major capital investment already made-with construc- 
tion of a floodwall on the low banks and with installation 
of necessary backwater gates and storm water pumping 
stations near the end of storm sewer outfalls. 

SUMMARY 

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 social and economic 
needs of society. This chapter presents a recommended 

floodland management plan element for inclusion in a 
comprehensive plan for the Menomonee River watershed. 
Alternatives to the recommended element also are 
presented, together with a comparative evaluation of the 
recommended element and the alternatives thereto. 

The available floodland management measures from which 
the recommended management plan element was 
snythesized may be broadly subdivided into two categories: 
structural measures and nonstructural measures. A total 
of five structural floodland management measures were 
identified for possible application, either individually or 
in various combinations, to specific flood-prone reaches 
of the watershed, including: 1) floodwater storage facilities, 
2) floodwater diversion facilities, 3) dikes and floodwalls, 
4) major channel modifications, and 5) bridge and culvert 
modifications or replacement. Ten nonstructural measures 
were identified consisting of: 1) reservation and acquisition 
of floodlands for recreational and related open space use, 
2) floodland use regulation, 3) regulation of land use outside 
of the floodlands, 4) federal flood insurance, 5) lending 
institution policies, 6) realtor policies, 7) community 
utility policies, 8) emergency programs, 9) structure 
floodproofing, and 10) structure removal. Structural  
measures tend to be more effective in achieving the 
objectives of floodland management 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 developed for 
flood damage-prone uses but have the potential for 
such development. 

A hydrologic and hydraulic flood flow simulation model 
was used to evaluate the response of the Menomonee River 
watershed to seven land use-floodland development 
conditions in order to quantify the influence of differing 
land use patterns both within and outside of the floodlands 
on the flood flow behavior of the watershed. The simulation 
model studies indicated that urbanization of lands outside 
of the floodlands, which increases the extent of impervious 
surfaces and decreases runoff times, may be expected to 
produce marked increases in flood flows for any given 
major rainfall or rainfall-snowmelt event. The principal 
effect of urban development in the floodlands is to diminish 
the storage capacity of the floodlands and to decrease flow 
times in the s t ream system, thus contributing to the 
increase in downstream discharges and stages. The seven 
land use-floodland development conditions examined in 
the watershedwide simulation analysis were: 1) existing 
(1975) land use and floodland conditions, 2) presettlement, 
"natural" land use and floodland conditions, 3) year 1950 
land use and floodland conditions, 4) year 2000 plan land 
use and floodland conditions, 5) complete urbanization of 
lands outside of the floodlands with no additional floodland 
development, 6) complete development of the floodlands 
with no additional development outside of the floodlands, 
and 7) complete development of lands within and outside 
of the floodlands. These seven floodland and non-floodland 
urbanization configurations were selected to encompass 
the full spectrum of combinations of land use and stream 
channel and related floodland storage and conveyance 
capacity that have existed, or could exist, in the Menomonee 
River watershed. Therefore, the simulation model results 



were expected to yield a corresponding full spectrum of 
hydrologic-hydraulic responses to various patterns of 
urbanization within the watershed. The hydrologic- 
hydraulic impact  of al ternative land use-floodland 
development conditions was examined by comparing flood 
discharge-frequency relationships and flood stage profiles 
at selected points throughout the watershed. 

The simulation model studies indicated that, for the 
watershed as  a whole, the urbanization that has occurred 
to date has produced a significant increase in the magnitude 
of major floods. The ratio of 100-year recurrence interval 
discharges under existing conditions to such discharges 
under the presettlement, "natural" conditions was found 
to range from 1.0 to 4.4 with a median value of 1.5. 
A comparison of simulated discharge-frequency relation- 
ships for the Menomonee River watershed under existing 
(1975) conditions to those that could be expected to exist 
under Condition 7-the "worst possible" condition-clearly 
indicates the potential negative impact that man can still 
have on the flood flow characteristics of the Menomonee 
River watershed. The ratio of the 100-year recurrence 
interval discharge under complete development conditions 
and existing conditions ranges from 1.4 to 6.4 within a 
median value of 1.9. The associated increases in the 100- 
year recurrence interval flood stage profiles range from 
approximately 0.5 to 9.0 feet at the 10 locations, with 
a median value of 4.75 feet. 

The year 2000 watershed land use plan, as  described in 
Chapter I11 of this volume, is intended to balance the socio- 
economic need for space within the watershed against the 
ability of the underlying natural resource base of the 
watershed to sustain that need without creating new, or 
intensifying existing, environmental and developmental 
problems and without a significant loss in the overall 
quality of the environment for life within the watershed. 
The proposed land use plan for the watershed calls for 
accommodation of a 12 percent increase in population 
with a 20 percent increase in urban land use. A key 
proposal in the land use plan is the prohibition of any 
additional floodland fill or development. The hydrologic- 
hydraulic simulation studies indicate that flood flow 
characteristics throughout the watershed under year 2000 
plan land use-floodland development conditions can be 
expected to be very similar  to 1975 conditions. For 
example, the ratio of the 100-year recurrence interval 
peak flow discharges under year 2000 plan conditions and 
existing conditions ranges from 1.0 to 1.5 throughout the 
watershed with the median value of only 1.1. Similarly the 
100-year recurrence interval flood stage profile under 
year 2000 plan conditions relative to the existing conditions 
may be expected to increase from 0.0 to approximately 
1.5 feet with the median value of only 0.75 feet. The 
anticipated incremental discharges and stages associated 
with the year 2000 land use plan conditions are relatively 
small compared to those which could occur under 
uncontrolled development conditions within the watershed. 

The economic analyses of alternative floodland management 
measures require that the flood damage susceptibility of 
a r iver reach be quantified in monetary te rms for 
comparison to the cost of alternative floodland management 

measures. Information derived from the historic flood 
survey, combined with the results of hydrologic-hydraulic 
simulation, were used to select a total of 25 reaches in 
the Menomonee River watershed for which detailed 
determination of monetary flood risks were carried out. 
The selected reaches consisted of portions of the 
Menomonee River, the Little Menomonee River, Underwood 
Creek, Honey Creek, Butler Ditch, and Lilly Creek. The 
selected reaches are located in the Cities of Milwaukee 
and Wauwatosa in Milwaukee County, the City of Mequon 
in Ozaukee County, and the City of Brookfield and in the 
Villages of Menomonee Falls and Elm Grove in Waukesha 
County. The total average annual monetary flood risks for 
all of the 25 selected reaches confined under existing land 
use-floodland development conditions in the watershed 
were estimated a t  $630,500. 

In addition to computing monetary flood risks in the flood- 
prone reaches under existing land use-floodland develop- 
ment conditions, average annual monetary flood risks 
were also computed under year  2000 land use plan 
conditions, and Conditions 5, 6, and 7 in order to further 
quantify the likely consequences of planned versus 
unplanned incremental urbanization in the Menomonee 
River watershed. The total estimated average annual 
monetary flood risks for the 25 selected urbanized flood- 
prone reaches under year 2000 plan conditions, and under 
Conditions 5, 6, and 7 are, respectively, $1,096,000, 
$1,896,000, $1,140,000, and $2,641,000. The analysis of 
monetary flood risks under existing and hypothetical future 
conditions clearly indicates that 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 Menomonee River watershed. 
The studies further indicate that adoption and implementa- 
tion of the year 2000 land use plan would serve to minimize 
increases in flood damages. 

Under the Menomonee River watershed planning program, 
25 potential surface floodwater storage locations were 
identified and screened to determine their potential to 
provide flood protection as  well as  possibly to 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, in some cases, for 
economic analyses, the objective being to identify one 
storage site, or combination of such sites, that could 
mitigate flood damages in a technically practicable, 
economically sound, and environmentally acceptable 
manner. The analyses of the 11 selected potential surface 
detention storage sites consisted of investigation of the 
individual behavior of four of the larger sites followed 
by an examination of the likely benefits to be derived 
from an integrated system composed of all 11 sites with 
this latter analysis being focused on significant reduction 
in flood problems along the lower Menomonee River in 
the Cities of Wauwatosa and Milwaukee. 

Although the system of 11 detention reservoirs was found 
to be technically impractical, one of the individual sites 
was found to constitute a technically practical  and 
economically feasible floodland management alternative. 



That was a detention reservoir located on the Dousman 
Ditch at Gebhardt Road in the City of Brookfield, upstream 
of flood-prone reaches along Underwood Creek in the City 
of Brookfield and Village of Elm Grove. Construction of 
this detention reservoir is estimated to entail an annual 
cost of $46,200 and produce an annual benefit of $196,000 
in flood damage abatement, yielding a favorable benefit- 
cost ratio of 4.2. This reservoir would serve to eliminate 
almost half of the flood damages to downstream areas 
along Underwood Creek in the City of Brookfield and the 
Village of Elm Grove. 

A preliminary assessment also was made of the technical 
and economic feasibility of constructing mined storage 
chambers in the bedrock underlying the lower portions 
of the watershed and using these chambers for the 
temporary storage of floodwaters. While such a subsurface 
storage arrangement was found to be technically feasible, 
it was apparent from the preliminary screening that 
subsurface storage alternatives would be economically 
unsound and, therefore, this alternative was eliminated 
from further examination. 

In the consideration of alternative structural flood control 
measures, it was recognized that Lake Michigan might 
provide a convenient discharge point for floodwaters 
diverted from within the Menomonee River watershed. 
Therefore, diversion of flood flows to Lake Michigan also 
was subjected to a preliminary technical and economic 
screening. In particular, two floodwater diversion 
possibilities were examined-direct diversion to Lake 
Michigan via a large conduit and indirect diversion to the 
Lake through an enlarged and extended deep tunnel system 
that is currently being examined as  an alternative solution 
to the combined sewer overflow problem in the Milwaukee- 
Metropolitan area. While such diversions were found to 
be technically feasible, the diversions were found to be 
economically unsound and, therefore, were eliminated 
from further examination. 

The watershed planning program also carefully examined 
the possibility of applying one or more primarily structural 
measures on a community-by-community basis in those 
riverine areas  experiencing the most severe flood 
problems. The communities identified for inclusion in this 
analysis were the Village of Elm Grove, the City of Brook- 
field, the Village of Menomonee Falls, the City of Wauwa- 
tosa, the City of Mequon, and the City of Milwaukee. The 
floodland management measures considered for each of the 
above communities included structure floodproofing and 
removal, channel modification, dike and floodwall construc- 
tion, and bridge and culvert alteration or replacement. 

The following six technically practicable and economically 
feasible alternatives were developed for resolution of the 
flood problems along Underwood Creek in the Village of 
Elm Grove: (1) detention storage which would produce an 
annual benefit of $160,000 at an annual cost of $37,700 for 
a benefit-cost ratio of 4.24; (2) structure floodproofing 
and removal which would produce an annual benefit of 
$362,800 at  an annual cost of $118,800 for a benefit-cost 
ratio of 3.05; (3) major channel modification which would 
yield an annual benefit of $362,800 at an annual cost of 

$233,300 for a benefit-cost ratio of 1.56; (4) dikes and 
floodwalls which would produce an annual benefit of 
$362,800 at an annual cost of $314,500 for a benefit-cost 
ratio of 1.15; (5) a composite storage-major channelization 
alternative which would produce an annual benefit of 
$362,800 at an annual cost of $244,300 for a benefit-cost 
ratio of 1.49; and 6)  a composite storage-major 
channelization-intermediate channelization-floodproofing 
alternative which would produce an annual benefit of 
$362,800 at an annual cost of $214,200 for a benefit-cost 
ratio of 1.69. After careful review of the technical and 
economic aspects of each of these six alternatives and 
after due consideration of the various nontechnical and 
noneconomic positive and negative features of each as 
identified under the planning program, it is recommended 
that the composite storage-major channelization-inter- 
mediate channelization-floodproofing alternative be used 
to resolve existing and probable future flood problems 
along Underwood Creek within the Village of Elm Grove. 

The following four technically practicable and economically 
feasible alternatives were developed for resolution of the 
flood problems along Underwood Creek in the City of 
Brookfield: (1) detention storage which would produce an 
annual benefit of $37,700 at an annual cost of $8,500 for 
a benefit-cost ratio of 4.44; (2) structure floodproofing and 
removal which would produce an annual benefit of $73,500 
at an annual cost of $65,700 for a benefit-cost ratio of 
1.12; (3) channel modification in combination with 
structure floodproofing and removal and bridge alteration 
which would produce an annual benefit of $73,500 at  an 
annual cost of $63,600 for a benefit-cost ratio of 1.16; 
and (4) storage in combination with replacement of the 
Chicago, Milwaukee, St. Paul, and Pacific Railroad bridge 
and structure floodproofing and removal which would 
produce an annual benefit of $73,500 at an annual cost of 
$46,900 for a benefit-cost ratio of 1.57. After careful 
review of the technical and economic aspects of these 
three alternatives and after due consideration of the 
various nontechnical and noneconomic positive and negative 
features of each as identified under the planning program, 
it is recommended that upstream storage in a detention 
reservoir in combination with repalcement of the railroad 
bridge and structure floodproofing and removal be used 
to resolve existing and probable future flood problems 
along Underwood Creek within the City of Brookfield. 

After examining several alternatives, it was determined 
that the only technically practicable and economically 
feasible means for resolution of the flood problem along 
Butler Ditch in the City of Brookfield is structure flood- 
proofing which would produce an annual benefit of $2,300 
at an annual cost of $400 for a benefit-cost ratio of 5.75. 
Therefore, it is recommended that structure floodproofing 
be used to resolve existing and probable future flood 
problems along Butler Ditch within the City of Brookfield. 

Two technically practicable alternatives were developed 
for resolution of the flood problems along the main stem 
of the Menomonee River in the Village of Menomonee 
Falls: (1) structure floodproofing and removal which would 
produce an annual benefit of $36,300 a t  an annual cost of 
$19,300 for a benefit-cost ratio of 1.88 and (2) major 



channel modification which would yield an annual benefit 
of $36,300 at  an annual cost of $136,200 for a benefit-cost 
ratio of 0.27. After careful review of the technical and 
economic aspects of each of these two technically practi- 
cable alternatives and after due consideration of various 
nontechnical and noneconomical positive and negative 
features and in light of the Village commitment to 
channelization as  reflected by the location, size, elevation, 
and grades of existing and proposed storm sewers and 
storm sewer outfalls, the Menomonee River Watershed 
Committee recommended that channelization be used to 
resolve existing and probable future flood problems 
along the Menomonee River within the Village of 
Menomonee Falls. 

The following technically practicable alternatives were 
developed for resolution of the flood problems along Lilly 
Creek in the Village of Menomonee Falls: (1) structure 
floodproofing and removal which would produce an annual 
benefit of $109,400 at  an annual cost of $79,500 for a 
benefit-cost ratio of 1.38 and (2) major channelization 
which would produce an annual benefit of $109,400 at  an 
annual cost of $158,200 for a benefit-cost ratio of 0.69. 
After careful review of the technical and economic aspects 
of each of these two alternatives and after due consideration 
of the various nontechnical and noneconomic positive and 
negative features of each and in light of the Village commit- 
ment to channelization as reflected by location, size, 
elevation, and grades of existing and proposed storm 
sewers and storm sewer outfalls, the Menomonee River 
Watershed Committee recommended that the channelization 
alternative be used to resolve existing and probable future 
flood problems along Lilly Creek in the Village of 
Menomonee Falls. 

The following three technically practical and economically 
feasible alternatives were developed for resolution of the 
flood problems along the Menomonee River in the City of 
Wauwatosa between the eastern limits of the City and 
Hanvood Avenue: (1) structure floodproofing and removal 
which would produce an annual benefit of $330,900 at  an 
annual cost of $216,800 for a benefit-cost ratio of 1.53; 
(2) major channel modification which would produce an 
annual benefit of $330,900 at  an annual cost of $294,700 
for a benefit-cost ratio of 1.12; (3) dikes and floodwalls 
which would produce an annual benefit of $330,900 at  an 
annual cost of $194,900 for a benefit-cost ratio of 1.70. 
A channelization-structure floodproofing and removal 
alternative was also developed which would produce an 
annual benefit of $330,900 at  an annual cost of $381,200, 
or a benefit-cost ratio of 0.87. After careful review of 
the technical and economic aspects of each of these four 
alternative plan elements and after due consideration of 
the various nontechnical and noneconomic positive and 
negative features of each as  identified under the planning 
program, the Menomonee River Watershed Committee 
recommended that the channelization-structure flood- 
proofing and removal alternative be used to resolve the 
existing and probable future flood problems along the 
Menomonee River in the City of Wauwatosa between the 
eastern limits of the City and Harwood Avenue. This 
recommendation was based, in part, on three intangible 
factors. First, retention of the Harwood Avenue-N. 70th 

Street reach in its present natural condition would be in 
harmony with long-range Village plans to rejuvenate the 
"Old Village Center" focusing on the various amenities 
associated with the Menomonee River. Second, the 
structure removal component would permit  a needed 
expansion of Hart Park. Third, the structure removal 
component would provide a long-range solution to 
decreasing property values in the residential a r ea  
immediately east of Hart Park. 

After examining several alternatives, it was determined 
that the only available technically practical and 
economically feasible alternative for resolution for flood 
problems along the Menomonee River in the City of 
Wauwatosa between Harwood Avenue and W. Hampton 
Avenue is structure floodproofing and removal which would 
produce an annual benefit of $125,400 a t  an annual cost 
of $59,900 for a benefit-cost ratio of 2.09. Similarly, the 
only technically practicable and economically feasible 
alternative for resolution of flood problems along the 
Honey Creek in the City of Wauwatosa between the 
Menomonee River and Wisconsin Avenue is structure 
floodproofing which would produce an annual benefit of 
$700 at  an annual cost of $200 for a benefit-cost ratio of 
3.50. Finally, the only technically practicable and economi- 
cally feasible alternative for resolution of the flood 
problem along Underwood Creek in the City of Wauwatosa 
between the Menomonee River and the Zoo Freeway is 
structure floodproofing which would produce an annual 
benefit of $3,900 at  an annual cost of $1,900 for the benefit- 
cost ratio of 2.05. It is, therefore, recommended that 
structure floodproofing and removal be used to resolve 
existing and probable future flood problems in the City of 
Wauwatosa along the Menomonee River between Harwood 
Avenue and W. Hampton Avenue, along Honey Creek 
between the Menomonee River and W. Wisconsin Avenue, 
and along Underwood Creek between the Menomonee River 
and the Zoo Freeway. 

After examining several alternatives, it was determined 
that the only technically practicable and economically 
feasible al ternative available for resolution of the 
residential flood damage problem along the Little 
Menomonee River in the City of Mequon in the vicinity of 
Mequon Road is structure floodproofing which would 
produce an annual benefit of $2,300 at  an annual cost of 
$800 for benefit-cost ra t io  of 2.88. It is, therefore, 
recommended that the structure floodproofing be used to 
resolve existing and forecast flood problems along the 
Little Menomonee River in the City of Mequon immediately 
north of Mequon Road. 

Based on an analysis of several  alternatives, it was 
determined that  floodproofing is the only technically 
practicable and economically feasible means for resolution 
of the flood problem along the Menomonee River in the 
City of Milwaukee between N. 45th Street and Hawley Road. 
This approach would produce an annual benefit of $48,600 
at  an annual cost of $20,300 for a benefit-cost ratio of 
2.39. Therefore, it is recommended that floodproofing be 
used to resolve existing and probable future flood problems 
along the Menomonee River in the City of Milwaukee 
between N. 45th Street and Hawley Road. 



The simulation model was used to assess the net impact 
of the recommended 10.84 miles of channel modifications 
and the 215 acre-feet detention storage on a full range of 
flood flows by comparing flood flows a t  selected locations 
in the watershed under year 2000 planned land use-floodland 
development conditions with and without the recommended 
channel modifications and detention storage. The analysis 
indicated that the recommended structural flood control 
works may be expected to result in from a 90 percent 
decrease to a 50 percent increase in 100-year recurrence 
interval peak flood discharges. There should, however, 
be no significant adverse effects associated with the 
increases in discharge primarily because the recom- 
mended channel works would be sized and constructed 
so as  to safely contain and convey the increased flood flows. 

Analyses conducted under the watershed planning program 
resulted in the identification of 48 bridges and culverts 
that could be expected, by virtue of inadequate capacity 
and overtopping of the approach roads or the structure, 
to interfere with the operation of the highway and railroad 
transportation system during major flood events. Of the 
total number of substandard bridges and culverts so 
identified, 16 are located on minor or collector streets, 
21 are located on arterial streets and highways other than 
freeways and expressways, and 11 are located on freeways, 
expressways, and railroads. It is recommended that when 
these 48 structures are modified or replaced by the 
responsible highway agencies or by the railroad companies 
as part of necessary highway and railroad improvement 
programs, that these crossings should be designed to 
provide adequate capacity in accordance with the standards 
set forth in Chapter I1 of this volume. It is also recom- 
mended, in accordance with the adopted standards set 
forth in Chapter I1 of this volume, that  al l  new or 
replacement bridges and culverts be designed so as  to 
accommodate the 100-year recurrence interval flood 
discharge under year 2000 plan conditions without raising 
the corresponding peak stage by more than 0.5 feet above 
the peak stage as established in the adopted comprehensive 
watershed plan. 

Of the 10 available nonstructural floodland management 
measures identified for possible application in the 
Menomonee River watershed, the following three were 
found to be particularly effective for minimizing aggravation 
of existing problems and for preventing development of 
future flood problems: (1) reservation of floodlands for 
recreation-related open space uses through measures such 
as  private development or public acquisition of the land 
or of an easement;  (2) floodland use regulations a s  
accomplished through zoning, land subdivision, sanitary, 
and building ordinances; and (3)  regulation of land use 
outside of the floodlands, also through zoning, land 
subdivision, sanitary, and building ordinances. These 
nonstructural floodland management measures are intended 
for the regulation or control of land use both within and 
outside of the floodlands of the watershed. It is recom- 
mended that the use of floodland a reas  for outdoor 
recreation and related open space activities be emphasized 
and carried out not only to implement the land use plan- 
particularly the primary environmental corridor plan sub- 
elements which seek to preserve recreational, aesthetic, 

ecologic, and cultural resources of the watershed-but 
also to minimize the aggravation of the existing flood 
problems and development of new flood problems. In 
order to fully protect the floodlands of the watershed in 
accordance with this recommendation, existing floodland 
and related regulations would have to be modified for 
explicit application to Menomonee River watershed 
floodlands or new floodland regulations prepared by the 
following municipalities: the Cities of Brookfield, Mequon, 
Milwaukee, Wauwatosa, West Allis, and Greenfield and the 
Villages of Elm Grove, Germantown, Menomonee Falls, 
and Butler. Floodland and related regulations are an 
integral par t  of the primary environmental corridor 
protection subelement of the recommended land use plan. 
In addition, and because of the demonstrated hydrologic- 
hydraulic impact of land use development patterns outside 
of the floodlands on the extent and severity of flooding, 
it is also recommended that land use regulation controls 
outside of the floodlands, as  needed to achieve the year 
2000 land use plan as  described in Chapter I11 of this 
report, be viewed as a floodland management measure 
for the Menomonee River watershed. 

Although the availability of federal flood insurance does 
not resolve any existing flood problems, it does provide 
a means for distributing monetary flood losses in the form 
of an annual flood insurance premium and, in those situa- 
tions where insurance premiums a r e  subsidized, the 
federal flood insurance program also provides a way of 
reducing monetary flood losses to the owner. Significant 
steps have been taken by watershed communities towards 
participation in the federal flood insurance program in 
that all the seven cities and six villages located wholly 
or partly in the Menomonee River watershed, a s  well as  
the unincorporated areas of the watershed in Washington 
and Waukesha Counties, have taken the necessary steps 
to become eligible to part icipate in the federal  flood 
insurance program. Furthermore, the U.S. Department of 
Housing and Urban Development has authorized insurance 
rate studies for the Cities of Greenfield, Milwaukee, 
Wauwatosa, New Berlin, and Brookfield; and for the 
Villages of Menomonee Falls and Butler. It is recommended 
that the U.S. Department of Housing and Urban Develop- 
ment, in cooperation with Wisconsin Department of Natural 
Resources, authorize the conduct of additional insurance 
rate studies in the following communities located wholly 
or partly in the watershed which have been identified as  
having flood hazard areas: the Cities of West Allis and 
Mequon and the Villages of Germantown and Elm Grove. 
It is further recommended that the contractors retained 
by the U.S. Department of Housing and Urban Development 
to conduct the flood insurance rate studies make maximum 
use of the flood hazard data developed under the watershed 
program. Finally, it is recommended that  owners of 
property in flood-prone areas purchase flood insurance to 
provide some financial relief for losses sustained during 
future floods. 

Under the national flood insurance program, private lending 
institutions require the purchase of flood insurance on 
property in flood-prone areas before granting a mortgage 
for a structure on the property. I t  is recommended that 
lending institutions continue to determine the flood-prone 



status of properties prior to granting of a mortgage, and 
that the principal source of flood hazard information be 
that developed under the watershed planning program. 
A 1973 executive order by the Governor of Wisconsin 
urges real estate brokers, salesmen, and their agents 
to inform potential purchasers of property of any flood 
hazard which may exist at the site. It is recommended 
that this program be continued so that potential property 
buyers are aware of the threat of life and property posed 
by flood events. 

Local communities may adopt policies relating to the 
extension of certain public utilities and facilities in 
recognition of the likely influence of the location and size 
or capacity of such utilities and facilities on the location 
of new urban development. It is recommended that the 
policies of governmental units and agencies having 
responsibility for such utilities and facilities within the 
watershed be designed to complement the floodland 
regulation recommendations for the Menomonee River 
watershed and the recommended primary environmental 
corridor protection plan subelement. 

As a floodland management measure, an emergency 
program is intended to minimize the damage and disruption 
associated with flooding. It is recommended that each 
watershed community develop a warning system or 
procedure to provide floodland residents and other property 
owners with information about floods already in progress. 
In developing a warning system, it is suggested that the 
following measures be considered: monitoring of National 
Weather Service flash flood watch bulletins and flash flood 
warning bulletins during periods when rainfall or snowmelt 
are anticipated, emergency messages broadcast to 
community residents over radio and television, use of 
police patrol cars or other vehicles equipped with public 
address systems, and use of warning sirens having 
a special pattern to indicate a flood threat. 

Continuous recording stream gaging stations, as well as 
partial record streamflow stations and crest stations 
located within the Menomonee River watershed provide 
critical data required for future rational management of 
the surface water resources. The records from such gaging 
stations will serve as indicators of the hydrologic and 
hydraulic effect of headwater urbanization. Moreover, 
discharge-frequency relationships, floodstage profiles, 
and other information obtained from gaging stations can 
be used to periodically refine the hydrologic-hydraulic 
simulation model developed and used in the Menomonee 
River watershed study. It is recommended that the 
continuous streamflow monitoring gages temporarily 
installed at the N. 70th Street crossing of the Menomonee 
River in Wauwatosa and on the Menomonee River a t  
Pilgrim Road (CTH YY) in the Village of Menomonee Falls 
for purposes of the International Joint Commission 
Menomonee River Pilot Watershed Study continue to be 
operated as permanent monitoring stations subsequent to 
completion of that research project. It is also recommended 
that two of the three partial record stations operated in the 
basin by the U.S. Geological Survey-the Freistadt gage on 
the Little Menomonee River and the Milwaukee gage on 
Honey Creek-continue to be operated and that the Village 

of Menomonee Falls, the City of Milwaukee, and the 
Milwaukee Metropolitan Sewerage Commissions continue 
to maintain the existing crest and staff gage network. It 
is also recommended that the following communities 
located on the major stream system of the Menomonee 
River watershed establish and maintain a network of crest 
stage or staff gages to provide for the acquisition of high 
water data during future major flood events: the Cities of 
Mequon and Brookfield and the Villages of Germantown 
and Elm Grove. 

The existence in the Menomonee River watershed of 12 
semipermanent structures located throughout the basin 
so as to receive base flow or direct runoff from a variety 
of land uses and land use combinations and equipped with 
sophisticated streamflow and water quality monitoring 
devices offers a unique opportunity for continued hydro- 
logic, hydraulic, and water quality research in southeastern 
Wisconsin. Therefore, it is recommended that local, state, 
and federal agencies and educational and research institu- 
tions having responsibilities in water resource and water- 
resource-related areas in the watershed give consideration 
to development of research projects, educational 
programs, and other special studies that could incorporate 
all or portions of the existing and extensive water quality- 
quantity monitoring network within the Menomonee 
River watershed. 

A backwater analysis, employing a range of Lake Michigan 
stages and River flood flows, was conducted for that por- 
tion of the Menomonee River watershed lying within the 
industrial valley-defined as the riverine area extending 
from the confluence of the Menomonee and Milwaukee 
Rivers to the W. Wisconsin Avenue viaduct-in order to 
more precisely define the flood problems of the industrial 
valley. These studies indicated that flood stages on the 
Menomonee River downstream from River Mile 1.75 at 
about N. 27th Street a r e  primarily determined by a 
combination of Lake Michigan stages and Menomonee 
River flood flows. Upstream of River Mile 1.75, flood 
stages are determined primarily by River flood flows, 
channel geometry, and the presence of hydraulic control 
structures such as bridges and a dam. 

Based on the backwater analysis, it was concluded that 
the flood protection elevation of 584.6 feet above Mean 
Sea Level Datum, or 4.0 feet above City of Milwaukee 
Datum, as established by the Milwaukee-Metropolitan 
Sewerage Commissions, can continue to be applied to that 
reach of the Menomonee River downstream from River 
Mile 1.75. A new flood protection elevation of a t  least two 
feet above the 100-year recurrence interval peak flood 
stage profile for year 2000 land use plan conditions, how- 
ever, should be established along the Menomonee River 
in the industrial valley upstream of River Mile 1.75, 
superseding the flood protection elevation of 584.6 feet 
Mean Sea Level Datum presently established for that reach 
by the Sewerage Commissions. Consideration should be 
given to removal of The Falk Corporation Dam in order 
to reduce flood stages at the earthen dike protecting the 
south boundary of the Chicago, Milwaukee, St. Paul, and 
Pacific Railroad yard. In the event that The Falk Corpora- 
tion Dam is required to be retained to provide a supply 



of industrial cooling water, the crest of the dike protecting 
the railroad yard should be raised. In order to protect 
the residential area lying east of the Menomonee River 
between IH 94 and the W. Wisconsin Avenue viaduct from 
flooding under probable future flow conditions, a flood wall 
should be constructed along the east bank of the River in 
this reach, and necessary backwater gates and storm water 
pumping stations should be installed near the end of storm 
sewer outfalls. 

A similar analysis of flood stage profiles was conducted 
for the channelized reach of the Menomonee River bounded 
on the downstream end by the W. Wisconsin Avenue viaduct 
and on the upstream end by N. 45th Street. The study 
indicated that the 0.16-mile-long portion of this reach 
between the W. Wisconsin Avenue viaduct and the Chicago, 
Milwaukee, St. Paul, and Pacific Railroad bridge does 
not have sufficient capacity to convey the 100-year 
recurrence interval flood flow of the Menomonee River 
under year 2000 plan conditions and that the west side of 

the channel in this reach could be expected to be flooded 
along peak flows. Furthermore, all or a portion of both 
sides of the channel between the Chicago, Milwaukee, 
St. Paul, and Pacific Railroad bridge and N. 45th Street 
will not contain the 100-year recurrence interval peak 
flood flow of the Menomonee River under year 2000 land 
use plan conditions. Presumably following sound 
engineering practice, major channelization was selected 
for this reach based on an  economic analysis of alterna- 
tives, and the channel was designed to convey the 100-year 
recurrence interval discharge. Inasmuch a s  the channel 
cross-section in this reach will not safely convey the 
100-year flood flow as  developed under the Menomonee 
River watershed planning program for year 2000 land use 
plan conditions, the existing channel works-which repre- 
sent  a major  expenditure of public funds-should be 
supplemented by the construction of flood walls on the low 
banks and the installation of necessary backwater gates 
and storm water  pumping stations nea r  the s torm 
sewer outfalls. 



Chapter V 

ALTERNATIVE WATER QUALITY MANAGEMENT MEASURES 

INTRODUCTION 

The inventory and analysis phases of the Menomonee 
River watershed planning program 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 problems by developing a work- 
able 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 creating 
new developmental and environmental problems. The 
purpose of this chapter is to develop a water quality 
management plan element from which an integrated 
water resources management plan for the watershed 
can be synthesized. More specifically, the purpose of 
this chapter is: 

1. To analyze the extent to  which water quality 
management recommendations pertinent to the 
Menomonee River watershed but developed 
under other Commission planning programs will 
mitigate or eliminate the pollution problems that 
exist in the watershed and 

2. To present alternative water quality management 
measures intended to resolve watershed water 
quality problems not addressed in other Commis- 
sion studies. 

Development of the water quality management plan 
element for the Menomonee River watershed differs 
from development of the floodland management plan 
element for the watershed in that, whereas the 
Menomonee River watershed planning program con- 
stitutes the first comprehensive attempt to resolve 
existing flood problems and to prevent the occurrence 
of future flood problems in this watershed, plan elements 
prepared under other Commission studies have already 
included recommendations for resolution of some of 
the water quality problems within the watershed. There- 
fore, preparation of the water quality management plan 
element for the Menomonee River watershed plan 
emphasized refinement and extension of water quality 
recommendations made under other Commission studies. 
This water quality management chapter, therefore, con- 
stitutes not so much an exploration of alternatives-as 
did the previous floodland management chapteras  an 
expanded evaluation of the expected impact of 
committed decisions regarding primarily point sources 
of pollution in order to determine if additional non- 
point source management measures are required and 
what might be the nature of those measures. 

The water quality management measures described here- 
in were designed and should be considered as adjuncts 
to the basic land use development proposals advanced 
in Chapter I11 of this volume to facilitate the attainment 
of regional and watershed development objectives. The 
water quality management measures are thus subordinate 
to the basin-wide land use plan element, and the incre- 
mental costs of these measures can be separated from 
those of the basin-wide land use plan element. 

As noted in Chapter I of this volume, the evaluation of 
a particular alternative measure relative to  other alterna- 
tives intended to resolve problems is a sequential process 
during which the measure is subjected to  several levels 
of review including technical, economic, financial, legal 
and administrative feasibility, and political acceptability. 
In anticipation of making a comparative evaluation of 
the various alternative water quality management 
measures and the selection of a recommended compre- 
hensive watershed plan, the technical, economic, and 
environmental aspects of each alternative water quality 
management measure are presented in this chapter. 

With respect to  the organization of the material pre- 
sented in this chapter, surface and ground water quality 
problems evident in the watershed are briefly reviewed 
together with the likely sources of those problems and 
the steps that have already been taken or have been 
committed to  be taken for resolution of the water 
quality problems. The assumptions underlying the 
analyses conducted during the preparation of this 
chapter are stated and followed by a discussion of the 
technical, economic, and environmental aspects of 
alternative solutions to the unusual creosote pollution 
problem in the Little Menomonee River. The results 
of simulation studies intended t o  show the consequences 
of removing discharges of municipal sewage treatment 
plant effluent from the stream system and the likely 
consequences of planned incremental urban development 
and of land management measures on surface water 
quality are described, followed by an analysis of 
measures available for resolution of diffuse source pollu- 
tion. The significance of sanitary sewer system flow 
relief devices is discussed and the chapter concludes 
with a discussion of accessory water quality manage- 
ment considerations. 

BASIS FOR THE DEVELOPMENT AND 
ANALYSIS OF ALTERNATIVE WATER 
QUALITY MANAGEMENT PLAN ELEMENTS 

In an urban and urbanizing setting like the Menomonee 
River watershed, man's activities affect, and are affected 
by, the quality of surface and ground waters. Waters are 
defined herein to  be polluted when foreign substances 
caused by, or related to, human activity are in such a 
form and concentration as to  render the water unsuit- 



able for a desired beneficial use. Chapter VII, Volume 1 
of this report, describes the surface water and ground 
water pollution problems in the Menomonee River water- 
shed as revealed by an examination of historic data. 
These pollution problems are briefly reviewed here 
along with the efforts that are already underway or 
are planned t o  resolve the pollution problems. The 
characteristics of watershed pollution problems and 
the nature of the in-process or planned remedial mea- 
sures form the basis for the supplemental water quality 
analysis and alternative water quality management 
measures described in this chapter. 

Surface Water Pollution 
A careful examination of the available water quality data 
for the Menomonee River watershed stream system for 
the period 1951 through 1974 indicates that the surface 
waters are severely polluted. Of the seven possible cate- 
gories of pollution, six--toxic, organic, nutrient, patho- 
genic, sediment, and aesthetic-are known to exist in the 
Menomonee River watershed. The seventh category of 
pollution-thermal-is not known to exist in the water- 
shed.' The surface water pollution in the watershed is 
widespread in that it occurs on the Little Menomonee 
River, Underwood Creek, Honey Creek, and Little 
Menomonee Creek, in addition to the Menomonee River. 
This indicates that pollution problems may not be solely 
attributed to the effluent from municipal sewage treat- 
ment plants or other point sources. . 
The most serious type of surface water pollution present 
in the watershed is pathogenic pollution as indicated by 
the widespread occurrence of high fecal coliform bacteria 
counts. These fecal coliform counts, which are indicative 
of the presence of human and animal wastes, appear to  
be attributable to  sanitary and combined sewer over- 
flows and runoff from the rural and urban land surfaces. 
The second most serious pollution problem is that of 
excessive nutrients, particularly phosphorus, under all 
flow conditions. The third most serious pollution 
problem is organic pollution reflected by occasional 
widespread substandard dissolved oxygen levels. This 
problem is most prevalent along the main stem of the 
Menomonee River and appears to be primarily attrib- 
utable to discharges from municipal sewage treatment 
plants. In addition to  pathogenic, nutrient, and organic 
pollution, toxic pollution in the form of high lead con- 
centrations and the presence of creosote are causes for 
concern, as is the aesthetic pollution that pervades the 
watershed surface water system. 

The adopted water use objectives for the stream system 
call for recreational use and propagation of fish and 
aquatic life throughout most of the watershed stream 

' A s  discussed in Chapter VII, Volume 1 o f  this report, 
there are discharges o f  water having a temperature above 
ambient water temperature into the watershed stream 
system, such as the discharge o f  cooling water into the 
South Menomonee Canal by the Wisconsin Electric Power 
Company, but such heated discharges are not known to  
produce thermal pollution problems. 

system-exceptions consist of Honey Creek, the South 
Branch of Underwood Creek, the lower portion of 
Underwood Creek, and the extreme lower reaches of 
the Menomonee River. The condition of the surface 
waters is such, however, that the watershed stream 
system currently receives only minimal use because of 
the severe pollution that exists. 

Groundwater Pollution 
About 14 percent of the watershed population, located 
primarily in the City of Brookfield, the Village of Meno- 
monee Falls, the Village of Germantown, and the City 
of Mequon, is served by private groundwater supplies 
which generally use relatively shallow wells constructed 
in the glacial till and underlying and interconnected 
dolomitic bedrock. About 88 percent of the area served 
by such wells also uses onsite sewage disposal systems 
and is located on soils not well suited for the use of such 
systems. As a result, examples of surface water pollution 
evidenced by offensive odors and septic system discharge 
appearing in drainage swales and other low lying areas 
have developed in recent years. An even more serious 
matter of concern is the threat to  the health of area 
residents as a result of either direct contact with the 
septic tank system discharge on the ground surface or 
as a result of the pollution of the private ground- 
water supplies. 

Six percent of the watershed population is served by 
four public utilities which rely on groundwater. Inven- 
tories conducted under the watershed planning program 
indicate that none of these utilities is currently 
experiencing serious water quality or quantity problems 
nor do they expect such problems to develop in the 
immediate future. Moreover, the groundwater utilities 
are considering the results of an engineering consultant 
study that presents an analysis of alternative inter- 
municipal water supply systems involving communities 
in and near the Menomonee River watershed. 

Certain commercial and industrial water users in the 
Menomonee River watershed are self-supplied in that 
they satisfy all or part of their water needs from pri- 
vate wells or by pumping directly from the streams. 
Various types of cooling processes account for most 
of this water use. Investigations carried out under the 
watershed study reveal that self-supplied industrial- 
commercial water users are not experiencing any serious 
quality or quantity problems nor is their pumping inter- 
fering with that of the four groundwater utilities. 

Pollution Sources 
The following types of pollution sources have been 
identified in the ~enomonee  River watershed: munici- 
pal sewage treatment plants, sanitary and combined 
sewerage system flow relief devices, industrial discharges, 
urban stormwater runoff, agricultural and other rural 
runoff, and onsite waste disposal systems. 

Five municipal sewage treatment facilities existed in the 
watershed when the watershed planning program was 
initiated in 1972--the Village of Germantown Old Village 
and County Line Road plants, the Village of Menomonee 



Falls Pilgrim Road and Lilly Road plants, and the Village 
of Butler overflow-chlorination facility. The German- 
town County Line Road facility was permanently 
removed from service on November 2, 1973, and its 
tributary area connected to  the Old Village plant. 

Sanitary sewage enters the surface water system of the 
Menomonee River watershed through five types of 
sewerage system flow relief devices: combined sewer 
outfalls, crossovers, bypasses, relief pumping stations, 
and portable pumping stations. A total of 25 combined 
sewer outfalls together with 102 other flow relief devices 
are known to exist in the watershed with 80 percent of 
the 127 total flow relief devices discharging directly to 
the Menomonee River. Forty percent of the flow relief 
devices, including all of the 25 combined sewer outfalls, 
is located within the Milwaukee County portion of 
the watershed. 

Industrial discharges, consisting primarily of cooling 
and process water, directly and indirectly enter the 
watershed stream system. A total of 44 industrial dis- 
charges-about half of which consist of cooling water 
discharges--are known to exist within the watershed 
with over three-fourths discharging t o  the Menomonee 
River and about 85 percent being located in Milwaukee 
County. Although these discharges probably vary 
markedly in quality, very little data are currently avail- 
able, a deficiency that will be rectified with the con- 
tinued implementation of the Wisconsin Pollutant 
Discharge Elimination System. An industrial-related 
pollution source is the creosote that remains in the 
bottom muds of a reach of the Little Menomonee 
River in Milwaukee County. 

Onsite waste disposal systems constitute a significant 
potential source of surface and groundwater pollution 
in the watershed. About 1 4  percent of the watershed 
population is served by private groundwater supplies and 
about 88 percent of the area served by such supplies also 
uses onsite waste disposal systems and is located on 
soils not well suited for the use of such systems. Poten- 
tial groundwater pollution sources in the form of 
onsite waste disposal systems are located primarily in the 
Cities of Brookfield and Mequon and the Villages of 
Germantown and Menomonee Falls. 

Other sources of pollution are those carried from the 
urban and the rural areas of the watershed to  the sur- 
face water system by means of direct runoff from the 
land and by interflow, that is, subsurface flow-both of 
which occur during and immediately after rainfall or 
snowmelt events--and by baseflow, that is, groundwater 
discharge, between such events. Most of the direct 
runoff from urban areas enters the surface water system 
through the storm sewer outfalls located along the major 
stream system with the remaining direct runoff entering 
the streams via combined sewers, open storm water 
channels, or as sheet flow-that is, overland flow not 
occurring in well defined channels. Direct runoff from 
the rural portions of the watershed enters the surface 
water system through natural channels and as sheet 
flow. Water quality surveys reveal potentially trouble- 

some concentrations of phosphorus, coliform bacteria, 
and biochemical oxygen demand in runoff from the 
rural and urban areas. In addition, the sediment yield 
from the watershed is very high--estimated at almost 
100 tons per square mile per year-reflecting the 
urbanizing nature of the basin. 

Measures Already Underway or Planned 
to  Resolve Pollution Problems 
Substantial efforts have already been initiated to resolve 
some of the pollution problems in the Menomonee River 
watershed. These efforts are briefly discussed below and 
related to the pollution sources described above. 

Four municipal sewage treatment facilities exist in the 
watershed as of early 1976-the Village of Germantown 
Old Village plant, the Village of Menomonee Falls 
Pilgrim Road and Lilly Road plants, and the Village of 
Butler overflow-chlorination facility. The adopted 
regional sanitary sewerage system plan for southeastern 
Wisconsin recommends the eventual abandonment of 
the four remaining municipal sewage treatment plants. 
This is proposed to be accomplished by connecting the 
sewer service areas presently served by each of the four 
plants to the Milwaukee-Metropolitan sewerage system 
with sewage treatment to  be accomplished at the Jones 
Island or South Shore treatment plants located on the 
Lake Michigan shoreline. It is presently anticipated that 
all four remaining municipal sewage treatment plants will 
be permanently removed from service by 1981. 

The 27-square-mile Milwaukee-Metropolitan area com- 
bined sewer service area, which includes a 10.7-square- 
mile area tributary to  the Menomonee River, is the 
subject of the preliminary engineering study by a 
consulting firm directed at the abatement of combined 
sewer overflows. This study, which is scheduled for 
completion in 1977, builds upon previous work by the 
Regional Planning Commission under the Milwaukee 
River watershed planning program and is to  result in 
firm recommendations for construction of combined 
sewage conveyance and treatment facilities so as to 
abate this major source of pollution from the entire 
combined sewer service area. 

Sewerage system flow relief devices other than com- 
bined sewer overflows, that is, crossovers, bypasses, 
relief pumping stations and portable pumping stations, 
will also be controlled by the Wisconsin Pollutant 
Discharge Elimination System. As described in Chapter 
X, Volume 1 of this report, the State Pollutant Dis- 
charge Elimination System was established by the Wis- 

t No. 16, A Regional Sanitary 
Sewerage System Plan for Southeastern Wisconsin, Feb- 
ruary 1974. 

3 S ~ ~ R P ~ .  Plannine R e ~ o r t  No. 13. A Com~rehensive 
7 -  " a 

Plan for the Milwaukee River Watershed, Volume 1, 
Inventory Findings and Forecasts, December 1970, 
Volume 2, Alternative Plans and Recommended Plan, 
October 1971. 
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consin Legislature in direct response to  the requirements 
of the Federal Water Pollution Control Act of 1972 and 
requires a permit for legal discharge of any pollutant 
into the waters of this State including groundwaters. 
More specifically, permits are required for crossovers, 
bypasses, relief pumping stations, and portable pumping 
stations, and the permits will eventually specify abate- 
ment requirements and a schedule of compliance setting 
forth dates by which various stages of requirements 
imposed by the permit shall be achieved. With respect to  
sanitary sewerage system flow relief devices, it is 
envisioned that the pollution discharge permit system 
will become the primary vehicle for abatement. The 
Wisconsin Pollutant Discharge Elimination System is 
also being used to  determine the nature of industrial 
discharges to the surface water and groundwater systems 
and will be the primary vehicle by which the quantity 
and quality of those discharges will be controlled. 

An unusual pollution problem in the watershed, and 
one for which some remedial actions have already been 
taken, is that caused by the former discharge of 
creosote to the Little Menomonee River by the Moss- 
American, Inc., railroad tie processing plant located 
near W. Brown Deer Road. As discussed in detail in 
Chapter VII, Volume 1 of this report, waste waters 
from the creosote operation are now discharged directly 
to the sanitary sewer system and the company has 
improved pretreatment facilities. The old, troublesome 
lagoons and filters on the plant site were eliminated; 
sludge deposits were removed from the Little Menomo- 
nee River in the immediate vicinity of the Moss- 
American facility; and the area adjacent to  the stream 
was covered with clean fill. Envirex, Inc., of Mil- 
waukee completed a federally funded demonstration 
project on a short reach of the Little Menomonee River 
providing technical and cost information as t o  a means 
for removing the creosote from the bottom muds 
of the Little Menomonee River downstream of the 
Moss-American plant. 

Onsite sewage disposal systems placed in soils poorly 
suited for effective operation of such systems are a cause 
of existing and potential pollution of private well water 
supplies. The adopted regional sanitary sewerage system 
plan contains recommendations for the ultimate resolu- 
tion of this existing and potential water-supply pollution 
problem which affects about 14  percent of the watershed 
population, recommending the provision of sanitary 
sewer service to essentially all of those portions of the 
City of Brookfield, the Village of Menomonee Falls, the 
Village of Germantown, and the City of Mequon pres- 
ently served by septic tank systems. The recommended 
provision of sanitary sewer service would eliminate the 
potential for pathogenic and aesthetic pollution from 
malfunctioning onsite disposal systems in the watershed. 

4As a result of the creosote pollution problem, Milwaukee 
County has filed suit against Moss-American, Inc., for 
$500,000 in damages. That suit was pending in federal 
court as o f  June 1976. 

On July 1 ,  1975, the Southeastern Wisconsin Regional 
Planning Commission initiated an areawide water quality 
planning and management program directed in part at 
resolution throughout the Region of another apparently 
important source of pollution in the Menomonee River 
watershed--diffuse or non-point source pollution from 
rural and urban areas.5 The water quality management 
planning program for southeastern Wisconsin is intended 
to update, extend, and refine the previous water quality 
studies and plans completed by the Commission, and in 
so doing fully meet the requirements of Section 208 of 
the Federal Water Pollution Act. 

Analytic Framework and Assumptions 
The foregoing summary of surface and groundwater 
pollution problems and of pollution sources in the 
Menomonee River watershed, and the review of efforts 
underway or planned to abate or eliminate those 
sources and thereby mitigate the pollution problems, 
clearly indicates that progress is being made on the long- 
range pollution abatement program for the Menomonee 
River watershed. In consideration of the basic pollution 
abatement program already in progress, the water quality 
analyses under the Menomonee River watershed planning 
programincluding the simulation model runs made in 
support of those analyses-were conducted within the 
following framework and based on the following overall 
assumptions summarized in Table 35. 

Municipal Sewage Treatment Plants: The water quality 
analyses conducted under the Menomonee River water- 
shed planning program accept as committed the eventual 
abandonment of the four remaining municipal sewage 
treatment plants in the watershed-he Village of Ger- 
mantown Old Village plant, the Village of Menomonee 
Falls Pilgrim Road and Lilly Road plants, and the Village 
of Butler overflowchlorination facility-as recommended 
in the adopted regional sanitary sewerage system plan. It 
was, however, deemed necessary to  conduct simulation 
studies of the impact on existing water quality of the 
removal of these four plants from the watershed stream 
system. An analysis of the probable effect on surface 
water quality of removing the plants is necessary as 
a first step in determining if additional pollution abate- 
ment measures directed primarily at diffuse sources of 
pollution will be required in the Menomonee River 
watershed between now and the year 2000. 

It is important to  understand the degree to which the 
eventual abandonment of the four remaining municipal 
sewage treatment plants in the watershed is a "com- 
mitted" decision. While there is agreement among the 
local, state, and federal units and agencies of government 
involved on the desirability of eventually abandoning 
the plants, the commitment extends beyond such agree- 
ment to the actual completed construction of relatively 

5~outheastern Wisconsin Regional Planning Commission, 
Study Design for the Areawide Water Quality Planning 
and Management Program for Southeastern Wisconsin: 
1975-1 977, August 1975. 



Table 35 

POLLUTION ABATEMENT MEASURES UNDERWAY OR PLANNED IN THE MENOMONEE RIVER WATERSHED AND RELATED 
WATER QUALITY ANALYSES CONDUCTED UNDER THE MENOMONEE RIVER WATERSHED PLANNING PROGRAM 

Source: SEWRPC. 

t 

Pollution Source 

Four municipal sewage treatment plants 
discharging to the Menomonee River 

25 combined sewer overflows 
discharging to the Menomonee River 
downstream of Hawley Road under 
wet weather conditions 

102 sanitary sewer flow relief devices- 
crossovers, bypasses, relief pumping 
stations-discharging primarily to the 
Menomonee River during wet weather 
conditions 

44 industrial point sources discharging 
primarily to  the Menomonee River 

Creosote in bottom muds of most 
of the Little Menomonee River 
in Milwaukee County 

Onsite waste disposal systems used by 
approximately 14 percent of the 
watershed population 

Surface and groundwater discharge 
from urban and rural lands 

Pollut~on Abatement 
Measure Underway or Planned 

To be permanently abandoned by about 1981 

Preliminary engineering study underway 
to provide recommendations for abatement- 
scheduled for completion in late 1977 

Wisconsin Pollutant Discharge Elimination 
System (WPDES) requires a permit for each 
device and a pollution abatement schedule. 
Watershed plan assumes gradual elimination 
of pollution from flow relief devices 
through WPDES 

WPDES requires a permit for each device and 
a pollution abatement schedule. Watershed 
plan assumes gradual elimination of pollu- 
tion from industrial discharges 

Former point source of pollution has been 
eliminated and creosote has been removed 
from bottom muds of 0.75 miles of the 
Little Menomonee River 

Adopted regional sanitary sewerage system 
plan recommends provision of sanitary sewer 
service to these areas. Watershed plan assumes 
implementation of recommendation to 
provide sanitary sewer servlce to presently 
unsewered urban areas and to planned 
urban development 

SEWRPC preparing a "Section 208" 
areawide water quality planning and 
managment program 

Related Water Quality Analysis 
Conducted Under the Menomonee 
River Watershed Planning Program 

Conduct simulation studies to estimate 
the impact of removing the treatment 
plants and to determine if diffuse 
source pollution abatement measures 
should be considered 

Water quality analysis not conducted 
in the combined sewer service area 
because the principal impact area is  
the estuary which is generally excluded 
from the watershed planning program 
and because of concurrent preliminary 
engineering study 

Determine the relative importance of 
pollution load from flow relief devices 
and consequences of elimination of 
those discharges 

Pollution load assumed to be negligible 

Develop alternative means of resolving 
the remaining creosote pollution problem 

Incorporate reduction of pollutant 
sources in modeling year 2000 
plan conditions 

Conduct simulation studies to project 
the likely impact-if any-of planned 
incremental urban development and to 
determine if alternative diffuse source 
pollution abatement measures should 
be considered. Evaluate the effect of 
diffuse source pollution control mea- 
sures applied to urban and rural lands 



long segments of the major trunk sewers that will 
eventually provide the necessary hydraulic connections 
between the tributary source areas of the four municipal 
sewage treatment plants and the Jones Island and 
South Shore sewage treatment facilities of the Milwaukee 
Metropolitan sewerage system located on the Lake 
Michigan shoreline. 

An example of a major trunk sewer segment that has 
already been constructed is the 30- to  60-inch diameter, 
2.9-mile-long segment of trunk sewer lying along the 
Menomonee River between Pilgrim Road and the 
Waukesha-Milwaukee County line in the Village of 
Menomonee Falls, designed to convey sanitary sewage 
from the two existing sewage treatment plants in the 
Village to the Waukesha-Milwaukee County line for 
subsequent conveyance to  the Jones Island-South Shore 
treatment facilities. Another example of a major trunk 
sewer segment that has already been consticted to  
permit the eventual abandonment of municipal sewage 
treatment plants in the Menomonee River watershed is 
the 72-inch-diameter, 6.0-mile-long segment of trunk 
sewer along the Menomonee River in Milwaukee County 
between W. Burleigh Street in the City of Wauwatosa 
and W. Good Hope Road in the City of Milwaukee. 
Upon completion of other connecting trunk sewer 
segments, this major trunk sewer will receive sanitary 
sewage presently treated at the four municipal sewage 
treatment plants in the watershed and convey it through 
the middle portions of the watershed for eventual treat- 
ment at the Milwaukee-Metropolitan Sewerage Commis- 
sion treatment facilities. 

The abandonment of the four treatment facilities is thus 
committed in terms of an agreed-upon plan and program 
by the implementing governmental units and agencies; 
in terms of trunk sewers that have actually been con- 
structed; and in terms of capital that has already been 
expended. Considering the degree to which the abandon- 
ment of the sewage treatment plants is committed in 
terms of plans developed, facilities constructed, and 
funds expended, continued efforts to carry out this 
committed decision are far more likely to  be cost- 
effective than the expenditure of funds on the improve- 
ment of the existing treatment facilities and, thereby, 
not utilizing or fully utilizing the capacity of the trunk 
sewers that have been constructed. 

Combined Sewer Overflows: The water quality analyses 
and related modeling efforts did not address the impact 
of combined sewer overflows nor the ultimate resolution 
of the combined sewer overflow problem on the 5.14 
mile portion of the Menomonee River downstream of 
Hawley Road. The 10.7-square-mile combined sewer 
service area in the Menomonee River watershed was 
omitted from the water quality analyses for two reasons. 
First, the 2.22-mile-long portion of the Menomonee 
River downstream of The Falk Corporation dam is part 
of the Milwaukee Harbor estuary and, as explained 
in Chapter I, Volume 1 of this report, the watershed 
study was not intended to deal with the complex water 
quality problems of the estuary. This approach to the 

estuary area was adopted at the outset of the Menomonee 
River watershed planning program because the Menomo- 
nee River-Milwaukee River-Kinnickinnic River estuary 
constitutes an integral hydraulic-water quality system 
that must be analyzed in its totality. The second 
reason for not conducting water quality analyses along 
the Menomonee River downstream of Hawley Road was 
a desire not to duplicate the planning and engineering 
studies already underway by the Milwaukee-Metropolitan 
Sewerage Commissions and their consultants. These 
studies are intended to build on the previous work by 
the Regional Planning Commission under the Milwaukee 
River watershed planning program and to provide firm 
recommendations for construction of sewage conveyance 
and treatment facilities for the abatement of pollution 
from the entire combined sewer service area. 

Other Flow Relief Devices: The water quality plan 
element of the Menomonee River watershed plan does 
not include an explicit analysis of alternative ways of 
eliminating sanitary sewerage system flow relief devices, 
that is, crossovers, bypasses, relief pumping stations, 
and portable pumping stations. The Menomonee River 
watershed plan accepts, as committed, the ultimate 
elimination of discharge from those devices as recom- 
mended in the adopted regional sanitary sewerage system 
plan and as intended by the Wisconsin Pollutant Dis- 
charge Elimination System as described in Chapter X, 
Volume 1 of this report. 

Inasmuch as the 102 flow relief devices in the watershed 
are located throughout most of the basin and discharge 
to all the major streams, an analysis of the relative 
pollutant loads from this source, as opposed to other 
point and non-point sources such as municipal sewage 
treatment plants and runoff from the land surface, was 
conducted in order to  determine the likely consequences 
of eliminating the flow relief devices. 

Industrial Discharges: The water quality management 
plan element of the Menomonee River watershed plan 
also assumes that industrial discharges to  the surface 
water system of the watershed will come under control 
as a result of the Wisconsin Pollutant Discharge Elimina- 
tion System. As described in Chapter VII, Volume 1 of 
this report, a total of 44 industrial discharges were 
known to exist in the watershed as of May 1975. 

These industrial discharges were assumed to have a very 
small impact on surface water quality of the Menomonee 
River watershed relative to  the impact of discharges 
from municipal sewage treatment plants, flow from the 
land surface, and groundwater discharge for three 
reasons. First, about one-half of the discharges consist 
only of cooling water. Inasmuch as a review of watershed 
water quality data from a variety of sources revealed no 
thermal pollution problems, small discharges of cooling 
water at scattered locations around the basin may be 
reasonably assumed to have no significant impact on 
instream water temperatures. Secondly, about half of 
the industrial discharges are located one-half mile or 
more from the major receiving stream which provides an 



opportunity for dilution or assimilation of potentially 
troublesome substances that may be present prior to  
their entry to  the major stream system of the watershed. 
Third, the treatment facility at the Milwaukee Road 
maintenance complex in the Menomonee River industrial 
valley at the 35th Street viaduct, which had been 
earlier identified as another potentially troublesome 
industrial source, discharges to  the Menomonee River 
about one-half mile upstream of the estuary. Since it 
has the potential to  affect only the estuary and since 
the watershed study was intended to exclude water 
quality aspects of the estuary, as discussed in Chapter I, 
Volume 1 of this report, the Milwaukee Road mainten- 
ance complex's discharge is of no practical concern to  
the Menomonee River watershed planning program. 

Creosote in the Little Menomonee River: Development 
of the water quality management plan element for the 
Menomonee River watershed planning program includes 
an analysis of alternative means of resolving the residual 
creosote pollution problem that exists along portions of 
the Little Menomonee River in Milwaukee County. 
Although wastewater containing creosote is now dis- 
charged to the sanitary sewer system rather than the 
Menomonee River, although the Moss-American, Inc., 
has performed a general cleanup operation on its 
property at Brown Deer Road, and although creosote 
has been removed from the bottom muds of a 0.75-mile- 
long reach of the Little Menomonee River downstream 
of Brown Deer Road, a serious residual creosote pollu- 
tion problem still exists within the bottom muds of 
portions of the Little Menomonee River downstream 
of that location. Inasmuch as no efforts were underway 
as of 1976 to  remove the creosote that remains, it was 
incumbent upon the Menomonee River watershed plan- 
ning program to  examine alternative ways of removing 
creosote and to make appropriate recommendations. 

Onsite Waste Disposal Systems: Analyses conducted in 
support of the water quality management plan element 
of the Menomonee River watershed plan assume that the 
localized pollution problems caused by the concurrent 
use of shallow, private wells and onsite waste disposal 
systems will, between now and the plan year 2000, be 
resolved through implementation of the recommenda- 
tions in the adopted regional sanitary sewerage system 
plan which specify that presently unsewered urban 
development as well as planned urban development, 
should be provided with sanitary sewer service. Simula- 
tion modeling of year 2000 plan conditions incorporates 
a reduction in concentration of pollutants in 
groundwater discharge to  reflect the decreased pollu- 
tion load associated with elimination of onsite waste 
disposal systems. 

Wash-Off from the Land Surface: The water quality 
analyses and water quality simulation modeling con- 
ducted under the watershed plan examined the 
adverse effects of planned incremental urban develop- 
ment on surface water quality. The recommended land 
use plan element for the watershed anticipates a 21 
percent increase in urban land use. Such a shift from 
rural to urban land uses may have an adverse effect on 

surface water quality. Simulation model runs were 
conducted to compare expected surface water quality 
characteristics under existing conditions to  year 2000 
plan conditions in order to determine the likely 
impact-if any-of planned incremental urbanization on 
water quality conditions. Additional analyses were car- 
ried out to  evaluate the effect of land management 
measures intended to control diffuse source pollution 
in both urban and rural portions of the watershed. 

ALTERNATIVE MEASURES FOR RESOLVING 
THE CREOSOTE PROBLEM IN THE LITTLE 
MENOMONEE RIVER 

The creosote that remains in the bottom muds of 
portions of the Little Menomonee River in Milwaukee 
County downstream of W. Brown Deer Road con- 
stitutes a potential hazard to people who may wade into 
the stream or otherwise come in contact with the 
stream, particularly with the bottom muds. The creo- 
sote is unevenly distributed in the bottom muds both 
horizontally and vertically and has apparently penetrated 
the bottom muds to a maximum depth of 2 to 3.5 
feet.6 The creosote has the potential to  cause serious 
injury to humans as evidenced by the first degree skin 
bums and abdominal pain incurred by a participant in 
the June 5, 1971, cleanup of the Little Menomonee 
River and by the chemical bums incurred by personnel 
involved in the 1973 U.S. EPA-sponsored demonstration 
project on a portion of the Little Menomonee ~iver.* 
Creosote also has the potential to be toxic to aquatic 
flora and fauna or to  render organisms more susceptible 
to disease, as revealed by the degraded condition of 
aquatic flora and fauna in the Little Menomonee River 
and by laboratory tests conducted in conjunction with 
the 1973 demonstration project. Accordingly, the Men- 
omonee River watershed planning program included, in 
addition to the "no action" alternative, the development 
and examination of three alternative measures for abating 
the creosote problem that remains in portions of the 
Little Menomonee River within Milwaukee county? 

6'Bemonstration o f  Removal and Treatment o f  Con- 
taminated River Bottom Muds-Phase II, " Environmental 
SciencesDivision, Envirex, Inc., EPA contract 68-03-01 82; 
in publication as o f  1976. 

'As described by Citizens for Menomonee River Restora- 
tion, Inc., in "The Creosote Problem in the Little Meno- 
monee River," no date, 67pages. 

g"Demonstration of Removal and Treatment o f  Con- 
taminated River Bottom Muds-Phase II, "Envirex. 

g ~ h e  1973 demonstration project was preceded by a 1972 
feasibility study in which Envirex, Inc., o f  Milwaukee, 
Wisconsin, and Industrial Biotest Company o f  Chicago, 
Illinois, each tested creosote removal procedures in dif- 
ferent approximately 500-foot-long reaches o f  the Little 
Menomonee River in the vicinity o f  Bradley Road. As 
a result of these tests, Envirex, Inc., was selected for the 
1973 demonstration project. 



Identification of the Problem Reach 
Based on field reconnaissance, sampling, and laboratory 
analyses conducted in the summer of 1971 by the 
Citizens for Menomonee River Restoration, Inc., and 
by personnel of Limnetics, Inc., creosote was found to 
exist in the bottom muds of the 3.75 mile reach of the 
Little Menomonee River shown on Map 46, extending 
from the Moss-American, Inc., plant at W. Brown Deer 
Road downstream to a point about 2,000 feet down- 
stream of the Fond du Lac Freeway (USH 145). The 
1971 .field studies were limited to the reach between 
W. Brown Deer Road and the location at which the 
River cleanup participant incurred injury. Therefore, 
while the 1971 field studies indicated that creosote was, 
at that time, present in the bottom muds of the Little 
Menomonee River between W. Brown Deer Road and 
the Fond du Lac Freeway, no information from those 
studies indicated whether or not creosote was located 
in the bottom muds of the Little Menomonee River 
a significant distance downstream of the Fond du Lac 
Freeway or whether or not it would be found in the 
Menomonee River downstream of its confluence of 
the Little Menomonee River. 

The 1973 demonstration project, which removed the 
creosote from the bottom muds of the 0.75-mile-long 
reach of Little Menomonee River downstream of W. 
Brown Deer Road, resulted in a recommendation that 
cleanup operations be extended further downstream 
along the Little Menomonee River to  W. Good Hope 
Road. This recommendation was based on observation 
of significant amounts of creosote in the bottom muds of 
the Little Menomonee River in that reach. It should be 
noted, however, that the 1973 project did not include 
a detailed field reconnaissance of the Little Menomonee 
River downstream of W. Good Hope Road and, there- 
fore, did not provide sufficient information to determine 
if potentially troublesome quantities of creosote are 
present in the Little Menomonee River downstream 
of that point. l o  

The Commission staff, therefore, inspected the Little 
Menomonee River and immediate environs throughout 
the reach from W. Brown Deer Road to the confluence 
with the Menomonee River together with a short reach 
of the Menomonee River downstream of that location 
in May of 1976. This field inspection included examining 
the River bank for creosote or evidence of its adverse 
effects, probing the bottom muds to  detect the presence 
of creosote, and searching for evidence of creosote in 
the water as evidenced by oily sheen on the water 
surface. This inspection revealed evidence of the presence 
of creosote in and near the Little Menomonee River as 
far downstream as W. Fond du Lac Avenue. Little 
evidence of the presence of creosote was found along 
the Little Menomonee River downstream of that loca- 
tion or along the Menomonee River downstream of 
the confluence. 

l o  Wemonstration of Removal and Treatment of Con- 
taminated River Bottom MudsPhase 11, " Envirex. 

Based on the above information, and as shown on 
Map 46, it was assumed that creosote in potentially 
troublesome quantities was present in the bottom muds 
of the Little Menomonee River throughout the 
3.46-mile-long reach bounded at the upstream end by 
the downstream terminus of the 1973 cleanup project 
at River Mile 5.04 and bounded at the downstream end 
by W. Appleton Avenue at River Mile 1.58. It is possible 
that the downstream terminus of the reach containing 
potentially hazardous quantities of creosote may actually 
be located somewhere between W. Appleton Avenue and 
the confluence of the Little Menomonee River with the 
Menomonee River 1.58 miles downstream. Assuming 
that a river restoration operation is initiated, however, 
detailed field studies and supporting laboratory analyses 
conducted prior to  the actual restoration work would 
more precisely identify the downstream terminus of the 
reach requiring cleanup measures. Such field studies 
and supporting laboratory analyses should be conducted 
throughout the project reach in order to  identify possible 
sub-reaches within the project reach in which the 
creosote is either absent, or is present in quantities and 
at depths significantly less than those assumed for 
purposes of the development and comparison of altema- 
tives. Careful field studies and supporting laboratory 
analyses may effect a substantial reduction in the overall 
cost of the creosote cleanup project. Such a refinement 
in identifying the length of the reach ultimately selected 
for removal or other treatment of the creosote will not 
affect the selection of the altemative measures described 
below, inasmuch as the relative cost of the measures 
is independent of the length of stream to which they 
are applied. 

It is important to  note that the entire length of the 
problem reach is contained within Milwaukee County 
parklands. Because of this public ownership of the 
riverine area, the cost estimates for the alternative 
measures designed t o  resolve the creosote problem do 
not include an element for either land acquisition or 
acquisition of an access easement.Furthermore, public 
ownership of the lands by one governmental unit- 
Milwaukee County-should enhance the likelihood of 
rapid implementation of a uniform, coordinated 
cleanup measure. 

Alternative 1-No Action 
Under this alternative. no action would be taken to 
reduce the residual creosote pollution in the Little 
Menomonee River other than to  maintain the current 
practice of posting the stream so as to clearly indicate 
the threat posed by the creosote in the stream. Accord- 
ingly, and in contrast with the other three alternative 
courses of action, there would be no monetary cost 
associated with this alternative. 

Inasmuch as creosote is insoluble in and more dense than 
water and tends to  agglomerate into cohesive masses, it 
is unlikely that natural physical processes such as the 
flushing action of the Little Menomonee River, even 
under high velocity flow conditions during flood events, 
will quickly remove the creosote from the bottom muds 
of the Little Menomonee River. It is also unlikely that 
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In  addition to Alternative 1 -"no action" alterna- 
tive-three alternative measures were developedand 
examined for resolution of the residual creosote 
pollution problem along that reach of the Little 
Menomonee River below the Moss-American, Inc., 
railroad tie processing plant in  Milwaukee County. 
Alternative 2-the minimum disturbance approach- 
would employ the same procedure used during 
the 1973 EPAsponored demonstration project-in 
which the bottom sediments, creosote and water, 
are removed, run through a portable treatment 
plant and the water returned to the stream-and 
could be accomplished at a cost of about $603,000. 
Alternative 3, which would cost about $462,000. 
consists of removing the creosote-laden deposits 
for burial elsewhere followed by replacement with 
clean material. Alternative 4, which has an esti- 
mated cost of about $201,000, would entail 
excavating a new channel near and parallel to  the 
affected reach of the Little Menomonee River 
with the excavated material being used t o  f i l l  the 
existing channel thereby covering the troublesome 
creosote deposits. The watershed plan recommends 
implementation of the Alternative 4. 

1 Source: SEWRPC. 



bacterial decomposition or activity by other organisms 
will materially reduce the concentration of creosote in 
the bottom muds of the Little Menomonee River. 

Inasmuch as the source of the creosote has been 
eliminated by Moss-American, Inc., it is reasonable to  
expect that there will be no increase in the amount of 
creosote present in the bottom muds of the affected 
reach. It is also reasonable to  expect, that under this 
alternative the natural process of sedimentation may 
in time provide somewhat of a protective cover over the 
creosote-laden muds. Selection of the "no action" 
alternative, however, would mean that a substantial 
hazard may be expected to  continue to exist for a rela- 
tively long time along the affected 3.46 mile reach 
of the Little Menomonee River. 

used during the 1973 EPA-sponsored demonstration 
project which was intended, in part, to  resolve the 
creosote problem with a minimum disturbance to the 
- - 

Little Menomonee River and its environs. Under this 
approach debris, brush, and overhanging limbs would 
first be removed from the immediate stream area so as 
to provide freedom of movement along the stream. 
Large objects would be hauled to  a sanitary landfill for 
disposal and the remaining organic materials would be 
mulched and deposited on site. Floating booms would 
be positioned downstream of the reach in which opera- 
tions were being conducted in order to capture creosote 
and other debris stirred up and released during the clean- 
ing operation. The creosote and other debris which 
accumulates on the booms would be pumped from the 
upstream side of the booms to a tank truck for disposal 
at a sanitary landfill. 

Creosote removal would be accomplished with the 
facilities and treatment units shown schematically in 
Figure 20. An instream "sweeper" would remove a mud- 
creosote-water slurry from the stream and pump it to  
a presettling tank. The mud-creosote sludge extracted 
in the presettling tank would be pumped to a tank 
trailer truck for disposal in a sanitary landfill and the 
remaining mud-creosote-water mixture would be pumped 
to a reaction tank where a coagulant would be added to 
encourage sedimentation of colloidal and suspended 
materials. This step in the process would be followed by 
final clarification, with the mud-creosote sludge again 
going to a tank trailer for disposal at a sanitary landfill 
and the remaining water-creosote mixture being pumped 
through a series of trailer mounted mixed media and 
activated carbon filters after which the creosote-free 
effluent would be returned to the river. 

The "minimum disturbance" approach is so-called since 
most of the equipment used is positioned on a nearby 
street or highway and is connected to  the "sweeper" unit 
by a flexible hose extending down to the River.There 
is, therefore, no need to enter the riverine area with 
heavy equipment. Disturbance to the land immedi- 
ately adjacent to  the stream can be minimized. Upon 

completion of the cleaning operations, any river bank 
area that has been disturbed would be restored by 
grading and seeding. 

Tests conducted during the recently completed demon- 
stration project indicate that this approach may be 
expected to  produce an approximately 75 percent 
reduction in the quantity of creosote in the bottom 
muds and that the resulting concentration would be 
less than 5,000 milligrams of creosote per kilogram 
of mud. The latter was the "safe" standard established 
based on laboratory toxicity and skin irritation tests. 

The cost of Alternative 2--the Minimum Disturbance 
Approach-is estimated at $33 per foot, based on costs 
incurred during demonstration of project. The capital 
cost of the equipment is not reflected in this cost inas- 
much as the U.S. Environmental Protection Agency was 
to maintain the equipment on stand-by basis for use in 
emergency spills of hazardous materials. If this altema- 
tive were applied to  the 3.46-mile-long affected reach, 
the cost would total about $603,000. Utilizing an 
annual interest rate of 6 percent and a project life and 
amortization period of 50 years, the average annual 
cost is estimated at $38,250. Table 36 includes a brief 
description of Alternative 2 and facilitates comparison 
of the costs and other features of this and the other 
three alternatives. 

Alternative 3-Replacement 
of Channel Bottom Material 
Under this alternative, the creosote-laden bottom muds 
would be removed from the problem reach of the 
Little Menomonee River and be replaced with material 
intended to maintain a stable channel and to provide 
a media for desirable aquatic flora and fauna. The 
work would be initiated by selecting a reach immediately 
downstream of the downstream terminus of the reach 
cleaned during the completed demonstration project. 
A floating boom or series of booms would be established 
at the downstream end of the reach in order to  capture 
creosote and other debris stirred up and released during 
the cleaning operation with the accumulated creosote 
and other debris being pumped from the upstream 
side of the booms to a tank truck for disposal at 
a sanitary landfill. 

A temporary dam would be constructed on the Little 
Menomonee River at Brown Deer Road so as to  
significantly reduce the flow in the Little Menomonee 
River through the reach being cleaned, thereby expedit- 
ing the excavation operation. The River flow above W. 
Brown Deer Road would be temporarily stored behind 
the dam on Milwaukee County park lands located 
along the Little Menomonee River between W. Brown 
Deer Road and the Milwaukee-Ozaukee County line. 
Assuming average river flows similar to  those which 
occur during the fourth month period from June 1 
through September 30, there would be sufficient storage 
available immediately upstream of W. Brown Deer Road 
to temporarily impound approximately two months 
of flow. 



Figure 20 

SYSTEM USED IN 1973 TO REMOVE CREOSOTE FROM THE 
BOTTOM MUDS OF A 0.75 MILE REACH OF THE LITTLE MENOMONEE RIVER 

LITTLE MENOMONEE RIVER 
FLOW DIRECTION 

PRESETTLING TANK 
(7 FOOT DIAMETER) 

3 INCH HOSE 

REACTION TANK 
5.000 GALLON TANK W L E R  

FILTERED EFFLUENT 
TO RIVER 

(25 FOOT DIAMETER) 

TRAILER MOUNTED MIXED MEDIA' 
AND ACTIVATED CARBON FILTERS 

BACKWASH TANK 

Source: Envirex and SEWRPC. 

Trucks would be used to  haul gravel into the riverine 
areas so as to form a temporary roadway along one 
side of the stream as shown on Map 46 and on Figure 21. 
The temporary roadway would provide access for 
front-end loader or other similar equipment which 
would remove the creosote-laden bottom muds from 
the Little Menomonee River to  a depth of about three 
feet. The roadway would also provide access for trucks 
to haul the material from the riverine area to  a sanitary 
landfill for disposal. The quantity of sand and gravel 
used to  construct the temporary roadway would be 
sufficient for roadway purposes and would also be 
approximately equal to  the volume of material that 
would be excavated from the Little Menomonee River. 

After bottom muds had been excavated from the 
stream, the front-end loader or other similar earth- 
moving equipment would be used to  push the sand and 
gravel forming the temporary roadway into the river. 
This would eliminate the temporary roadway, replace 
the excavated material so as to stabilize the channel, 
and provide a suitable base for establishment of 
a desirable fresh water aquatic flora and fauna. 

The disturbed area along the stream would then be 
restored through seeding and planting of native Wis- 
consin grasses, bushes, and trees typical of floodland 
areas. After completing restoration of a portion of the 
problem reach, the temporary storage reservoir at Brown 
Deer Road would be emptied, the dam would be closed, 
a new reach immediately downstream of the restored 
reach would be selected, and the above process would 
be repeated. 

Alternative 3-replacement of channel bottom material- 
would result in removal of most of the creosote con- 
tained within the bottom muds of the problem reach 
inasmuch as the excavation would be carried down to 
three feet, the approximate maximum depth to  which 
the creosote has penetrated the bottom muds. Further- 
more, hazards that might be associated with the remain- 
ing creosote would be minimal in that the creosote would 
be covered by several feet of "clean" sand and 
gravel. The new sand and gravel bottom would replace 
the excavated material and help to stabilize the dis- 
turbed channel and, equally important, would serve as 
the basis for the establishment-by natural sedimentation 
and biological processes--of a substrate suitable for the 



Table 36 

ALTERNATIVE MEASURES FOR RESOLVING THE CREOSOTE PROBLEM I N  THE LITTLE MENOMONEE RIVER 

a The problem reach is the 3.46-mile-long portion of the Little Menomonee River in Milwaukee County extending from River Mile 5.04- 
approximately 0.4 mile north of Bradley Road-downstream to Appleton Avenue at River Mile 1.58. 

Excludes capital cost of equipment. 

Expected Results 

No change in the quantity of 
creosote present. Threat to  
people and to aquatic flora 
and fauna may be slightly 
mitigated by flushing during 
flood events and by sediment 
deposition 

Significant reduction in 
creosote quantity and hazard 
to people and aquatic flora 
and fauna 

Significant reduction in 
creosote quantity and 
hazard to  people and aquatic 
flora and fauna 

'significant exposure reduc- 
tion in  creosote exposure and 

hazard to people and aquatic 
flora and fauna 

Source: SEWRPC. 

growth of desirable aquatic flora and fauna. Although 
a 50 foot strip contiguous with, and on one side of, the 
stream would be significantly disturbed during the 
restoration work, the proposed landscaping efforts upon 
completion of the excavation and filling operation 
would essentially restore the riverine area to  its pre- 
project conditions. 

Technically 
Feasible? 

Yes 

Yes 

Yes 

Yes 

Cost ( In 

Capital 

0 

602,900~ 

462,200 

201,000 

Number 

1 

2 

3 

4 

The cost of Alternative 3 is estimated at $25 per foot 
based upon the costs of the following work elements: 
purchase and hauling of sand and gravel to  construct 
the temporary access road, excavation of material from 

Dollars) 

Annual 

0 

38,250~ 

29,320 

12,740 

the stream and hauling it to a disposal point, pushing 
the temporary roadway into the stream bottom, and 
landscaping the riverine area. Assuming that Alternative 
3-replacement of channel bottom material-were applied 
to the 3.46-mile-long affected reach of the Little 
Menomonee River, the cost of this alternative would be 
about $462,000. Utilizing an annual interest rate of 
6percent and a project life and amortization period of 
50 years, the annual cost would be about $29,300. 
Table 36 includes a brief description of Alternative 3 
and facilitates comparison of the costs and other 
features of this and the other three alternatives. 

~ l t e r n a t i v e ~  

Name 

No action 

Minimum Disturbance 
(Demonstration 
Project) Approach 

Replacement of 
Channel Bottom 
Material 

Excavate New 
Channel and Fill 
Existing Channel 

Description 

No attempt to remove creosote 
or otherwise reduce the poten- 
tial danger associated with it 
other than to continue posting 
the stream to warn of the 
hazard that exists 

Remove large debris and over- 
hanging branches and limbs 
and establish debris booms. 
Pump mud-creosote-water 
mixture from stream bottom, 
extract mud and creosote, 
filter water and return i t  to  
the stream. Restore disturbed 
area along stream 

Construct temporary dam at 
Brown Deer Road, establish 
debris booms, construct 
temporary roadway, excavate 
and dispose of creosote-laden 
channel bottom mud, push 
temporary road material into 
stream, and landscape 
disturbed area along stream 

Construct temporary dam at 
Brown Deer Road, establish 
debris booms, excavate new 
parallel channel, fill existing 
channel, and landscape 
disturbed area 



Figure 21 

SCHEMATIC REPRESENTATION OF ALTERNATIVE MEASURE 3 
FOR SOLUTION OF THE CREOSOTE PROBLEM I N  THE LITTLE MENOMONEE RIVER 

AREA TO BE LANDSCAPED WITH NATIVE GRASSES, 
BUSHES, AND TREES UPON COMPLETION OF 

EXCAVATION AND F ILL  OPERATION 

TYPICAL WIDTH: 5 0  FEET 

TEMPORARY ACCESS ROAD CONSTRUCTED 
OF SAND AND GRAVEL THIS MATEFtlAL 
TO BE PUSHED INTO STREAMS TO 
REPLACE EXCAVATED MATERIAL TYPICAL THICKNESS 

OF ROADWAY 2 FEET ?L, 
' TYPICAL WIDTH OF ' 

ROADWAY 27 FEET 

CREosoTE-LADEN MUD T o  BE EXCAVATED 'TYPICAL WIDTH 
AND TRUCKED TO SANITARY LANDFILL 

= I 
U v o L u M E s  EQUAL 5 4  CUBIC FEET 

OF CHANNEL OR 2 CUBIC YARDS PER 
FOR DISPOSAL BOTTOM. 18 FEET LINEAL FOOT OF CHANNEL 

UNIT COST = $25.0 PER LINEAL FOOT 

Source: SEWRPC. 

River. This would be done partly to  minimize the haul 

resolving the residual creosote pollution problem, would 
be to  excavate a new channel near and parallel to  the 
affected reach of Little Menomonee River, with the 
excavated material being used to fill the existing channel 
thereby covering the creosote that is contained therein. 
More specifically, a temporary dam would be constructed 
at W. Brown Deer Road to form a temporary reservoir 
that would significantly reduce the flow in the existing 
channel of the Little Menomonee River so as to  minimize 
the transport of material downstream in the Little Meno- 
monee River and into the Menomonee River. Floating 
booms would be positioned downstream of the reach 
in which filling operations were to be conducted in 
order to capture the creosote and other debris stirred up 
and released during filling of the existing channel. The 
creosote and other debris accumulating on the booms 
would be pumped from the upstream side of the booms 
to a tank truck for disposal at a sanitary landfill. 

The new channel, similar in size to  the existing channel, 
would be constructed parallel to and approximately 
20 feet from the existing channel using a rubber-tired 
or tracked vehicle with the excavated material being 
used to fill in the existing channel. The excavation 
and filling process is illustrated schematically on Figure 
22 and the approximate alignment of the new channel 
is shown on Map 46. The alignment of the new channel 
would be selected so as to be parallel and close to, or 
contained within, the narrow strip of vegetation that 
exists along the affected reach of the Little Menomonee 

distance between the new and the old channel, partly to  
minimize the amount of area to be disturbed, and 
partly to  retain the overall aesthetic quality of the 
riverine area-that is, the close proximity of the new 
stream alignment and the existing vegetal strip. 

The existing problem reach includes crossings at the 
following seven locations: the Chicago, Milwaukee, St. 
Paul, and Pacific Railroad at River Mile 4.73, W. Bradley 
Road at River Mile 4.65, W. Calumet Road at River 
Mile 4.13, CTH F at River Mile 3.70, W. Good Hope 
Road at River Mile 3.62, W. Fond du Lac Avenue at 
River Mile 2.58, and W. Mill Road at River Mile 2.41. 
At each of these locations the stream alignment would 
be retained so as to permit continued use of the 
existing waterway openings and, accordingly, the restora- 
tion would include a localized cleanup of the creosote 
through and immediately upstream and downstream of 
the water openings. 11 After filling the existing channel, 
the Little Menomonee River would be routed into the 

The jurisdictional highway system plan for Milwaukee 
County recommends the reconstruction o f  W .  Mill Road 
to provide additional traffic capacity. In implementing 
that recommendation, Milwaukee County proposes to 
move the W .  Mill Road crossing o f  the Little Menomonee 
River approximately 0.05 mile west o f  the present loca- 
tion in order to eliminate the existing complex inter- 
section o f  W .  MillRoad and W .  Fond du Lac Avenue. That 
planned relocation o f  the Little Menomonee River could 
be done in conjunction with Alternative 4 .  



Figure 22 

SCHEMATIC REPRESENTATION OF ALTERNATIVE MEASURE 4 
FOR SOLUTION OF THE CREOSOTE PROBLEM I N  THE LITTLE MENOMONEE RIVER 

AREA TO BE LANDSCAPED 
WITH NATIVE GRASSES, BUSHES, 

TYPICAL WIDTH OF AND TREES UPON COMPLETION OF 
TOP OF CHANNEL- , EXCAVATION AND F I L L  OPERATION 

40 FEET 
- - 

TYPICAL WIDTH 8 0  FEET 

TYPICAL DEPTH OF NEW CHANNEL: 4 FEET 
ICAL DEPTH OF EXISTING CHANNEL: 4 FEET 

EXISTING 
VOLUME OF ABOUT 115 CU. FT. J- - VEGETATION 
OR ABOUT 4 cu. YDs. PER +yPIcALwIDTHJ JTYPIcAL WIDTZ' 
L I N E A L  FOOT OF CHANNEL OF CHANNEL OF CHANNEL 

BOTTOM: 18 FEET BOTTOM: 18 FEET 
NEW CHANNEL EXISTING CHANNEL 

BETWEEN EXISTING 
AND NEW CHANNEL: 

2 0  FEET 

Source: SEWRPC. UNIT COST = $11.0 PER LINEAL FOOT 

new channel. Disturbed areas between the new and 
old channel, as well as the old channel itself, would be 
restored using native Wisconsin grasses, bushes, and 
trees typical of riverine areas. 

Inasmuch as the creosote-laden bottom muds of the 
problem reach of the Little Menomonee River would, 
under this alternative, be covered by up to approximately 
four feet of clean fill material, the associated hazards 
would in effect be eliminated. This alternative would 
be aesthetically acceptable: the new channel alignment 
generally would coincide with the narrow strip of 
shrubs and trees that exists along the problem reach 
and the disturbed area, as well as the filled channel, 
would be landscaped subsequent to completion of 
the work. 

Even though creosote is insoluble in water, there is 
a remote possibility that the creosote which would 
remain along the Little Menomonee River could con- 
taminate the local groundwater. However, inasmuch as 
this urban area along the Little Menomonee River is 
served by public water supply, it is unlikely that 
contamination of the groundwater supply would pose 
any significant hazard to  the population in the area. 

The costs of Alternative 4--excavate new channel and 
fill existing channel--are estimated at $11 per foot 
which consists primarily of the cost of excavating the 
new channel, filling the old channel, and subsequent 
necessary landscaping. Assuming that the alternative 
would be implemented, the capital cost of applying 
the procedure to  the 3.46-mile-long problem reach 

would be about $201,000. Using an annual interest 
rate of 6 percent and a project life and amortization 
period of 50 years, the average annual cost is estimated 
at about $12,700. Table 36 includes a brief description 
of Alternative 4 and facilitates comparison of the costs 
and other features of this and the three other alternatives. 

Recommended Measure for Resolution 
of the Creosote Problem 
The no-action alternative was rejected since the presence 
of large quantities of creosote in the bottom muds of 
a 3.46-mile-long reach of the Little Menomonee River 
in an urban and urbanizing area constitutes a potentially 
serious threat to the health and well being of the local 
population and of parkway users. This is particularly 
true of children who are naturally drawn to water and 
who, signs and verbal warnings notwithstanding, may 
not understand the danger of risking serious chemical 
bums and other health problems like those experienced 
by a participant in the June 1971 clean-up of Little 
Menomonee River. Furthermore, the creosote inhibits 
development of desirable fresh water flora and fauna 
and also absolutely prevents the recreational use of 
the stream. The presence of the creosote in its existing 
form prevents achievement of the established water use 
objectives and supporting standards which specify that 
this reach of the Little Menomonee River shall be 
suitable for recreational use and fish and aquatic life. 

Two measures are available for removing most of the 
creosote from the bottom muds of the problem reach 
of the Little Menomonee River: Alternative 2, the 
minimum disturbance (demonstration project) approach, 



which would have a capital cost of $602,900 and 
Alternative 3, the replacement of channel bottom 
material approach, which would have a capital cost of 
$462,200. Alternative 4, which would consist of excavat- 
ing a new channel and filling the existing channel, 
would not remove the creosote from the Little 
Menomonee River but would cover it  with a protective 
layer of up to  four feet of fill and would have a capital 
cost of $201,000. 

Alternatives 2, 3, and 4 each would substantially 
reduce the hazard associated with the creosote in the 
Little Menomonee River. Inasmuch as there is no sub- 
stantial difference in the expected results, either in 
terms of extent of the reduction of the hazard or in 
terms of the aesthetic impact of the restoration work, 
a choice between these three alternatives can be made 
strictly on a cost basis. It is, therefore, recommended 
that the creosote problem in the Little Menomonee 
River within Milwaukee County be resolved by exca- 
vating a new channel and filling the existing channel at 
a capital cost of about $201,000. 

WATER QUALITY CONSEQUENCES OF 
ABANDONMENT OF MUNICIPAL SEWAGE 
TREATMENT PLANTS, IMPLEMENTATION 
OF LAND USE PLAN, AND APPLICATION 
OF LAND MANAGEMENT MEASURES FOR 
POLLUTION CONTROL 

As noted in Chapter VIII, Volume 1 of this report, the 
principal purpose of developing and calibrating the 
water resource simulation model under the Menomonee 
River Watershed Study was to  provide a tool for 
quantifying watershed hydrologic, hydraulic, and water 
quality characteristics under existing and various possible 
future development conditions and management 
measures within the watershed. The results of applying 
the water quality submodel to the watershed stream 
system are discussed in this and subsequent sections 
of this chapter. As described in Chapter VIII, Volume 1 
of this report, the simulation modeling approach was 
determined to be the best practicable tool available to  
meet the needs of the Menomonee River Watershed 
Planning Program, providing a sound basis for quan- 
titatively demonstrating the overall consequences of 
planned urban development and of implementing alter- 
native water quality management measures directed at 
point and diffuse sources of pollution. 

Overall Procedure 
In using the water quality submodel to analyze the 
impact of the planned abandonment of the four remain- 
ing municipal sewage treatment plants, of the year 2000 
land use plan on water quality conditions, and of 
alternative pollution abatement measures, the watershed 
land surface and stream system were represented as 
shown on Map 80 of Volume 1 for 1975 land use-flood- 
land development conditions and as shown on Map 47 
for year 2000 plan land use-floodland development 
conditions. The watershed land surface was represented 
by 56 hydrologic-water quality segments and the stream 
system was represented by 56 reaches. 

As discussed in Chapter VIII, Volume 1 of this report, 
and as illustrated in Figure 64 of Volume 1, five 
categories of input data are required for the application 
of water quality submodel: 1 )  meteorological data, 
examples of which include wind movement, cloud 
cover, and radiation; 2) land data, an example of which 
is hourly runoff quantities from the pervious portion of 
a particular land segment type; 3) channel data, examples 
of which include reach length, fecal coliform die-off 
coefficient, and ammonia oxygenation coefficient; 4) dif- 
fuse source data, an example of which is the daily loading 
rate on the land surface of particular potential pollutants 
such as nutrients; and 5) point source data, examples of 
which include the rate and quality of municipal sewage 
treatment plant discharge to the stream system. 

With regard to  the sources of the five data types used for 
the water quality submodel, the meteorologic data 
were prepared early in the modeling process relying 
primarily on National Weather Service information; the 
land runoff data were developed using output from the 
hydrologic submodel; channel data were available, in 
part, from earlier runs of Hydraulic Submodel 1, and 
the remainder of the necessary channel data were 
obtained during calibration of the water quality sub- 
model; and diffuse source and point source data sets 
were assembled based on values obtained during the 
calibration of the water quality submodel. Data base 
development and calibration of the model are described 
in detail in Chapter VIII, Volume 1 of this report. 

A total of 12  locations were selected along the watershed 
stream system at which computed water quality levels 
and streamflows would be available from the model runs. 
As shown on Map 48, the 12  model output locations 
were distributed throughout the watershed stream system 
as follows: eight along the main stem of the Menomonee 
River between its confluence with the North Branch 
of the Menomonee River in the headwaters of the 
watershed and Hawley Road in the lower reaches of 
the watershed; two on the Little Menomonee R i v e r  
one at the Ozaukee-Milwaukee County line and one 
immediately above the confluence of the Little 
Menomonee and Menomonee Rivers; one on Underwood 
Creek immediately above its confluence with the 
Menomonee River and one on Honey Creek immediately 
above its confluence with the Menomonee River. 

A variety of objectives entered into the selection of 
model output locations including: 1 )  providing 
a reasonably uniform spatial distribution throughout the 
watershed stream system; 2) providing stations on all 
major streams; 3) providing stations at points where 
abrupt land use changes exist now--such as on the 
Menomonee River at the Washington-Waukesha County 
line-or where such changes are probable in the future- 
such as on the Little Menomonee River at the Ozaukee- 
Milwaukee County line; 4) providing stations relatively 
close to and upstream and downstream of the remaining 
four municipal sewage treatment plants; 5) using, where 
feasible, station locations corresponding to those used 
during the calibration of the water quality submodel; 



Map 47 

For purposes of water quality simulation modeling, under year 2000 planned land use conditions, the watershed was partitioned into 56 hydro- 
logic-water quality land segments and the watershed stream system was subdivided into 56 reaches. The water quality-hydrologic land segments 
were the basis for simulating the transport of potential pollutants from the land surface to the stream system via direct runoff or groundwater 
flow. Each stream reach, as represented by a set of parameters, was used to simulate the accumulation of potential pollutants in the channel 
system and the resulting instream biochemical and advection processes. This representation of the watershed facilitated use of the water quality 
simulation model to determine the consequences of land use changes and land management measures on stream water quality. 

Source: SEWRPC. 



Map 48 

LOCATIONS I N  THE MENOMONEE RIVER WATERSHED 
FOR WHICH WATER QUALITY LEVELS WERE 
DETERMINED BY SIMULATION MODELING 

objective, the stream water quality is to be such as to 
satisfy the supporting standards for all stream flows at 
or above the 7 day-10 year low flow. 

Therefore, it was necessary to estimate the 7 day-10 year 
low flow at various locations throughout the watershed 
stream system in anticipation of conducting steady state 
model runs to determine instream water quality levels 
that would be expected to exist with and without the 
four municipal sewage treatment plants. The low flow 
analysis was extended to year 2000 plan conditions to 
determine if planned incremental urban development 
was likely to significantly affect extreme low flows and, 
therefore, the corresponding water quality. 

The 10-year series of hourly streamflows developed with 
the water quality submodel for the period January 1, 
1965, through December 31, 1974, was used to deter- 
mine the 7 day-10 year low flow at 12  locations through- 
out the watershed stream system. Low flow discharge- 
frequency relations were determined for each of the 
selected locations under existing land use conditions 
with and without the flow contributions made by the 
four municipal sewage treatment plants and under year 
2000 plan land use conditions without the four 
municipal sewage treatment plants. The existing land use 
condition analysis was made with and without the 
municipal sewage treatment plants because, during 
extremely low flow conditions, sewage treatment plant 
discharge constitutes a significant portion of the stream 
flow. Figure 23 shows the resulting three low flow 
discharge-frequency relationships for the Menomonee 

Figure 23 

LCQW . -m-rn--- SIMULATED 7-DAY LOW FLOW 
a w r x u c r -  DISCHARGE-FREQUENCY RELATIONSHIPS FOR THE 

A water quality simulation model was used to determine existing 
and probable future water quality levels at a total of 12 locations 
along the watershed stream system. The locations were selected so 
as to provide a representative spatial distribution of data on all 
major streams, data at  locations where abrupt land use changes 
exist now or are anticipated in the future, and data at locations 
relatively close to and both upstream and downstream of the 
remaining municipal sewage treatment plants in the watershed. 

Source: SEWRPC. 

and 6) using, where feasible, some of the 55 locations at 
which floodflows and stages had been obtained under 
earlier model runs for floodland management purposes. 

~ . . .- - - - . . . - - . -. - - - - 
hrocedure: The water use objectives adopted for the 
Menomonee River watershed surface waters prescribe 
compliance with supporting standards during the 
minimum sevenday mean low flow expected to occur 
at a given point on the watershed stream system once on 
the average of every 10 years. That is, for a given point 
on the stream system having an established water use 

MENOMONEE RIVER AT HAWLEY ROAD 

NOTE BASED ON T H E  PERIOD 
FROM JANUARY 1. 1965 
THROUGH DECEMBER 31.1974 

-. , 
9 9 . 9 9  9 9 9 8  95 90 8 0  7 0 6 0 5 0 4 0 3 0  20 10 5 2 1 0.01 

PERCENT PRO8ABlLITY OF FLOW BEING < INDICATED FLOW 



River at Hawley Road. Data used to  prepare 
the discharge-frequency curve is similar to that 
developed for each of the 12  locations on the 
watershed stream system. 

The resulting 7 day-10 year low flows for the three con- 
ditions at the 12  locations in the watershed are set forth 
in Table 37. Under existing land use conditions with the 
sewage treatment plants in operation, 7 day-10 year 
low flows are zero at 5 of the 12 locations in the 
watershed. This indicates that the upper reaches of the 
Menomonee River and the entire length of the Little 
Menomonee River, Underwood Creek, and Honey Creek 
may be expected to exhibit 7 day-10 year low flows 
of zero. Under existing land use conditions without the 
sewage treatment plants, the number of locations at 
which the 7 day-10 year low flow is zero increases to  
six with the additional station being located on the 
Menomonee River at the Washington-Waukesha County 
line. Under year 2000 plan land use conditions without 
sewage treatment plants the number of locations at 
which the 7 day-10 year low flow is zero would be 
unchanged relative to  existing land use conditions with- 
out the sewage treatment plants. 

The above low flow discharge-frequency analysis, as 
summarized in Table 37, indicates that it will be 
impossible to  achieve the specified water quality stan- 
dards under the specified low flow conditions at six of 
the 1 2  locations scattered about the watershed since the 
specified low flow at those locations will be zero. 
Stated another way, the standards supporting the water 
quality objectives cannot be achieved under year 2000 
plan conditions for strictly hydrologic reasons-insuf- 
ficient flow-for the Menomonee River in the Village of 
Germantown, and for the entire ldngth of the Little 
Menomonee River, Underwood Creek, and Honey Creek. 

In addition to  providing the 7 day-10 year low stream 
flows needed to  conduct the low flow water quality 
simulation, the low flow discharge-frequency relation- 
ships developed for the 12  locations in the watershed 
under existing land use conditions with and without 
sewage treatment plants and under year 2000 plan 
conditions reveal two significant hydrologic characteris- 
tics of the Menomonee River watershed with respect to  
water quality. First, removal of the four municipal 
sewage treatment plants from the watershed stream 
system under existing land use conditions will substan- 

Table 37 

7 DAY-10 YEAR LOW FLOWS IN THE MENOMONEE RIVER WATERSHED UNDER EXISTING AND FUTURE CONDITIONS 

Source: SEWRPC. 
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Stream 

Menomonee 
River 

Little 
Menomonee 
River 

Underwood 
Creek 

Honey Creek 

cfs 

Planned Year 2000 
Land Use Conditions 

Without Municipal Sewage 
Treatment Plants 

0.5 
0.4 

0.4 

0.3 

0.3 

0.1 
0 .O 

0.0 

0 .O 
0 .O 

0 .O 

0.0 

Existing (1975) Land 
Use Conditions With 

Municipal Sewage 
Treatment Plants 

4.7 
4.6 

4.6 

4.5 

4.2 

3.1 
1 .O 

0 .O 

0 .0 
0 .O 

0 .O 

0.0 

River 
Mile 

5.14 
6.33 

8.33 

12.52 

16.65 

19.07 
23.47 

27.30 

0.0 
6.91 

0.0 

0.0 

7 Day-1 0 Year Discharge in 

Existing (1975) Land 
Use Conditions Without 

Municipal Sewage 
Treatment Plants 

0.5 
0.4 

0.4 

0.3 

0.3 

0.1 
0.0 

0.0 

0.0 
0.0 

0.0 

0.0 

Location 

Description 

Hawley Road 
Upstream of Confluence 
with Honey Creek 

Upstream of Confluence 
with Underwood Creek 

Upstream of Confluence 
with Little Menomonee 
River 

Waukesha-Milwaukee 
County Line 

Upstream of Lilly Creek 
Washington-Waukesha 

County Line 
Upstream of Confluence 
with North Branch of 
the Menomonee River 

At Menomonee River 
Ozaukee-Milwaukee 
County Line 

At Menomonee River 

At Menomonee River 



tially reduce the magnitude of low flows along the 
main stem of the Menomonee River. For example, and 
as shown in Figure 23 and Table 37, the 7 day-10 year 
low flow on the Menomonee River at Hawley Road 
under existing land use conditions with the municipal 
sewage treatment plants is about 4.7 cfs '"hereas 
removal of the municipal sewage treatment plants from 
the watershed flow system will reduce that 7 day-10 year 
low flow to 0.5 c f s a  90 percent reduction. Similar large 
reductions in low flows may be expected along the entire 
length of the main stem of the Menomonee River. The 
water quality significance of this reduction in low flows is 
that, while elimination of discharges from municipal 
sewage treatment plants will reduce the load of potential 
pollutants such as oxygen demanding substances and 
nutrients, it also will result in a substantial reduction 
in the volume of water available in the stream to dilute 
and otherwise assimilate potential pollutants from 
other sources. 

The second significant water quality-related consequence 
of the low flow discharge-frequency analysis conducted 
for the 1 2  locations throughout the watershed is that 
additional urbanization anticipated under the year 2000 
plan should not cause a further reduction in low flows 
beyond those caused by removal of the sewage treatment 
plants. As illustrated in Figure 23, the 7-day low flow 
discharge-frequency relationship for existing land use 
conditions without sewage treatment plants and for 
year 2000 plan land use conditions without sewage 
treatment plants are essentially identical. Therefore, 
while planned urban development in the watershed 
may be expected to  increase flood flows a significant 
but controllable and therefore acceptable amount, as 
discussed in Chapter IV of this volume, such develop- 
ment should not have a significant impact on extremely 
low flows. 

Background water quality levels typical of those which 
would be expected during baseflow conditions in the 
Menomonee River watershed during August were estab- 
lished for the stream system based on actual monitoring 
data and on information developed during model cali- 
bration. The water quality submodel was then used to  
conduct a quasi-steady state low flow simulation with 
the intent of representing the corresponding instream 
water quality conditions at six points along that portion 
of the main stem of the Menomonee River between the 
two Menomonee Falls sewage treatment plants on the 
upstream end and Hawley Road in the City of Milwaukee 
on the downstream end. The low flow water quality 
analysis was restricted to this reach of the Menomonee 
River since, as explained above, the 7 day-10 year low 
flow in the absence of municipal sewage treatment plants 
are zero on all other stream reaches in the watershed. 
Two steady state runs were made initially-one run 

'* This simulated 7 day-10 year low flow of 4.7 cfs for 
existing conditions using 10  years of meteorologic data 
(1 965-1 974) compares reasonably well with the value of 
3.5 cfs based on measured streamflow for the 12-year 
period of October 1961 through September 1973. 

with the existing four municipal sewage treatment 
plants and one run assuming that the municipal treat- 
ment plants were permanently abandoned. 

The water quality submodel model calibration process 
which is described in Chapter VIII, Volume 1 of this 
report, indicated that under present conditions, the 
bottom deposits in the Menomonee River provide 
a source of phosphorus and exert an oxygen demand. 
This may be attributed to  the long-term deposition of 
organic material and sediment and adsorbed nutrients 
onto the channel bottom with the material originating 
as sewage treatment plant effluent, flow relief device 
discharge, and wash-off from the land surface. The 
abandonment of the four municipal sewage treatment 
plants would substantially reduce one source of organic 
material and nutrients and may be expected to effect 
a reduction in the supply of those substances to  the 
channel bottom. Therefore, the model run corresponding 
to abandonment of the sewage treatment plants assumed 
that the net phosphorus release rate and oxygen demand 
rate associated with the bottom deposits would be 
reduced by one-half along the main stem of the 
Menomonee River. 

It is important to note that, under the late summer low 
flow conditions assumed for the analysis, both flow and 
potential pollutants enter the stream system primarily 
either as groundwater discharge or as effluent from 
municipal sewage treatment plants since there would be 
no direct runoff and associated transport of potential 
pollutants from the land surface and since industrial 
contributions are small and widely dispersed. Possible 
secondary sources of both flow and pollutants are 
septic system effluent that accumulates in drainage 
swales and roadside ditches and may flow into the 
stream system and intermittent flow from flushing and 
washing activities at barnyards and feedlots. 

Results: The results of the low flow simulation are set 
forth in Table 38 which shows the estimated 7 day-10 
year low streamflow and the corresponding expected 
water quality levels for the six locations along the 
main stem of the Menomonee River under existing land 
use conditions with and without existing municipal 
sewage treatment plants. Water quality parameters 
selected for inclusion in the table include: temverature, 
dissolved oxygen, fecal coliform bacteria, phosphate 
expressed as phosphorus, and ammonia expressed as 
nitrogen. Critical limits for the first three parameters 
are explicitly set forth in the adopted standards, whereas 
critical values of the last two parameters are implicit in 
the standards in that they are taken from Water Quality 
criteria13 which is referenced in the adopted water 
quality standards. 

l3  Water Quality Criteria, Report of the National Techni- 
cal Advisory Committee to the Secretary of the Interior, 
April 1968, Federal Water Pollution Control Adminis- 
tration, 1972. 



Table 38 

WATER QUALITY EFFECTS DURING LOW FLOW CONDITIONS OF REMOVING EXISTING MUNICIPAL SEWAGE TREATMENT PLANTS 
AND OF IMPLEMENTING THE LAND USE PLAN AND LAND MANAGEMENT MEASURES I N  THE MENOMONEE RIVER WATERSHED 

NOTE: Underlining indrcates failure to meer rhe following water qoaliry rfandardr remperarure m excess of 89'~. dissolved oxygen below 5.0 mgN, fecal coliform colonies in excerr of  400 MFFCC (Membrane Frlter Fecal Coliform 
CountlPer 100 mi. totalphosphate IP041 a$P m excess of 0.10 mgN which is approximarely egoivalenf to tofalphorphorur (PI o f  0.70 mg/f. ammoma fNH31 as N in exees of 2.5mgN 

Source: SEWRPC. 

Temperature : With the presence of the sewage treatment 
plants and under the assumed 7 day-10 year low flow 
conditions, temperature standards could be expected 
to be met along the main stem of the Menomonee River 
between the confluence with Lilly Creek in Menomonee 
Falls and Hawley Road in the City of Milwaukee. 
Average temperatures may be expected to be generally 
in the 75' to  85OF range which is less than the maximum 
allowable temperature of 89O F that is specified for 
maintenance of a warm water fishery. With the abandon- 
ment of the sewage treatment plants and under the 
assumed 7 day-10 year low flow conditions, instream 
temperatures would be essentially unchanged and 
temperature standards would be met along the main 
stem of the Menomonee River. 

Since the temperature of sewage treatment plant efflu- 
ents was assumed to be in the 66' to 75OF range, which 
is less than the resulting instream temperature, and since 
the removal of the treatment plant discharge markedly 
reduces low flow along the main stem of the Menomonee 
River, an increase in stream temperatures might be 
expected with removal of the sewage treatment plants. 
The absence of such an increase indicates that instream 
temperatures during summer low flow conditions are 
largely determined by solar radiation and atmospheric 
temperature. That is, instream temperatures are rela- 
tively insensitive to  the temperature of inflows-except 
immediately downstream of the inflow points--even 
when those discharges to  the stream are large and of 
a different temperature than the stream. 

Dissolved Oxygen : Dissolved oxygen standards would 
not generally be satisfied along the main stem of 
the Menomonee River between its confluence with 
Lilly Creek and Hawley Road under the specified late 
summer flow conditions with the presence of sewage 

treatment plants. Summer low flow dissolved oxygen 
concentrations may be expected to  ra?ge from approxi- 
mately 3.5 to  5.5 mg/l with most values being less than 
the minimum dissolved oxygen concentration of 5.0 
mg/l recommended for maintenance of a warm water 
fishery. The dissolved oxygen standards would generally 
be satisfied along the Menomonee River under the speci- 
fied summer flow conditions with the abandonment of 
the remaining four municipal sewage treatment plants 
in that summer low flow dissolved oxygen con- 
centrations may be expected to  exceed 5.0 mg/l 
at most locations. Therefore, removal of the sewage 
treatment plants may be expected to  affect an improve- 
ment in dissolved oxygen levels along the mainstem 
of the Menomonee River. 

Fecal Coliform Bacteria : Fecal coliform concentrations 
under the simulated summer low flow conditions with 
municipal sewage treatment plants in operation meet 
the recreational use standard of 400 colonies per 100 
milliliters at all locations along the main stem of the 
Menomonee River between its confluence with Lilly 
Road and Hawley Road. Fecal coliform concentrations 
under summer low flow conditions with the abandon- 
ment of the sewage treatment plants could be expected 
to  increase at all points along the main stem of the 
Menomonee River and would probably exceed the 
recreational use standard of 400 colonies per 100 
milliliters along that portion of the Menomonee River 
between the confluence with Lilly Creek and the con- 
fluence with the Little Menomonee River. Substandard 
fecal coliform concentrations expected in this reach are 
attributable to fecal coliform bacteria being carried into 
the stream from malfunctioning septic tanks in the 
western portion of the basin and from the many live- 
stock operations in the headwater areas of the watershed 
in combination with a significant reduction in dilution 
as a result of a marked decrease in instream low flows. 



Phosphate: Concentrations of phosphate-phosphorus 
may be expected to be about 6.0 mg/l along the main 
stem of the Menomonee River between the Lilly Creek 
confluence and Hawley Road under low flow conditions 
with the sewage treatment plants in operation. The 
phosphate-phosphorus levels, which are an approximate 
measure of total phosphorus concentrations, are in excess 
of 0.10 mg/l which is the recognized level of total 
phosphorus below which nuisance growths of algae and 
other aquatic plants are not expected to occur in 
flowing streams. 

Phosphate-phosphorus concentrations may be expected 
to be reduced to about 1.0 mg/l or less along the main 
stem of the Menomonee River under the specified low 
flow conditions and with abandonment of the sewage 
treatment plants. This is a substantial reduction relative 
to the phosphorus concentrations of about 6.0 mg/l 
expected along the same reach of the Menomonee River 
with the four municipal sewage treatment plants in place. 
However, the reduced phosphorus levels could still be 
expected to be greater than the concentration of 0.1 
mg/l which is recognized as the level of total phos- 
phorus above which nuisance growths of algae and other 
aquatic plants are expected to occur in the flowing 
streams. The substandard phosphorus levels that are 
expected to remain after abandonment of the sewage 
treatment plants are primarily attributed to the release 
of phosphorus from channel bottom deposits and the 
phosphorus content of groundwater discharge to the 
surface water system, the latter of which may in turn be 
traced to such sources as effluent from onsite waste 
disposal systems, fertilizer use in urban and rural areas, 
and drainage from livestock feedlots. 

Ammonia: Under the summer low flow conditions and 
with the sewage treatment plants in operation, ammonia- 
nitrogen levels along the main stem of the Menomonee 
River between the Lilly Creek confluence and Hawley 
Road may be expected to be in the 0.2 to 2.0 mg/l 
range with the highest values occumng in the upper 
portions of the reach. These ammonia nitrogen concen- 
trations are significantly less than the approximately 
2.5 mg/l level at which fish toxicity problems may be 
expected under summer flow conditions. Under the 
summer low flow conditions and with the abandonment 
of the sewage treatment plants, ammonia nitrogen values 
along the Menomonee River may be expected to be sub- 
stantially reduced so as to be less than about 0.5 mg/l 
and, therefore, to remain well below the level at which 
fish toxicity problems may be expected. 

Concluding Statement-Effect on Low Flow Water 
Quality o i  Abandoning Sewage Treatment Plants: The 
above water quality analyses indicate that under 7 day- 
10-year low flow conditions in late summer, in combina- 
tion with the existing four municipal sewage treatment 
plants, the main stem of the Menomonee River between 
the confluence with Lilly Creek in the Village of Meno- 
monee Falls and Hawley Road in the City of Milwaukee 
may be expected to exhibit water quality levels that 
meet the temperature, fecal coliform, and ammonia 

nitrogen standards but will not meet the standards for 
dissolved oxygen and phosphorus. Removal of the muni- 
cipal sewage treatment plants, although not expected 
to affect water temperature significantly, may be expec- 
ted to significantly increase- dissolved oxygen levels, 
significantly reduce ammonia nitrogen levels, and sig- 
nificantly reduce phosphorus levels. The resulting levels 
of the latter nutrient, however, may still be in excess of 
the threshold nuisance growth concentration of 0.1 mgp. 
Removal of the municipal sewage treatment plants may 
be expected to be accompanied by an increas in fecal 
coliform levels and may produce excessive fecal coliform 
concentrations along the short portion of the main 
stem of the Menomonee River in the Village of Meno- 
monee Falls. 

In summary, removal of the four municipal sewage treat- 
ment plants under existing land use conditions and 
without any other water pollution abatement measures, 
may be expected to have the following effects on water 
quality conditions under 7 day-10 year low flows on 
the main stem of the Menomonee River: no change in 
the already acceptable instream temperature, a further 
reduction in the already acceptable ammonia-nitrogen 
levels, a significant improvement in dissolved oxygen 
concentrations so as to meet standards, and significant 
reduction in phosphorus levels but not sufficient to  
meet the standards. Removal of the plants may be 
expected to be accompanied by an increase in the fecal 
coliform count so as perhaps to exceed the standards 
in the upstream portion of the river. 

It is important to stress that the above analysis applies 
only to low flow conditions. As pollutant loads to the 
Menomonee River decreaseas a result of abandonment 
of sewage treatment plants-so does streamflow and, 
therefore, the concentration of some constituents, such 
as fecal coliform, may actually increase. Importantly, 
however, and as discussed in the subsequent section of 
this report, removal of municipal sewage treatment 
plants from the watershed stream system may be 
expected to substantially reduce the total load of poten- 
tial pollutants transported by the Menomonee River 
and carried into the Milwaukee estuary and into 
Lake Michigan. 

Low Flow Analysis for Year 2000 Plan 
Land Use with Management Measures - 
The above low flow analysis for existing land use con- 
ditions indicated that, while abandonment of the four 
municipal sewage treatment plants may be expected to 
improve instream dissolved oxygen, phosphorus, and 
ammonia nitrogen conditions, the resulting water quality 
would not meet the phosphorus and fecal coliform stan- 
dards. Inasmuch as the target year of the watershed plan 
is the year 2000, another low flow analysis was con- 
ducted to incorporate those watershed changes that 
are likely to occur by the year 2000 and are likely to 
affect low flow water quality. These changes include 
additional planned urban development and, as recom- 



mended in the adopted regional sanitary sewerage system 
plan and incorporated into the Menomonee River water- 
shed plan, the provision of sanitary sewer service to all 
new urban development as well as to  existing unsewered 
urban development. It is also reasonable to  expect, 
by the design year 2000, the implementation of various 
land management measures to the urban and rural por- 
tion of the watershed intended to significantly reduce 
the transport of pollutants from the land surface to the 
stream system via surface washoff during and im- 
mediately after rainfall and snowmelt events and by 
groundwater discharge to the streams. Table 39 sets forth 
types of surface water pollution known to exist in the 
Menomonee River watershed, the likely source or origin 
of that pollution, and rural and urban land manage- 
ment measures available for reducing the transport of 
pollutants from the land surface to the stream system. 
Many such measures and combinations thereof could 
be applied to  the Menomonee River watershed to sub- 
stantially reduce the residual low flow pollution problem 
as well as the land surface washoff pollution problem 
that may be expected to remain upon abandonment of 
the municipal sewage treatment plants. In addition to 
provision of sanitary sewage service to existing 
unsewered urban development and to planned urban 
development, land management measures should be 
implemented on the Menomonee River watershed 
including feedlot and agricultural land runoff controls 
in the headwater areas since the low flow condition 
fecal coliform and phosphorus pollution problems are 
likely to be largely attributable to a combination of 
onsite waste disposal systems, feedlots, and runoff from 
agricultural lands. 

Procedure: Two basic changes were made in the above 
run that represented existing conditions without sewage 
treatment plants so as to reflect year 2000 plan land use 
conditions without sewage treatment plants and with 
land management measures. First, the net effect of 
phosphorus release and oxygen demand associated with 
stream bottom deposits was assumed to be zero to reflect 
the expected substantial reduction in the load of organic 
material and nutrients from land surface washoff and 
groundwater discharge to the stream system. Second, 
background concentrations of phosphorus, carbonaceous 
biochemical oxygen demand, ammonia-nitrogen, nitrite- 
nitrogen, and nitrate-nitrogen were reduced by one-half 
to reflect the expected reduction in the concentration 
of these potential pollutants in groundwater as a result 
of implementation of land management measures. Back- 
ground fecal coliform levels were reduced by 75 percent 
in the upper two-thirds of the watershed where pol- 
lution from onsite waste disposal systems and from 
feed lots, which are concentrated in these areas, would 
be abated by the year 2000 and a 50 percent reduc- 
tion in fecal coliform counts was used in the remainder 
of the watershed. 

Results: The results of the low flow simulation are set 
forth in Table 38 which shows the estimated 7 day-10 
year low flow and the corresponding expected water 
quality levels for six locations along the main stem of 
the Menomonee River under year 2000 planned land use 

conditions with abandonment of sewage treatment plants 
and with implementation of land management measures. 
Relative to existing conditions with abandonment of the 
four municipal sewage treatment plants--which would 
yield instrearn water quality conditions satisfying 
the temperature, dissolved oxygen, and ammonia nitro- 
gen standards but not the fecal coliform and phosphorus 
standards-year 2000 plan conditions with land manage- 
ment measures and under the assumed late summer low 
flow conditions would: 

Produce no significant change in water tempera- 
ture. Temperatures would be in the 75-80°F 
range which is less than the maximum allowable 
temperature of 89OF that is specified for main- 
tenance of a warm water fishery. 

Increase dissolved oxygen concentrations to  
a range of approximately 7.5 to 8.5 mg/l 
exceeding the minimum of 5.0 mg/l recom- 
mended for maintenance of a warmwater fishery. 

Decrease fecal coliform bacteria levels to less 
than 200 colonies per 100 rnl which is less than 
the recreational use standard maximum of 400 
colonies per 100 ml/. 

Decrease phosphate-phosphorus concentrations 
to about 0.01 mg/l which is an approximate 
measure of total phosphorus levels and which is 
less than 0.10 mg/l, the recognized level of 
total phosphorus below which nuisance growths 
of algae and other aquatic plants are not expec- 
ted to occur in flowing streams. 

Decrease ammonia-nitrogen levels to 0.01 mg/l 
or less, which is much less than the approxi- 
mately 2.5 mg/l concentration at which fish 
toxicity problems may be expected. 

of the remaining four municipal sewage treatment 
plants and application of land management measures 
may be expected to yield water quality levels along the 
main stem of the Menomonee River in Waukesha 
County and in Milwaukee County above Hawley Road 
under later summer 7 day-10 year low flow conditions 
that meet and exceed the minimum water quality 
standards. More specifically, surface water temperature, 
dissolved oxygen content, fecal coliform levels, phos- 
phorus concentration, and ammonia-nitrogen levels will 
be such as to permit recreational use and maintenance of 
fish and aquatic life as set forth in the recommended 
watershed development objectives. For the remainder 
of the stream system--the Menomonee River in German- 
town and tributaries to the Menomonee River such as 
the Little Menomonee River and Underwood Creek- 
the standards supporting the water quality objectives 
cannot be achieved under year 2000 plan conditions for 
hydrologic reasons in that the expected 7 day-10 year 
low flow may be expected to be zero. 



Table 39 

DIFFUSE SOURCE POLLUTION SOURCES, SURFACE WATER POLLUTION PROBLEMS, 
AND AVAILABLE LAND MANAGEMENT AND RELATED POLLUTION CONTROL MEASURES 

Rural Area 

Source or 
Origin of Diffuse 
Source Pollution 

Manure and chemical 
fertilizers and pesti- 
cides applied to 
agricultural land 

Soil erosion from 
agricultural land 

Feedlot runoff 

Sewage treatment 
plant sludge spread 
on the land 

Available Land Management and 
Related Pollution Control ~easures~ 

Avoid steep slopes; do not apply on 
frozen ground; match crop need and 
soil properties; work into soil 

Practice contour plowing, strip 
cropping and minimum tillage; 
construct bench terraces; 
maintain vegetative strips along 
streams and drainageways; develop 
grassed waterways 

Site far from stream; avoid steep 
slopes; use berms and channels to 
divert storm water around feedlot; 
install drain tile to collect liquid 
wastewater from feedlot; construct 
manure storage facility and provide 
for land disposal of solids and 
liquids; develop retention pond 
with aeration equipment for bio- 
logical treatment; confine animals 
in barn equipped with waste- 
holding system 

Provide adequate digestion prior 
to land application; avoid spreading 
on steep slopes and floodplains 
and other low-lying areas; construct 
terraces or earth berms if slope 
problems exist; apply only to deep, 
permeable soils; do not spread on 
land on which crops are grown for 
direct consumption by humans; 
control animal grazing on pasture 
where sludge has been recently 
spread; avoid close proximity to 
urban development, water supply 
wells, and streams and creeks; 
consider sludge composition 
relative to nutrient requirements 
of intended crop or other vegetal 
cover; match timing of application 
to moisture conditions; work 
deposited sludge into soil 

Toxic 

- - 

- - 

- - 

X 

Organic- 
Oxygen 

Demanding 

X 

X 

X 

X 

Associated Types 

Nutrient 

X 

X 

X 

X 

of Surface 

Pathogenic 

X 

X 

X 

X 

Aesthetic 

X 

X 

X 

X 

Water 

Thermal 

- - 

- - 

- - 

- - 

Pollution 

Sediment 

- - 

X 

X 

X 



Table 39 (continued) 

Urban Area 

Continuous Flow Analysis for Existing Land 
U J  
Treatment Plants and for Planned Use 
Without and With Land Management Measures 
A strict interpretation of the hydrologic conditions-hat 
is, the 7 day-10 year low flow-associated with the State 
of Wisconsin water quality objectives and standards 
would require that the standards be satisfied throughout 
the Menomonee River watershed stream system for all 
stream flows at or above the 7 day-10 year flow. More 
specifically, such a strict interpretation would require 
satisfying the instream quality standards during a wide 
spectrum of hydrologic-hydraulic-water quality con- 
ditions. These conditions may range from late summer- 
early fall low flow conditions when the stream flow is 
made up essentially of base flow and sewage treatment 
plant discharges to spring rainfall-snowmelt conditions 

when base flow and sewage treatment plant discharges 
may be expected to account for only a small portion of 
both streamflow and of potential pollutants, with most 
of the discharge of water and potential pollutants to the 
streams being attributable to direct runoff from the rural 
and urban land surfaces. 

Available Land Management and 
Related Pollution Control ~easures~  

Improved street and highway cleaning 
procedures such as: use of vacuum 
sweepers, slower sweepers and increased 
frequency of sweeping, and parking 
restrictions to permit access to curb 
areas; cleaning of catch basins; 
repair of pavements; maintenance 
of vegetative zones parallel to  
streams and drainage ways; use of 
turf swales; storm water treatment 
using: screening, dissolved air 
flotation, detention-retention 
storage for settling and possible 
chemical treatment, disinfection, 
swirl concentrator 

Public awareness through educa- 
tion; provision of trash receptacles 
in public areas; improved trash 
collection schedules; anti-litter 
ordinances; domestic animal 
license and control laws 

Match application rate to need; 
control ordinances 

Disposal (with permit) at sewage 
treatment facility or into sanitary 
sewerage system 

Source or 
Origin of Diffuse 
Source Pollution 

Washoff from the 
urban land surface 
via streets, highways, 
and the storm 
sewer system 

Urban litter 

Pesticides and chem~cal 
and organic fertilizers 
applied t o  public 
and private lawns 
and gardens 

Waste pumped out of 
septic tanks and 
holding tanks 

It is possible for a combination of antecedent conditions 
and runoff conditions to occur so that instream water 
quality levels briefly fall outside of the concentrations 
specified in the established water quality standards even 
though relatively high stream flows exist. For example, 
the water use objective governing recreational use and 
fish and aquatic life applies to most of the Menomonee 
River stream system, and the corresponding water 
quality standard specifies that dissolved oxygen concen- 
tration shall be maintained at or above a level of 5.0 

Toxic 

X 

- - 

X 

X 

Aesthetic 

X 

X 

X 

X 

Associated Types 

Nutrient 

X 

-. 

X 

X 

Water 

Thermal 

- - 

- - 

- - 

. - 

Organic- 
$ Oxygen 
Demanding 

X 

X 

X 

X 

of Surface 

Pathogenic 

X 

X 

- - 

X 

Pollution 

Sediment 

X 

X 

- - 

- - 



Table 39 (continued) 

Rural and Urban Areas 

a In addition to mitigating surface water pollution, some of  these land management measures may also be expected to protect groundwater 
quality. Measures intended for agricultural lands should be integrated into conservation plans for individual farmsteads. 

Sources: 

Available Land Management and 
Related Pollution Control ~easures~  

Construct temporary sediment 
basins; install straw bale dike; use 
fiber mats, mulching and seeding; 
install slope drains t o  stabilize 
steep banks; construct temporary 
diversion swale or berm on 
up-slope edge of project 

Control material used and 
location, quantity, manner, and 
frequency of application 

Minimize wind erosion, use non- 
leaded fuels, control industrial 
emissions 

Cover andlor enclose potentially 
hazardous materials, construct 
dikes-channels to  divert storm 
water around storage areas, 
construct containment dikes and 
establish emergency procedures 
as a precaution against acciden- 
tal spills, anchor materials stored 
in low areas subject to  storm 
water or floodwater inundation 

Source or 
Origin of Diffuse 
Source Pollution 

Construction and 
demolition activity 

Highway and 
street deicing 

Washout and dry 
fallout from 
the atmosphere 

Stored materials 

1. American Public Works Association and the Federal Water Pollution Control Administration, Water Pollution Aspects o f  Urban 
Runoff, Section 6, "Measures for Reducing the Pollution Potential in the Urban Setting,"June 1969, pp. 127- 143. 

2. R. C. Loehr, 'Agricultural Runoff-Characteristics and Control," Journal o f  the Sanitary Engineering Division-ASCE, December 
1972, pp. 909-925, 

3. Miami Conservancy District and Stanley Consultants, Non-Point and Intermittent Point Source Controls, Section 8, "Structural 
Control Alternatives," January 1976, pp. 77-94. 

Toxic 

. - 

X 

X 

X 

4. J. Tourbier and R. Westmacott, Water Resources Protection Measures in Land Development-A Handbook, Water Resources Center, 
University of Delaware, April 1 9 7 4 , 2 3 7 ~ ~ .  

5. U. S. Department o f  Agriculture, Soil Conservation Service-Maryland, Standards and Specifications for Soil Erosion and Sediment 
Control in Developing Areas, College Park, Maryland, July 1975. 

Aesthetic 

X 

X 

X 

X 

Organic- 
Oxygen 

Demanding 

- - 

- .  

- - 

X 

6. Wisconsin Department o f  Natural Resources, "Guidelines for Application of  Wastewater Sludge to Agricultural Land in Wisconsin," 
Technical Bulletin No. 88, 1975,36 pp. 

Associated Types 

Nutrient 

. - 

--  

X 

X 

Pollution 

Sediment 

X 

X 

X 

X 

of Surface 

Pathogenic 

- - 

- - 

- - 

X 

7. SEWRPC. 

Water 

Thermal 

-- 

- - 

- - 

X 



mg/l. If an intense rainfall occurs on a part of the water- 
shed after a long, dry period during which organic 
oxygen-demanding materials have accumulated on the 
land surface, the sudden washoff of those organic 
materials to the stream system may be expected to 
briefly depress dissolved oxygen levels below the 
specified standard. 

To be realistic, water quality standards in support of 
water use objectives must recognize the vagaries of the 
hydrologic-hydraulic-water quality processes and accept 
the possibility of "failure" under both extremely low 
and extremely high flow conditions. This can be accom- 
plished by applying water quality standards within the 
context of an analytic technique that predicts the frac- 
tion of time that desirable water quality levels may be 
expected to  occur. Therefore, the water quality analysis 
conducted under the Menomonee River watershed 
planning program was carried beyond the "low flow 
approach"-the application of which was described in 
the preceding section of this chapterand the concept 
was applied that specified water quality levels should be 
tested for all streamflow conditions. The continuous 
process water quality analyses reported below resulted 
in water quality-duration relationships used to quantita- 
tively display and to evaluate the impact of the full 
spectrum of hydrologic-hydraulic-water quality pheno- 
mena on instream water quality levels. 

Procedure: Four continuous flow simulation runs were 
made with the Water Quality Submodel in order to 
determine the overall impact of the full spectrum of 
hydrologic-hydraulic-water quality processes on instrearn 
water quality. More specifically, the water quality sub- 
model was operated for the entire Menomonee River 
watershed under existing conditions with and without 
the four remaining municipal sewage treatment plants 
and under 2000 plan conditions without and with land 
management measures. A 10-year period extending from 
January 1965 through December 1974 was continuously 
simulated at one-hour intervals by inputing continuous 
meteorologic data for the same period to obtain, at each 
of the 12 selected output stations shown on Map 48, 
a long-term data series on which statistical analyses 
were performed. The 10-year simulation period was 
selected as being long enough to provide meaningful 
statistical results while being short enough so as to 
result in reasonable computer system operation costs. 

As indicated above, the water quality submodel calibra- 
tion process suggests that, under present conditions, 
the bottom deposits in the Menomonee River provide 
a source of phosphorus and exert an oxygen demand. 
The abandonment of the four municipal sewage treat- 
ment plants would substantially reduce a source of 
organic material and nutrients and may be expected 
to effect a reduction in the supply of such substances 
to the channel bottom. Therefore, in the model runs 
corresponding to existing conditions without municipal 
sewage treatment plants and year 2000 planned land 
use conditions without land management, the net phos- 
phorus release rate and the oxygen demand rate 

associated with bottom deposits along the main stem 
of the Menomonee River below the four municipal 
sewage treatment plants were reduced by one-half. 

After completing the third model run--year 2000 con- 
ditions without sewage treatment plants and without 
land management measures-three basic changes were 
made in model input so as to facilitate the fourth model 
run intended to simulate the year 2000 plan land use 
conditions without sewage treatment plants but with 
land management measures. First, the net effect of 
phosphorus release and oxygen demand associated with 
the stream bottom deposits were assumed to be zero at 
all points in the watershed to reflect the expected sub- 
stantial reduction in the load or organic material and 
nutrients from land surface washoff and groundwater 
discharged through the stream system. Second, ground- 
water concentrations of phosphorus, carbonaceous 
biochemical oxygen demand, ammonia nitrogen, nitrite 
nitrogen, nitrate nitrogen, and total dissolved solids 
were reduced by one-half to reflect the expected 
reduction and the concentration of these potential 
pollutants in groundwater as a result of implementation 
of the land management measures. Background fecal 
coliform levels were reduced by 75 percent in the.upper 
two-thirds of the watershed where pollution from onsite 
waste disposal systems and from feedlots which are 
concentrated in those areas would be abated by the 
year 2000 with application of land management 
measures; and a 50 percent reduction in fecal coliform 
counts was used in the remainder of the watershed. 
Third, land surface accumulation rates of phosphorus, 
carbonaceous biochemical oxygen demand, ammonia 
nitrogen, nitrite nitrogen, nitrate nitrogen, and total 
dissolved solids were reduced by one-half to  reflect the 
expected reduction in the loading of these potential 
pollutants on the land surface as a result of implemen- 
tation of land management measures. Fecal coliform 
land surface loading rates were reduced by 75 percent 
in the upper two-thirds of the watershed where pollution 
of onsite waste disposal systems and from feedlots 
would be abated by the year 2000, and a 50 percent 
reduction in fecal coliform loading rates was used in 
the remainder of the watershed. 

For each of the 12 output locations in the watershed, 
each of the four 10-year simulation runs yielded a series 
of computed hourly stream flows and series of computed 
hourly values for the following nine water quality param- 
eters: dissolved oxygen, ultimate carbonaceous 
biochemical oxygen demand, total dissolved solids, 
fecal coliform count, nitrate nitrogen, nitrite nitrogen, 
ammonia nitrogen, phosphate-phosphorus, and water 
temperature. A voluminous amount of water quality 
values was thus computed in the simulation process. For 
example, for each of the above four runs, 1 0  years of 
hourly computations for all of the above nine water 
quality parameters at all of the 12  output loca- 
tions yields a total of about 9,460,800 simulated 
quality values. 

Because it was not practicable to manually display, 
examine, and analyze this voluminous data series, statis- 
tical analyses were performed to produce water quality- 



duration curves for each parameter at each location and 
for each of the four conditions, that is, with and without 
the four sewage treatment plants under existing con- 
ditions and without and with land management measures 
under year 2000 plan conditions. A water quality- 
duration curve is similar to the flow-duration curve 
commonly used in hydrology, and is a graph showing on 
the vertical axis the percent of time during which an 
indicated concentration of the water quality parameter, 
shown on the horizontal axis, is reached and exceeded or 
is not reached or exceeded. The water quality-duration 
relationship for one parameter under one condition 
at one of the 12 output locations in the watershed was 
constructed using the 87,600 water quality values 
resulting from continuous hourly computations for 
a period of 10 years. 

Water quality-duration relationships represent the over- 
all impact of all the hydrologic-hydraulic-water quality 
processes that were simulated over the 10-year period 
weighing their impact in accordance with the frequency 
and magnitude with which they occur. The water 
quality-duration curves were based on the total universe 
of water quality values that were generated, during 
simulation, in the stream system and permit an estima- 
tion of the percent of time that a desired water quality 
level will or will not be maintained. This approach is 
fundamentally different than that which specifies one 
"critical" hydrologic-hydraulic conditionsuch as the 
7 day-10-year low flow condition-under which pollution 
abatement measures are to be examined. In contrast with 
water quality-duration relationship approach, the 
"critical" condition approach does not provide an indica- 
tion of how often or what percent of the time desired 
water quality levels will be maintained since, for 
example, it may not be assumed that a 10-year recur- 
rence interval streamflow corresponds to a 10-year water 
quality condition. The construction of water quality- 
duration relationships for selected parameters at each 
location of interest in the watershed for different con- 
ditions or management alternatives concisely summarizes 
the expected impact of the condition or management 
alternative on the full range of water quality phenomena. 

Results-Concentrations: Figures 24 through 43 show 
water qualityduration curves under existing conditions 
with and without municipal sewage treatment plants 
and for year 2000 plan conditions without and with 
land management measures for four water quality param- 
eters-temperature, dissolved oxygen, fecal coliform 
bacteria, and phosphate phosphorus-for the following 
five locations in the watershed stream system: the 
Menomonee River at Hawley Road, the Menomonee 
River immediately above the confluence with the Little 
Menomonee River, the Little Menomonee River at the 
Menomonee River, Underwood Creek at the Menomonee 
River, and Honey Creek at the Menomonee River. Table 
40 shows the average annual transport of carbonaceous 
biochemical oxygen demand, phosphate-phosphorus, 
total dissolved solids, ammonia nitrogen, nitrate- 
nitrogen, and nitrite-nitrogen at each of the above five 
locations for each of the above four conditions. Model 
results presented in Figures 24 through 43 and in Table 
40 for the five specified locations are representative 

results selected from the total set of results for all param- 
eters modeled and for all 10 locations at which Water 
Quality Submodel output were obtained. 

Temperature: Figure 24 shows temperature conditions 
on the Menomonee River immediately upstream of its 
confluence with the Little Menomonee River (River 
Mile 12.52) and indicates the percent of time that a speci- 
fied water temperature may be expected to be reached 
or exceeded. Under existing conditions, water tempera- 
tures could be expected to be altered an insignificant 
amount by removal of the upstream sewage treatment 
plants--one serving Germantown, two serving Menomonee 
Falls, and one serving Butler-in that the temperature- 
duration curve at this location for existing conditions 
without the sewage treatment plants is essentially coin- 
cident with that for existing conditions with the sewage 
treatment plants. Furthermore, implementation of the 
year 2000 land use plan, in addition to removing the 
treatmeilt plants, could be expected to have no signifi- 
cant effect on water temperatures nor will implemen- 
tation of land use management measures in that the 
resulting temperatureduration relationships are almost 
coincident with those for existing conditions with and 
without sewage treatment plants. Under year 2000 
planned land use with abandonment of municipal sewage 
treatment plants and implementation of land management 
measures. the recommended maximum temverature of 
8g°F fo* fish and aquatic life may be expected to be 
reached or exceeded only about 6 percent of the time at 
this location. 

Figure 25, which shows temperature conditions on the 
Menomonee River in the City of Milwaukee at Hawley 
Road (River Mile 5.14), reveals similar results: the 
temperatureduration curves at this location under exist- 
ing land use conditions, with and without the four 
upstream sewage treatment plants, and under year 2000 
plan conditions, with sewage treatment plants and without 
land management measures development, are essentially 
coincident. Under plan conditions, the recommended 
maximum temperature of 8g°F for fish and aquatic life 
would be exceeded only about 6 percent of the time at 
this location. 

Figure 26 shows temperature conditions on the Little 
Menomonee River immediately above its confluence with 
the Menomonee River. There are no municipal sewage 
treatment plants discharging to the Little Menomonee 
River upstream of this location. The temperatureduration 
curve indicates that implementation of the year 2000 
land use plan, with or without land management mea- 
sures, may be expected to have no significant effect on 
water temperatures in that the resulting temperature- 
duration relationship is coincident with that for existing 
conditions. Under plan conditions, the recommended 
maximum temperature of 8 9 ' ~  for fish and aquatic life 
may be expected to be reached or exceeded less than 
1 percent of the time at this location. 

Figure 27 shows temperature conditions on Underwood 
Creek immediately above its confluence with the Meno- 
monee River. There are no municipal sewage treatment 
plants discharging to Underwood Creek upstream of this 
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location. The temperatureduration relationships indicate 
that implementation of the year 2000 land use plan, with 
or without land management measures, will have no 
significant effect on water temperatures in Underwood 
Creek in that the resulting temperatureduration relation- 
ship is coincident with that for existing conditions. Under 
plan conditions, the recommended maximum temperature 
of 8 9 ' ~  for fish and aquatic life may be expected to be 
reached or exceeded only about 7 percent of the time 
at this location. This temperature standard is not applic- 
able at this location since a restricted use objective, which 
has no maximum temperature associated with it, has 
been assigned to the 3.67-mile-long reach of Underwood 
Creek downstream of the Juneau Boulevard crossing in 

Stream 

Menomonee 
River 

Little 
Menomonee 
River 

Underwood 
Creek 

Honey Creek 

the Village of Elm Grove. However, the temperature- 
duration relationship at the downstream end of Under- 
wood Creek may be considered representative of that 
which would be expected to occur along Underwood 
Creek upstream of the Juneau Boulevard crossing where 
fish and aquatic life objectives, and therefore, a maximum 
temperature standard, are applicable. 

Figure 28 shows temperature conditions on Honey Creek 
immediately above its confluence with the Menomonee 
River. There are no municipal sewage treatment plants 
discharging to Honey Creek. The temperatureduration 
relationships indicate that implementation of the year 
2000 land use plan, with or without land management 
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measures, may be expected to have no significant effect 
on water temperatures in that the resulting year 2000 
temperatureduration relationships are not significantly 
different than for existing conditions. Although a maxi- 
mum temperature standard is not applicable to Honey 
Creek since the water use objectives do not call for 
maintenance of fish and aquatic life in this stream, the 
temperatureduration curves indicate that a maximum 
temperature of €49'~ specified for maintenance of fish 
and aquatic life may, under year 2000 conditions, be 
expected to be exceeded about 10 percent of the time. 

Dissolved Oxygen: Figure 29 shows dissolved oxygen 
conditions on the Menomonee River immediately above 
its confluence with the Little Menomonee River and 
indicates the percent of time that dissolved oxygen levels 
within the stream will be less than or equal to specified 
concentration. For example, under existing conditions, 
the dissolved oxygen level may be expected to fall below 
the recommended minimum concentration of 5.0 mg/l 
for fish and aquatic life about 7 percent of the time. 



Under existing conditions, dissolved oxygen concentra- 
tions would be altered an insignificant amount by removal 
of the four upstream sewage treatment plants in that the 
dissolved oxygen-duration curve at this location for 
existing conditions without the sewage treatment plants 
approximates that for existing conditions with the sewage 
treatment plants. Under year 2000 land use plan condi- 
tions, with removal of the treatment plants but without 
land management measures, no significant change in 
dissolved oxygen levels would be expected. Under year 
2000 planned land use, with abandonment of the muni- 
cipal sewage treatment plants and with land management 
measures, dissolved oxygen levels could be expected to  
increase markedly and may always be expected to remain 
above the recommended minimum concentration of 
5.0 mg/l for fish and aquatic life. 

Figure 30 shows dissolved oxygen conditions on the 
Menomonee River at Hawley Road which are similar to 
those for the upstream location. The dissolved oxygen- 
duration curves at this location under existing conditions 
without the four upstream sewage treatment plants 
approximate that for existing conditions with the sewage 
treatment plants. Under year 2000 land use plan condi- 
tions, with removal of the treatment plants but without 
land management measures, no significant change in 
dissolved oxygen levels would be expected. Under year 
2000 planned land use, with abandonment of municipal 
sewage treatment plants and with implementation of land 
management measures, dissolved oxygen levels may be 
expected to improve markedly and remain above the 
recommended minimum concentration of 5.0 mgll for 
fish and aquatic life. 

Figure 31 shows dissolved oxygen conditions at the 
discharge end of the Little Menomonee River subwater- 
shed- portion of the Menomonee River watershed in 
which there are no municipal sewage treatment plants. 
The dissolved oxygenduration relationships indicate that, 
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under year 2000 land use plan conditions but without 
land management measures, there would be no significant 
change in dissolved oxygen levels. Under such conditions, 
dissolved oxygen levels may be expected to fall below the 
recommended minimum concentration of 5 mg/l only 
about 4 percent of the time. Under year 2000 planned 
land use with land management measures, dissolved 
oxygen levels may be expected to remain above the 
recommended minimum concentration of 5.0 mg/l for 
fish and aquatic life essentially all of the time. 

Figure 32 shows dissolved oxygen conditions at the 
discharge end of the Underwood Creek subwatershed- 
a portion of the watershed in which there are no 
municipal sewage treatment plants. The dissolved oxygen- 
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duration relationships indicate that, under year 2000 
land use plan conditions but without land management 
measures, there would be no significant change in dis- 
solved oxygen levels. Under such conditions, dissolved 
oxygen levels at this location may be expected to fall 
below the recommended minimum concentration of 
5.0 mg/l less than 1 percent of the time. This dissolved 
oxygen standard is not applicable at this location since 
a restricted use objective, which has a lower minimum 
dissolved oxygen level of 2.0 mg/l associated with it, 
has been assigned to Underwood Creek downstream of 
Juneau Boulevard in the Village of Elm Grove. However, 
the dissolved oxygenduration relationship at the down- 
stream end of Underwood Creek may be considered 
representative of that which would be expected to 
occur along Underwood Creek upstream of the Juneau 
Boulevard crossing where fish and aquatic life objectives 
and, therefore, a minimum 5.0 mg/l dissolved oxygen 
standard, is applicable. Under year 2000 planned land 
use with management measures, dissolved oxygen levels 
may be expected to remain above the recommended 
minimum concentration of 5.0 mg/l for fish and aquatic 
life essentially all of the time. 

Figure 33 shows dissolved oxygen concentrations at the 
discharge end of the Honey Creek subwatershed-a por- 
tion of the watershed stream system in which there are 
no municipal sewage treatment plants. The dissolved 
oxygenduration relationships indicate that planned 
urban development, with or without land management 
measures, will probably have no significant effect on 
dissolved oxygen levels. Under year 2000 plan conditions, 
with or without land management measures, dissolved 
oxygen levels may be expected to be above the recom- 
mended minimum concentration of 2.0 mg/l for restricted 
use all of the time. 
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Fecal Coliform: Figure 34 shows fecal coliform conditions 
on the Menomonee River immediately upstream of its 
confluence with the Little Menomonee River and indi- 
cates the percent of time that a specified fecal coliform 
count may be expected to be reached or exceeded. Under 
existing conditions, at this location, the maximum fecal 
coliform concentration of 400 colonies per 100 ml 
recommended for recreational use of surface waters may 
be expected to be exceeded almost 30 percent of the 
time. Fecal coliform concentrations would be altered 
a small amount with removal of the four upstream sewage 
treatment plants in that the fecal coliform-duration curve 
at this location for existing conditions without the 
sewage treatment plants shows a slight deterioration over 
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that for existing conditions with the sewage treatment 
plants. Although removal of the sewage treatment plants 
will eliminate a source of fecal coliform bacteria, that 
positive effect is offset by diminished streamflows and, 
therefore, reduced potential for dilution of fecal coliform 
bacteria from other sources such as onsite waste disposal 
systems and domestic and farm animals. Implementation 
of the year 2000 land use plan, in addition to removing 
the treatment plants, will have no significant effect on 
fecal coliform levels in that the concentrationduration 
relationship follows the general form of, but shows a slight 
deterioration relative to, that for existing conditions 
with sewage treatment plants. It appears as though the 
positive effect of reducing the input of coliform bacteria 
to the stream system by removing the sewage treatment 
plants is more than offset by the reduction in stream 
flow and, therefore, the reduction in dilution potential, 
and by the increased contribution of bacteria to the 
stream system as the result of the planned incremental 
urban development. Under year 2000 planned land use 
conditions, with abandonment of municipal sewage 
treatment plants and with implementation of land man- 
agement measures, fecal coliform levels would decrease 
markedly so that the recommended maximum fecal coli- 
form count of 400 colonies per 100 milliliters for recrea- 
tional use may be expected to be reached or exceeded 
only about 3 percent of the time at this location. 

Figure 35 shows fecal coliform conditions on the Meno- 
monee River at Hawley Road and indicates that removal 
of the sewage treatment plants and implementation of 
the year 2000 land use plan will not cause a significant 
change in water quality with respect to fecal coliform 
levels. Under year 2000 planned land use conditions, with 
abandonment of municipal sewage treatment plants and 
with implementation of land management measures, fecal 
coliform levels would decrease markedly so that the 
recommended maximum fecal coliform concentration of 
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400 colonies per 100 milliliters for recreational use of the 
surface water would be exceeded only about 10 percent 
of the time at this location. 

Figure 36 shows fecal coliform conditions at the down- 
stream end of the Little Menomonee River subwater- 
s h e d a  portion of the Menomonee River watershed in 
which there are no sewage treatment plants. A comparison 
of fecal coliform concentration-duration curves at this 
location indicates that implementation of the year 2000 
land use plan in the Little Menomonee River subwatershed 
without land management measures will cause a small 
change in surface water quality with respect to fecal 
coliform levels: a slight deterioration may be expected. 
Under year 2000 plan land use conditions, and with 
implementation of land management measures, a marked 
improvement in fecal coliform levels may be expected in 
that the recommended maximum fecal coliform concen- 
tration of 400 colonies per 100 milliliters for recreational 
use may be expected to be exceeded only about 5 percent 
of the time at this location. 

Figure 37 shows the fecal coliform conditions at the 
discharge end of the Underwood Creek subwatershed- 
another portion of the watershed in which there are no 
municipal sewage treatment plants. A comparison of 
fecal coliform concentrationduration curves at this 
location indicates that implementation of the year 2000 
land use plan will not produce a significant change in 
surface water quality with respect to existing fecal coli- 
form bacteria levels. Under year 2000 plan land use 
conditions and with implementation of land management 
measures, a marked decrease in fecal coliform levels may 
be expected in that the recommended maximum fecal 
coliform concentration of 400 colonies per 100 milliliters 
for recreational use may be expected to be exceeded only 
about 9 percent of the time at this location. This fecal 
coliform standard is not applicable at this location since 
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a restricted use objective, which has a higher maximum 
allowable fecal coliform concentration of 2,000 colonies 
per 100 milliliters associated with it, has been assigned to 
Underwood Creek downstream of Juneau Boulevard in 
the Village of Elm Grove. However, the fecal coliform 
count-duration relationship at the downstream end of 
Underwood Creek may be considered representative of 
what would be expected to occur along Underwood 
Creek upstream of the Juneau Boulevard crossing where 
recreation use objectives, and therefore a maximum fecal 
coliform count of 400 colonies per 100 ml, are applicable. 

Figure 38 shows fecal coliform bacteria conditions at 
the discharge end of the Honey Creek subwatershed- 
a portion of the watershed stream system in which there 
are no municipal sewage treatment plants. Comparison of 
the fecal coliform concentration-duration curves at this 
location indicate that implementation of the year 2000 
land use plan without land management measures will 
have no significant effect on fecal coliform levels. Under 
year 2000 plan conditions with land management mea- 
sures, however, a marked improvement may be expected 
in that fecal coliform concentrations will not exceed the 
recommended maximum of 2,000 colonies per 100 ml 
corresponding to the restricted use objective. 

Phosphate: Figure 39 shows phosphate-phosphorus con- 
ditions on the Menomonee River immediately above its 
confluence with the Little Menomonee River and indicates 
the percent of time that a specified phosphate concentra- 
tion expressed as phosphorus may be expected to be 
reached or exceeded. Phosphate-phosphorus concentra- 
tions would be significantly altered by removal of the four 
upstream sewage treatment plants in that the phosphorus- 
duration curve at this location for existing conditions 
without sewage treatment plants exhibits a marked 
improvement over that for existing conditions with the 
sewage treatment plants. For example, a phosphate- 
phosphorus concentration of 2.0 mg/l may be expected 
to be reached or exceeded at this location about 40 per- 
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cent of the time under existing conditions with sewage 
treatment plants whereas removal of the municipal sewage 
treatment plants would result in the concentration of 
2.0 mg/l being reached or exceeded only about 2 percent 
of the time. Relative to the positive and dramatic impact 
of removing treatment plants, implementation of the year 
2000 land use plan in addition to removing the sewage 
treatment plants will have no significant effect on phos- 
phate-phosphorus concentrations in that the resulting 
phosphate-duration relationship is coincident with that 
for existing conditions without sewage treatment plants. 

The maximum of 0.1 mg/l total phosphorus in flowing 
streams is the limit above which nuisance growth of algae 
and aquatic plants in flowing streams is expected to 
occur. Inasmuch as phosphate-phosphorus concentrations 
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are approximately equal to total phosphorus levels, 
phosphate-phosphorus concentrations may be used to 
test conformance of surface water quality with the 
recommended standard for total phosphorus. Under 
existing conditions, the recommended maximum phos- 
phorus concentration of 0.10 mg/l for prevention of 
nuisance growth of algae and aquatic plants may be 
expected to be reached or exceeded essentially all of 
the time on the Menomonee River at its confluence 
with the Little Menomonee River. A concentration of 
0.5 mg/l-five times the critical level-would be exceeded 
over 90 percent of the time at this location. Under year 
2000 planned land use conditions in combination with 
abandonment of municipal sewage treatment plants and 
application of land management measures, the recom- 
mended maximum phosphorus concentration of 0.10 mg/l 
for prevention of nuisance growths of algae and aquatic 
plants may still be expected to be exceeded almost all of 
the time. A marked improvement occurs, however, in that 
a concentration of 0.5 mg/l would be exceeded only 
about 10 percent of the time. 

Figure 40 shows phosphate-phosphorus conditions on 
the Menomonee River at Hawley Road. As was the case 
at the upstream location, phosphate-phosphorus con- 
centrations will be substantially reduced at these two 
locations as a result of removal of the four upstream 
sewage treatment plants and, as was also the case at the 
upstream location, the incremental urban development 
associated with the land use plan will have no significant 
impact on phosphate-phosphorus concentrations at this 
location on the Menomonee River. Under existing condi- 
tions, the recognized minimum concentration of total 
phosphorus of 0.10 mg/l needed to support nuisance 
growths of algae and aquatic plants may be expected to 
be exceeded essentially all of the time at this location 
and as would a concentration of 0.5 mg/l. Under year 
2000 planned land use conditions, in combination with 
abandonment of municipal sewage treatment plants and 
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application of land management measures, the recom- 
mended maximum phosphorus concentration of 0.10 mg/l 
may be expected to be exceeded only about 20 percent 
of the time. A marked improvement also occurs in that 
a concentration of 0.5 mg/l would be exceeded only 
about three percent of the time. 

Figure 41 shows phosphate-phosphorus conditions on 
the downstream end of the Little Menomonee River 
subwatersheda portion of the Menomonee River water- 
shed in which there are no sewage treatment plants. The 
incremental urban development associated with the year 
2000 land use plan will cause a slight deterioration in 
water quality with respect to existing condition con- 
centrations whereas application of land management 
measures will produce an improvement in phosphate- 
phosphorus concentrations relative to existing conditions. 
Under year 2000 plannned land use conditions with land 
management measures, the recommended maximum total 
phosphorus concentration of 0.10 mg/l to prevent nui- 
sance growths of algae and other aquatic plants would be 
exceeded about 50 percent of the time at this location 
whereas a concentration of 0.5 mg/l would be exceeded 
only about 3 percent of the time. 

Figure 42 shows phosphate-phosphorus conditions at the 
outlet of the Underwood Creek subwatershed, another 
portion of the Menomonee River watershed in which 
there are no municipal sewage treatment plant discharges. 
A comparison of the phosphate-phosphorus duration 
curves indicate that the incremental urban development 
associated with the land use plan will, relative to existing 
conditions, have no significant effect on phosphate- 
phosphorus concentrations. Under year 2000 planned 
land use conditions with land management measures, the 
recommended maximum total phosphorus concentrations 
of 0.10 mg/l to prevent nuisance growths of algae and 
other aquatic plants would be exceeded about 50 percent 
of the time at this location. A concentration of 0.5 mg/l 
would be exceeded only about 2 percent of the time. The 
phosphorus standard is not applicable at this location 
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since a restricted use objective has been assigned to 
Underwood Creek downstream of Juneau Boulevard in 
the Village of Elm Grove. However, the phosphate- 
phosphorus-duration relationship at the downstream 
end of Underwood Creek, may be considered represen- 
tative of that which would be expected to occur along 
Underwood Creek upstream of the Juneau Boulevard 
crossing where recreation use objectives, and therefore 
a phosphorus standard, is applicable. 

Figure 43 shows phosphate-phosphorus conditions at 
the discharge end of the Honey Creek subwatershed, 
a portion of the basin containing no municipal sewage 
treatment plant discharges. A comparison of the phos- 
phate-phosphorus-duration curves indicate that the 
incremental urban development associated with the land 
use plan would cause no significant change in water 
quality for phosphate levels. Application of land manage- 
ment measures may be expected to significantly reduce 
phosphate-phosphorus concentrations. Other than their 
possible effect on the Menomonee River, phosphorus 
levels expected on Honey Creek are of little practical 
consequence since the water use objectives specify only 
restricted uses on this stream. 

Concluding Statement-Effect of Sewage Treatment Plant 
Removal, the Land Use Plan, and Land Management Mea- 
sures on the Concentration of Selected Constituents: 
Based on four continuous flow simulation runs made 
with the water quality submodel--existing conditions 
with and without the discharge of municipal sewage treat- 
ment plant effluent to the stream system and year 2000 
planned land use conditions with abandonment of the 
municipal sewage treatment plants and with and without 
land management measures-the following conclusions 
may be drawn with respect to the concentration of 
selected surface water constituents: 

Surface water temperatures are not expected to 
be significantly affected by the abandonment of 
sewage treatment plants, planned urban develop- 
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ment, or application of land management mea- 
sures. Regardless of the combination of land 
use-pollution abatement measures that prevail, 
surface water temperatures may be expected to 
satisfy the standard-temperature of not more 
than 8g°F for fish and aquatic life--95 percent 
or more of the time in those portions of the 
watershed stream system designated in the water- 
shed objectives for maintenance of a warm- 
water fishery. 

Under existing conditions, dissolved oxygen 
concentrations may be expected to exceed and 
therefore satisfy the recommended minimum of 
5.0 mg/l for fish and aquatic life about 90 percent 
or more of the time in those reaches of the water- 
shed stream system designated for maintenance of 
a warm-water fishery. Dissolved oxygen concentra- 
tions are expected to be relatively insensitive to  
the abandonment of sewage treatment plants and 
to planned urban development. However, the 
application of land management measures under 
year 2000 planned land use conditions may 
be expected to improve dissolved oxygen levels 
so that concentrations will satisfy the recom- 
mended minimum of 5.0 mg/l for fish and aquatic 
life essentially all of the time in those stream 
reaches designated for maintenance of a warm- 
water fishery, 

Under existing conditions, fecal coliform con- 
centrations may be expected to satisfy the 
recommended maximum fecal coliform count 
of 400 colonies per 100 ml for recreational use 
only about one-third to two-thirds of the time in 
those reaches of the watershed stream system 
designated for recreational use. Fecal coliform 
levels are expected to be relatively insensitive 
to the abandonment of sewage treatment plants 
and to planned urban development. However, the 
application of land management measures under 
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year 2000 planned land use conditions may be 
expected to substantially reduce the disease trans- 
mission potential of the surface waters so that the 
fecal coliform bacteria standard- recommended 
maximum of 400 colonies per 100 ml for recrea- 
tional usemay be expected to be met 90 percent 
or more of the time in those stream reaches desig- 
nated for recreational uses. 

Under existing conditions, phosphate-phosphorus 
levels-which serve as an approximation of total 
phosphorus levels-may be expected to exceed 
the recommended maximum concentration of 
0.10 mg/l for prevention of nuisance growths of 
algae and aquatic plants essentially all of the time 
in those stream reaches designated for recreational 
use and maintenance of a warm water fishery. 
Phosphate-phosphorus levels on the main stem of 
the Menomonee River may be expected to be 
markedly reduced with abandonment of municipal 
sewage treatment plants although the 0.10 mg/l 
concentration would still be exceeded most of the 
time. Phosphate-phosphorus concentrations may 
be expected to be relatively insensitive to  planned 
urban development but the application of land 
management measures under year 2000 planned 
land use conditions may be expected to sub- 
stantially reduce phosphate-phosphorus levels- 
relative to those that would exist under year 2000 
planned land use conditions without land man- 
agement measures. However, the recommended 
maximum concentration of 0.10 mg/l may still 
be expected to be exceeded 50 percent or more 
of the time in those stream reaches designated 
for recreational use and maintenance of a warm- 
water fishery. In contrast, a concentration of 
0.5 mg/l- five times the recommended maximum 
concentration-would be exceeded 10 percent or 
less of the time with application of land manage- 
ment measures. 

It is important to note that the recommended 
total phosphorus standard is not likely to be 
achieved a large percentage of the time in south- 
eastern Wisconsin. Based on 1968-1975 data 
from the SEWRPC regional water quality moni- 
toring program, background total phosphorus 
levels found in natural, unpolluted headwater 
streams in southeastern Wisconsin approach or 
exceed the recommended maximum phosphate- 
phosphorus concentration without the impact of 
man's activities. 

In summary, the abandonment of the four remaining 
municipal sewage treatment plants and application of 
land management measures under year 2000 planned land 
use conditions may be expected to markedly improve 
surface water quality in the Menomonee River watershed 
as measured by the percent of time that the concentration 
of critical water quality parameters will be within recom- 
mended limits. Under a full range of meteorologic, runoff, 
and streamflow conditions, the temperature standard 

may be expected to be met about 95 percent of the t i e ,  
the dissolved oxygen standard essentially all of the time, 
and the fecal coliform standard almost 90 percent of the 
time. The phosphorus standard may be expected to  be 
satisfied only about half of the time. 

Results-Annual Transport: Table 40 presents the average 
annual transport of six selected potential pollutants at 
five locations throughout the ~ e i o m o n e e  kiver water- 
shed for four combinations of land use and pollution 
abatement measures. The six selected constituents are 
phosphate-phosphorus, ultimate carbonaceous biochemi- 
cal oxygen demand, total dissolved solids, ammonia- 
nitrogen, nitrate-nitrogen, and nitrite-nitrogen. The five 
selected locations are: the Menomonee River immediately 
upstream of its confluence with the Little Menomonee 
River, the Menomonee River at Hawley Road in the City 
of Milwaukee, the Little Menomonee River at the Meno- 
monee River, Underwood Creek at the Menomonee River, 
and Honey Creek at the Menomonee River. The four 
conditions for which average annual pollutant transport 
values were determined and are included in Table 40 
consist of existing land use with municipal sewage treat- 
ment plants, existing land use without municipal sewage 
treatment plants, year 2000 planned land use Without 
land management measures, and year 2000 planned land 
use with land management measures. 

Table 40 permits a comparison between average annual 
quantity of a pollutant transported past selected points 
in the watershed under various conditions. This mass 
transport analysis is fundamentally different than the 
previous analysis, which was summarized in terms of 
water qualityduration curves, in that the mass transport 
analysis reflects the absolute mass of pollutants being 
discharged to and carried by the stream system while 
a qualityduration analysis focuses on in-stream pollu- 
tion concentrations. 

Effect o f  Abandoning Sewage Treatment Plants: The 
effect of abandonment of the four sewage treatment 
plants is reflected only in the simulation results for the 
two Menomonee River stations. Transport values set 
forth in Table 40 indicate that abandonment of the 
sewage treatment plants will substantially reduce the 
average annual transport of all six selected constituents 
at the two main stem locations. For example, the average 
annual transport of phosphate-phosphorus at a point 
immediately upstream of the confluence with the Little 
Menomonee at the River but downstream of the existing 
treatment plants may be expected to be reduced by 
about 80 percent from about 65,000 to 12,000 pounds 
per year whereas at the downstream station the transport 
may be expected to be reduced by about 60 percent from 
about 99,000 to 42,000 pounds per year. Furthermore, 
the average annual transport of carbonaceous biochemical 
oxygen demand at the upstream location may be expected 
to be reduced by almost 50 percent from about 476T0000 
to 249,000 pounds per year whereas at the downstream 
station the transport may be expected to be reduced 
by about 20 percent from 782,000 to 616,000 pounds 
per year. 



Phosphate-phosphorus transport data for two stations on 
the Menomonee River indicate that the sewage treatment 
plants are the major source of the nutrient phosphate 
that is discharged to  and carried by the Menomonee River. 
At the upstream locationthe Menomonee River imme- 
diately above its confluence with the Little Menomonee 
Riverapproximately 53,000 pounds per year, or over 
80 percent, of the annual phosphate-phosphorus trans- 
port is attributable to the four municipal sewage treat- 
ment plants with the remainder being attributed to 
washoff from the land surface during rainfall and rainfall- 
snowmelt events and groundwater discharge. At the 
downstream location-the Menomonee River at Hawley 
Road in the City of Milwaukee-approximately 57,000 
pounds per year, or 58 percent, of the phosphate- 
phosphorus transport is contributed by municipal sewage 
treatment plants with the remainder attributed to the 
other sources. The downstream location exhibits a smaller 
percentage of phosphate-phosphorus contributed by 
municipal sewage treatment plants because, while both 
locations receive contributions from all four sewage treat- 
ment plants, the downstream location receives flow from 
a much larger portion of the watershed land surface- 
128 miles compared to 60 square miles. It is apparent, 
therefore, that implementation of the planned abandon- 
ment of the four municipal sewage treatment plants will 
significantly contribute to reducing the quantity of the 
troublesome nutrient phosphate transported by the 
Menomonee River through the watershed and into 
Lake Michigan. 

Chapter VII, Volume 1 ,  of this report contains a sum- 
mary of a 1968-1969 study of phosphorus sources in 
the Menomonee River watershed which was based on an 
extensive field monitoring program.'4 Based on approxi- 
mately one and one-half years of monitoring, that report 
indicates that the average annual transport of phosphate- 
phosphorus by the Menomonee River at about Hawley 
Road was 145,000 pounds per year, or approximately 
50 percent more than the average annual transport 
results obtained from application of the water quality 
~ubmodel . '~  Furthermore, that report concludes that 
about 40 percent of the average annual phosphate- 
phosphorus transported past that location, or approxi- 
mately 58,000 pounds per year, was attributable to 
discharges from municipal sewage treatment plants. 
The 58,000 pound figure is approximately equal to the 
average annual phosphate-phosphorus attributed to the 
municipal sewage treatment plants based on application 

l4  A. Zanoni. "Eutrovhic Evaluation of a Small Multi- 
~ - 

Land Use watershed:" U. W. Water R'esources Center 
Technical Report, June 1970. 

l 5  The referenced report expresses phosphate quantities 
as POq. Prior to use in the Menomonee River Water- 
shed planning report, the results of the referenced report 
have been converted to POq expressed as P so as to 
be consistent with the practice adopted throughout 
this report. 

of the water quality submodel. The submodel, how- 
ever, indicates that about 58 percent of the phosphate- 
phosphorus is attributable to sewage treatment plants. 
Finally, the report concludes that the remaining 60 per- 
cent of the average annual phosphate-phosphorus trans- 
ported from the watershed, or approximately 87,000 
pounds per year, was attributable to washoff from the 
land surface, groundwater contributions, and other 
sources, which is approximately double the average 
annual transport results obtained from application of 
the water quality submodel. 

The differences in the results of these two independent 
analyses, particularly with respect to the absolute and 
percent contribution of phosphate-phosphorus from 
sources other than sewage treatment plants, may be due 
in part to one or both of the following factors: 

1. The annual yield estimates developed under the 
1968-1969 study were based primarily on 30 sets 
of grab sample phosphate-phosphorus determina- 
tions and recorded daily stream flows at the 
N. 70th Street crossing of the Menomonee River 
in Wauwatosa. These figures were used to calcu- 
late 30 daily transports of phosphate-phosphorus 
which, in conjunction with concurrent and 
antecedent precipitation amounts, were used to  
define low precipitation, high precipitation, and 
no precipitation periods with a unit load of 
phosphate-phosphorus being associated with the 
low and high precipitation periods. The precipita- 
tion records were then scanned to determine the 
number of low and high precipitation periods, 
and the unit loads were used to calculate the 
corresponding runoff of phosphate-phosphorus 
from the land surface. This simplified technique 
is likely to yield phosphate-phosphorus transport 
values different from those obtained with the 
model inasmuch as the latter employs continuous 
simulation and, therefore, makes direct use of the 
entire available meteorological record. 

2. The earlier 1968-1969 study projected average 
annual phosphate-phosphorus transport based on 
data from only a one and one-half year period 
whereas the average annual transport estimates 
developed under the watershed planning program 
are based on the results of a 10 year simulation 
which is more likely to be representative of the 
wide range of hydro-meteorologic factors influ- 
encing washoff from the land surface. 

Effect of Planned Incremental Urbanization: Compared 
to existing conclitions m6thout sewage treatment plants, 
planned urban development without the four sewage 
treatment plants may be expected to produce a small 
increase in the average annual transport of phosphate- 
phosphorus, carbonaceous biochemical oxygen demand, 
and total dissolved solids at all five locations. A slight 
decrease in nitrate-nitrogen may be expected, no signi- 
ficant change in nitrite-nitrogen may be expected, and 
ammonia-nitrogen may exhibit increases at three loca- 
tions and decreases at two sites. 



For the two stations on the main stem of the Menomonee 
River, the resulting average annual mass transport of 
phosphate-phosphorus, carbonaceous biochemical oxygen 
demand, ammonia-nitrogen, nitrite-nitrogen, and nitrate- 
nitrogen will be less than that expected under existing 
conditions with sewage treatment plants, while the result- 
ing transport of total dissolved solids will exceed that for 
existing conditions with sewage treatment plants. The net 
effect on the Menomonee River of the abandonment of 
the sewage treatment plants and additional urban devel- 
opment is an up to  70 percent reduction in the annual 
transport of five of the six selected constituents and an 
increase of up to 15  percent in total dissolved solids. 

Effect of Land Management Measures: Relative to both 
existing conditions with sewage treatment plants and to 
year 2000 land use plan conditions with abandonment of 
sewage treatment plants, the application of land manage- 
ment measures will generally achieve a substantial reduc- 
tion in the mass transport of all pollutants at all five 
selected locations on the watershed stream system. 
Considering all five locations, the average annual transport 
of phosphate-phosphorus will be reduced, relative to 
existing conditions, by from about 45 to 90 percent; 
carbonaceous biochemical oxygen demand by from 
about 45 to 80 percent; and total dissolved solids by 
from about 35 to 50 percent. More specifically, at the 
Hawley Road crossing of the main stem of the Meno- 
monee River, application of land management measures 
under year 2000 planned land use conditions, when 
compared to existing conditions with sewage treatment 
plants, may be expected to: reduce the average annual 
transport of phosphate-phosphorus by about 90 percent, 
from about 99,000 to 10,000 pounds per year; reduce 
carbonaceous biochemical oxygen demand transport by 
about 65 percent, from about 780,000 to 275,000 pounds 
per year; reduce total dissolved solids transport by about 
45 percent, from about 140 to 80 million pounds (70,000 
to 40,000 tons per year); reduce ammonia-nitrogen trans- 
port by about 90 percent, from about 480,000 to 50,000 
pounds per year; and reduce nitrate-nitrogen transport by 
about 90 percent, from about 300,000 to 30,000 pounds 
per year. 

Concluding Statement-Effect of Sewage Treatment 
Plant Removal, the Land Use Plan, and Land Manage- 
ment Measures on the Transport of Selected Constituents: 
Based on four continuous simulation runs made with 
the water quality submodel--existing conditions with 
and without the discharge of municipal sewage treat- 
ment plant effluent to the stream system and year 2000 
planned land use conditions with abandonment of the 
municipal sewage treatment plants and with and without 
land management measures--the following conclusions 
may be drawn with respect to the annual transport of 
selected surface water constituents: 

Existing municipal sewage treatment plants con- 
tribute from 60 to 80 percent of the phosphate- 
phosphorus and from 20 to 50 percent of the 
carbonaceous biochemical oxygen demand trans- 
ported by the Menomonee River. Therefore, 
implementation of the planned abandonment of 

these treatment plants will substantially reduce 
the quantity of these two critical pollutants 
carried by the Menomonee River through the 
watershed and into Lake Michigan. 

Planned incremental urban development by the 
year 2000 may be expected, relative to existing 
conditions without sewage treatment plants, to  
produce a small increase in the average annual 
transport of most surface water pollutant con- 
stituents including the potentially troublesome 
phosphate-phosphorus and carbonaceous bio- 
chemical oxygen demand. 

Land management measures applied to  year 2000 
planned land use conditions, in combination 
with abandonment of sewage treatment plants, 
may be expected, relative to existing conditions 
with sewage treatment plants, to markedly reduce 
the average annual transport of most surface 
water constituents. For example, the average 
annual transport of phosphate-phosphorus may 
be expected to be reduced up to 90 percent; 
carbonaceous biochemical oxygen demand up 
to 80 percent; and total dissolved solids'up to 
50 percent. 

Two-requisites for a desirable fishery in a river system 
are adequate water quality and adequate flow. Data 
presented in Chapter IX, Volume 1 of this report, indicate 
that the fishery of the watershed has been significantly 
diminished due primarily to water quality deterioration 
as urban activities have increased in the watershed. The 
watershed currently supports a minimal recreational 
fishery characterized by the dominance of fish species 
that are generally tolerant to poor water quality. An 
improvement in water quality conditions may be expected 
to result in a more desirable fishery provided that low 
flow levels are adequate. The enhancement of surface 
water quality in the watershed could also supply the basis 
for the improvement of fishing opportunities either by 
natural reproduction or through supplemental fish stock- 
ing and other management measures. In particular, there 
is the potential in the lower portions of the watershed for 
the development of a anadromous fishery, that is, a fishery 
whose species instinctively migrate from Lake Michigan 
up tributary streams for the purposes of spawning. The 
development of such a fishery, however, will also depend 
upon the improvement in the harbor estuary of water 
quality conditions which at present are a deterrent to 
the upstream movement of anadromous fish. 

The committed water pollution control measures in 
combination with land management measures should, 
as described in this chapter, lead to a substantial improve- 
ment in stream water quality. At the same time, however, 
the committed abandonment of the four municipal 
sewage treatment plants operating within the watershed 
will further reduce low flow to  critical levels for sport 
fish species. Therefore, it is unlikely that a high value, 
perennial, self-sustaining recreational fishery can be 
developed throughout the watershed stream system, even 
if water quality conditions are dramatically improved 



because of the extremely low flow conditions that are 
likely to occur periodically in the headwater areas of the 
watershed. It is important to point out, however, that 
a substantial improvement in water quality will create 
a habitat for a diverse population of the smaller, non- 
sport fish species such as minnows and invertebrates. 
Those species will provide a significant opportunity for 
outdoor-class study and observation. 

The low probability of the development of a natural 
sport fishery of high value throughout the watershed 
does not, however, negate the desirability of and the 
need for the implementation of measures to substantially 
reduce surface water pollution in the watershed. In fact, 
next to human health considerations, the principal value 
of abating the serious surface water pollution problems 
of the watershed is to provide an aesthetically pleasing 
stream system which is basic to a high quality expanded 
park and parkway system required for a wide variety of 
active and passive outdoor recreational activities in 
riverine areas. A reasonably clean and aesthetically pleas- 
ing stream is necessary to, although not sufficient for, 
the full enjoyment of outdoor recreational activities in 
riverine areas. Furthermore, the desirability and stability 
of both new urban development anticipated in the water- 
shed during the next two or three decades and of existing 
urban development will benefit from adjacent attractive 
riverine area parks and parkways and natural areas which 
are enhanced by a high quality stream. 

In summary, a high value, perennial, and self-sustaining 
watershedwide sport fishery is unlikely to develop in 
the watershed even if substantial improvements are made 
in surface water quality. However, the opportunity for 
full enjoyment of active and passive outdoor recreational 
opportunities throughout the basin and the achievement 
of public health considerations necessitate a substantial 
improvement in the quality of the surface waters in the 
Menomonee River watershed. 

The primary environmental corridor subelement of the 
land use plan, as described in Chapter I11 of this volume, 
includes a recommendation for the application of sound 
management techniques to all woodland, wetland, and 
wildlife habitat areas in the watershed and, in particular, 
those located within the primary environmental corridors. 
In accordance with that recommendation, it may be 
feasible to further enhance fishery opportunities within 
the Menomonee River watershed--assuming improvement 
in water quality conditions--by implementation of modest 
localized management measures intended to enhance fish 
and wildlife habitat along the streams. For example, very 
low head dams or sills could be constructed on the stream 
system to compensate in part for low flow conditions, to 
lead to the development of emergent vegetation necessary 
for good fish and wildlife habitat, to enhance stream 
reaeration, and to provide for entrapment of sediment. 
Development of such natural wildlife habitat areas 
could be accomplished in those portions of the water- 
shed stream system that are not now channelized or 
recommended for channelization and that do not have 
extremely steep slopes. Examples of riverine areas that 
may be suited to development of or enhancement of 

modest wildlife habitat areas include Underwood Creek 
between Santa Maria Court and W. North Avenue in the 
City of Brookfield and the Menomonee River north of 
the Waukesha-Milwaukee County line in the Village 
of Germantown. 

The development of natural areas along the surface water 
system would most appropriately be initiated by local 
governmental units such as villages or cities or by the 
county park agencies and could be carried out with the 
technical assistance of the Wisconsin Department of 
Natural Resources. 

MEASURES FOR REDUCING THE 
WASHOFF OF POLLUTANTS FROM THE 
LAND SURFACE TO THE STREAM SYSTEM 

The preceding sections of this chapter have established, 
through use of the simulation model, that a substantial 
improvement in surface water quality can be achieved 
under year 2000 land use plan conditions through: 
1)  abandonment of the four remaining municipal sewage 
treatment plants in the Menomonee River watershed and 
2) a 50 percent reduction in the land surface accumula- 
tion rates of various potential pollutants and in the 
concentration of such pollutants in groundwater as 
a result of the implementation of land management 
measures. More specifically, low flow analyses indicate 
that, under late summer 7day 10-year low flow con- 
ditions, implementation of the above measures may 
be expected to yield surface water temperature, dis- 
solved oxygen content, fecal coliform levels, phosphate- 
phosphorus concentration, and ammonia-nitrogen levels 
that permit recreational use and maintenance of fish and 
aquatic life along the main stem of the Menomonee River 
as set forth in the watershed objectives. 

A continuous flow simulation analysis indicates that 
implementation of the above water quality control 
measures may be expected to result in achievement of 
the temperature standard about 95 percent of the time, 
the dissolved oxygen standard essentially all of the time, 
and the fecal coliform standard almost 90 percent of the 
time. The phosphorus standard cannot be satisfied a high 
percentage of the time since regional surface water 
quality surveys reveal that the total phosphorus level in 
natural headwater stream areas approaches or exceeds 
the recommended maximum phosphate-phosphorus con- 
centration without the impact of man's activities. The 
continuous flow simulation analysis also indicates that 
implementation of the above measures may be expected 
to result in a 90 percent reduction in the transport of 
phosphate-phosphorus in the lower reaches of the Meno- 
monee River, a 65 percent reduction in the transport of 
carbonaceous biochemical oxygen demand, and a 45 per- 
cent reduction in total dissolved solids. 

The purpose of this section of the chapter is to identify 
and briefly describe practical land management measures 
capable of achieving the necessary one-half reduction in 
the rate at which potential pollutants accumulate on the 
rural and urban land surfaces of the Menomonee River 
watershed with subsequent similar reduction in transport 



of pollutants from the land surface to the watershed 
stream system. There are two overall approaches available 
for abatement of diffuse source pollution-the source 
approach in which measures are applied to reduce the 
rate at which potential pollutants accumulate on the land 
surface prior to washoff to  the streams and the treatment 
approach in which potential pollutants are removed from 
storm water runoff before it enters the surface water 
system. Estimates of the likely cost of implementing the 
necessary land management measures are also presented. 
The discussion of land management measures is presented 
in three parts: control of feedlot runoff, control of runoff 
from agricultural land, and control of runoff from 
urban lands. 

Land management measures are closely related to land 
use in that there is one set of land management measures 
generally suitable for agricultural lands and another set 
of land management measures generally suitable for 
urban lands. Land use within the watershed is dynamic 
in that the year 2000 land use plan calls for the gradual 
conversion of 15  square miles of presently rural land to 
urban development. Inasmuch as it is difficult to deter- 
mine precisely the rate and spatial sequence at which this 
conversion will occur within the watershed and inasmuch 
as the application of land management measures should 
begin immediately, it was assumed, for purposes of 
analysis, that the land management measures would be 
applied under existing (1970) land use conditions. That 
is, the estimated capital and operation and maintenance 
costs of applying the land management measures assume 
the existing amount and location of rural and urban land 
in the watershed. Although this approach is the most 
reasonable in light of the unknown spatial and temporal 
transition from rural to urban land uses, it does not fully 
represent the total cost of land management measures. 
For example, the resulting cost of applying land manage- 
ment measures to the watershed does not reflect the fact 
that some areas in the watershed currently in rural use 
may have rural type land management measures applied 
to them in the near future and then, when they are devel- 
oped for urban uses, it may be necessary to apply, at 
additional cost, a different set of land management 
measures probably consisting of temporary measures 
during construction and development and permanent 
measures subsequent to development. It may be argued, 
however, that the costs of land management measures 
required for new urban development should be properly 
considered part of the cost of such development and, 
therefore, are not chargeable to the water quality manage- 
ment plan element of the comprehensive watershed plan. 

Control of Feedlot Runoff 
As described in Chapter VII, Volume 1 of this report, 
a large number of animal husbandry operations exist in 
the Menomonee River watershed, most of them located 
in the Washington and Ozaukee County portions of the 
basin. More specifically, a 1976 inventory conducted 
by the Commission revealed that there are 42 dairy 
cattle operations, four beef cattle operations, and three 
hog operations, for a total of 49 animal operations with 
a total of about 2,600 animals. These estimates of the 
number of animal operations and the total number of 

dairy cattle, beef cattle and pigs are conservative inas- 
much as the inventory conducted to obtain the data 
considered only animal operations of 20 head or larger. 

All 49 animal husbandry operations use barnyards and, as 
also described in Chapter VII in Volume 1 of this report, 
12 barnyards or 25 percent of the total have a hydraulic 
distance from the nearest well-defined stream of 500 feet 
or less; 17 barnyards or 35 percent of the total are within 
1,000 feet; and 36 barnyards or about three-fourths of 
the total are within 2,000 feet or less. A well-defined 
water course is herein defined as a natural stream or 
an artificially constructed channel that usually contains 
water and is clearly evident on a 1'' = 400' scale aerial 
photograph. Few, if any, of the barnyards or feedlots 
have been provided with effective facilities to control 
runoff from the feedlots or to handle and properly dis- 
pose of the solid and liquid waste that accumulates 
there (see Figure 44). 

If the established water use objectives are to be achieved 
and if the overall quality of the environment is to be 
improved, pollution control measures should be applied 
to the animal husbandry operations in the Menomonee 
River watershed. Water quality monitoring, as described 
in Chapter VII, Volume 1 of this report, reveals high fecal 
coliform counts and phosphate concentration in the 
headwater portions of the watershed along with low 
dissolved oxygen levels, all of which must be in part 
attributable to feedlot runoff. In addition, aesthetic 
problems exist in the form of odor and heavy growths 
of algae and aquatic plants in and near the creeks and 
streams receiving runoff from the feedlots. 

It was assumed that some combination of runoff control 
measures would be applied to each feedlot requiring 
improvement. For example, an upper earthen berm 
or drainageway could be constructed above the feedlot 
to divert upland storm water around the lot thereby 
reducing the washoff of solid and liquid wastes from the 
barnyard to the receiving streams. A lower earthen berm 
or a curb around the periphery of the feedlot could serve 
to trap solid and liquid wastes from the feedlot and 
permit their safe disposal without transport to local sur- 
face waters. The feedlot could be shaped and perhaps 
paved so as to provide good surface drainage and could 
be enlarged as needed to provide adequate size. An open 
concrete storage facility and a holding pond having 
sufficient volume to store at least 120 days of liquid and 
solid waste could be provided. Supplemental equipment, 
such as a manure stacker needed to move solids to the 
storage facility and equipment needed to remove the 
stored material prior to disposing of it by land applica- 
tion, could be obtained and used. A feasible feedlot runoff 
control system is shown in Figure 45 and is intended to 
illustrate one of the many systems that could be devel- 
oped, depending on site conditions and existing facilities, 
to control feedlot runoff. 

The average capital cost of applying feedlot control 
measures to a given animal operation is estimated at 
about $10,000. This unit cost per feedlot includes 
actual construction cost plus allowances for design, 



TYPICAL ANIMAL BARNYARDS AND FEEDLOTS IN THE MENOMONEE RIVER WATERSHED 

Animal feediw owrations are a potential source of water pollution in the Menomonee River watershed. Barnyards located on small streams 
auch as shown below permit liquid and solid wastes from livestock to enter the surface water system resulting in organic, nutrlent, pathogenic, 
and aesthetic pollution. Note that in both of there cam the livestock have direct access to the stream and have trampled the stream banks and 
sdiawnt areas. 

Swmc SEWRPC. 

adminisbation, and contingencies. An operation and 
m t e n a n c e  cost was not assigned to feedlot runoff 
control facilities inasmuch as operators of barnyards 
must periodically remove accumulated solid and liquid 
waste from the yards and dispose of it by application 
to crop or pasture lands. Assuming that such feedlot 
pollution control measures are applied to 40 animal 
operations, or about 80 percent of the totd, in the 
Menomonee River watershed the total capital cost for 
feedlot tunoff control for the Menomonee River water- 
shed is about $400,000. 

The above analytic approach is sufficient to provide 
a good estimate of the overall cost of resolving the 
feedlot pollution problems in the Menomone River 
watershed. It is important to recognize, however, that 
implementation of such measures will require the proper 
adaption of the most suitable set of measures to each 
feedlot. Technical d t a n c e  in selecting and designing 
feedlot pollution control measures is available through 
the U. 8. Department of Agriculture, Soil Consenration 
Service. Financial assistance for implementation may be 
Wailable through the U. 6. Department of Agriculture, 
Agricultural Stabilization and Conservation Service. 

Control of Runoff from Agricultural Land 
As indicated in Chaoter VII. Volume 1 of this reoort. 
an examination of May 1915 aerial photographs and 
a field reconnaissance indicate almost complete absence 
of land management measures on agricultural lands in 
the upper Menomonee River watershed.More specifically, 
basic, low cost agricultural land management techniques 
such as contour plowing and strip cropping are used very 
little in the Menomonee River watershed. 

The above conclusions concerning the lack of basic land 
management practices on agricultural lands in the Meno- 
monee River watershed are substantiated by the rasults 
of a 1976 Commissioninventory of conservation practices 
funded bv the Aaricultural Stabilization and Conserva- 
tion ~e&ce, U. S. Department of Agriculture, in the 
Menomonee River watershed over aaoroximatelv the oad 
decade. As discussed in Chapter V% of ~ o l u i e  1, such 
conservation measures have been applied to a total of 
less than one-half square mile, or less than 1 percent of 
the agricultural land in the Menomonee River watershed 
over that period. Therefore, in spite of the availability of 
technical and financial support from the federal govem- 
ment for application of consemtion and land manage- 
ment measures to agricultural lands, voluntary efforts 
have achieved little in the implementation of such mea- 
sures in the Menomonee River watershed. 

The failure of achieving on a voluntary basis significant 
implementation of basic land and water consarvation 
measures on agricultural lands in the Menomonee River 
watershed may be attributable, in part, to the anticipated 
high potential for conversion of these  cult^ lands 
to urban land uses in the relatively near future. 

Potential pollutants such as sediment, phosphorus, and 
organic m a h i d  move from agricultur~I lands to the 
surface waters almost exclusively by surface runoff. 
Phosphates in particular are believed to be adsorbed by 
soil colloids and moved from the agricultural lands into 
the streams through erosion of the d c e  soil. Much 
of the phosphom washoff occurs during spring snow- 
melt and rainfall runoff periods and is attributable to 
manure being spread on frozen ground throughout the 



Figure 45 

TYPICAL FEEDLOT RUNOFF CONTROL SYSTEM 

INFILTRATION AREA 
OR HOLDING POND 
FOR LIQUID WASTE 

Source: University of Wisconsin Extension and SEWRPC. 

preceding winter. However, phosphorus, manure, and 
other potential pollutants also may be transported to the 
surface waters at other times of the year during runoff 
events. Elimination of the practice of spreading manure 
on frozen ground, as would be accomplished through 
implementation of the abovedescribed feedlot pollution 
control measures, and good soil conservation practices 
that prevent erosion are effective complementary means 
of controlling pollution from agricultural land. 

Two alternative approaches for control of erosion and, 
therefore, for control of pollution from agricultural 
lands, were considered. One was the use of the basic land 
management measures such as contour plowing, strip 
cropping, and minimum tillage, and the other was the use 
of bench terracing. 

Contour Plowing, Strip Cropping, and Minimum Tillage: 
In a situation such as the Menomonee River watershed, 
where agricultural operations are being conducted largely 
without the use of the basic conservation practices, 
such measures as contour plowing, strip cropping, and 
minimum tillage generally may be expected to achieve 
a 50 percent reduction in erosion from the land surface 
to the surface water system. If minimum tillage is accom- 
plished with the use of herbicides and other chemicals, 
caution must be exercised to assure that these substances 
do not wash off the agricultural lands and degrade 
surface water quality. An initial or capital cost is nor- 
mally associated with implementation of these measures 
reflecting, in part, the cost of preparing a conservation 
plan for a given farm and the cost of moving fences and 
vegetation as needed to permit altering the manner in 



which the land is plowed and worked. While the initial 
unit capital cost of contour plowing, &rip cropping, 
and minimum tillage is quite site-specific and may be 
expected, therefore, to vary widely, the cost may be 
expected to be less than $10 per acre. Therefore, for 
purposes of developing an estimate of the cost of apply- 
ing basic conservation measures to agricultural lands in 
the Menomonee River watershed, it was assumed that 
such measures could be implemented at a unit capital 
cost of $10 per acre. No annual operation and mainte- 
nance costs were assigned to the land management 
measures since it was assumed that, if such incremental 
costs were incurred, they would be negligible relative 
to annual field costs already incurred in the farming 
operation or would be offset by increased crop yields. 

In 1970 there were about 44.5 square miles of cropland 
and pasture in the Menomonee River watershed. It was 
assumed that contour plowing, strip cropping, minimum 
tillage, or various combinations of these would be applied 
to that portion of the agricultural and pasture land having 
a slope of 2 percent or more. It is recognized that the 
detailed design of land management practices on a field 
by field basis must consider factors other than degree of 
land slope, such as slope length, soil type, and crop type. 
However, the use of a 2 percent slope criterion is con- 
sidered adequate for identifying the approximate areal 
extent of crop and pasture land in the watershed that 
may require basic land and water conservation measures. 
Based on the 2 percent slope criterion, basic land manage- 
ment measures would be required for 36 square miles or 
80 percent of the total amount of agriculturaland pasture 
land in the watershed. The total cost of implementing 
these land management measures at $10 per acre would 
be $230,400. The approximate spatial extent of agricul- 
tural and pasture lands that would require contour plow- 
ing, strip cropping, or minimum tillage or combinations 
of these measures is shown on Map 49. 

Bench Terraces: The construction of bench terraces on 
land subject to erosion will furnish almost complete 
erosion control. A typical cross-section of a bench 
terrace slope is shown in Figure 46. A bench terrace is 
defined as a small earth fill constructed across a field 
slope to store runoff and release it slowly to the soil 
through underground drainage tiles. Such bench terraces 
are also known as blind tile outlet terraces. The earth 
fill provides a barrier for temporarily impounding surface 
runoff and collecting the eroded soil so that the combina- 
tion of soil pushed into the earthfill and the collected 
soil produces a flat slope-thus, the name bench terrace. 

Bench terraces are constructed by pushing up earth bor- 
rowed from the downhill side. The downhill sides of the 
fill slopes are usually constructed at a slope of one vertical 
to two feet horizontal and are seeded to grass. The uphill 
slope of the earth fill is proportioned to fit modern 
farming equipment. The storage fills or terraces are 
normally constructed with a bulldozer although a carryall 
scraper is more efficient if extensive, long distance, lateral 
movement of earth is required. Tile can be installed with 
conventional agricultural drainage equipment. 

Bench terraces are capable of trapping over 90 percent 
of the sediment runoff from cultivated lands and essen- 
tially all of the phosphorus, manure, and other potential 
pollutants associated with such sediment. In addition, 
bench terraces put more water into the soil by encourag- 
ing ponding and infiltration, retain the nutrients on the 
land to improve crop production, and may eliminate the 
need for some large manure holding tanks. 

Originally, bench terraces were used only for deep soils 
since exposure of less productive subsoils during the 
construction of the terraces was not a problem in such 
soils. Where exposed subsoil might seriously depress 
yields, a bench terrace system can be developed by 
stripping and temporarily storing the top soil in borrowed 
areas, constructing the terraces, and then replacing the 
top soil. Excess water stored on the bench terraces is 
drained off through underground conduits usually made 
of field drain tile, as shown in Figure 46. The water 
enters the underground tile conduits so that some is 
percolated or filtered through the soil, allowing adsorp- 
tion of phosphates. The tile inlets are sized to carry 
1" runoff in 24 hours, thus retarding peak inflows. This 
retardation allows sediment to settle out and, in so doing, 
traps over 90 percent of the sediment in the storage area 
while providing good agricultural drainage. 

Terrace costs increase with slope, since the steeper slopes 
require higher earth fills for storage, and the terraces 
must be spaced closer together. The cost of constructing 
the bench terraces must also include allowance for the 
underground tile system. For purposes of estimating the 
cost of applying terraces to the agricultural land in the 
Menomonee River watershed, a unit capital cost of $200 
per acre was assumed which includes design and construc- 
tion cost plus an allowance for contingencies. 

As was true with contour plowing, strip cropping, and 
minimum tillage, it was assumed for gross cost estimating 
purposes that bench terraces would be applied to all 
agricultural land having a slope of 2 percent or more. The 
capital cost of applying bench terraces to 36 square miles 
of such land is estimated at $4,608,000. 

Concluding Statement-Recommended Measures for Con- 
trol Runoff from Agricultural Land: The above analysis 
indicates that basic land conservation measures such as 
contour plowing, strip cropping, and minimum tillage can 
be applied to that 80 percent of the 44.5 square miles of 
agricultural land in the Menomonee River watershed 
having a slope of 2 percent or more for a capital cost of 
about $230,000. The application of such measures may 
be expected to achieve the desired 50 percent reduction 
in erosion from those presently unprotected lands. The 
above analysis also indicates that, as an alternative, bench 
terraces could be constructed on that 36 square miles of 
agricultural land in the Menomonee River watershed for 
a capital cost of $4,608,000. In contrast with the approxi- 
mately 50 percent reduction in erosion that would be 
achieved as a result of the application of contour plowing, 
strip cropping, and minimum tillage, the construction of 
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In the Menornonee River watershed, where agricultural operations are being conducted largely in the absence of good basic soil and water 
conservation practices, application of measures such as contour plowing, strip cropping, and bench terracing may be expected to achieve an 
approximately 50 percent reduction in the washoff of sediment and associated pollutants from the agricultural land to the surface water system. 
The watershed plan recommends application of basic conservation practices to the 36 square miles of crop and pasture land in the watershed 
having a slope of 2 percent or more indicated on the map above. 

Source: SEWRPC, 
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Source: U. S. Soil Conservation Service and SEWRPC. 

bench terraces could be expected to achieve a 90 percent 
reduction in erosion from the agricultural land and 
a similar reduction in the contribution of pollutants such 
as phosphorus and organic material in washoff from the 
agricultural lands. However, the capital cost associated 
with the construction of bench terraces is approximately 
20 times the capital cost associated with the implementa- 
tion of a system of contour plowing, strip cropping, and 
minimum tillage. Inasmuch as the incremental benefits 
attendant to  the use of bench terraces relative to basic 
conservation measures are not likely to justify the twenty- 
fold increase in cost, it is recommended that contour 
plowing, strip cropping, and minimum tillage be used as 

the basic means of controlling runoff from agricultural 
lands in the Menomonee River watershed. It is recognized, 
however, that in implementation of this recommendation 
there may be locations in the Menomonee River watershed 
for which the construction of bench terraces may be 
warranted such as in areas having very steep slopes. On 
individual farmsteads, the optimum package of land 
management measures may consist of the more costly 
bench terraces applied to only a small portion of the agri- 
cultural land, based on an examination of factors such 
as length and degree of slope and type of soil, with other 
low cost measures being applied to some or all of the 
remaining agricultural lands. 



As indicated in Table 39, there are other land management 
measures available for control of diffuse source pollution 
in agricultural areas including careful application of 
chemical fertilizers, maintenance of greenways along 
streams, development of grassed waterways, and con- 
struction of detention dams. Use of these potentially 
useful land management measures as supplements to  
and perhaps partial replacements for the recommended 
contour plowing, strip cropping, and minimum tillage 
measures should be considered in the planning of a land 
management program for each given farming operation. 
Technical and financial assistance in the design and imple- 
mentation of a land management program for a given 
farm are available from the U. S. Department of Agricul- 
ture, Soil Conservation Service, and Agricultural Stabiliza- 
tion and Conservation Service and from the local Soil and 
Water Conservation Districts. Based on a consideration of 
factors such as land slope, length of slope, soil type, and 
desired crops, these agencies can design an optimum 
combination of land management measures for a given 
farm operation so as to accomplish the dual purpose of 
increasing the productivity of the farm while protecting 
surface water quality. 

Control of Runoff from Urban Lands 
Characteristics of Available Diffuse 
Pollution Control Measures: 
Diversity o f  Sources and Solutions: With respect to  resolu- 
tion of the diffuse source pollution problem, urban areas 
have two characteristics that differ from rural areas and 
complicate preparation of a diffuse source pollution 
abatement subelement for urban areas. First, because 
man, his structures, and his activities dominate the urban 
portion of the watershed, there are many more ways in 
which diffuse source pollution is generated in an urban 
area and, likewise, many more measures available to 
mitigate that pollution. For example, the existence of 
a storm sewer system which collects storm water runoff 
and conveys it, perhaps after temporary storage, to an 
outfall pipe for discharge to the surface waters provides 
an opportunity for storm water treatment at the collec- 
tion point, at the storage site, or at the outfall to remove 
potential pollutants from the storm water before dis- 
charge to  the streams. An analgous situation does not 
generally exist in rural areas. 

Availability o f  Low or No-Cost Solutions: The second 
unique characteristic of the urban environment with 
respect to  the control of diffuse sources of pollution 
is the fact that many of the pollution control mea- 
sures can be accomplished at little or no cost. In many 
cases, the basic requirement is cooperative efforts by 
an enlightened public. Some of these little or no-cost 
measures are: attempted control of littering by domestic 
animals either voluntarily or by ordinance; proper appli- 
cation of chemical and organic fertilizers and pesticides 
to  lawns, golf courses, and parkland; control of litter and 
debris on private property by voluntary action or by 
ordinance; control of litter in public areas by provision of 
ample trash receptacle areas and through strict enforce- 
ment of anti-litter ordinances; sediment and debris con- 
trol during demolition and construction activities; and 

It may be possible to improve the efficiency of such 
municipal services as street cleaning and maintenance, 
street de-icing, and garbage collectionall of which affect 
the diffuse source pollution problems in urban areas- 
without a significant increase in costs by concentrating 
on finding more efficient ways to  carry out these func- 
tions within existing budget constraints. For example, an 
analysis of hypothetical ways to conduct a street cleaning 
operation by varying factors such as the frequency of 
cleaning and the number of passes made per cleaning and 
by considering prohibition of parking in selected areas 
one day a week to permit better access to  the curb area 
indicated that a substantial reduction in the average 
quantity of dust and dirt left on the streets could be 
achieved with no significant additional increase in cost 
as a result of finding a better combination of factors.16 

Detention or retention storage of storm water may pro- 
vide another low or no-cost solution to the diffuse source 
pollution problems in existing or developing urban areas. 
A detention reservoir is a storm water storage facility that 
is normally dry, or contains very little water, and is 
designed to fill during storm water runoff events thereby 
significantly attenuating downstream storm water flows 
and permitting the reduction in the size and, therefore, 
the cost of downstream storm water channels or sewers. 
After the passage of the storm water runoff event, the 
detention reservoir is drained by gravity or by pumping. 
A retention reservoir, in contrast, is a storm water storage 
facility that normally contains a substantial volume of 
water, at a predetermined conservation pool level, that is 
available for recreational activities or for aesthetic pur- 
poses, above which a a storm water runoff storage volume 
is maintained for utilization during runoff events. The 
principal purpose of storm water detention or retention 
reservoirs is to  control storm water runoff so as to prevent 
local flooding at a cost that is less than that required for 
a conventional storm water system employing large open 
channels or conduits. Although the use of detention- 
retention storage in urban storm water control systems 
is relatively new compared to the traditional underground 
storm water systems, enough experience has been gained 
with the storage concept to  demonstrate that it can be 
a more economical means of handling storm water 
runoff.'' A second positive aspect of storm water deten- 
tion or retention storage is the recreational benefits or 
multiple uses that can be achieved with these facilities. 
For example, in the case of detention reservoirs which are 
normally dry, the site can be used for park and outdoor 
recreation purposes such as playing fields and picnicking 
areas, whereas in the case of a retention reservoir which 
normally contains water, the site can provide for water- 

"American Public Works Association and the Federal 
Water Pollution Control Administration, Water Pollu- 
tion Aspects o f  Urban Runoff, Section 7 ,  "Cost o f  Pre- 
vention and Treatment," June 1969, pp. 145-149. 

l 7  H. G. Poertner, 'Y3etter Storm Drainage Facilities at 
Lower Cost," Civil Engineering-ASCE, bctober 1973, 
pp. 67-70. proper material storage. 



oriented recreational adivitiea such ss wading or boating 
while also having aesthetic values. A third positive aspect 
of detention-retention storage is treatment, through plain 
sedimentation, of storm water runoff prior to its discharge 
to the surface water system. That is, the temporary 
storage of storm water runoff in the detention or reten- 
tion reservoir provides an opportunity for suspended 
material to settle out carrying with it some of the poten- 
tial pollutants. A recently completed research investiga- 
tion concluded that 15 minutes of quiescent settling 
of urban land runoff could remove 50 percent of the 
turbidity, 60 percent of the chemical oxygen demand, 
and 77 percent of the suspended solids!8 Because deten- 
tion or retention reservoirs function well as d i m e n t  
traps, it may be necessary to periodically remove accumu- 
lated 8ediment. The reservoir may be d m e d  so as 
to concentrate sediment deposition at points of entry 
thereby simplifying the periodic sediment removal work. 
A good example of a retention reservoir within the 
Region that performs all three of the above function* 
control of storm water runoff, provision of recreational 
opportunities, and enhancement of water qualit- 
shown in Figure 47. This is the retention reservoir within 
the Northridge development whichis located immediately 
east of the Menomonee River watershed on Brown Deer 
Road in the City of Milwaukee. In summary, then, storm 
water detention or retention reservoirs may provide a low 
cost means of substantially reducing the transport of 
potential pollutants from urban land surfaces to the 
stream system in addition to providing for storm water 
control and providing recreational tacilities. 

Cost Estimate: Because of the above two characteristics 
of diffuse source pollution control in urban areas-the 
diversity of measures that may be available and the likeli- 
hood that many measures can be applied at little or no 
c o s t m d  because of the sitespecific nature of the appli- 
cation of such control measures, it is difficult to develop 
a definitive diffuse source pollution control suhelement 
for the urban portions of the Menomonee River water- 
shed. Development of a diffuse source pollution control 
subelement would require a detailed analysis of the 
sources of pollution--literally on a block-by-block basis- 
and the alternative means of controlling it. Suchadetailed 
investigation is beyond the scope of the comprehensive 
watershed planning progmm. 

However, in order to e s t i i t e  the likely cost of the 
improved control over diffuse source pollution in the 
urban a r w  of the watershed, the cost of improved appli- 
cation of street sweeping-an effective, widely used 
technique-was determined. It was assumed that surface 
contamination washoff from the urban land surface to 
the stream system travels via the streets so that a 50 per- 
cent reduction in the averaee amount of material remain- 
ing on the streets would i e  equivalent to the desired 
60 percent reduction in land surface accumulation rates. - 
1 8 ~ .  V. Colston, "Chamcterization and Treatment of 
Urban Lond Runoff." U. S. Environmental Protection 
Agency. Publication No. 670/2-74096, December 1974, 
pp. 65-87. 

RETENTION RESERVOIR AT THE NORTHRIDGE 
DEVELOPMENT IN THE CITY OF MILWAUKEE 

Source: SEWRPC. 

N o d  street c l e w  operations achieve an approxi- 
mately 50 percent reduction in the amount of mataid 
remainiug on the s&eets. The effedivenegs of street 
cleaning can be easily improved to a total of 75 percent 
reduction--that is, an incremental reduction of 50 per- 
cent-by one or more additional measures including 
making two passes per sweeping operation rather than 
one, using wire brushes on the street sweeper, reducing 
the forward speed of the sweeper unit, increasing the 
brush speed, inmasing the %quency of street cleaning . 
operations and wing vacuum type s~eepets.'~ 

A review of street sweeping costa for communities in and 
near the Menomonee River watershed indicates that the 
unit cost of street swee~iw is approximately $10 per m e  
of urban land per par: ~ ~ ~ r o x i m a t e l ~  90 percent of this 
cost is for operation and maintenance purposes and the 
remining 10 percent is for amortization of capital expen- 
ditures. It was aswuned that the desired improved applica- 
tion of street sweeping would approximately double the 
cost of street sweeping operations, that is, would increme 
the cost $10 per acre of urban land per year. - 

G. Amy, eJ&i, ':Water Quulity Manage?nent Phnnlng 
for Urban Runoff," Environmental Protection Agency, 
Report No. 440/9-76004, December 1974, pp. N-6- 
N-11. 



Because of the likelihood that improved efficiency in 
street cleaning procedures can be achieved at little addi- 
tional cost, this estimating procedure is likely to produce 
conservatively high results. It was assumed that the added 
street sweeping cost was applied to all existing urban 
lands in the watershed, except for park and recreation 
lands, since they do not generally drain to the street and 
storm water drainage system. Application of the incre- 
mental costs of street cleaning operations to the 67 square 
miles of urban land meeting the above definition results 
in a total cost of $429,000 per year. Although a uniform, 
indiscriminate increase in the level of street sweeping is 
not necessarily recommended nor is it considered the 
only or complete solution of the diffuse source pollution 
problem in urban areas, the estimated average annual cost 
of such a more extensive street sweeping operation serves 
as an index of the cost of land management measures 
needed in urban areas for diffuse source pollution control. 

Concluding Statement: Control of Washoff 
of Pollutants from the Land Surface 
Based on the above analvsis. it is recommended that - ,  

pollution in rural areas caused by washoff from barn- 
yards and feedlots be resolved by the construction of 
feedlot runoff pollution control systems consisting 
primarily of drainage control in and around each feedlot 
and provision of manure storage facilities. The total 
capital cost of this pollution abatement measure for the 
Menomonee River watershed is estimated at $400,000 
and incremental operation and maintenance costs would 
be negligible. It is further recommended that runoff from 
agricultural lands be controlled primarily through applica- 
tion of basic land conservation measures such as contour 
plowing, strip cropping, and minimum tillage. The esti- 
mated total capital cost of implementing this recommen- 
dation is $230,000 with negligible incremental operation 
and maintenance costs. In the design phase of implement- 
ing this land management recommendation on individual 
farmsteads, consideration should be given to judicious 
use of bench terraces as soil, topographic, and crop 
conditions dictate. The above pollution abatement mea- 
sures, in conjunction with the recommendation that 
existing unsewered urban areas and new urban areas be 
provided with sanitary sewer service, are intended to 
achieve the desired 50 percent reduction in land surface 
loading rates and in the concentration of potential pollu- 
tants in groundwater. 

Many of the diffuse source pollution control measures 
available for application in urban areas can be imple- 
mented at little or no cost. It is recommended that 
communities in the Menomonee River watershed use 
a judicious blend of education and ordinance to encourage 
citizens to apply low or nocost measures such as the 
following: control of littering by domestic animals; 
proper application of chemical and organic fertilizers 
and pesticides to lawns; control of litter and debris and 
proper material storage on private property and in public 
places; and control of sediment and debris during demoli- 
tion and construction activities. It is further recom- 
mended that communities examine the manner in which 
municipal services such as street cleaning and mainte- 

nance, street de-icing, and garbage collection are per- 
formed to  determine if the average amount of dust and 
dirt that accumulate on road surfaces can be significantly 
reduced with little or no increase in costs. It is also 
recommended that community officials encourage land 
developers to consider the use of detention-retention 
storage as a means of reducing the washoff of potential 
pollutants from the land surface to the surface waters* 
addition to possibly reducing the cost of storm water 
control and achieving recreational and aesthetic benefits. 

The estimated cost of a 50 percent increase in the effec- 
tiveness of street cleaning operations in the watershed is 
$429,000 per year. Although a uniform, indiscriminate 
increase in the intensity of street sweeping is not neces- 
sarily recommended and certainly is not the only solution 
to the urban diffuse source pollution problem, the esti- 
mated average annual cost of a more intensive street 
sweeping operation serves as an index of the cost of land 
management measures needed to achieve the desired level 
of diffuse source pollution control in urban areas. 

In mid-1976, under the areawide water quality planning 
and management program, the Commission initiated 
a comprehensive review of the state-of-the-art of water 
pollution control measures. The final report, scheduled 
for publication in 1977, will include performance and 
cost information on diffuse source pollution control mea- 
sures for rural and urban areas. This information, particu- 
larly that for urban areas should be useful to watershed 
communities in selecting, on a block-by-block basis, 
suitable measures for diffuse source pollution control. 

THE SIGNIFICANCE OF FLOW RELIEF DEVICES 
AND THE CONSEQUENCES OF THEIR REMOVAL 

As stated above, the water quality management plan 
element of the Menomomee River watershed plan assumes 
that between now and the year 2000 discharge of raw 
sanitary sewage from sewerage system flow relief devices- 
crossovers, bypasses, relief pumping stations, and portable 
pumping stations--will gradually be eliminated. An analy- 
sis of the relative pollutant loads from flow relief devices 
as opposed to  other point and non-point sources was 
conducted to determine the likely significance of flow 
relief devices as pollution sources relative to sources 
such as sewage treatment plant discharges, washoff from 
the land surface, and groundwater discharge and to 
determine the likely consequences of eliminating or 
substantially reducing the pollution contribution from 
flow relief devices. 

The effect of flow relief devices is not readily accom- 
modated in the water quality submodel primarily because 
of insufficient detailed information concerning: the 
conditions under which such devices operate, the dis- 
charge rate during operation, and the concentration of 
various potential pollutants carried in the discharge. As 
described below, a comparison of pollution loads con- 
tributed by flow relief devices and pollution loads con- 
tributed by sewage treatment plants, washoff from the 
land surface, and groundwater flow, indicates that the 



flow relief devices constitute a small source and, there- 
fore, omission of that pollution load from the modeling 
does not have a significant affect on the accuracy of 
simulated stream water quality. 

Analysis Procedure 
Inventorv data vresented in Chavter VII, Volume 1 of 
this repok, indicate that flow relief devices are scattered 
about the watershed tributary to  the Menomonee River, 
the Little Menomonee River, Underwood Creek, and 
Honey Creek and are located in the Cities of Milwaukee, 
Wauwatosa, West Allis, and Brookfield and the Village of 
Menomonee Falls. 

Public officials in these communities were contacted by 
the Commission staff to  obtain information as to  the 
conditions-such as amount of precipitationunder which 
flow relief devices are likely to  operate; the discharge 
rates likely to  occur during such operation; and the 
concentration of potential pollutants likely to  be present 
in the resulting combination of sanitary sewage and storm 
water that is discharged directly or indirectly to the 
surface waters of the basin. Although very little field 
data exist on the operation of flow relief devices, suffi- 
cient information was obtained from community officials 
to estimate the volume of water likely to  enter the surface 
water system of the watershed via the flow relief devices 
in each community during a major storm event like that 
which occurred on April 20 and 21,1973, during which 
almost four inches of rainfall occurred on the watershed, 
or that of September 17 to 21,1972,during whichalmost 
four inches of rainfall also fell on the watershed. Based 
on descriptions of the quality of the flow discharged 
by the flow relief devices-descriptions that generally 
characterized flows as being similar to  diluted sanitary 
sewage-the ultimate carbonaceous biochemical oxygen 
demand of flow relief device discharge was assumed to be 
30 mg/l and the total phosphorus concentration in the 
discharge was set at 1 mg/l. 

The estimated flow relief device discharge quantities 
during major precipitation events in combination with 
the assumed concentration of selected potential pollu- 
tants were used to determine the total mass discharge of 
pollutants from the above five communities into the 
surface waters system and these were in turn aggregated 
at the following five points in the watershed stream 
system: the Menomonee River immediately above its 
confluence with Little Menomonee River, the Menomonee 
River at Hawley Road, the Little Menomonee River at 
the Menomonee River, Underwood Creek at the Meno- 
monee River, and Honey Creek at the Menomonee River. 
The resulting transports of potential pollutants origi- 
nating at flow relief devices for the major precipitation 
events at these five locations are set forth in Table 41. 
The per event pollution transport values presented in the 
table and obtained using the above procedure represent 
only the discharge of pollutants to  the stream system 
from flow relief devices. 

The water quality submodel was then used to calculate 
the transport of ultimate carbonaceous biochemical 
oxygen demand and phosphate-phosphorus at the above 
five locations in the watershed for two major historic 

precipitation events in the Menomonee River watershed- 
that which occurred on April 20-21, 1973, and that 
which occurred on September 17-21, 1972. These events 
were drawn from the 10 year period from 1965 to 1974 
and are events during which field surveys revealed the 
occurrence of basement flooding due to sanitary sewer 
backup and the resulting need to operate flow relief 
devices. The resulting transport of carbonaceous bio- 
chemical oxygen demand and phosphate-phosphorus as 
obtained from the Water Quality Submodel for each of 
the five selected locations on the watershed stream 
system are also set forth in Table 41. The per event 
pollution transport values presented in the table and as 
obtained using the model represent the discharge of 
pollutants to the watershed stream system from the four 
municipal sewage treatment plants, from the watershed 
land surface, and from groundwater discharge. 

Results 
Table 41 permits a comparison between the per event 
transport of selected pollutants input to the stream 
system from flow relief devices as opposed to the pollu- 
tants input from the municipal sewage treatment plants, 
the watershed land surface, and groundwater discharge 
during the same event. The table indicates that for the 
five locations, consisting of the two on the Menomonee 
River and one each on the Little Menomonee River, 
Underwood Creek, and Honey Creek and for both 
selected runoff events, the pollution load contributed by 
flow relief devices is small compared to the pollution load 
contributed by the combination of municipal sewage 
treatment plants, the watershed land surface, and ground- 
water discharge. More specifically, considering all five 
locations and both events, the CBOD load contributed 
by flow relief devices varies from 0.08 to 21 percent of 
the CBOD load contributed by the other major sources 
with a median value of 16 percent while the phosphorus 
load contributed by flow relief devices varies from 
0.07 to 12  percent of the phosphorus load contributed 
by other major sources with a median value of 6 per- 
cent. Therefore, it was determined that the potential 
pollutant contribution of flow relief devices to  the 
Menomonee River, the Little Menomonee River, Under- 
wood Creek, and Honey Creek is not likely to signifi- 
cantly affect stream water quality and therefore need 
not be explicitly included in the modeling of surface 
water quality conditions. 

Concluding Statement: - 
Significance of Flow Relief Devices 
It is im~ortant  to  note that, although the above analysis 
indicates that modeling does not and need not inckde 
the pollutant load passing through flow relief devices, the 
modeling does include the quantity of water that passes 
through those devices. That water is largely storm water 
that is diverted through portions of the sanitary sewer 
system before reaching the stream system and is, there- 
fore, reflected in the records of the stream flow gaging 
stations used to  calculate the hydrologic-hydraulic por- 
tions of the model. 

While the above analyses indicate that the flow relief 
devices contribute small quantities of pollution to the 
surface water of the Menomonee River watershed relative 



Table 41 

COMPARISON OF POLLUTANT LOADS CONTRIBUTED BY FLOW RELIEF DEVICES TO POLLUTANT 
LOADS CONTRIBUTED BY SEWAGE TREATMENT PLANTS, LAND SURFACE RUNOFF, AND GROUNDWATER FLOW 

April 20-21.1973 Runoff Event 

September 17-21.1972 Runoff Event 

a~ased on estimated discharge volumes and an ultimate CBOD concentration o f  30 mg/l and a phosphate-phosphorus concentration of 1.0 mg/l. 

Phosphate-Phosphorus 
Transport (Ib.) 

Location 

Source: SEWRPC and Cities o f  Milwaukee, Wauwatosa, West Allis, and Brookfield and Village o f  Menomonee Falls. 

Precipitation 
at Nearest 

Meteorological 
Station 
(inches) 

3.97 
4.13 

4.13 
4.13 
3.97 

Contributed 

by 
Flow Relief 

~ e v i c e g  
(1) 

250 
90 

0.3 
70 
40 

Stream 

Menomonee River 
Menomonee River 

Little 
Menomonee River 
Underwood Creek 
Honey Creek 

Location 

to those contributed by sewage treatment plant dis- 
charge, washoff from the land surface, and groundwater 
discharge, pollutant contributions from flow relief devices 
may constitute local health hazards and create objection- 
able aesthetic conditions. Therefore, efforts should be 
continued to eliminate the discharge of sanitary sewage 
through flow relief devices. Diseasecarrying bacteria, 
viruses, and other organisms are likely to be concentrated 
in backwater pools or on the ground in the vicinity of 
flow relief devices during and immediately after precipita- 
tion events and these organisms and the diseases they 
carry could be contacted by unwary individuals, particu- 
larly children who may not understand the hazardous 

Precipitation 
at Nearest 

Meteorological 
Station 
(inches) 

3.95 
4.54 

4.54 
4.54 
3.95 

Stream 

Menomonee River 
Menomonee River 

Little 
Menomonee River 
Underwood Creek 
Honey Creek 

situation. Furthermore, health considerations aside, the 
appearance of and odors associated with feces and other 
human waste floating on the streams in an urban and 
urbanizing area constitute a highly objectionable condi- 
tion from a strictly aesthetic perspective. 

Contributed by 
STP, Surface, 
Runoff and 

Groundwater 
Flow 
(2) 

4,600 
1,200 

450 
1.100 

900 

Ultimate CBOD 
(Carbonaceous Biochemical 

Oxygen Demand) Transport (Ib.) 

River 
Mile 

5.14 
12.52 

0.00 
0.00 
0.00 

It is noteworthy that the identification of flow relief 
devices has important implications not only for the 
resolution of health hazard and aesthetic problems as 
discussed above but also for the resolution of sanitary 
sewer surcharge with attendant structure water damage, 
public health hazards, and operating problems at sewage 
treatment plants. The presence and frequent operation of 

Ratio of  
(1) and (2) 

0.05 
0.08 

0.0007 
0.06 
0.04 

Description 

Hawley Road 
Upstream of 
Confluence with 
Little Menomonee 
River 

At  Menomonee River 
A t  Menomonee River 
At  Menomonee River 

River 
Mile 

5.14 
12.52 

0.00 
0.00 
0.00 

Ratio of 
( l I a n d ( 2 )  

0.18 
0.21 

0.002 
0.19 
0.20 

Contributed 

by 
Flow Relief 

~ e v i c e s ~  
(1) 

7200 
2,600 

10 
2,000 
1.300 

Ultimate CBOD 
(Carbonaceous Biochemical 

Oxygen Demand) Transport (Ib.) 

Description 

Hawley Road 
Upstream of 
Confluence with 
Little Menomonee 
River 

A t  Menomonee River 
A t  Menomonee River 
A t  Menomonee River 

Contributed by 
STP, Surface, 
Runoff and 

Groundwater 
Flow 
(2) 

4 1.000 
12.500 

5.200 
10,500 
6,500 

Phosphate-Phosphorus 
Transport (Ib.) 

Contributed 

by  
Flow Relief 

~ e v i c e r ~  
(1) 

7,200 
2,600 

10 
2,000 
1,300 

~dntr ibuted 

by 
Flow Relief 

~ e v i c e z  
(1) 

250 
90 

0.3 
70 
40 

Contributed by 
STP, Surface, 
Runoff and 

Groundwater 
Flow 
(2) 

73,000 
3 1,500 

13,000 
14,000 

7,300 

Contributed by 
STP, Surface, 
Runoff and 

Groundwater 
Flow 
(2) 

3,800 
1,600 

300 
600 
700 

Ratio of 
(1)and(2)  

0.10 
0.08 

0.0008 
0.14 
0.18 

Ratio of 
(1 ) and (2) 

0.07 
0.06 

0.001 
0.12 
0.06 



flow relief devices is symptomatic of sanitary sewers 
being surcharged by excess sanitary sewage flows not 
anticipated in the design of the system; by clear water 
that enters the system during rainfall-snowmelt events as 
clear water inflow through flooded manhold covers and 
through downspouts, footing tile drains, and sump pump 
discharge lines connected directly to  the sanitary sewer 
system; and as groundwater infiltration through cracked 
or broken joints, pipes, and manhole walls. 

The presence of extensive amounts of sewage and/or 
clear water in the sanitary sewer system usually causes 
basement inundation when the sanitary sewers back up 
into basements and also causes hydraulic overloads at 
sewage treatment plants necessitating the bypass of 
untreated sewage and sometimes leading to damage 
to treatment units and pumping facilities. The first 
problem- combination "flood" damage and health 
hazard problemis of direct concern to individual prop- 
erty owners while the second is of concern to  community 
officials charged with responsibility of operating sewage 
treatment facilities so as to provide adequate treatment 
while protecting costly equipment from damage. 

Serious water pollution and public health problems are 
associated with the frequent operation of numerous 
sanitary sewerage system flow relief devices in the urban 
environment. Consequently, a reduction in the number 
and frequency of operation and, to the extent possible, 
the elimination of flow relief devices is desirable. It is 
important to note, however, that sound engineering 
practice requires the existence of a minimum number 
of flow relief devices at critical points in the sanitary 
sewerage system each of which is designed to operate as 
a "safety valve" only infrequently during true emergencies 
such as power outages at pumping or lift stations or at 
sewage treatment plants. 

In summary, while flow relief devices may not always 
have a severe impact on instream water quality conditions 
relative to other pollution sources such as municipal 
sewage treatment plants and land surface runoff, the 
identification and elimination of all but a few selected 
ones at critical points in the system is important for the 
following reasons: they are likely to constitute health 
hazards in the immediate vicinity of the discharge point; 
they may be expected to cause objectionable aesthetic 
conditions in the receiving streams; and they are sympto- 
matic of excessive clear water entry into the sanitary 
sewer system and, therefore, of basement flooding and 
attendant health hazards and of hydraulic overloads at 
sewage treatment facilities. 

ACCESSORY WATER QUALITY 
MANAGEMENT CONSIDERATIONS 

Maintenance of Water Quality Monitoring Work 
As discussed in Chavter VII, Volume 1 of this revort, - .  
a variety of surface water quality monitoring efforts has 
been or is being carried out within the Menomonee 
River watershed. These monitoring programs include, but 
are not limited to: 1 )  periodic basin surveys by the 
Wisconsin Department of Natural Resources, begun in 

1951; 2) a Commission water quality study conducted 
during the 1964-1965 period; 3) a Commission continu- 
ing water quality monitoring program conducted from 
1968 to the present; and 4) the International Joint Com- 
mission Menomonee River Pilot Watershed Study under 
which monitoring began in late 1974 and is scheduled for 
completion in late 1977. Under the Menomonee River 
Pilot Watershed study, which is the most extensive and 
sophisticated of any of the water quality monitoring 
programs that have been or are being conducted in 
the watershed, the Wisconsin Department of Natural 
Resources maintains automatic water quality sampling 
and monitoring equipment at 12 sites positioned along 
the watershed stream system with the water quality 
sampling and analysis apparatus being protectively housed 
within semipermanent structures. 

A well planned and executed water quality monitoring 
program can perform two important functions for the 
water quality management plan element of the compre- 
hensive plan for the Menomonee River watershed. First, 
water quality monitoring can perform a surveillance 
function in that periodic sampling and analysis of the 
stream system can detect undesirable levels of pollution 
and help to determine the probable source so as to facili- 
tate corrective actions. Second, a water quality monitoring 
effort, using historic and existing data as a "benchmark," 
can be used to demonstrate and document the expected 
marked improvement in the quality of surface waters in 
the Menomonee River watershed as the recommended 
water quality management plan element is implemented. 

An important work element being conducted under the 
Commission areawide water quality planning and manage- 
ment program is a detailed and systematic examination 
of the results of water quality monitoring efforts to date 
throughout the planning region, including the Menomonee 
River watershed. In addition to assessing the long term 
trends in stream water quality in the urbanizing South- 
eastern Wisconsin Region, the analysis of historic water 
quality monitoring data is expected to result in recom- 
mendations for changes in the sampling programs. These 
alterations may include revision to  and expansion of 
the number of water quality indicators included in the 
monitoring, modifications in the frequency of sampling, 
adjustments in the location of sampling stations, and 
provision for more coincident stream flow measurements. 
The analysis of historic water quality monitoring infor- 
mation, including recommendations for changes in the 
existing water quality monitoring programs, will be 
published in a technical report scheduled for completion 
and publication in early 1977. It is, therefore, recom- 
mended that the recommendations of that study as they 
apply to the Menomonee River watershed be considered 
for incorporation into the water quality management plan 
element of the comprehensive plan for the watershed. 

Possible Future Refinements 
Upon Completion of Other Studies 
As discussed in Chapter I, Volume 1 of this report, two 
other studies--each bf  which began after the initiation 
of the Menomonee River watershed planning program- 
are being conducted wholly or partly within the Meno- 



monee River watershed. These are the International 
Joint Commission Menomonee River Pilot Watershed 
Study, a research investigation scheduled for completion 
in 1978, and the Washington County Project, another 
research effort scheduled for completion in mid-1978. 
In addition, and as noted in this chapter, the South- 
eastern Wisconsin Regional Planning Commission, under 
Section 208 of the Federal Water Pollution Act, initiated 
in July 1975 an areawide water quality planning and 
management program directed in part at resolution of 
diffuse or nonpoint source pollution from rural and urban 
areas and scheduled for completion by January 1978. 

A common aspect of the above two research studies and 
the one planning program is that all are heavily concerned 
with diffuse source pollution. Because of the existence of 
this intensive research and planning activity within the 
seven-county southeastern Wisconsin planning area, it is 
possible that data obtained or analyses conducted during 
the above three studies may necessitate refinements in, or 
amendments to, the water quality control recommenda- 
tions of the Menomonee River watershed plan subsequent 
to its publication and adoption. For example, a volumin- 
ous amount of water quality and quantity data are being 
obtained at 12  monitoring locations in the Menomonee 
River watershed under the Menomone River Pilot Water- 
shed Study. As of mid-1976, just prior to completion of 
the Menomonee River watershed planning program, the 
above monitoring data were being assembled in a com- 
puter processible form. Some of these data will be 
utilized under the areawide water quality planning and 
management program to improve the water quality 
modeling capability. The anticipated resulting changes in 
water quality modeling may require amendments to the 
water quality management plan element of the compre- 
hensive plan for the Menomonee River watershed resulting 
directly or indirectly from findings in the above three 
studies. These amendments would be made under the 
guidance of the Menomonee River Watershed Committee. 

SUMMARY ' 

The purpose of this chapter is to describe the extent 
to  which water quality management recommendations 
pertinent to the Menomonee River watershed but devel- 
oped under other Commission planning programs may be 
expected to mitigate or eliminate surface and ground 
water pollution problems that exist in the watershed and 
to present alternative water quality control measures 
intended to resolve watershed water quality problems 
not addressed in other Commission studies. 

In an urban and urbanizing setting like the Menomonee 
River watershed, man's activities affect, and are affected 
by, the quality of surface and ground waters. A careful 
examination of the available water quality data for the 
Menomonee River watershed stream system for the 
period 1951 through 1974 indicates that the surface 
waters are severely polluted. Toxic, organic, nutrient, 
pathogenic, sediment, and aesthetic pollution are known 
to exist in the surface waters of the Menomonee River 
watershed. Groundwater pollution is evident in those 
portions of the watershed located primarily in the Cities 

of Brookfield and Mequon and the Villages of Menomonee 
Falls and Germantown, where about 14  percent of the 
watershed population use private wells in combination 
with onsite sewage disposal systems located on soils not 
well suited for use of such systems. As a result, problems 
have developed such as offensive odors and septic system 
discharge appearing in drainage swales in other low-lying 
areas. A more serious matter of concern is the threat to 
the public health as a result of direct contact with the 
septic tank system discharge, or as a result of the pollu- 
tion of private groundwater supplies. The surface and 
ground water pollution problems of the Menomonee 
River watershed are attributable to the following pollu- 
tion sources: municipal sewage treatment plants, sanitary 
and combined sewerage system flow relief devices, indus- 
trial discharge, urban storm water runoff, agricultural and 
other rural runoff, and onsite waste disposal systems. 

Substantial efforts have already been initiated to  resolve 
some of the pollution problems in the Menomonee River 
watershed. In accordance with recommendations con- 
tained within the adopted regional sanitary sewerage 
system plan for southeastern Wisconsin, the four munici- 
pal sewage treatment plants remaining in the watershed 
are scheduled to be permanently removed from service by 
about 1981 by connecting the sewer service area presently 
served by each of the four plants to the Milwaukee- 
Metropolitan sewerage system. The 27-square-mile 
Milwaukee Metropolitan combined sewer service area, 
which includes a 10.7-square-mile area tributary to the 
Menomonee River, is the subject of a preliminary engi- 
neering study directed at the abatement of combined 
sewer overflow. The study, which is scheduled for com- 
pletion in late 1977, is to result in firm recommenda- 
tions for construction of combined sewer overflow 
abatement facilities. The recently established Wisconsin 
Pollutant Discharge Elimination System is expected to 
result in a gradual abatement of pollution from sanitary 
sewerage system flow relief devices such as crossovers, 
bypasses, relief pumping stations, and portable pumping 
stations. The Wisconsin Pollutant Discharge Elimination 
System also is expected to gradually result in the abate- 
ment of pollution originating from industrial sources. 
Some remedial actions have been taken to resolve the 
creosote pollution problem in the bottom muds of 
the Little Menomonee River primarily by cessation of 
discharge to the Little Menomonee River and removal 
of creosote from the bottom muds of a 0.75-mile-long 
portion of the affected reach. The adopted regional sani- 
tary sewerage system plan contains recommendations for 
the provision of sanitary sewer service to essentially all 
of those portions of the Cities of Brookfield and Mequon 
and the Villages of Menomonee Falls and Germantown 
presently served by septic systems. Implementation of 
these recommendations would eliminate the potential for 
pathogenic and aesthetic pollution from malfunctioning 
onsite disposal systems in the watershed. On July 1,1975, 
the Southeastern Wisconsin Regional Planning Commis- 
sion initiated an areawide water quality planning and 
management program directed in part at resolution 
throughout the Region of diffuse and non-point source 
pollution from rural and urban areas. This program is 
to provide a framework within which diffuse source 
pollution may be examined and resolved in the Region. 



In consideration of the basic pollution abatement pro- 
gram already in progress within the Menomonee River 
watershed, the water quality management plan element 
for the watershed as developed under the watershed 
planning program was conducted within a framework 
of several overall and guiding assumptions. First, the 
planning program accepts as a committed decision the 
eventual abandonment of the four remaining municipal 
sewage treatment plants in the watershed; however, 
simulation studies were conducted to estimate the 
impact of removing the treatment plants. Second, the 
combined sewer overflow problem in the lower reaches 
of the watershed was not addressed because that problem 
includes the estuary, which is not within the scope of 
the watershed planning program and because planning 
and engineering studies are already underway by the 
Milwaukee-Metropolitan Sewerage Commission and its 
consultants to provide firm recommendations for that 
construction of combined sewer overflow pollution 
abatement facilities. Third, preparation of the water 
quality management plan element for the watershed plan 
does not include an explicit analysis of alternative ways 
of eliminating sanitary sewer system flow relief devices, 
since their removal will occur gradually under the Wis- 
consin Pollutant Discharge Elimination System, but does 
include an analysis of the relative pollutant loads from 
this source as opposed to other point and non-point 
sources. Fourth, and in a similar fashion, the water quality 
analyses assume that industrial discharges to the surface 
water system have a very small impact on water quality 
in the Menomonee River watershed relative to the impact 
of discharges from other point and non-point sources 
because of the nature of the discharges and their location 
in the watershed stream system and because these dis- 
charges will be controlled under the Wisconsin Pollutant 
Discharge Elimination System. Fifth, although the influx 
of creosote to the Little Menomonee River has been 
terminated, it was deemed necessary to examine alterna- 
tive ways of removing the creosote that remains in the 
bottom muds because of the potentially detrimental 
impact of the creosote on inhabitants of the area as well 
as on flora and fauna. Sixth, it was assumed that localized 
pollution problems caused by the concurrent use of 
shallow, private wells, and onsite waste disposal systems 
will, between now and the plan year 2000, be resolved 
through implementation of recommendations in the 
adopted regional sanitary sewerage system plan which 
specifies that presently unsewered urban development as 
well as planned urban development should be provided 
with sanitary sewer service. Seventh, it was deemed neces- 
sary to examine possible adverse effects of washoff from 
the urban and rural land surfaces, including barnyards 
and feedlots, to the surface water system and to deter- 
mine expected impact of planned incremental urban 
development as well as land management measures on 
the washoff process. 

The Menomonee River watershed planning program 
included, in addition to the "no action" alternative, the 
development and examination of three alternative mea- 
sures for abating the creosote problem that remains in 
portions of the Little Menomonee River within Milwaukee 
County. Under the first or "no action-no cost" altema- 

tive, a substantial hazard may be expected to continue 
to exist for a relatively long time along the affected 
3.46 mile reach of the Little Menomonee River. The 
second alternative-the minimum disturbance approach- 
would employ the same procedure used during the 
1973 EPA-sponsored demonstration project which was 
intended, in part, to resolve the creosote problem with 
a minimum disturbance of the Little Menomonee River 
and its environs. Alternative 2 could be accomplished for 
a capital cost of about $603,000. A third alternative, 
which would cost about $462,000, consists of removing 
creosote-laden bottom muds from the channel bottom 
followed by replacement with material intended to  
maintain a stable channel and to provide a medium 
for desirable aquatic flora and fauna. The fourth alter- 
native, which has an estimated cost of $201,000, would 
entail excavating a new channel near and parallel to 
the affected reach of the Little Menomonee River with 
the excavated material being used to fill the existing 
channel, thereby covering the creosote that is contained 
therein. Based on a comparison of the technical, eco- 
nomic, and environmental aspects of the three alterna- 
tives, it is recommended that the creosote problem in the 
Little Menomonee River within Milwaukee County be 
resolved by excavating a new channel and filling the 
existing channel at a capital cost of about $201,000. 

A series of water quality simulation model applications 
was made with the water quality submodel under existing 
and various possible future development conditions and 
water quality management measures in order to quanti- 
tatively demonstrate the likely consequences of those 
conditions and measures and thereby contribute to the 
development of a water quality management element. 
The simulation model studies indicate that removal of the 
four municipal sewage treatment plants under existing 
land use conditions and without any other water pollu- 
tion abatement measures may be expected to yield the 
following water quality results along the main stem of the 
Menomonee River for the 7 day-10 year low flow condi- 
tions assumed in the analysis: no change in the already 
acceptable instream temperature, an improvement in 
dissolved oxygen concentrations so as to  meet the stan- 
dards, a substantial reduction in phosphorus levels but 
not sufficient to meet the standards, and a slight increase 
in fecal coliform counts so as to exceed the standards in 
the upper portion of the River. Assuming year 2000 
planned land use conditions with abandonment of sewage 
treatment plants and with the implementation of land 
management measures, the water quality could be 
expected to  improve so as to meet the temperature, dis- 
solved oxygen, fecal coliform, and phosphate-phosphorus 
standards along most of the main stem of the Meno- 
monee River under the specified 7 day-10 year low 
flow conditions. 

Simulation model applications indicate a marked improve- 
ment in surface water quality in the Menomonee River 
watershed as determined by the percent of the time that 
the concentration of critical water quality parameters 
would be within recommended limits. Under a full range 
of meteorologic, runoff, and streamflow conditions, and 
assuming abandonment of the four remaining municipal 



sewage treatment plants and application of land manage- 
ment measures under year 2000 planned land use con- 
ditions, the temperature standard will be met about 
95 percent of the time, the dissolved oxygen standard 
essentially all the time, and the coliform standard almost 
90 percent of the time. The phosphorus standard could 
be expected to be met about half of the time since total 
phosphorus levels in natural, unpolluted headwater 
streams in southeastern Wisconsin approach or exceed 
the recommended maximum phosphate-phosphorus con- 
centration without the impact of man's activities. Simula- 
tion model applications under year 2000 planned land 
use conditions with abandonment of the sewage treat- 
ment plants and application of land management measures 
indicate that the average annual transport of phosphate- 
phosphorus from the Menomonee River watershed by the 
Menomonee River may be expected to be reduced up to 
90 percent relative to existing conditions whereas the 
average annual transport of carbonaceous biochemical 
oxygen demand will be reduced by up to 80 percent and 
total dissolved solids up to 50 percent. 

The simulation model studies demonstrate that land 
management measures, in addition to abandonment 
of sewage treatment plants, are needed to affect a sub- 
stantial improvement in surface water quality. It is 
recommended that pollution in rural areas caked by 
washoff from barnyards and feedlots be abated by the 
construction of feedlot runoff pollution control systems 
consisting primarily of drainage control in and around 
each feedlot and provision of manure storage facilities. 
The total capital cost of this pollution abatement mea- 
sure for the Menomonee River watershed is estimated at 
$400,000 and incremental operation and maintenance 
costs would be negligible. It is further recommended that 
runoff from agricultural lands be controlled primarily 
through application of basic land conservation measures 
such as contour plowing, strip cropping and minimum 
tillage, supplemented with the judicious application of 
other measures including bench terraces. The estimated 
total capital cost of implementing this recommendation 
is $230,000 with negligible incremental operation and 
maintenance costs. 

With respect to diffuse source pollution control in urban 
areas, it is recommended that communities in the Meno- 
monee River watershed use a judicious blend of education 
and ordinance to encourage citizens to apply low or 
nocost measures such as the following: control of litter- 
ing by domestic animals; proper application of chemical 
and organic fertilizers and pesticides to lawns; control of 
litter and debris and proper material storage on private 
property and in public places; and control of sediment 
and debris during demolition and construction activities. 
It is also recommended that communities examine the 
manner in which municipal services such as street cleaning 
and maintenance, street de-icing, and garbage collection 
are performed to determine if the average amount of 
dust and dirt that accumulates on the road surfaces, 
and therefore is subject to  washoff to the stream system, 

can be significantly reduced with little or no increase 
in costs. It is also recommended that community offi- 
cials encourage land developers to consider the use of 
detention-retention storage as a means of reducing the 
washoff of potential pollutants from the land surface 
to the surface waters-in addition to possibly reducing 
the cost of stormwater control and achieving recreational 
and aesthetic benefits. 

The estimated cost of a 50 percent increase in the effec- 
tiveness of street cleaning operations in the watershed is 
$429,000 per year. The estimated average annual cost of 
a more intensive street sweeping operation serves as an 
index of the cost of land management measures needed 
to achieve the desired level of diffuse source pollution 
control in urban areas. 

An analysis of the relative pollutant loads from flow 
relief devices--crossovers, bypasses, relief pumping sta- 
tions, and portable pumping stations-was conducted to  
determine the likely significance of the flow relief devices 
as pollution sources and the likely consequences of 
eliminating or substantially reducing the pollution con- 
tribution from flow relief devices. While flow relief 
devices may not always have so severe an impact on 
instream water quality conditions as other pollution 
sources such as municipal sewage treatment plants and 
land surface runoff, it is recommended that efforts be 
continued to eliminate discharge from such devices for 
the following reasons: they are likely to constitute 
a public health hazard in the immediate vicinity of the 
discharge point; they may be expected to cause highly 
objectionable aesthetic conditions in the receiving 
streams; and they are symptomatic of excessive clear 
water entry into the sanitary sewer system, and, there- 
fore, of basement flooding and attendant health hazards 
and of hydraulic overloads at sewage treatment facilities. 

It is recommended that recommendations to be devel- 
oped under the areawide water quality planning and 
management program concerning a continuing surface 
water quality monitoring program in the Region, and 
to  be published in early 1977, be considered by the 
Menomonee River Watershed Committee inasmuch as 
they apply to the Menomonee River watershed for 
incorporation into the water quality management plan 
element of the Menomonee River watershed plan. The 
following three research or planning studiesall of which 
emphasize diffuse source pollution--are underway in 
southeastern Wisconsin and scheduled for completion in 
1978: the ICJ Menomonee River Pilot Watershed Study, 
the Washington County Project, and the areawide water 
quality planning and management program. It is possible 
that data obtained or analyses conducted during the 
above three studies may necessitate refinements in or 
amendments to the water quality management plan 
element of the watershed vlan. It is recommended that 
such changes be made under the guidance of the Meno- 
monee River Watershed Committee. 



Chapter VI 

RECOMMENDED COMPREHENSIVE PLAN 

INTRODUCTION 

The design of a comprehensive plan for the Menomonee 
River watershed required that a selection be made from 
among the several alternatives considered under each of 
the three major elements which together are to comprise 
the comprehensive watershed plan. These three major 
elements are: 1) a land use base element, including the 
natural resource protection, outdoor recreation and 
related open space, and parkway drive-scenic drive- 
recreational trail subelements of such an element; 
2) a supporting floodland management element com- 
posed of various structural and nonstructural subele- 
ments; and 3) a supporting water quality management 
element composed of various point and diffuse source 
pollution abatement subelements. 

The selection of the best alternative from among the 
various alternatives considered under each of these 
three major elements was based upon an evaluation 
of many tangible and intangible factors, with primary 
emphasis, however, upon the degree to which the various 
alternatives meet the established watershed develo~ment 
objectives and upon the accompanying costs. The final 
selection of the plan elements to be included in the com- 
prehensive watershed plan must ultimately be made by 
elected public officials although engineers and planners 
may properly make recommendations based upon an 
evaluation of technical, economic, environmental, legal, 
financial, and administrative considerations. 

The plan selection process, which involved the extensive 
use of advisory committees and both formal and informal 
public hearings, has been described in Chapter I of this 
volume. The alternative land use, floodland management, 
and water quality management plan elements considered 
have all been described in previous chapters of this 
volume. This chapter presents a description of the recom- 
mended comprehensive watershed development plan as 
synthesized from the best alternatives under each of the 
three major plan elements, along with a presentation of 
the basis for the synthesis and an analysis of the attendant 
costs. The chapter also contains an evaluation of the 
ability of the recommended plan to meet the adopted 
objectives and standards and discusses the likely conse- 
quences of not implementing the plan. Finally, the 
public reaction to the recommended plan and the subse- 
quent action of the Menomonee River Watershed Com- 
mittee are discussed. 

BASIS FOR PLAN SYNTHESIS 

The watershed development objectives which the compre- 
hensive Menomonee River watershed plan is designed to 
meet are set forth in Chapter I1 of this volume. That 

chapter also sets forth the standards for relating these 
objectives to the physical development proposals which 
constitute the plan, thereby facilitating evaluation of the 
ability of each of the alternative plan proposals to meet 
the chosen objectives. 

In each of the three chapters1 in which the various alter- 
native land use, floodland management and water quality 
management plan subelements have been set forth, the 
alternative proposals have been evaluated and recommen- 
dations made for inclusion of the best alternatives in the 
comprehensive watershed plan. In this process of plan 
selection, the various alternative plan subelements were 
evaluated, as appropriate, with respect to their technical, 
economic, environmental, legal, financial, and adminis- 
trative feasibility as well as with respect to their ability 
to meet the appropriate watershed development objec- 
tives and supporting standards. 

It is clear that no one land use or water control facility 
plan element can fully satisfy all of the watershed devel- 
opment objectives. The recommended comprehensive 
watershed plan must, therefore, consist of a combination 
of individual plan subelements, with each plan subele- 
ment contributing toward the satisfaction of the develop- 
ment objectives. It should be noted also in this respect 
that many of the alternative plan subelements were 
specifically designed to satisfy certain watershed devel- 
opment objectives and that, in this event, the selection 
from among the alternatives depends largely upon analysis 
of the attendant costs. 

While the wise use of land is necessary to the environ- 
mental integrity of a watershed, the recommended land 
use base for the Menomonee River watershed will not, in 
and of itself, fully attain all of the watershed development 
objectives. This land use base element must, therefore, 
be supplemented by other plan elements relating to 
natural resource protection, outdoor recreation and 
related open space, parkway drive-scenic drive-recreational 
trails, floodland management, and water quality control. 
The various recommended plan alternatives, as set forth 
in Chapters 111, IV, and V of this volume, are, in fact, 
complementary in nature and together provide the com- 
position necessary to fully achieve all of the established 
watershed development objectives. The land use base and 
component natural resource protection plan subelements, 
for example, by providing a pattern of urban land use 
development which can be readily served by public sani- 

' Chapter 111, Volume 2, "Land Use Base and Alternative 
Natural Resource Protection Measures"; Chapter ZV, 
Volume 2, "Alternative Floodland Management Mea- 
sures''; and Chapter V, Volume 2, "Alternative Water 
Quality Management Measures." 



tary sewerage and water supply facilities and by providing 
for the preservation of environmental corridor lands 
along the main stem of the Menomonee River and selected 
major tributaries, contribute toward achieving not 
only the land use development objectives but also the 
water quality and flood control objectives. Thus, the 
recommended comprehensive watershed plan repre- 
sents a synthesis of carefully coordinated individual 
plan elements which, taken together, will serve fully 
to satisfy and achieve all of the adopted watershed 
development objectives. 

Because of the extreme difficulty, if not impossibility, 
of expressing all of the benefits and costs associated with 
the comprehensive watershed plan in monetary terms, the 
evaluation of the recommended comprehensive plan has 
been based primarily on its ability to satisfy the water- 
shed development objectives and supporting standards. 
The importance of economic analyses of certain of the 
individual plan subelements, however, as set forth in 
previous chapters of this volume, cannot be over- 
emphasized, since these economic analyses comprise 
important inputs to the plan selection process, particu- 
larly so, as already noted, where alternative plan sub- 
elements were specifically designed to meet certain 
development objectives. 

PLAN RECOMMENDATIONS 

Based upon the analyses of the ability of the various plan 
elements to satisfy watershed development objectives and 
to exhibit acceptable benefit-cost features, as set forth 
in previous chapters of this volume, the specific plan 
elements set forth below are recommended for inclusion 
in the comprehensive plan for the Menomonee River 
watershed. Principal elements of the preliminary rec- 
ommended comprehensive plan for the Menomonee 
River watershed are shown in graphic summary form on 
Map 50--the land use plan elements, Map 51-the flood- 
land management plan element, and Map 52-the water 
quality management plan element. 

Recommended Land Use Plan Element 
Overall Land Use Plan: The controlled existing trend 
1990 land use plan originally adopted by the Commission 
for the Region as a whole in 1966, and reevaluated and 
refined for the year 2000 by the Commission during the 
period 1972-1976, is recommended for adoption as the 
land use base element for the Menomonee River water- 
shed (see Map 50). This land use plan element envisions 
use of a combination of public acquisition and public 
regulation of private holdings of land to shape the devel- 
opment of a land use pattern which will meet future 
needs for the various land uses within the watershed, 
including residential, agricultural, conservancy, and park 
uses, efficiently and with a minimal deteriorating effect 
upon the underlying and supporting natural resource 
base. This plan element places continued emphasis upon 
the urban land market as the primary determinant of the 
location, intensity, and character of future development 
within the watershed. It does, however, propose to regu- 
late, 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 inten- 
sification of the already serious developmental and 
environmental problems existing within the watershed. 

Urban Development: Forecasts indicate that the popula- 
tion of the Menomonee River watershed may be expected 
to reach a level of about 388,000 persons by the year 
2000, an increase of approximately 40,000 persons or 
12 percent over the 1970 level, while employment may 
be expected to reach approximately 218,800 jobs by 
2000, an increase of 48,200 jobs, or about 28 percent 
over the 1972 level. The recommended land use plan 
for the watershed proposes to accommodate this antici- 
pated growth in population and employment through 
the conversion of approximately 15 square miles of 
land from rural to urban use over the next two to 
three decades. 

As indicated in Table 6 of this volume, the recommended 
land use plan proposes to add about eight square miles 
of the existing stock of residential land within the water- 
shed in order to meet the housing needs of the qt ici-  
pated population increase. Nearly all new residential land 
would be developed at medium densities, with lot sizes 
ranging from about 6,000 square feet to about one-half 
acre per dwelling unit and with gross residential popula- 
tion densities ranging from 3,500 to 10,000 persons per 
square mile. 

The recommended land use plan proposes that all of the 
new residential development be served by public sanitary 
sewerage and public water supply facilities so that, by the 
year 2000, essentially all of the urban area within the 
watershed and essentially all of the total watershed 
population would be served by public sanitary sewerage 
facilities, as compared to 84 and 89  percent, respectively, 
in 1970. Similarly, essentially all of the urban area and 
all of the total watershed population would be served 
by public water supply facilities by the year 2000, as 
compared to 77 percent and 85  percent, respectively, 
in 1970. As set forth in Chapter I11 of this volume, the 
plan contains similar proposals for the conversion of land 
to commercial, industrial, governmental and institutional, 
transportation, communication, and utility land uses as 
required to meet the gross demand for land generated 
by the anticipated population and employment within 
the watershed. 

Agricultural Land Use: Under the recommended water- 
shed land use plan, urban expansion within the watershed 
would by the year 2000 require the conversion of about 
11 square miles of agricultural and related land, or about 
one-fourth of the approximately 45 square miles of land 
presently devoted to  agricultural and agricultural-related 
uses within the watershed. The recommended land use 
plan proposes to preserve the remaining 34 square miles 
of agricultural land in permanent agricultural use. 

Primary Environmental Corridor: As discussed earlier in 
this volume, the most important elements of the natural 
resource base of the watershed, including the best remain- 
ing woodlands, wetlands, and wildlife habitat; the surface 
waters, together with the associated undeveloped flood- 





lands and shorelands; and the best remaining potential 
park sites occur within the Menomonee River watershed 
in linear patterns termed primary environmental corri- 
dors. In Chapter I11 of this volume a corridor delineation 
procedure was described, which procedure utilized the 
Land Data Management System (Land DMS) developed 
by the Commission staff in conjunction with the Meno- 
monee River Pilot Watershed Study being conducted by 
the International Joint Commission. Application of the 
Land DMS to the corridor delineation process resulted in 
the identification of primary environmental corridors 
in the Menomonee River watershed totaling about 
16.3 square miles in area. These delineated corridors 
served as the basis for the design of alternative natural 
resource protection plan subelements, including mini- 
mum protection, intermediate protection, and maximum 
protection alternatives. 

Upon completion of the design of the alternative natural 
resource protection plan subelements for the Menomonee 
River watershed, a comparison was made between the 
primary environmental corridors in the watershed as 
developed under the Menomonee River watershed study 
through application of the Land DMS with those primary 
environmental corridors developed by the Commission 
staff during preparation of the adopted regional land use 
plan for southeastern Wisconsin. As noted above, the total 
net primary environmental corridor area as delineated 
under the watershed study approximated 16.3 square 
miles. The total net primary environmental corridor 
delineated under the initial regional land use study 
approximated 14.7 square miles. The difference between 
the two figures may be attributed largely to suggested 
additional primary environmental corridor land along 
Willow Creek in the Villages of Germantown and Meno- 
monee Falls. Other minor differences between the 
corridor delineations were due to differing judgements 
made as to the lateral extent of corridor lands along the 
stream channel system in the watershed. 

Careful consideration of these differences indicated that 
they were not vital to attaining the overall objective of 
protecting and preserving the natural resource base of 
the watershed. In the interests of maintaining a uniform 
and common regional data base over time with respect to 
the primary environmental corridors, it was determined 
to utilize the initial primary environmental corridor 
delineation in the synthesis of the final recommended 
comprehensive plan for the Menomonee River watershed. 
Accordingly, the primary environmental data presented 
from this point on in this report refers directly to the 
data series developed under the Commission regional land 
use planning program. 

Preservation of the primary environmental corridors in 
essentially natural open usesand thereby the preserva- 
tion of the attendant recreational, aesthetic, ecologic, 
and cultural values in accordance with regional and 
watershed development objectivesis essential to the 
maintenance of a wholesome environment within the 
watershed. It is recommended that the intermediate pro- 
tection primary environmental corridor plan subelement, 
as initially presented in Chapter I11 of this volume as 

altered to reflect the initial primary environmental corri- 
dor data base, be incorporated into the comprehensive 
plan for the Menomonee River watershed. This plan sub- 
element, through a combination of land acquisition and 
control seeks to protect the approximately 14.7 square 
miles of land and water comprising the net, or undevel- 
oped, primary environmental corridors of the watershed. 
Under this plan subelement, a total of about 11.5 square 
miles, or about 78 percent of the net primary environ- 
mental corridor land within the watershed and about 
8 percent of the total area watershed, would even- 
tually be placed in public or private ownership for 
outdoor recreation and related open space uses. Of 
this total recreation and related open space acreage, 
about 5.2 square miles, or about 45 percent, is already in 
public or appropriate private ownership. 

More specifically, the recommended primary environ- 
mental corridor protection plan subelement recommends: 

Continued maintenance of the 5.2 square miles 
of existing public and private outdoor recreation 
and open space land in such use; 

Public acquisition of 6.3 square miles of selected 
high value primary environmental corridor lands 
located primarily along the main stem of the 
Menomonee River in Waukesha and Washing- 
ton Counties; 

Use of land use controls to protect the remaining 
3.2 square miles of primary environmental 
corridor; and 

Application of sound woodland, wetland, and 
wildlife habitat management practices to all 
14.7 square miles of net primary environmental 
corridor in the watershed. 

The estimated costs of acquiring the 5.2 square miles 
of primary environmental corridor noted above are 
presented in a later section of this chapter. It should be 
noted that these costs were developed by applying the 
unit cost per acre factors set forth in Chapter I11 of 
this volume to the primary environmental corridor 
lands developed under the initial regional land use plan- 
ning program. 

It is important to recognize that the effectiveness of the 
recommended primary environmental corridor plan 
element is based in part on the assumption that pri- 
vately owned lands currently used for recreation and 
related open space uses will continue to be used for such 
purposes. It is recommended that local communities 
help to assure such continued use by the careful applica- 
tion of recreational and conservancy zoning. While such 
zoning is not an absolute guarantee that the lands con- 
cerned 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 environ- 
mental corridor preservation. Such techniques may 
include tax incentives to  encourage the maintenance 
of land in agricultural, recreational, and other open space 
uses, to deed the purchase of scenic easements, and 
development rights. 

As demonstrated in Chapter IX, Volume 1 of this report, 
with a few exceptions-motor boating, water skiing, target 
shootingthe existing recreational lands and facilities 
within the Menomonee River watershed should be 
adequate to satisfy the forecast year 2000 recreational 
demands. More specifically, and with respect to those 
outdoor recreation activities that require land ownership 
and intensive development, the near future needs of the 
watershed population would be satisfied with additional 
snow skiing lands, increased local swimming and golfing 
facilities. While these needs could be met by private 
development, they could also be met through use of 
the primary environmental corridor lands to be publicly 
acquired under the recommended primary environ- 
mental corridor protection plan subelement inasmuch 
as five of the 1 8  potential outdoor recreation sites 
in the watershed are included in that portion of the 
primary environmental corridor recommended for 
public acquisition. 

Parkway Drives, Scenic Drives, and Recreational Trails: 
Pleasure driving constitutes the fifth most popular out- - - 
door recreational activity in the Menomonee River water- 
shed and, in addition, parkway and scenic drives and 
recreational trails provide a means whereby a large por- 
tion of the watershed population can gain access to and 
fully enjoy the remaining natural resources features and 
outdoor recreation and related open space areas of the 
watershed. Therefore, a parkway drive-scenic drive- 
recreational trails plan subelement is included as an 
integral part of the primary environmental corridor and 
outdoor recreation elements of the comprehensive 
watershed plan. 

It is recommended that parkway drive-scenic drive- 
recreational trail plan subelement 3 be included in the 
comprehensive plan for the Menomonee River watershed. 
This plan subelement would provide an interconnected 
system of 56.8 miles of environmental corridor-oriented 
parkway pleasure drives, scenic pleasure drives, recrea- 
tional trail, 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 drives, 
5.2 miles of new recreational trails, 2.3 miles of existing 
recreational trails, 13.2 miles of scenic pleasure drives 
routed over existing roads, and 6.9 miles of existing 
urban streets. 

Recommended Floodland Management Plan Element 
Critical Role of the Land Use Plan Element: The under- 
lying floodland management plan element recommended 
for inclusion in the-comprehensive Menomonee River 
watershed plan is nonstructural, consisting of the land 

use development proposals contained in the land use plan 
element of the watershed plan. The extent and placement 
of incremental urban development between now and the 
year 2000 are critical if intensification of the existing 
flood problems and the creation of new flood problems 
in the watershed are to be avoided since that aspect 
of the land use plan affects the hydrologic-hydraulic 
behavior of those portions of the watershed outside of 
the floodlands. The preservation of the primary environ- 
mental corridors is of utmost importance, since that 
aspect of the land use plan determines the hydrologic- 
hydraulic behavior of the watershed floodlands. Water- 
shedwide hydrologic-hydraulic simulation studies clearly 
indicate that the severity of flood problems and asso- 
ciated monetary flood risks in the basin may be expected 
to  be very sensitive to decisions concerning future land 
use development both within and outside of the water- 
shed floodlands. 

Primarily Structural Measures for Flood Damage Abate- 
ment: The recommended floodland management plan 
element for the Menomonee River watershed includes 
the application of primarily structural measures on 
a community-bycommunity basis for those riverine 
areas experiencing the most severe flood problems (see 
Map 51). Such measures are recommended for portions 
of the City of Brookfield, the Village of Elm Grove, the 
City of Wauwatosa, the Village of Menomonee Falls, 
the City of Mequon, and the City of Milwaukee. 

City of Brookfield: It is recommended that the detention 
storage-bridge replacement-structure floodproofing and 
removal alternative be used to resolve existing and 
probable future flood problems along Underwood Creek 
in the City of Brookfield. This recommended alternative 
consists of the following three components: 1)  a 215 acre- 
foot detention storage reservoir located upstream on 
Dousman Ditch in the City of Brookfield; 2) replacement 
of the Chicago, Milwaukee, St. Paul, and Pacific Railroad 
bridge over Underwood Creek; and 3) the floodproofing 
of up to 65 structures and the removal of approximately 
seven structures along the reach of Underwood Creek 
bounded at the upstream end of the railroad and at the 
downstream end by W. North Avenue. 

It is recommended that structure floodproofing be used 
to  resolve existing and probable future flood problems 
along the 1.26-mile-long reach of Butler Ditch upstream 
of Lisbon Road within the City of Brookfield. This rec- 
ommended alternative would involve the floodproofing 
of up to  20 structures. 

The Village of Elm Groue: It is recommended that the 
composite storage-major channelization-intermediate 
channelization-floodproofing alternative be used to 
resolve existing and probable future flood problems along 
Underwood Creek within the Village of Elm Grove. The 
recommended structural floodland management sub- 
element for the Village of Elm Grove consists of the 
following four components: 1 )  a 215 acre-foot flood 
detention reservoir located upstream of the Village on 
Dousman Ditch in the City of Brookfield; 2) 0.91 miles 
of major channelization and necessary hydraulic structure 





replacement along the Underwood Creek reach bounded 
by the Waukesha-Milwaukee County line and Juneau 
Boulevard; 3) 1.14 miles of intermediate channel improve- 
ments--defined as a turf-lined channel, sized so as to 
convey the 10-year recurrence interval flood discharge 
under year 2000 plan conditions--and necessary hydraulic 
structure alteration along Underwood Creek between 
Juneau Boulevard and North Avenue; and 4) floodproof- 
ing of up to 105 residential structures located along the 
Underwood Creek reach bounded by Juneau Boulevard 
and W. North Avenue. The major channelization com- 
ponent of the recommended flood control alternative for 
the Village of Elm Grove would provide an opportunity 
to enhance the appearance of the business-commercial 
area by the development of an urbanaiented parkway 
along Underwood Creek. 

The City of Wauwatosa: It is recommended that the 
channelizationstructure floodproofing and removal alter- 
native be used to resolve existing and probable future 
flood problems along the Menomonee River in the City 
of Wauwatosa between the eastern limits of the City and 
Harwood Avenue. The recommended primarily structural 
floodland management subelement for this reach of 
the Menomonee River consists of two components: 
1 )  1.22 miles of major channelization along the Meno- 
monee River from a point about 0.25 miles downstream 
of Hawley Road to  the N. 70th Street bridge, and 
2) acquisition and removal of approximately 61  struc- 
tures along the Menomonee River immediately upstream 
of the N. 70th Street bridge and floodproofing of up to  
93 structures in that area. The structure floodproofing 
and removal component of this alternative would permit 
a 1 3  acre expansion of Hart P a r k a n  intensively used 
recreational facility. Furthermore, this approach would 
permit retention of the natural features of the Meno- 
monee River between N. 70th Street and Harwood 
Avenue and thus be consistent with proposals being 
considered by the City to  revitalize the adjacent "Old 
Village area" and immediate environs. 

It is recommended that structure floodproofing and 
removal be used to resolve existing and probable future 
flood problems along the Menomonee River between 
Harwood Avenue and W. Capitol Drive in the City 
of Wauwatosa. This recommended floodland manage- 
ment subelement would require the floodproofing 
of up to 211 structures and removal of approximately 
nine structures. 

It is recommended that structure floodproofing be used 
to  resolve existing and probable future flood problems in 
in the City of Wauwatosa along Honey Creek between 
the Menomonee River and W. Wisconsin Avenue. This 
recommended floodland management subelement would 
require the floodproofing of up to 1 3  structures. 

It is recommended that structure floodproofing be used 
to  resolve existing and probable future floodproblems in 
the City of Wauwatosa along Underwood Creek between 
the Menomonee River and the Zoo Freeway. This recom- 
mended floodland management subelement would 
require the floodproofing of up to 56 structures. 

The City of Mequon: It is recommended that structure 
floodl~roofing be used to  resolve existing and probable 
future flood problems along the ~ i t t l e  ~enomonee  
River in the City of Mequon immediately north of 
Mequon Road. This alternative would require the flood- 
proofing of up to  1 9  structures. 

The City of Milwaukee: It is recommended that structure 
floodproofing be used to  resolve existing and probable 
future flood problems along the 0.93-mile-long reach 
of the Menomonee River in the City of Milwaukee 
between N. 45th Street and N. 60th Street Extended. 
This alternative would require the floodproofing of up 
to  77 structures. 

The Village of Menomonee Falls: It is recommended that 
channelization be used to resolve existing and forecast 
flood problems along portions of the Menomonee River 
and Lilly Creek in the Village of Menomonee Falls. The 
recommended structural floodland management subele- 
ment for the Village of Menomonee Falls consists of the 
following three components: 1) 1.35 miles of major 
channelization along the' Menomonee River from the 
Washington-Waukesha County line downstream to 
Menomonee Falls Dam, to  2) 3.25 miles of major chan- 
nelization along the Menomonee River from Arthur 
Avenue downstream to the Waukesha-Milwaukee County 
line, and 3) 2.97 miles of major channelization along 
Lilly Creek from Silver Spring Drive downstream to the 
Menomonee River. 

Bridge Replacement: It is recommended that bridges and 
culverts on the major stream system of the Menomonee 
River watershed which have inadequate hydrologic- 
hydraulic capacity as manifested by overtopping of the 
approach roads or of the structure be eventually modified 
or replaced so as to eliminate their interference with the 
desirable operation of the highway and railroad trans- 
portation system. Such replacement or modification, 
however, should be carried out only when required for 
traffic safety or other transportation purposes. The 
design of all new bridges within the watershed should be 
based upon the applicable objectives and standards set 
forth in Chapter I1 of this volume. Of particular impor- 
tance is the standard which requires that all new and 
replacement bridges and culverts be designed so as to 
accommodate the 100-year recurrence interval flood 
event under year 2000 plan conditions without raising 
the peak stage more than 0.5 foot above the peak stage 
for the 100-year recurrence interval flood, as established 
in the adopted comprehensive watershed plan. 

Land Use Controls: Recommended land use controls 
include both floodland and nonfloodland regulations. 

Floodland Regulations: It is recommended that the fol- 
lowing communities modify existing floodland and 
related regulations or prepare new floodland regulations 
based upon the new flood hazard data and the floodland 
management concepts and recommendations set forth in 
this report: the Cities of Brookfield, Mequon, Milwaukee, 
Wauwatosa, West Allis, and Greenfield and the Villages of 
Elm Grove, Germantown, Menomonee Falls, and Butler. 
In addition to meeting minimum hydrologic-hydraulic 



standards established by the State of Wisconsin Flood- 
plain Management Program, it is recommended that the 
floodland and related regulations developed by the above 
communities for the Menomonee River watershed be 
explicitly designed to complement the recommended 
land use plan element. This is particularly important for 
the primary environmental corridor subelement of that 
plan which recommends protection of 14.7 square miles 
of net primary environmental corridor by a combination 
of four measures: maintenance of 5.2 square miles of 
existing public and private outdoor recreation and related 
open space lands; acquisition of 6.3 square miles of 
selected high value primary environmental corridors; 
application of woodland-wetland and wildlife habitat 
management techniques to all corridor lands; and the use 
of land use controls, particularly floodland and related 
regulations, to protect those 3.2 square miles of primary 
environmental corridor lands not in public or private 
outdoor recreation use and not recommended for acquisi- 
tion under the watershed plan. It is also recommended 
that floodland and related regulations be employed to 
provide interim control over corridor lands recommended 
for eventual acquisition. 

It is recommended that one of two basic types of flood- 
land and floodland related measures be instituted by local 
units of government on a reach-by-reach basis in the 
watershed. These two measures are: 

1. In those areas of the floodlands lying within the 
100-year recurrence interval flood hazard lines 
under year 2000 plan conditions, that are pres- 
ently neither developed for urban use nor com- 
mitted to such development by the recordation of 
land subdivision plats and installation of municipal 
improvements such as street pavements and sewer 
and water utility lines, all future incompatible 
urban development be discouraged through 
appropriate floodland and floodland-related land 
use regulations. These stringent regulations would 
be applicable to about 56 miles of the 72 miles of 
watershed stream system for which the prepara- 
tion and adoption of floodland regulations are 
recommended in the watershed plan. 

2. In those areas of floodland that are already com- 
pletely or partly developed for urban uses, or 
committed to such development, the flood- 
land and floodland-related land use regulations 
should be designed so as to accommodate existing 
development, to preserve sufficient conveyance 
capacity for the 100-year flood flow through 
delineation and preservation and open use of 
a floodway, and to require the floodproofing of 
all new urban development committed in the 
floodplain fringe. This type of floodland regula- 
tion, which recognizes existing commitment to 
urban development, would be applicable to about 
16  miles of the approximately 72 miles of water- 

shed stream system for which the preparation and 
adoption of floodland regulations are recom- 
mended in the watershed plan. 

Control o f  Land Use Outside o f  the Floodlands: Because 
of the demonstrated hvdrolohc-hydraulic i m ~ a c t  of land - - 
use outside the floodkkds on the extent and severity of 
flood problems within the floodlands, it is recommended 
that land use controls outside the floodlands, particularly 
as needed to achieve the year 2000 land use plan, be 
viewed as an important floodland management measure 
for the Menomonee River watershed. Such land use 
controls may take the form of or be incorporated into 
zoning, land subdivision, sanitary and building ordinances 
adopted by counties, cities, villages, and towns under 
police powers granted by the State Legislature. 

Flood Insurance: Significant steps have been taken by 
watershed communities towards participation in the 
Federal Flood Insurance Program i n  that all the seven 
cities and six villages located wholly or partly in the 
Menomonee River watershed, as well as the unincor- 
porated areas of the watershed, have taken the neces- 
sary affirmative steps to be eligible to participate in the 
insurance program. Furthermore, the U. S. Department 
of Housing and Urban Development has authorized 
insurance rate studies for the Cities of Greenfield, Mil- 
waukee, Wauwatosa, New Berlin, and Brookfield and 
for the Villages of Menomonee Falls and Butler. It is 
recommended that the U. S. Department of Housing 
and Urban Development, in cooperation with the Wis- 
consin Department of Natural Respurces, authorize the 
conduct of insurance rate studies in the Cities of West 
Allis and Mequon and the Villages of Germantown and 
Elm Grove. It is further recommended that contractors 
retained by the U. S. Department of Housing and Urban 
Development to conduct the flood insurance rate studies 
base those studies on the flood hazard data developed 
under the watershed program. Finally, it is recommended 
that owners of property in flood-prone areas purchase 
flood insurance to provide some financial relief for losses 
sustained in future floods. 

Lending Institution and Realtor Policies: It is recom- 
mended that lending institutions continue to determine 
the flood-prone status of properties prior to granting of 
a mortgage and that the principal source of flood hazard 
information be that developed under the watershed plan- 
ning program. It is also recommended that real estate 
brokers, salesmen, and their agents continue to inform 
potential purchasers of property of any flood hazard 
which may exist at the site in accordance with the 
1973 executive order by the Governor of Wisconsin. 

Community Utility Policies and Emergency Programs: 
It is recommended that the policies of governmental units 
and agencies having responsibility for public utilities and 
facilities, such as water supply, sewerage, and streets and 
highways within the watershed be designed to comple- 



ment the land use and floodland regulations recom- 
mendations for the Menomonee River watershed and the 
recommended primary environmental corridor protection 
plan subelement. Although the hydrologically "flashy" 
and unpredictable nature of Menomonee River watershed 
flooding renders a flood forecasting system impractical, 
it is recommended that each watershed community 
develop procedures to provide floodland residents and 
other property owners with information about floods 
already in progress. The flood information procedures 
for a particular community might be selected from the 
following: monitoring of National Weather Service 
broadcasts during periods when rainfall or snowmelt 
are occurring or anticipated, patrolling riverine areas to 
detect rising stages and bankfull conditions, emergency 
messages broadcast over local radio and television sta- 
tions, use of police patrol cars or other vehicles equipped 
with public address systems, and use of warning sirens 
particularly during night-time hours. 

Maintenance of Stream Gaging Network: Continuous 
recording stream gaging stations, partial record stations, 
and crest stations located throughout the Menomonee 
River watershed can provide critical data essential to  
the future rational management of the surface water 
resources of the basin. It is recommended that the two 
continuous recorder gages temporarily installed at the 
N. 70th Street crossing of the Menomonee River in 
Wauwatosa and on the Menomonee River at Pilgrim 
Road (CTH YY) in the Village of Menomonee Falls for 
purposes of the IJC Menomonee River Pilot Watershed 
Study continue to be operated subsequent to  completion 
of that research project. It is recommended that two of 
the three partial record stations operated in the basin by 
the U. S. Geological Survey in cooperation with the 
Wisconsin Departments of Transportation and Natural 
Resources-the Freistadt gage on the Little Menomonee 
River and the Milwaukee gage on Honey Creek-be 
operated through 1980, and that the third gage--the 
Menomonee Falls gage at the Washington-Waukesha 
County line-be abandoned since it would be replaced by 
the recommended continuous stage recorder on the 
Menomonee River at Pilgrim Road in Menomonee Falls. 
It is recommended that the Village of Menomonee Falls, 
the City of Milwaukee, and the Milwaukee-Metropolitan 
Sewerage Commissions continue to  maintain their crest 
stage or staff gage networks; and it is also recommended 
that the Cities of Mequon and Brookfield and the Villages 
of Germantown and Elm Grove establish and maintain 
a network of crest stage or staff gages to  provide for the 
acquisition of high water data during future flood events. 

The existence in the watershed of 12  semipermanent 
structures located throughout the basin and containing 
sophisticated stream flow and water quality monitoring 
devices offer a unique opportunity for continued hydro- 
logic, hydraulic, and water quality research in south- 
eastern Wisconsin. It is recommended, therefore, that 
research institutions having responsibilities in water 
resource and water resource-related areas in the water- 

shed give consideration to  the development of research 
projects, educational programs, and other special studies 
that could incorporate portions of existing and extensive 
water quality-quantity monitoring networks within 
the watershed. 

Miscellaneous Measures for the Menomonee River Indus- 
trial Valley: It is recommended that a new flood protec- 
tion elevation of at least two feet above the 100-year 
recurrence interval peak flood stage profile for year 2000 
land use plan conditions be established along the Meno- 
monee River in the industrial valley upstream of River 
Mile 1.75 superseding the flood protection elevation 
presently established for that reach by the Sewerage 
Commissions. Consideration should be given to removal 
of The Falk Corporation dam in order to reduce flood 
stages at the earthen dike protecting the south boundary 
of the Chicago, Milwaukee, St. Paul, and Pacific Railroad 
yard and, in the event that The Falk Corporation dam is . 
required to be retained, the crest of the dike protecting 
the railroad yard should be raised. In order to protect 
the residential area lying east of the Menomonee River 
between IH 94 and the W. Wisconsin Avenue viaduct 
from flooding under probable future flow conditions, 
a floodwall should be constructed along the east bank 
of the River in this reach, and necessary backwater gate 
and storm water pumping stations should be installed 
near the end of the storm sewer outfalls. Similar flood- 
wall extensions and backwater gates should be installed 
along the west bank of the 0.16-mile-long reach of the 
Menomonee River between W. Wisconsin Avenue viaduct 
and the Chicago, Milwaukee, St. Paul, and Pacific Rail- 
road and along all or portions of both sides of the Meno- 
monee River channel between the Chicago, Milwaukee, 
St. Paul, and Pacific Railroad bridge and the N. 45th 
Street crossing of the River. 

Recommended Water Quality Management Plan Element 
Abandonment of Municipal Sewage Treatment Plants: 
The recommended water quality management plan ele- 
ment for the Menomonee River watershed incorporates 
the recommendations contained in the adopted regional 
sanitary sewerage system plan for southeastern Wisconsin 
to abandon the four municipal sewage treatment plants 
in the watershed. These four treatment plants, all of 
which discharge to  the main stem of the Menomonee 
River, are: the Village of Germantown Old Village 
plant, the Village of Menomonee Falls Pilgrim Road 
and Lilly Road plants, and the Village of Butler overflow- 
chlorination facility. Achievement of this recommenda- 
tion is contingent in part on completion of remaining 
segments of the recommended intercommunity trunk 
sewer system as shown on Map 52. 

Abatement of Combined Sewer Overflows: A preliminary 
engineering study currently underway and scheduled 
for completion in 1977 will provide recommendations 
for abatement of combined sewer overflows from the 
10.7-square-mile combined sewer service area in the lower 
reaches of the Menomonee River watershed. That study, 





being conducted by the Milwaukee-Metropolitan Sewerage 
C~mmissions, grew out of recommendations contained in 
the adopted Milwaukee River watershed plan of the 
Regional Planning Commission. Insofar as the recom- 
mendations forthcoming from that preliminary engineer- 
ing study are consistent with the water use objectives and 
standards established under the Menomonee River water- 
shed planning program, it is proposed that the findings 
and recommendations of that preliminary engineering 
study be considered as an integral part of the comprehen- 
sive watershed plan; and that more specifically, the 
construction of the necessary transmission, storage, and 
treatment facilities needed to abate the combined sewer 
overflow problem in the Menomonee River watershed 
as well as in the neighboring Milwaukee and Kinnickinnic 
River watersheds be implemented as soon as practicable. 

Elimination of Flow Relief Devices: The recommended 
water quality management plan element for the Meno- 
monee River watershed incorporates the recommendation 
contained in the adopted regional sanitary sewerage 
system plan for southeastern Wisconsin that the 102 flow 
relief devices--crossovers, bypasses, and relief pumping 
stations-discharging directly or indirectly to the Meno- 
monee River and tributaries during wet weather be 
gradually eliminated through trunk and relief sewer 
construction. Furthermore, it is recognized that the 
recently instituted Wisconsin Pollutant Discharge Elimi- 
nation System which requires a permit and a pollution 
abatement schedule for each device, provides an effective 
mechanism for gradual elimination of the flow relief 
devices in the Menomonee River watershed. 

Elimination of Industrial Discharges: The recommended 
water quality management plan element of the Meno- 
monee River watershed plan proposes that the direct or 
indirect discharge of industrial wastes to the Menomonee 
River and its tributaries from 44 industrial discharge 
points be abated or eliminated. It is recognized that 
such abatement or elimination can be achieved under 
the recently inaugurated Wisconsin Pollutant Dis- 
charge Elimination System which requires a permit 
and pollution abatement schedule for each industrial 
discharge device. 

Abatement of Creosote Pollution: It is recommended 
that the residual creosote pollution problem in the 
Little Menomonee River within Milwaukee County be 
resolved by excavating a new parallel channel, filling the 
existing channel, and restoring the site. The recom- 
mended pollution abatement measure would be applied 
along a 3.46-mile-long reach of the Little Menomonee 
River and would result in a significant reduction in 
creosote exposure and attendant hazard to people and 
aquatic flora and fauna. 

Provision of Sanitary Sewer Service: The water quality 
management plan element of the watershed plan incor- 
porates the recommendation contained in the adopted 
regional sanitary sewerage system plan for southeastern 
Wisconsin that sanitary sewer service be provided to 

presently unsewered urban areas within the watershed 
and to all planned new urban development. This recom- 
mendation requires the provision of sanitary sewer service 
to approximately 12 square miles of presently unsewered 
urban development within the basin and to approxi- 
mately 15 square miles of urban development anticipated 
between now and the year 2000 in accordance with the 
land use plan element for the watershed. 

Application of Land Management Measures: Water 
quality analyses conducted under the watershed planning 
program indicate that a significant reduction in washoff 
of pollutants from the land surface would, in combina- 
tion with other pollution abatement measures, result in 
a marked improvement in surface water quality. 

It is recommended that pollution in rural areas caused by 
runoff from agricultural land be controlled primarily 
through the application of basic land conservation mea- 
sures such as contour plowing, strip cropping, and mini- 
mum tillage supplemented with the judicious application 
of other measures including bench terraces. It is further 
recommended that pollution caused by washoff from 
barnyards and feedlots be abated by the construction of 
feedlot runoff pollution control systems consisting 
primarily of drainage control around each feedlot and 
provision of manure storage facilities. 

With respect to diffuse source pollution control in urban 
areas, it is recommended that communities in the Meno- 
monee River watershed use a judicious blend of education 
and ordinance to encourage citizens to apply low or 
no-cost measures such as the following: control of 
littering by domestic animals, proper application of 
chemical and organic fertilizers and pesticides to lawns, 
control of litter and debris and proper material storage 
on private property and in public places, and control of 
sediment and debris during demolition and construction 
activities. It is also recommended that communities 
examine the manner in which municipal services such as 
street cleaning and maintenance, street de-icing, and 
garbage collection are performed to determine if the 
average amount of dust and dirt that accumulates on 
road surfaces, and therefore is subject to washoff to the 
stream system, can be significantly reduced with little 
or no increase in costs. It is also recommended that 
community officials encourage land developers to con- 
sider the use of detention-retention storage as a means 
of reducing the washoff of potential pollutants from the 
land surface to the surface watersin addition to possibly 
reducing the cost of storm water control and achieving 
recreational and aesthetic benefits. 

Maintenance of a Water Quality Monitoring Program: 
Water quality monitoring at selected stations located 
throughout the Menomonee River watershed can provide 
critical data essential to the future rational management 
of the surface water resources of the basin. It is recom- 
mended that proposals to be developed under the area- 
wide water quality planning and management program, 
and published in early 1977, on a continuing surface 
water quality monitoring program in the Region be 



considered by the Menomonee River Watershed Com- 
mittee insofar as they apply to the Menomonee River 
watershed for incorporation into the water quality man- 
agement plan element of the watershed plan. 

Possible Need for Plan Refinement: The following three 
research or planning studies--all of which emvhasize 
diffuse source polluiion--are underway in southeastern 
Wisconsin and scheduled for completion in 1978: The 
IJC Menomonee River Pilot Watershed Study, the Wash- 
ington County Project, and the SEWRPC areawide water 
quality planning and management program. It is possible 
that data obtained or analyses conducted during the 
above three studies may necessitate refinements in or 
amendments to the water quality management plan 
element of the watershed plan. It is recommended that 
such changes be made under the guidance of the Meno- 
monee River Watershed Committee. 

COST ANALYSIS 

In order to assist public officials in evaluating the fore- 
going recommended comprehensive Menomonee River 
watershed plan, a preliminary capital improvement 
program with attendant operation and maintenance costs 
was prepared which, if followed, would result in total 
watershed plan implementation by the year 2000. In 
addition, an analysis was made of recent public expendi- 
tures for park and open space lands and major channel 
modifications in order to determine if sufficient monies 
were likely to be available to implement the recom- 
mended watershed plan. Capital costs and operation and 
maintenance expenditures assigned to the Menomonee 
River watershed plan exclude the cost of pollution abate- 
ment measures recommended in the adopted regional 
sanitary sewerage system plan. These water quality 
management subelements, the cost of which is presented 
below, include: trunk sewer construction necessary to 
permit abandonment of the four remaining municipal 
sewage treatment plants in the watershed; abatement of 
pollution from sanitary sewer flow relief devices; and 
abatement of combined sewer overflows. 

Plan Element Costs 
The preliminary capital improvement program includes 
the staging of the necessary land acquisition and facility 
construction and the distribution of the attendant 
costs including operation and maintenance expenditures 
over a 24-year period. This expenditure program is 
presented in summary form for the watershed as a whole 
in Table 42. This table sets forth the land acquisition 
and construction costs and estimated operation and 
maintenance expenditures associated with implemen- 
tation of each of the three recommended plan elements- 
land use, floodland management, and water qualityand 
associated subelements by year. The ultimate adoption 
of capital improvement programs for implementation of 
the watershed plan will require determination by the 
responsible public officials not only of those plan sub- 
elements which are to be implemented, and the timing 
of such implementation, but also of the principal bene- 
ficiaries and available means of financing. 

The preliminary schedule of capital and operation and 
maintenance costs set forth in the referenced table is 
based on present (1975) costs for land acquisition, 
facility construction, and operation and maintenance. 
The use of present land acquisition, facility construction, 
and operation and maintenance costs in the schedule of 
future expenditures is sound since in the event that costs 
increase or decrease as a result of general price inflation 
or deflation the corresponding revenues available to units 
of government are likely to increase or decrease in an 
approximately proportional manner and thus the relative 
magnitude of scheduled costs and anticipated revenues is 
likely to be maintained. That is, if the schedule of capital 
and operation and maintenance cost, as set forth in 
Table 42, appears reasonable and achievable in the light 
of present costs and revenue situations, it is likely to be 
equally reasonable and obtainable under future changing 
cost and revenue situations. 

Although the primary beneficiaries of implementation 
of the recommended comprehensive watershed plan will 
be the residents of the Menomonee River watershed, 
certain regional, state, interstate, and national benefits 
will accrue from full plan implementation. This fact 
should make many of the major plan recommendations 
eligible for financial assistance from the state and federal 
levels of government. The possible sources of state and 
federal financial assistance are described in Chapter VII 
of this volume. It is estimated that full utilization of 
these financial resources for watershed plan implementa- 
tion could serve to reduce the local plan implementation 
costs by approximately 50 percent. 

The full capital investment and operation and main- 
tenance cost of implementing the recommended compre- 
hensive plan for the Menomonee River watershed is 
estimated at $38.8 million over the 24-year plan imple- 
mentation period. Of this total cost, about $10.6 million 
or about 27 percent, are required for implementation of 
the recommended land use plan element which includes 
the overall land use plan subelement, the primary environ- 
mental corridor protection subelement, and the parkway 
drive-scenic drive-recreational trail subelement. About 
$17.1 million, or about 44 percent, of the full cost 
associated with the watershed plan are required for 
implementation of the recommended floodland manage- 
ment element including recommended channel modi- 
fications, detention storage, structure floodproofing 
and removal, bridge modification, continued operation 
of a stream gaging network, and miscellaneous flood 
damage control measures in the industrial valley. About 
$11.1 million, or about 29 percent, of the full cost of 
implementing the recommended comprehensive water- 
shed plan are required for implementation of those 
subelements of the recommended water quality manage- 
ment element not included in other adopted regional 
plan elements. These elements consist of the measures 
proposed to abate the residual creosote pollution problem 
in the Little Menomonee River, installation of feedlot 
runoff control systems, and application of land manage- 
ment measures to both rural and urban portions of the 
watershed for control of diffuse source pollution. Capital 



costs and operation and maintenance expenditures 
assigned to the water quality management element of the 
watershed plan exclude the cost of pollution abatement 
measures-such as trunk sewer construction to permit 
abandonment of municipal sewage treatment plants- 
recommended for the Menomonee River watershed under 
other adopted SEWRPC plans such as the comprehensive 
plan for the Milwaukee River watershed and the regional 
sanitary sewerage system plan. 

The average annual cost of the total capital investment 
and operation and maintenance cost required for plan 
implementation would be approximately $1.62 million, 
or about $4.40 per capita per year over the 24-year plan 
implementation period, the per capita cost being based 
on a resident watershed population of 368,000 persons, 
equal to the anticipated average resident population of 
the watershed between the 1970 population level of 
348,000 persons and the anticipated year 2000 popula- 
tion level of 388,000 persons. The average annual costs 
of implementation of the land use plan element, the 

floodland management plan element, and the water 
quality management plan element are, respectively, 
about: $440,300, or $1.20 per capita; $712,200, or 
$1.94 per capita; and $463,700, or $1.26 per capita. 

Land Use Plan Element: Costs assignable to the land use 
plan element do not include the capital and operation 
and maintenance costs associated with implementation 
of the overall land use plan element since that recom- 
mended plan is contained within the adopted land use 
plan for southeastern Wisconsin and the attendant bene- 
fits and costs were considered during the preparation of 
that land use plan. It should be noted that Table 42 
indicates that all of the land acquisition required for 
implementation of the primary environmental corridor 
subelement and all of the roadway construction needed 
for implementation of the parkway drive-scenic drive- 
recreational trail subelement would be carried out during 
the first 10 years of the 24-year plan implementation 
period, This accelerated land acquisition and parkway 
drive construction process is recommended in order to 

Table 42 

SCHEDULE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS OF THE PRELIMINARY RECOMMENDED 
COMPREHENSIVE PLAN FOR THE MENOMONEE RIVER WATERSHED BY PLAN ELEMENT AND BY YEAR: 1977-2000 

Calendar 
Year 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

Total 

Project 
Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

24-Year 
Average 

C 

$165,770 

Primary Environmental 

$162,660 

Corridor 

Land 
~ c q u i r i t i o n ~  

$ 397,860 
397,860 
397,860 
397,860 
397,860 
397,860 
397,860 
397,860 
397,860 
397,860 

- 

- 

- 

- 

- 

- 

$3,978,600 

$ 440,300 

Subtotal 

$ 651,300 
673,160 
695,040 
716,940 
738,820 
760,670 
782,550 
804,480 
826,440 
848.31 0 
219,250 
219,280 
219,250 
219,250 
219,280 
219,250 
219,250 
219,280 
219,250 
21 9,250 
21 9,280 
21 9,250 
21 9.250 
21 9,280 

$1 0,567.41 0 

Subelement 

Operation 
and 

Maintenanceb 

$ 20,020 
40,040 
60,050 
80,080 

100.1 00 
120,120 
140,130 
160,160 
180.180 
200,200 
200,200 
200,200 
200,200 
200,200 
200,200 
200,200 
200,200 
200,200 
200,200 
200,200 
200,200 
200,200 
200,200 
200,200 

$3,903,880 

Land Use Plan Element 

Parkway Drive-Scenic Drive- 

$ 134 

Scenic Drive and 
Interconnecting 
Urban Streetg- 

Signing and Marking 

$ 330 
270 
240 
21 0 
180 
120 
90 
90 

1 20 
90 
90 

1 20 
90 
90 

1 20 
90 
90 

1 20 
90 
90 

1 20 
90 
90 

120 

$3.21 0 

$ 88,330 $ 8,000 $12,870 

Parkway 

constructionC 

$ 212,000 
21 2,000 
212,000 
21 2,000 
21 2,000 
212,000 
2 1 2,000 
21 2,000 
21 2,000 
21 2,000 

- 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 

$2.1 20,000 

$ 2,540 

Recreational Trail Subelement 

Drive 

Operation 
and 

Maintenanced 

$ 1,580 
3.1 60 
4,760 
6,340 
7,920 
9,500 

11,080 
1 2.680 
14,260 
15,840 
15,840 
15,840 
15,840 
15,840 
15,840 
1 5,840 
15,840 
15,840 
15,840 
15,840 
1 5,840 
15,840 
15,840 
1 5,840 

$308,880 

Recreational 

constructione 

$ 19,200 
1 9,200 
19,200 
1 9,200 
19,200 
19,200 
19,200 
19,200 
19,200 
19,200 

- 

- 

- 

- 
- 

- 

$1 92,000 

Trail 

Operation 
and 

~ a i n t e n a n c e ~  

$ 310 
630 
930 

1,250 
1,560 
1,870 
2.1 90 
2,490 
2,810 
3.1 20 
3.1 20 
3,120 
3.1 20 
3,120 
3.1 20 
3.1 20 
3.1 20 
3.1 20 
3.1 20 
3,120 
3.1 20 
3,120 
3.1 20 
3,120 

$60,840 



Table 42 (continued) 

Calendar 
Year 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

Total 

Project 
Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Total 

$ 4,574,130 
4,604,940 
4,629,820 
4,654,720 
4,679,500 
1.21 0,870 
1,232,750 
1,254,680 
1,276,640 
1.298.51 0 

669.450 
669,480 
669,450 
669,450 
669,480 
669,450 
669,450 
669,480 
669,450 
669,450 
669,480 
669,450 
669,450 
669,480 

$38,788,760 

$ 1,616,200 

24-Year 
Annual Average 

Calendar 
Years 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

Total 

Project 
Years 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

24-Year 
Annual Average 

Subtotal 

$ 595,280 
595,280 
595,280 
595,280 
595,280 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 

$1 1,127,400 

$ 463,700 

Industrial 
Valley . 

~easures' 

$162,600 
162,600 
162,600 
162,600 
162,600 

- 
- 
- 
- 
- 

- 
- 

- 

- 
- 

$81 3,000 

Reduce Diffuse 
Source Pollution from 

Urban Lands 
(Operation and Maintenance) 

$ 429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429.000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 

$1 0,296,000 

$ 429,000 

Abate Creosote Pollution 
With Excavation of 

New Channel and Filling 
of Existing Channel 

(Construction) 

$ 40,200 
40,200 
40,200 
40,200 
40,200 

- 
- 

- 
- 

$201,000 

$ 8,400 

Subtotal 

$ 3,327,550 
3,336,500 
3,339,500 
3,342,500 
3,345,400 

21,200 
21,200 
21,200 
21,200 
21,200 
21,200 
21,200 
21,200 
21,200 
21,200 
21,200 
21,200 
21,200 
21,200 
21,200 
21,200 
21,200 
21.200 
21,200 

$1 7,093,950 

$ 33,900 

Element 

Bridge 
Modification 

for Flood 
Control 

Purposes 

$ 42,000 
42,000 
42,000 
42,000 
42,000 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

$210,000 

Stream Gaging 

$ 712,200 $ 8,800 

Floodland Management 

Structure 
Floodproofing 

and 
Removal 

$ 887,500 
887.500 
887,500 
887,500 
887,500 

- 
- 
- 
- 
- 
- 

- 
- 

- 
- 
- 
- 
- 
- 

- 
$4,437,300 

Network 

Operation and 
Maintenance 

of Continuous 
Recorder 
~ a g e s ~  

$ - 
6,400 
6,400 
6,400 
6,400 
6,400 
6,400 
6,400 
6.400 
6,400 
6,400 
6,400 
6,400 
6,400 
6,400 
6,400 
6,400 
6,400 
6.400 
6,400 
6,400 
6,400 
6,400 
6,400 

$147,200 

$ 6,100 

Water Quality 

Control Runoff 
from Animal Feedlots 

(Construction) 

$ 80.000 
80,000 
80,000 
80,000 
80,000 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 

$400,000 

$ 16,700 

$ 184,900 

Installation 
of Staff or 
Crest Stgge 

 age$ 

$450 
-- 
- 
- 
-- 

- 
- 
- 
- 
- 

- 
- 

- 

- 
- 

- 
- 

$450 

$ 18 

Channel 

Management Element 

Reduce Diffuse 
Source Pollution from 

Agricultural Lands 

$ 46,080 
46,080 
46,080 
46,080 
46,080 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

$230,400 

$ 9,600 

Modifications 

Construction 

$ 2,106,100 
2,106,100 
2,106,100 
2,106,100 
2,106,100 

- 

- 

- 

$10,530,300 

$ 438,800 

Detention 

Operation 
and 

Maintenance 

$ 1,700 
3,400 
5,200 
6,900 
8,600 
8,600 
8,600 
8,600 
8,600 
8,600 
8,600 
8,600 
8,600 
8,600 
8,600 
8,600 
8,600 
8,600 
8,600 
8.600 
8,600 
8,600 
8,600 
8,600 

$1 89,200 

$ 7800 

Storage 

Construction 

$126,000 
126,000 
126,000 
126,000 
126,000 

- 

- 

- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 

$630.1 00 

$ 26,300 

Operation 
and 

Maintenance 

$ 1,200 
2,500 
3,700 
5,000 
6,200 
6,200 
6,200 
6200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 

$1 36,400 

$ 5,700 



Table 42 (continued) 

a Assumes that 10 percent of the recommended 6.3 square miles of  primary environmental corridor land would be acquired in each of  the first 10 years of plan 
implementation. 

Based on annual operation and maintenance cost of  $50 per acre for corridor land. 

Assumes that 10 percent of the recommended 1 3 1  miles of new parkway drive would be constructed in each of the first 10 years of plan implementation. 

Based on annual operation and maintenance costs of  $1,200 per mile forparkway drives. (Includes snow removal, grass cutting, and sealing of surface.) 

Assumes that 10 percent of  the recommended 62 miles of new recreational trails would be constructed in each of  the first 10 years of  plan implementation. 

Based on annual operation and maintenance costs of  $600 per mile for recreational trails. 

Assumes that a total of the signs per mile at a cost of  $30 per sign would be installed over a five year period on 20.1 miles of  scenic drive and interconnecting 
uhan street and that 10 percent of  the signs would be replaced each year. 

Two continuous stage recorder installations each having a total operation and maintenance cost of $3,20Oper year. 

Nine staff or crest stage gages-one in the City of Mequon in Ozaukee County, two in the Village of Germantown in Washington County, and three in the City of 
Brookfield and one in the Village of  Elm Grove and two in the Village of  Menomonee Falls in Waukesha County--at $50per installation. 

j Assumes a two foot increase in the height of  0.70 mile of  earthen dike along the Menomonee River in the vicinity of  the Chicago, Milwaukee, St. Paul, and Pacific 
Railroad property at $70 per lineal foot; a four foot increase in the height of 0.24 mile of  floodwall along the east bank of  the Menomonee River between the 
East-West Freeway and the W. Wisconsin Avenue viaduct at $140 per lineal foot; a four foot increase in the height of 0.16 mile of  floodwall along the east bank 
of the Menomonee River between the W. Wisconsin Avenue viaduct and the Chicago, Milwaukee, St. Paul, and Pacific Railroad bridge at River Mile 4.24 at $140 
per lineal foot; and a four foot increase in the height of 0.35 mile of floodwall along parts of both banks of the Menomonee River between the railroad bridge 
and N. 46th Street at $140 per lineal foot. The estimated capital cost of the total 1.45 miles of dike-floodwall extension is $813,000. 

Source: SEWRPC. 

acquire and provide access to the necessary open space 
lands while these lands are still in predominantly rural use 
and before they are preempted by urban development. 
The total capital land acquisition and construction costs 
and operation and maintenance cost for the recom- 
mended land use plan element is $10.6 million. 

The average annual capital and operation and maintenance 
costs of implementing the primary environmental corridor 
subelement are, as noted in Table 42, estimated to be 
$328,430, or about $0.89 per capita per year. The average 
annual capital and operation and maintenance costs of 
implementing the parkway drive-scenic drive-recreational 
trail subelement are estimated to be $111,870, or about 
$0.31 per capita per year. Of the total estimated land 
acquisition, construction, and operation and maintenance 
costs of $10.6 million for implementation of the land 
use plan element, about $7.9 million, or about 75 per- 
cent, would be expended to implement the primary 
environmental corridor subelement with the remaining 
$2.7 million, or about 25 percent, being required to 
implement the parkway drive-scenic drive-recreational 
trails sublement. 

Floodland Management Plan Element: Table 42 recom- 
mends that structural measures required for imple- 
mentation of the floodland management element of 
the watershed plan be carried out during the first five 
years of the plan implementation period. This accelerated 
construction of structural flood control measures is 
recommended in order to provide, in the immediate 
future, relief from the serious flood problems that prevail 
in portions of the watershed. 

The total capital construction cost and operation and 
maintenance cost for the recommended floodland man- 
agement plan element in the watershed is $17.1 million. 
The average annual capital and operation and main- 
tenance costs of implementing the recommended flood- 
land management plan element for the watershed are 
$712,200, or about $1.94 per capita, which amount 
would largely be expended for construction of flood 
control facilities. Of the total estimated cost of $17.1 mil- 
lion for implementation of the floodland management 
plan element, about $11.7 million, or about 68 percent, 
would be expended for structural flood control mea- 
sures-channelization, detention storage, and bridge 
modification-with the remaining $5.4 million, or 32 per- 
cent, being expended for structure floodproofing and 
removal, stream gaging, and miscellaneous measures in 
the industrial valley. 

Water Quality Management Plan Element: The total 
capital and operation and maintenance cost for the 
recommended water quality management plan element 
is $11.1 million. As noted above, however, this cost 
does not include the capital cost and operation and 
maintenance costs of pollution abatement measures 
recommended in other adopted Commission plans. 
These measures, the costs of which are not reflected 
in the cost of the Menomonee River watershed plan, 
include: trunk sewer construction necessary to permit 
abandonment of the four remaining municipal sewage 
treatment plants in the watershed and to facilitate 
provision of sanitary sewer service to presently unsewered 
urban areas and to planned urban development; abate- 
ment of pollution from sanitary sewer flow relief devices; 



and abatement of the combined sewer overflow problem 
in the Menomonee River watershed. The average annual 
capital and operation and maintenance costs of imple- 
menting the recommended water quality management 
plan element for the watershed are estimated to be 
$463,700, or about $1.26 per capita. Of the total esti- 
mated cost of $11.1 million for implementation of 
the water quality management plan element, about 
$0.2 million, or about 2 percent, would be expended 
to  implement the creosote abatement planned subele- 
ment, and about $10.9 million, or about 98 percent, 
would be expended to implement the land management 
pollution abatement measures. 

Cost of Pollution Abatement Measures Recommended 
Under the Regional Sanitarv Sewerae Svstem Plan to be - " 
Implemented -within the ~enomonee  River Watershed: 
As noted above, the anticipated capital costs and opera- 
tion and maintenance expenditures for the water quality 
management element of the recommended Menomonee 
River watershed plan exclude the costs of those pollution 
abatement measures recommended under the regional 
sanitary sewerage system plan. Those measures, however, 
would have to be carried out, in part, within the Meno- 
monee River watershed. These pollution abatement 
measures consist of: construction of facilities for the 
abatement of the combined sewer overflow problem in 
the Milwaukee-Metropolitan area; construction of inter- 
community trunk sewers needed to provide adequate 
sanitary sewer service to  existing unsewered urban 
development and to planned new urban development 
and to  permit abandonment of the remaining four 
municipal sewage treatment plants operating in the 
watershed and the connection of the tributary service 
areas to  the Milwaukee metropolitan system; and elimina- 
tion of sanitary sewerage system flow relief devices. 
Although the regional sanitary sewerage system plan 
recommends provision of sanitary sewer service to 
existing and proposed urban development, the cost of 
the local sanitary sewers needed to  implement this recom- 
mendation was not included in the adopted regional 
sanitary sewerage system plan or in the watershed plan 
since such costs would generally be incurred by private 
landowners and developers and assessed directly against 
or otherwise passed on to the purchasers of residential, 
commercial, and industrial property. 

Although the costs of abatement of combined sewer 
overflows, intercommunity trunk sewer construction, 
and elimination of flow relief devices within the Meno- 
monee River watershed are not assigned to  the compre- 
hensive plan for the Menomonee River watershed, since 
such costs have already been charged to the regional 
sanitary sewerage system plan, it is of interest to deter- 
mine the costs of the in-watershed portion of these 
previously recommended regional pollution abatement 
measures and to  compare the costs of the in-watershed 
portion of these pollution abatement measures to the 
assignable costs of the recommended Menomonee River 
watershed plan. 

The 1970 capital costs of the recommended combination 
deep tunnel-mined storage-flow through treatment 
system intended to collect, convey, and adequately treat 

all combined sewer overflows throughout the 27-square- 
mile combined sewer service area in Milwaukee County 
was estimated at $130 million, or approximately $4.8 mil- 
lion per square mile. Similarly, 1970 operation and 
maintenance expenditures for the recommended com- 
bined sewer overflow pollution abatement measure were 
estimated at $1.56 million per year for the 27-square-mile 
combined sewer service area or about $58,000 per square 
mile. As a result of an approximate 50 percent increase 
in construction and other costs since 1970, the 1975 unit 
capital cost for the recommended combined sewer over- 
flow abatement measure is estimated at $7.25 million 
per square mile and the 1975 unit operation and mainte- 
nance expenditure is estimated at $87,000 per square 
mile per year. 

Approximately 10.7 square miles of the total 27-square- 
mile combined sewer service area in the Milwaukee- 
metropolitan area lies within the Menomonee River 
watershed. Therefore, the estimated 1975 capital costs 
of the implementation of the combined sewer over- 
flow abatement measure within the Menomonee River 
watershed is $77.6 million and the associated estimated 
operation and maintenance expenditures are $933,000 
per year. 

The estimated capital costs of trunk sewer construction 
to  be carried out within the Menomonee River water- 
shed, as shown on Map 52, was estimated in 1970 at 
$19.9 million equivalent to about $29.9 million in 1975. 
Similarly, the attendant operation and maintenance 
expenditures for the in-watershed portion of the trunk 
sewer construction recommended, under the regional 
sanitary sewerage system plan was estimated in 1970 as 
$3,430 per year, equivalent to  approximately $5,150 per 
year in 1975. 

Some of the 102 flow relief devices located directly on, 
or very close to, the proposed relief sewers within the 
Menomonee River watershed could be abandoned imme- 
diately upon completion of the intercommunity trunk 
sewer construction and, therefore, there would be no 
significant additional direct costs associated with the 
elimination of such flow relief devices as recommended 
in the regional sanitary sewerage system plan. The cost 
of structural work required to eliminate the remaining 
sanitary sewer system flow relief devices is likely to vary 
widely among the various devices and can be determined 
only through detailed engineering studies of each device. 
However, the cost of the necessary structural work on the 
remaining flow relief devices is likely to  be very small 
compared to  the $29.9 million cost of the recommended 
intercommunity trunk sewer construction and, therefore, 
may be neglected for purposes of this analysis. 

Assuming that the in-watershed portion of the combined 
sewer overflow abatement facilities is constructed during 
the 10-year period of 1978 through 1987 and the 
in-watershed portion of the recommended intercom- 
munity trunk sewer facilities is constructed during the 
14-year period of 1977 through 1990, the capital cost 
and operation and maintenance expenditures during 
the 24-year Menomonee River watershed plan imple- 
mentation period for these two pollution abatement plan 



elements would total $124.9 million or $339 per capita. 
On an annual basis, these capital and operation and 
maintenance costs would be $5.2 million per year for the 
24-year implementation period, or approximately $14 
per capita per year. The total $124.9 million 24-year plan 
implementation cost of the in-watershed portion of the 
two pollution abatement measures as recommended 
under the adopted regional sanitary sewerage system 
plan is 3.2 times the total $38.8 million 24-year plan 
implementation costs assigned to the recommended 
Menomonee River watershed plan. 

Comparison of Plan Costs to 
Selected Recent Public Exvenditures 
In order to assess the possible impact of implementation 
of the watershed plan on the public financial resources 
of local units of government within the watershed, an 
analysis was made of the recent public expenditures for 
park and outdoor recreation purposes and for major 
channel modifications for comparison to the costs 
associated with the recommended comprehensive plan 
for the watershed. Recent capital and operation and 
maintenance expenditures by all units of government 
within the watershed for park and outdoor recreation 
purposes were used as an index of the ability of local 
units of government to expend the funds necessary to 
implement the primary environmental corridor subele- 
ment and the parkway drive-scenic drive-recreational trail 
subelement of the land use plan element of the Meno- 
monee River watershed plan. Similarly, recent capital 
expenditures for major channel works by the Milwaukee- 
Metropolitan Sewerage Commissions were used as an 
index of the ability of local units of government to 
expend the funds necessary to implement the structural 
flood control measures contained within the recom- 
mended floodland management plan element of the 
watershed plan. 

Analysis of Recent Park and Outdoor Recreation Expen- 
ditures: Expenditures for park and outdoor recreation 
purposes by the four counties and 17 cities, villages, and 
to in s  located wholly or partly within the watershed 
for the 10-year period from 1963 through 1972 were 
obtained from the records of the Wisconsin Department 
of Revenue, Bureau of Municipal Audit. These expendi- 
tures are reported in two major categories: capital expen- 
ditures, which includes outlays for purposes such as land 
acquisition and parkway drive construction, and opera- 
tion and maintenance outlays. These recent park and 
outdoor recreation expenditures for each of the 21 units 
of government were apportioned to the watershed based 
upon the proportion of the total population of each civil 
division within the watershed to the total population of 
each civil division. The resulting 1963 through 1972 park 
and outdoor recreation expenditures by local units of 
government in the Menomonee River watershed are set 
forth in Table 43. 

Capital expenditures for park and outdoor recreation 
purposes within the watershed for the 10-year period 
from 1963 to 1972 totaled $14.5 million, or approxi- 
mately $1.5 million per year. Operation and maintenance 
expenditures during this same period totaled $37.5 mil- 

lion, or approximately $3.8 million per year. Total 
expenditures for park and outdoor recreation purposes 
by local units of government in the Menomonee River 
watershed during the lo-year period total $52.0 million, 
or an average of about $5.2 million per year. 

As shown in Table 42, the estimated total cost of imple- 
menting the primary environmental corridor subelement 
and the parkway drive-scenic drive-recreational trails 
subelement of the recommended watershed plan, includ- 
ing capital and operation and maintenance cost, is esti- 
mated at $10.6 million, or $440,300 per year, for the 
total 24-year plan implementation period. Capital costs 
for the intensive 10-year land acquisition and parkway 
drive-recreation trail-scenic drive development phase total 
about $6.3 million, or about $629,700 per year, with 
operation and maintenance costs during that period 
totaling about $1.2 million, or about $120,500 per year. 
Total costs during the 10-year period in which essentially 
all of the primary environmental corridor and parkway 
drive-scenic drive-recreational trail implementation efforts 
would occur and, in which 71 percent of the expendi- 
tures would occur, total about $7.5 million, or about 
$750,200 per year. 

Table 43 

PARK AND OUTDOOR RECREATION EXPENDITURES 
BY LOCAL UNITS OF GOVERNMENT IN THE 

MENOMONEE RIVER WATERSHED: 1963-1972 

a Includes expenditures reported for such purposes as land acquisi- 
tion and parkway drive construction. 

~xcludes park and recreation-related expenses by the City of 
Milwaukee school system. 

 bout 92 percent of these expenditures occurred in the Mil- 
waukee County portion of the watershed. 

Source: Wisconsin Department of Revenue, Bureau of Municipal 
Audit, and SEWRPC. 



This latter annual amount may be compared to the recent 
average annual expenditures for park and outdoor recrea- 
tion purposes in the Menomonee River watershed. Such 
a comparison indicates that substantially more money 
would probably be available within the watershed to 
undertake programs consistent with plan implementation 
than would be needed. For example, recent actual capital 
and operation and maintenance expenditures for park 
and outdoor recreation purposes within the watershed 
have been about $5.2 million per year whereas scheduled 
capital and operation and maintenance expenditures 
during the 10-year intensive implementation period of 
1977 through 1986 are estimated at about $0.75 million 
per year. Therefore, recent average annual expenditures 
for park and outdoor recreation purposes have been 
approximately seven times that needed to implement 
essentially all of the recommendations concerning pri- 
mary environmental corridors and parkway drive-scenic 
drive-recreational trails within the watershed. After the 
10-year implementation period, that is, from 1987 
through 2000, it is anticipated that no major expendi- 
tures will be required for open space land acquisition or 
for parkway drive-recreational trail construction. 

It is important to note that although a projection of 
historic park and recreation expenditures within the 
watershed indicates that sufficient funds should be avail- 
able on a watershedwide basis to undertake programs 
consistent with plan implementation, a shift in the 
geographic focus of the expenditures and therefore 
source of the necessary funds will have to be effected. 
Of the total of $52.0 million expended in the watershed 
for park and recreation purposes during the 10-year 
period from 1963 through 1972, $47.8 million, or 
92 percent, was expended within the Milwaukee County 
portion of the basin. In contrast, of the total of $10.6 mil- 
lion capital and operation and maintenance expenditures 
scheduled for implementation of the primary environ- 
mental corridor subelement and the parkway drive-scenic 
drive-recreational trails subelement of the recommended 
watershed plan, $9.0 million, or 85 percent, must be 
expended in the Ozaukee, Washington, and Waukesha 
Counties portions of the watershed with the remaining 
15  percent being expended within the Milwaukee County 
portion of the basin. 

Analysis of Recent Channel Improvement Expenditures: 
Capital expenditures for channel modifications, excluding 
bridge demolition and reconstruction, within the Mil- 
waukee County portion of the Menomonee River water- 
shed for the 13-year period of 1960 through 1973 were 
obtained from the Milwaukee-Metropolitan Sewerage 
Commissions. These public capital expenditures relate 
to major channel modifications carried out on portions 
of Honey Creek, Underwood Creek, and the main stem 
of the Menomonee River during that 13-year period. 
Although channel alterations, such as those within the 
Village of Elm Grove, were also carried out at public 
cost in other parts of the watershed during that period, 
the capital costs of those projects are small compared 
to capital costs of channel modifications within the 
Milwaukee County portion of the watershed; therefore, 
the latter expenditures are a sufficiently accurate index 

of recent channel modification expenditures within the 
watershed. The channel modification expenditures for 
the Milwaukee County portion of the watershed, as set 
forth in Table 44, indicate that over the 13-year period 
a total of approximately $13.3 million was expended on 
channel improvements in the Milwaukee portion of the 
watershed, or an average of approximately $1.0 million 
per year. 

As shown in Table 42, the estimated total capital cost of 
implementing the floodland management element of the 
Menomonee River watershed plan is $17.1 million with 
$11.7 million, or 68 percent of the total estimated cost, 
being assigned to structural measures such as channel 
modifications, detention storage, and bridge replacement. 
The $11.7 million capital cost for structural measures 
would be expended during the intensive five-year imple- 
mentation phase at about $2.34 million dollars per year. 

This latter amount may be compared with recent capital 
expenditures by the Milwaukee-Metropolitan Sewerage 
Commissions for channel modification. Actual recent 
expenditures for channel modifications within the 
watershed, exclusive of bridge demolition and recon- 
struction costs, have approximated$l.O million per year, 
whereas scheduled expenditures during the five-year 

Table 44 

CHANNEL MODIFICATION CAPITAL EXPENDITURES 
BY THE MILWAUKEE-METROPOLITAN SEWERAGE 

COMMISSIONS IN THE MENOMONEE RIVER WATERSHED 
1960-1 973 

a Excludes the cost of bridge demolition and reconstruction. 

Source: Milwaukee-Metropolitan Sewerage Commissions. 

Year 

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 , 1972 -- -- -- 
1973 909 1,135 2,044 

Total 7,510 3,674 2,118 13,302 

13-Year 
Average 578 282 1,023 

Expenditures in Thousands of ~ o l l a r s ~  

Honey 
Creek 

88 

51 1 
1,889 
2,176 
1,729 

9 
199 

Underwood 
Creek 

522 

410 
1,607 

Menomonee 
River 

663 

1,455 

Total 

88 

663 

51 1 
2,411 
2,176 
1,729 
1,464 

609 
1,607 



intensive implementation period of 1977-1981 for 
structural flood control works are estimated at $2.34 mil- 
lion per year. Therefore, recent annual public capital 
expenditures for channelization only and for such chan- 
nelization only in the Milwaukee County portion of the 
watershed have been about 43 percent of the annual 
capital expenditures required over the five-year imple- 
mentation period of 1977 through 1981 to construct 
all the recommended structural flood control works. 
After that period, that is, from 1982 through 2000, 
it is anticipated that no major structural flood con- 
trol works will be required within the Menomonee 
River watershed. 

Concluding Statement: The cost analysis conducted 
under the Menomonee River watershed program does 
not include the comparison of cost associated with imple- 
menting the water quality management plan element and 
the recent public expenditures for pollution abatement. 
Most of the water quality management subelements rec- 
ommended under the Menomonee River watershed 
planning program were previously recommended under 
the adopted regional sanitary sewerage system plan and, 
under that planning program, analyses were conducted 
to demonstrate that sufficient funds would be available 
to implement the recommended pollution abate- 
ment measures. 

From the foregoing discussion, it is fair to conclude that 
sufficient monies to implement substantially the recom- 
mended land use plan element, the floodland management 
plan element, and the water quality management plan 
element of the comprehensive Menomonee River water- 
shed should become available within the watershed, 
although the current rate of expenditures for flood con- 
trol improvements would have to be increased to permit 
implementation of the floodland management element 
of the plan in the first five years. However, significant 
shifts may be required with respect to where within the 
watershed such expenditures have been made in the past 
and where they must be made in the future. The cost of 
implementing the watershed plan over the 24-year plan 
implementation period would be reasonably achievable 
by continuing the approximate current public expendi- 
ture patterns for park and outdoor recreation purposes, 
flood control, and pollution abatement. It is clear that if 
the adopted watershed development objectives and 
standards are to be met, and if the associated desired 
environmental quality within the watershed is to be 
achieved and maintained, the level of expenditures 
needed to implement the recommended watershed plan 
is necessary and fully warranted. 

THE ABILITY OF THE RECOMMENDED 
COMPREHENSIVE PLAN FOR THE 
MENOMONEE RIVER WATERSHED TO MEET 
ADOPTED OBJECTIVES AND STANDARDS 

In its most basic sense, planning is a rational process for 
establishing and meeting objectives. The objectives which 
have been adopted for the Menomonee River watershed 
constitute the overall goals of the comprehensive plan. 
As discussed in Chapter 11, Volume 2 of this report, 

the formulation of watershed development objectives 
and supporting standards was undertaken early in the 
Menomonee River watershed study as the second step 
in the seven-step planning process. 

Chapter I1 of this volume sets forth the regional land 
use and sanitary sewerage system planning objectives, 
principles, and standards which had been adopted by the 
Commission under related regional planning programs at 
the time of initiation of the Menomonee River watershed 
planning program, and which are related to formulation 
of a comprehensive plan for the Menomonee River water- 
shed. Chapter I1 also presents a series of water control 
facility development objectives and standards based on 
similar objectives and standards formulated under earlier 
Commission watershed studies revised as needed to meet 
the needs of the Menomonee River watershed. Therefore, 
the objectives and standards established for the Meno- 
monee River watershed planning program consist pri- 
marily of objectives and standards adopted under related 
planning programs supplemented with objectives and 
standards developed under the Menomonee River water- 
shed planning program. 

The adopted watershed development objectives have been 
translated into adopted detailed design standards in order 
to provide the basis for plan preparation, test, and evalua- 
tion. More specifically, the adopted objectives and sup- 
porting standards have been used to prepare and evaluate 
alternative subelements within three major plan elements: 
the land use plan element, the floodland management 
plan element, and the water quality management plan 
element. The preparation and evaluation of alternative 
plan subelements within the above three categories 
resulted in the synthesis of a recommended comprehen- 
sive plan for the Menomonee River watershed. 

It is appropriate to determine how well the recommended 
comprehensive plan for the watershed meets the adopted 
objectives and standards. Accordingly, an evaluation of 
the comprehensive plan was made on the basis of its 
ability to meet the watershed development objectives and 
standards. The results of that evaluation are presented in 
summary form in Table 45. 

Although all the standards appearing in the table are not 
of equal value, a determination of what portion of the 
standards are classified as "met," "could be met," "not 
applicable," "partially met," or "cannot be met" pro- 
vides a general evaluation of the ability of the compre- 
hensive plan for the Menomonee River watershed to meet 
the adopted objectives and standards. 

Of the 79 standards appearing in Table 45,32, or 41 per- 
cent are rated as "met ," and an additional 28, or 35 per- 
cent are classified as "could be met." A total of 11, or 
14  percent of the standards are categorized as "not 
applicable" and only 8 ,  or 10 percent of the standards 
are rated as "partially met," "cannot be met," or "not 
met." The relatively small number of standards that 
could not be met or would be only partially met under 
the recommended comprehensive plan for the Meno- 



Table 45 

ABILITY OF THE RECOMMENDED COMPREHENSIVE PLAN FOR THE 
MENOMONEE RIVER WATERSHED TO MEET ADOPTED OBJECTIVES AND STANDARDS 

A balanced allocation o f  
space t o  the various land 
use categories which 

meets the social, 

physical, and economic 

needs o f  the regional 
population 

Land Use Objectives 

Residential Land Allocation Not  applicable 

added persons 

Lowdensity Urban- 
238 acres/1,000 
added Dersons 

Objective 

Number I Description 

Not applicable 

Degree t o  Which 
Standard is Met Standard 

Land use plan proposes new 
medium density urban 

areas. No new suburban, 

low,or rural density 

areas are planned 

Comments 

Mediumdensity- 
6 5  acres/l,000 
added persons 

Standard requires 
2,600 acres and plan 
proposes 6,420 acres 

Standard requires 
360 acres and plan 

Government and 
Institutional Land 

Land Allocation 

Highdensity- 
24 acresl1,OOO 
added persons 

9 acresl1.000 added 
population 

Allocation 

added population 

Not  applicable 

Met 

proposes 416 acres. 

Regiona l4  acresl1.000 
added population 

Cannot be met 
i n  watershed 

Park and Recreation I Local-9 acres/1,000 
which is easily met b y  
combination o f  3,070 acres 
o f  recommended primary 
environmental corridor 
acquisition and allowance 
for local park i n  each 
quarter section o f  new 
residential develo~ment 

Met I Standard requires 360 acres 

Regional parks are not  
proposed due to  lack 
of suitable sites 

Swimming-4.45 acre 
beach11 00 participants 

Picnicking-1 2.5 acresl 
100 participants 

Golfing-32.8 acres1 
100 participants 

Standard met by  
equivalent swimming pools 

2,730 acres o f  existing 
picnicking lands are 
sufficient t o  meet exsting 
and forecast demand 
for year 2000 

Sufficient land available 
for the public or private 
development o f  additional 
golf courses i n  urbanizing 
areas 

I I 

Camping-1 33.3 acres1 I Cannot be met I No potential for development 
100 participants o f  quality camping areas 

100 participants for  the public or private 
development of the 
necessary additional skiing 
slopes and facilities 

Commercial 
Land 
Allocation 

3 acres11 00 added 
employees 

Industrial I Land 
Allocation 

Not  met 

2 acres1100 added 
employees 

Standard requires 642 acres 
acres and plan proposes 
180 acres 

Met Standard requires 41 2 acres 
and plan proposes 
787 acres 



Table 45 (continued) 

A spatial distribution o f  
the various land uses 
which is properly 

related t o  the support- 
ing transportation, 
util ity, and public 
facil ity systems i n  
order t o  assure the 
economical provision 
o f  ut i l i ty and 
municipal services 

Major transportation routes 
t o  avoid penetration of 
natural resource areas 

to provide access t o  
urban areas 

Sewer service t o  
residential areas 

Degree t o  Which 
Standard is Met 

~ e t ~  

~ e t ~  

Not applicable 

~ e t ~  

Cannot be met 

Partially met 

Met 

Could be met 

Number 

2 

Water supply t o  
residential areas 

Comments 

Plan does not propose 
land t o  be developed 
without sanitary 
sewer service 

A l l  of the 12 wetlands 
50 acres or more i n  size 
are protected under the 
recommended PEC 
subelement 

Requires 13.7 square miles 
o f  woodland i n  watershed 
compared t o  existing 
5.3 square miles of 
woodland 

I 

Largely dependent on 
local community action 
with respect t o  habitat 
management 

Objective 

Description 

A spatial distribution o f  
the various land uses 

which wi l l  result i n  
the protection, wise 
use, and development 
of the natural resources 
o f  the Region 

Land Use Objectives 

Maximize use of existing 
transportation and 
ut i l i ty facilities 

Standard 

Soils 

Wetlands 

Woodlands 

Wildlife 

The preservation and 
provision of open space 
t o  enhance the total 
quality of  the regional 
environment, maximize 
essential natural 
resource availability, 
give form and structure 
t o  urban development 
and facilitate the 
ultimate attainment o f  
a balanced year-round 
outdoor recreational 
program providing 
a ful l  range o f  
facilities for all 
age groups 

Urban Uses 

Rural Uses 

Sanitary Sewer 
Service Areas 

Protect wetlands over 
50 acres and those with 
high resource values 

10 percent of watershed 

40 acres each of 
4 forest type 

5 acres11 ,000 
regional population 

Maintain a wholesome habitat 

Local park spacial location 

Regional park spacial location 

Areas o f  scientific, 
cultural scientific, and 
educational value 

Could be met 

Could be met 

Could be met Dependent upon results of 
current study o f  inter- 
municipal intersupply system 1 

Could be met Plan allows for local park 
i n  each quarter section 
of new urban development 

Regional park and recreation 
areas available inside and 
surrounding the watershed 

Met Incorporated in primary 
environmental corr~dor 



Table 45 (continued) 

Land Use Objectives 

Sanitary Sewage System Objectives 

Comments 

Partially- 
agricultural lands retained 
i n  year MOO plan 

Such areas are protected 
under recommended 
primary environmental 
corridor subelement 

Degree t o  Which 
Standard is Met 

~ 

Met 

Could be met 

Could be met 

Could be met 

Could be met 

Standard --- - ~- -- -- 

Preserve prime 
agricultural lands 

Preserve other appropriate 
agricultural areas 

Conservation treatment 
on  agricultural lands 

protect drainageways 
from erosion 

Protect developing 
urban lands from erosion 

Central erosion in 
critical areas 

Number 

5 

6 

Comments 

Plan does not contain 
significant low density areas 

- 

- 

- 

- 

Objective 

Description 

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

The attainment of good 
soil and water consarva- 

t ion  practices i n  order 
t o  reduce storm water 
runoff, soil erosion, and 
stream and lake sedi- 
mentation, pollution, 
and eutrophication 

Degree t o  Which 
Standard is Met 

Meta 

Not applicable 

Meta 

~ e t ~  

~ e t ~  

~ e t ~  

Could be met 

Could be met 

Could be met 

Not  applicable 

Not  applicable 

Not  applicable 

Not applicable 

Not  applicable 

Could be met 

Could be met 

Could be met 

Could be met 

Could be met 

Could be met 

Could be met 

Could be met 

Standard 

Sanitary sewer service t o  medium and 
high density urban development. 

Sanitary sewer service t o  low 
density urban development 

Sanitary sewer serivce in poor soil areas 

Sanitary sewer service not provided t o  
primary environmental corridors 

Sanitary sewer service not provided t o  floodlands 

Sanitary sewer service restricted in areas o f  soils with 
very severe limitations for urban development 

Orderly extension of sanitary sewage facilities 

Sizing of sewerage facility components in 
accordance with land use plan 

Treatment and disposal o f  industrial wastes 

New and replacement location o f  sewage treatment plants 
outside o f  100-year floodplain 

Floodproofing sewage treatment plants located 
i n  100-year floodplain 

Location o f  new and replacement sewage 
treatment plants relating t o  proposed urban development 

Sewage treatment plant sites t o  supply adequate open space 

Disposal of sludge from sewage treatment plants 

Minimize investment and operating costs of sanitary 
sewerage systems 

Minimize number of sanitary sewerage systems and 
sewage treatment facilities 

Maximize feasible use of sanitary sewerage facilities 

Use of new and improved materials and management practices 

Staged or incremental construction of sanitary sewage facilities 

Minimize land acquisition costs for new sewer construction 

Minimize clear water inflows and infiltrated into sanitary 
sewerage system 

Integrated design of sanitary and storm sewer systems 

Number 

1 

2 

3 

Objective 

Description 

The development o f  
sanitary sewerage 
systems which wi l l  
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 
proposed land uses. 

The development o f  
sanitary sewerage 
systems that are 
properly related to, 
and that w i l l  
enhance the overall 
quality of, the 
natural and manmade 
environments 

The development o f  
sanitary sewerage 

systems that are both 
economical and 
efficient, meeting 
all other objectives 
at the lowest 
cost possible 



Table 45 (continued) 

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. 

Water Control Objectives 

New and replacement bridges 
and culverts. 

Minor streets - pass the I Met 
10-year flood I 

Comments 

Objective 

Number I Description 

Arterial streets and highways - 
pass the 50year flood I 

I Freeways and expressways - I Met pass the 100-year flood I 

Standard 
Degree to Which 
Standard is Met 

New or replacement bridges and culverts shall pass the lOOyear 
flood without reaching the peak stage more than 0.5 foot 

Structure design shall maximize passage of ice flow and debris 

Certain new and replacement bridges and culverts shall pass the 
100-year flood with 2.0 feet of free board. 

Existing bridges and culverts to meet standards 1, 3, and 
4 above 

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 desired uses 

Met 

Met 

Met 

Met 

Channel improvements should be restricted to the 
absolute minimum necessary 

The height of dikes and floodwalls shall pass the 100-year 
flood with 2.0 feet of freeboard 

The construction of channel modifications, dikes, or 
floodwalls to  change limits of regulatory floodlands 

Upon completion of the construction of reservoirs and 
diversions, regulatory floodland limits will be changed 

All other water control facilities such as dams or diversion 
channels shall accommodate the 100-year flood 

Public land acquisition to  eliminate water control facilities 
shall encompass the entire 100-year floodplain 

Regulatory floodways shall accommodate existing 
committed and planned floodplain land uses 

Floodway stage increase limited to 0.5 foot based on 
eaual dearee of encroachment concern 

The attainment of sound 
ground water resource 
development and 
protective practices 
t o  minimize the 
possibility for 
pollution and 
depletion of the 
ground water 
resources. 

Met 

Met 

Could be met 

Could be met 

Met 

Met 

Could be met 

Could be met 

I Satisfy established water quality standards 

Low flow criteria is basis for evaluating conformance with 
water quality standards 

Relate ground water withdrawal rates to  potential yields 
and total demand on aquifer 

Avoid contamination of aquifer during well construction 
and operation 

Prevent infiltration of contaminants from waste disposal 
facilities into sources of usable ground water 

Partially met 

Partially met 

I I 

Could be met 1 
Could be met 

Could be met 

a This standard has been met under the recommended land use and/or regional sanitary sewerage system plans because i t  served as an input to the plan design process. 

Source: SEWRPC. 

monee River watershed support objectives that are discussed in detail in Chapter IX, Volume 1 of this report, 
inextricably related to the underlying natural resource it appears physically impossible to fully achieve some of 
base and the failure to fully meet those standards reflects the standards because the necessary natural resource 
the already deteriorated condition of the underlying base elements are no longer present in sufficient quantity 
natural resource base of this urbanizing watershed. As and quality. 



In summary, the recommended watershed plan could 
result in substantial achievement of the adopted water- 
shed development objectives and standards and, as 
a result, implementation of the plan may be expected to  
provide a safer, more healthful, and more pleasant, as 
well as a more orderly and efficient environment for all 
life within the watershed. Implementation of the recom- 
mended watershed plan would abate many of the existing 
areawide developmental and environmental problems, 
would avoid development of new problems, and would 
do much to protect and enhance the underlying and 
sustaining natural resource base. 

CONSEQUENCES OF NOT IMPLEMENTING 
THE RECOMMENDED COMPREHENSIVE PLAN 
FOR THE MENOMONEE RIVER WATERSHED 

Within the framework of the overriding goals of the 
Menomonee River watershed planning program-that is, 
the adopted objectives and standardsit  is likely that 
the recommended comprehensive plan for the basin 
approaches the optimum or best combination of mea- 
sures for l) resolving the water resource and water 
resource-related problems such as flooding, water pollu- 
tion, diminishing quality of the natural resource base, 
and changing land use that presently plague the Meno- 
monee River watershed and 2) preventing aggravation of 
the existing problems or the development of new environ- 
mental problems within the basin. This is so because 
preparation of the recommended comprehensive plan for 
the Menomonee River watershed involved the conduct 
of extensive inventories; application of state-of-the-art 
analytic tools; exhaustive examination of alternative 
subelements including evaluation of the technical, eco- 
nomic, and environmental impacts of each; preparation 
of a plan implementation strategy and capital and opera- 
tion and maintenance expenditure schedule; consideration 
of public views and concerns in the form of public infor- 
mational meetings and formal hearings; and several years 
of the deliberation by the Menomonee River Water- 
shed Committee. 

In the absence of a sound comprehensive watershed plan 
which approaches the optimum combination of measures 
to achieve the stated objectives, a multitude of incorrect 
decisions is likely to be made and courses of action are 
likely to be followed that will lead to  the aggravation 
of existing water resource and water resource-related 
problems as well as the development of new problems. 
Inasmuch as the comprehensive plan for the Menomonee 
River watershed seeks to identify those courses of action 
most likely to  result in the rational, most cost-effective, 
and lasting solutions to the water resource and water 
resource-related problems of the watershed and the 
prevention of future problems, it is appropriate to  
identify, and, where feasible, to quantify the conse- 
quences of not adopting and implementing the recom- 
mendations contained within the comprehensive plan 
for the Menomonee River watershed. The analysis of the 
consequences of not adopting and implementing the 
watershed plan has a negative aspect in that it identifies 
water resource and water resource-related problems that 
may be expected to  occur or be aggravated within the 

watershed in the absence of watershed plan implementa- 
tion. The analysis is positive or constructive, however, in 
that it is intended to support and reinforce the need for 
implementation of the recommended rational, long-range, 
comprehensive plan for the urbanizing Menomonee River 
watershed. As suggested by the analysis, early and 
vigorous implementation of the recommended watershed 
plan is particularly critical to  the Menomonee River 
watershed because this small basin is--relative to most 
other watersheds in southeastern Wisconsin-already 
extensively urbanized. Moreover, further unplanned 
development over the next few decades can result in 
complete urbanization of the Menomonee River water- 
shed with the attendant aggravation of existing develop- 
mental and environmental problems and development of 
new water resource and water resource-related problems. 

The analysis of the likely consequences of not imple- 
menting the recommended comprehensive plan for the 
Menomonee River watershed is based primarily on two 
sources of information: 1) the data collected and the 
analyses conducted under the Menomonee River water- 
shed planning program and 2) empirical information 
derived from observation of water resource and water 
resource-related problems that already exist within the 
seven-county planning Region and which have been the 
subject of other Commission plan and plan implementa- 
tion activities. An example of an analysis which was 
conducted under the Menomonee River watershed plan- 
ning program and which provides insight into the conse- 
quences of not implementing the land use plan is the 
simulation study of the impact of uncontrolled urban 
sprawl on monetary flood damages in the basin. An 
example of empirical information derived from obser- 
vations of water resource and water resource-related 
problems outside of the Menomonee River watershed 
which may be used to assess the likely consequences of 
not implementing the Menomonee River watershed plan 
is provided by the failure of the governmental agencies 
concerned to remove flood-prone structures and to  
control development in a known flood hazard area along 
the North Branch of the Root River, as recommended in 
the adopted Root River watershed plan, resulting in the 
construction of additional flood-prone residences and the 
continuance and aggravation of a serious flood problem. 

The likely consequences of not implementing the recom- 
mended comprehensive plan for the Menomonee River 
watershed are summarized in Table 46. Within the overall 
framework of the three basic plan elements-the land use 
plan element, the floodland management plan element, 
and the water quality plan element-Table 46 identifies 
each plan subelement and some likely negative conse- 
quences of failure to  implement those subelements. 

Land Use Plan Element 
The highly diffuse. low to medium density urban devel- 
opmenF likely to be attendant to failureto implement 
the overall land use plan may be expected to result in 
increased costs, relative to those which would occur 
under planned land use, of public utilities and services 
such as sanitary sewerage, water supply, transportation, 
and police and fire protection. It is likely that uncon- 





Table 46 (continued) 

a Recommended in the adopted regional sanitary sewerage system planning program and endorsed under the Menomonee River watershed 
planning program. 

Plan Element 

Floodland 
Management 
(Con'd) 

Water Quality 
Management 

Source: SEWRPC. 

Plan Subelement 

Flood Insurance 

Lending Institution 
and Realtor Policies 

Community 
Utility Policies 

Emergency 
Procedures 

Stream 
Gaging Network 

Industrial 
Valley Measures 

Municipal Sewage 
Treatment Plant 
~bandonment~  

Combined Sewer 
Overflow 
~ b a t e m e n t ~  

Sanitary Sewer 
Flow Relief 
Device ~ b a t e m e n t ~  

Industrial 
Discharge Abatement 

Sanitary Sewer 
Service to All 
Existing and New 
Urban ~evelopment~ 

Excavation-Filling 
Technique to Abate 
Creosote Pollution 

Feedlot 
Runoff Control 
Measures 

Rural and Urban 
Diffuse Source 
Pollution 
Control Measures 

Probable Negative Consequences of Failure to Implement Plan Recommendations 

Large monetary losses absorbed by owners of flood-prone structures 
and property. 

Acquisition of flood-prone lands and structures by unwary buyers. 

Tacit approval of urban development in flood-prone lands and in primary 

environmental corridors. 

Damage to property and risk to property owners due to inadequate 
information about floods already in progress. 

Lack of critical flow data on actual flood events for use in monitoring 
urbanization effects and in eventually refining simulation models. 

Inundation of high value industrial-commercial lands and temporary 
disruption of production and full-scale employment. 

Large nutrient load to main stem of the Menomonee River. 

Continuation of approximately 50 combined sewer overflows per year 
to the five mile long portion of the Menomonee River downstream of 
Hawley Road with resultant inorganic, organic, nutrient, pathogenic, and 

aesthetic pollution. 

Localized public health hazards and objectionable in-stream aesthetic 
conditions. 

Localized pollution problems. 

Localized and instream health hazards and localized objectionable 

aesthetic conditions. 

Continued threat to health of people and of aquatic flora and fauna. 

Localized instream health hazards and objectionable aesthetic conditions. 

Continued watershed-wide surface water quality degradation during and 
immediately after runoff events. 



flood discharges, up to a nine foot increase in peak flood 
stages, and up to an approximately four-fold increase in 
average annual flood losses. 

If the primary environmental corridor subelement is not 
implemented, the overall quality of life within the basin 
will be significantly diminished because of the loss of the 
recreational, aesthetic, ecologic, and cultural values found 
in essentially natural unprotected riverine lands and 
associated woodland, wetland, and wildlife habitat areas 
which comprise the primary environmental corridors. In 
addition, it is likely that failure to implement the primary 
environmental corridor subelement will result in wide- 
spread encroachment of urban development into riverine 
lands that are wet, flood-prone, and otherwise unsuited 
for such development. Failure to  implement the parkway 
drive-scenic drive-recreational trail subelement of the land 
use plan element will prevent convenient public access to, 
and use of, primary environmental corridor lands. 

Floodland Management Element 
Key components of the floodland management plan ele- 
ment for the Menomonee River watershed are structural 
and nonstructural flood control measures recommended 
for the Villages of Elm Grove and Menomonee Falls and 
the Cities of Wauwatosa, Brookfield, Mequon, and 
Milwaukee. Failure to implement these recommended 
measures means continuation of average flood damage 
risks of $600,000 per year for the affected six communi- 
ties under existing land use-floodland development 
conditions. Without the recommended flood control 
measures, a 100-year recurrence interval flood event 
occurring under existing conditions in each of the six 
communities could be expected to  cause the following 
monetary flood damages: $1.4 million in the Village 
of Elm Grove, $340,000 in the City of Brookfield, 
$380,000 in the Village of Menomonee Falls, $16,000 in 
the City of Mequon, $730,000 in the City of Milwaukee, 
and $2.5 million in the City of Wauwatosa. 

If the bridge replacement recommendations-for trans- 
portation purposes-e not carried out during the plan 
design period, there may be expected to be a continued 
and increased interference with the safe and efficient 
operation of highway and railroad facilities during flood 
events. Failure to implement the recommended floodland 
regulations and other land use controls may be expected 
to  cause increased monetary flood losses due to construc- 
tion of flood-prone structures; aggravation of upstream 
and downstream flood problems due to loss of convey- 
ance and storage (even if new floodland residential, 
commercial, and industrial development is adequately 
flood-protected, analyses indicate that watershedwide 
floodland development may be expected to result in up 
to  an approximately two-fold increase in average annual 
flood damages to existing development); and loss of 
critical portions of the primary environmental corridors. 
Failure to control the use of land outside of the flood- 
lands-assuming that land use is controlled within the 
floodlands-may be expected to  result in up to an 
approximately three-fold increase in average annual flood 
damages in the watershed. 

If watershed residents do not avail themselves of the 
opportunity to acquire flood insurance available under 
the federal program, the monetary losses resulting from 
future floods will have to be absorbed entirely by owners 
of flood-prone structures and property, particularly since 
one of the objectives of the insurance program is to 
eliminate federally-funded disaster relief in the event 
of flooding. Failure to continue the desirable lending 
institution and realtor policies concerning informing 
prospective purchasers of the flood vulnerability of 
riverine area land and structures will result in acquisition 
of flood-prone lands and structures by unwary buyers. 

The failure of the individual communities to adopt utility 
policies in conformance with the floodland management 
element of the watershed plan may be expected to be 
interpreted as tacit public approval of urban development 
in flood-prone lands and in primary environmental corri- 
dors. If watershed communities with serious flood 
problems do not adopt emergency procedures to be 
invoked during such floods, the likely consequences are 
unnecessary damage to property as well as unnecessary 
risk to the safety and well-being of property owners. 

Failure to implement the stream gaging recommendations 
contained with the plan will forego the opportunity to  
monitor the effects of future urbanization in the water- 
shed and to ultimately refine the simulation modeling. 
If the miscellaneous measures recommended under the 
floodland management element for the Menomonee River 
Industrial Valley are not implemented, it is likely that 
high value industrial-commercial lands will be inundated 
during future floods that approximate the 100-year 
recurrence interval event, resulting in a temporary disrup- 
tion of production and full-scale employment within that 
economically critical part of the watershed. 

Water Quality Management Element 
The principal negative effect of failure to implement the 
recommendations concerning abandonment of the four 
municipal sewage treatment plants within the watershed 
will be continuation of the large nutrient loads presently 
input to the main stem of the Menomonee River. If the 
recommended combined sewer overflow abatement mea- 
sures are not implemented, the lower approximately 
five-mile-long reach of the Menomonee River will be 
subject to an average of about 50 combined sewer over- 
flow occurrences per year and the resultant inorganic, 
organic, nutrient, pathogenic, and aesthetic pollution. 

Failure to resolve the sanitary sewer flow relief device 
problem within the Menomonee River watershed will 
present localized public health hazards and objection- 
able instream aesthetic conditions. Similarly, failure to 
mitigate the discharge of industrial waste directly or 
indirectly to the surface water system within the water- 
shed may result in localized pollution problems. If exist- 
ing and new urban development are not provided with 
sanitary sewer service, localized and instream health 
hazards may be expected to continue and become aggra- 
vated within the watershed and localized objectionable 
aesthetic conditions also will continue. The likely con- 



sequence of not carrying out the recommended creosote 
pollution abatement measure for the Little Menomonee 
River is a continuation of the existing threat to the health 
of people and of aquatic flora and fauna. Failure to  pro- 
vide for control of runoff from animal feedlots and barn- 
yards in the headwater portions of the watershed is likely 
to  result in localized instream health hazards and objec- 
tionable aesthetic conditions. Watershedwide surface 
water quality degradation during and immediately after 
runoff events will continue if recommendations concern- 
ing land management measures for control of rural and 
urban diffuse source pollution are not implemented. 

PUBLIC REACTION TO THE RECOMMENDED 
PLAN AND SUBSEQUENT ACTION OF THE 
MENOMONEE RIVER WATERSHED COMMITTEE 

As an integral part of the watershed planning program 
three public informational meetings and a formal public 
hearing were held within the watershed upon the com- 
pletion of a preliminary plan for the watershed.' The 
meetings and hearing were conducted by the Menomonee 
River Watershed Committee with the Chairman of the 
Watershed Committee presiding. The purpose of these 
meetings and hearing was to more fully inform public 
officials and interested citizens about the findings and 
recommendations of the watershed planning program 
and to  obtain the reaction of public officials and inter- 
ested citizens to the alternative plan elements considered 
and the preliminary comprehensive watershed plan rec- 
ommended by the Commission staff and the Menomonee 
River Watershed Committee. The meetings and hearing 
were preceded by a program of notification, including 
news releases for publication in daily and weekly news- 
papers and circulation within the watershed and by 
distribution of a Commission Newsletter summarizing 
the planning program to about 2,200 interested indi- 
viduals and organizations throughout the Region. In 
addition, a special presentation of the preliminary plan 
was made to a joint meeting of the Common Council of 
the City of Brookfield and Village Board of the Village of 
Elm Grove held on September 8,1976. 

A summary presentation of the inventory, analysis, and 
forecast findings; of the watershed development objec- 
tives; of the alternative land use and water control facility 
plans considered; of the recommended preliminary water- 
shed plan; and of data on the cost and means for imple- 
mentation of the recommended plan was made at each 
of the meetings and again at the hearing. The public 

'prior to beginning the watershed planning program, 
a public hearing was held by the Watershed Committee 
on  April 19,  1972, to elicit public opinions concerning 
the need for, objectives of ,  and scope and content o f  the 
proposed study. Testimony presented at that hearing was 
published by  the Commission on  May 1 ,  1972, as Minutes 
o f  the Initial Public Hearing-Menomonee River Water- 
shed Study. 

informational meetings and the hearing were held in 
accordance with the schedule presented in Table 1, 
page 4 of this volume. Minutes of both the informational 
meetings and the public hearing were published by the 
Commission in October 1976~  and transmitted to both 
the Menomonee River Watershed Committee and the 
Regional Planning Commission for review and considera- 
tion prior to final adoption of the recommended plan. 
The published minutes of the informational meetings and 
public hearing contain a detailed record of comments 
made by public officials, interested private citizens, and 
representatives of citizen groups on the preliminary 
plan. In addition, the minutes contain, as appendices, 
written comments and statements received from private 
citizens, representatives of citizen groups and the business 
community, and governmental bodies. 

Approximately 240 persons attended the three general 
informational meetings and the public hearing. The 
published record of the proceedings of the meetings and 
hearing, including the written statements subsequently 
received by the Commission, indicates that the public 
reaction was generally quite favorable to  the water 
pollution abatement and land use recommendations 
contained in the preliminary plan although some reserva- 
tions were expressed about that aspect of the land use 
plan that recommends retention in essentially rural use 
of that portion of the City of Mequon lying within the 
watershed. In contrast to the favorable reaction to the 
water pollution abatement and land use plan elements, 
a sharp division of public opinion existed over the best 
course of action on some of the flood control recom- 
mendations. More specifically, controversy was evident 
over the following flood control recommendations: 

Resolution of the flood problems existing along 
the Menomonee River in the City of Wauwatosa 
between Harwood Avenue and N. 70th Street by 
structure removal and floodproofing. Some resi- 
dents of flood-prone structures along this reach 
of the River opposed the structure floodproofing 
and removal recommended in the preliminary 
plan and advocated channelization--an alternative 
that was earlier considered by the Menomonee 
River Watershed Committee but rejected in favor 
of multipurpose structure floodproofing and 
removal which would not only abate flood 
damages but permit enlargement of Hart Park. In 
contrast, channelization of the Harwood Avenue- 
N. 70th Street reach of the Menomonee River was 
opposed by other residents of the City of Wau- 
watosa and by some aldermen on environmental 
and aesthetic grounds, while still other citizens 
favored structure removal. 
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Resolution of the flood problems existing along 
the Menomonee River in the City of Wauwatosa 
between N. 70th Street and the eastern limits 
of the City. Some residents of the City of Wau- 
watosa and some aldermen opposed the major 
channelization recommended for this reach on 
environmental and aesthetic grounds and a request 
was made that a combination of less extensive 
channelization with low dikes and floodwalls 
be evaluated as a potentially effective and envi- 
ronmentally and aesthetically more acceptable 
solution to  the flood problems of this reach. 
Owners of businesses on the north floodplain 
of this reach of the Menomonee River supported 
whatever structural measures would be required 
to  prevent recurrence of costly flooding such as 
that experienced in April 1973. Importantly, the 
Common Council of the City of Wauwatosa 
adopted a resolution September 21, 1976, which 
stated in part "that the Metropolitan Sewerage 
Commission be and hereby is requested to  dredge 
and deepen the channel of the Menomonee River 
and remove the debris in those areas where flood- 
ing presents a danger to citizens whose dwellings 
are located in the floodplain of Wauwatosa." Sub- 
sequent to that and on October 5, 1976, the 
Common Council of the City of Wauwatosa 
passed a resolution opposing any major channel 
improvements not only within the City but 
anywhere within the watershed. The John Muir 
Chapter of the Sierra Club and private citizens 
also expressed opposition to any further chan- 
nelization in the watershed on ecologic and 
aesthetic grounds. 

Resolution of the flood problems existing along 
Underwood Creek in the Village of Elm Grove 
between W. North Avenue at the northern limits 
of the Village and the Waukesha-Milwaukee 
County line at the eastern limits of the Village. 
After the public hearing, the Village Board in an 
October 6, 1976, letter to the Regional Planning 
Commission indicated opposition to the inter- 
mediate and major channelization recommended 
for the entire length of Underwood Creek within 
the Village on the basis of the expected aesthetic 
and financial impacts. 

In addition to the strong statements both supportigg and 
opposing certain flood control recommendations con- 
tained in the preliminary watershed plan, the published 
record of the informational meetings and hearing indi- 
cated the need t o  stress in the final plan report the impor- 
tance of channel cleaning and maintenance in order to 
alleviate minor flooding and drainage problems and the 
need to  provide for some flexibility on that aspect of the 
land use plan element that recommends retention in essen- 
tially rural uses, particularly agricultural uses, within that 
portion of the City of Mequon contained within the 
Menomonee River watershed. 

Each of the above aspects of the preliminary comprehen- 
sive plan for the Menomonee River watershed generated 
sharp differences of opinion or caused expressions of 

concern at the informational meetings and the public 
hearing and, therefore, was the subject of additional 
careful deliberation by the Menomonee River Watershed 
Committee subsequent to the informational meetings 
and hearing. The results of those deliberations are 
discussed below. 

Between Harwood Avenue in the City of Wauwatosa 
and N. 45th Street in the City of Milwaukee 
Harwood Avenue-N. 70th Street Reach in the Citv of 
Wauwatosa: The published record of the informational 
meetings and public hearing indicates, as noted above, 
a sharp division of public opinion over the best course 
of action with respect to flood control along that reach 
of the Menomonee River bounded by Harwood Avenue 
on the upstream end and N. 70th Street on the down- 
stream end. The public controversy over whether structure 
floodproofing and removal, as originally recommended 
in the preliminary watershed plan, or major channel 
modifications should be employed in this reach was 
complicated by the subsequent adoption of two resolu- 
tions by the Common Council of the City of Wauwatosa- 
also included in the published record of the informational 
meetings and public hearing. The first of these was 
intended to  indicate support of channel cleaning and 
minor channel modification and the second indicated 
opposition to any major channel modifications, not only 
within the City but anywhere in the watershed. 

The Menomonee River Watershed Committee carefully 
reviewed the alternatives considered under the planning 
program for abatement of the flood problems in the 
Harwood Avenue-N. 70th Street reach. In addition to 
the no-action alternative, three basic solutionsstructure 
floodproofing and removal, major channel modifications, 
and dikes and floodwalls-were originally examined as 
possible means to resolve existing and forecast flood 
problems in this reach. After due consideration of the 
technical practicality and economic viability of each 
alternative and of certain important nontechnical and 
noneconomic factors, the Watershed Committee origi- 
nally recommended that the structure floodproofing and 
removal alternative be incorporated in the preliminary 
watershed plan. More specifically, it was recommended 
that this be done in such a fashion so as to remove all 
structures from the 1 3  acre area bounded by the Hart 
Park on the west, W. State Street on the north, N. 70th 
Street on the east, and the Menomonee River on the 
south, thus not only eliminating flood damages in this 
area but providing for a needed expansion of Hart Park 
as proposed by local officials. 

The second resolution by the City of Wauwatosa which 
indicated opposition to major channelization apparently 
was based primarily on aesthetic impact, which would 
also rule out the construction of dikes and floodwalls 
in this reach of the River. Therefore, the Watershed 
Committee reconfirmed its original recommendation to 
use structure floodproofing and removal as the principal 
means of resolving existing and forecast flood problems 
along the Menomonee River in the City of Wauwatosa in 



the reach bounded by Harwood Avenue on the upstream 
end and N. 70th Street on the downstream end and to 
provide for a needed expansion of Hart Park. 

In recommending structure floodproofing and removal 
along the Harwood Avenue-N. 70th Street reach of the 
Menomonee River, it is recognized that there are two 
basic ways that this can be implemented, each of which 
was discussed in Chapter IV of this volume. The first 
or single purpose flood damage mitigation approach, 
as illustrated on Map 32, and assuming no channel 
modifications east of N. 70th Street, would involve the 
floodproofing of all flood-prone commercial structures 
regardless of flood stage, the floodproofing of residential 
structures for which the 100-year recurrence interval 
flood stage under year 2000 plan land use is below the 
first floor elevation, and the removal of those residential 
structures for which the design flood stages at or above 
the first floor elevation. Under the first approach, a total 
of up to 116 structures-99 residential buildings and 
17  commercial buildings-would be floodproofed in the 
Harwood Avenue-N. 70th Street reach, and a total of up 
to 41 residential structures would be removed. Of the 
116 structures that may require floodproofing under 
this approach, 20 are located in the area bounded on the 
west by Hart Park, on the north by State Street, on 
the east by N. 70th Street, and on the south by the 
Menomonee River, while the remaining 96 structures 
include park buildings in Hart Park and structures located 
north of State Street or south of the Menomonee River. 
Of the 41 residential structures which may require 
removal under this alternative, 29 are located in the 
aforementioned area east of Hart Park and the remaining 
12  are located north of W. State Street. The capital cost 
of the first approach to structure floodproofing and 
removal is estimated at $1,975,800-$152,100 for 
structure floodproofing and $1,823,700 for structure 
removaland the equivalent average annual cost, assum- 
ing an interest rate of 6 percent and a project life and 
amortization period of 50 years, is $125,400. 

The above structure floodproofing and removal alterna- 
tive for the Harwood Avenue-N. 70th Street reach of the 
Menomonee River in the City of Wauwatosa assumes that 
major channelization, as originally recommended in the 
watershed plan, would not be implemented. With major 
channelization downstream of N. 70th Street, a reduction 
in flood stages may be expected in the flood-prone areas 
immediately upstream of N. 70th Street because of the 
drawdown produced by the reduction in stage expected 
downstream of N. 70th Street. As a result of the reduc- 
tion in stage upstream of N. 70th Street, the expected 
number of structures requiring floodproofing or removal 
would be reduced slightly, as would the corresponding 
cost. More specifically, a total of 113 structures-96 resi- 
dential buildings and 17 commercial buildings-may 
require floodproofing in the Harwood Avenue-N. 70th 
Street reach under the single-purpose flood damage 
mitigation approach assuming channelization downstream 
of N. 70th Street, and a total of up to  41 residential struc- 
tures may require removal. Of the 113 structures which 
may require floodproofing, 20 would be located in the 

area bounded on the west by Hart Park, on the north by 
W. State Street, on the east by N. 70th Street, and on 
the south by the Menomonee River, whereas the remain- 
ing 93 structures include park buildings in Hart Park and 
structures located north of W. State Street and structures 
south of the Menomonee River. Of the 41 residential 
structures that may require removal under this subalter- 
native, 29 would be located in the aforementioned area 
east of Hart Park and the remaining 12  would be located 
north of W. State Street. The capital cost of this approach 
to structure floodproofing and removal is estimated at 
$1,941,600-$117,900 for structure floodproofing and 
$1,823,700 for structure removal-d the equivalent 
average annual cost, assuming an interest rate of 6 percent 
and a project life and amortization period of 50 years 
is $123,200. 

The second multiple purpose approach, as shown on 
Map 35, would be identical to  the first or single purpose 
approach except that all structures-regardless of struc- 
ture type and the relationship between the design flood 
stage and the first floor elevation--that are located within 
the area bounded by Hart Park on the west, W. State 
Street on the north, N. 70th Street on the east, and the 
Menomonee River on the south, would be removed pri- 
marily to  permit the expansion of Hart Park. The second 
approach to structure floodproofing and removal is 
multiple purpose in that it would mitigate flood damages 
and facilitate park expansion. Under the multiple purpose 
approach, a total of up to  93 structures-76 residential 
buildings and 17  commercial buildings-would be flood- 
proofed in the Harwood Avenue-N. 70th Street reach and 
a total of 61 residential structures would be removed. 
The 93 structures which may require floodproofing 
include park buildings in Hart Park and structures located 
north of W. State Street and structures south of the 
Menomonee River. Of the total of 61 residential struc- 
tures which would require removal under this approach, 
49 would be located in the aforementioned area east of 
Hart Park and the remaining 12  would be located north 
of W. State Street. The capital cost of the second approach 
to structure floodproofing and removal is $2,703,200- 
$100,200 for structure floodproofing and $2,603,000 for 
structure removaland the equivalent annual cost is esti- 
mated at $171,500. 

The average annual flood abatement benefits that would 
be achieved in this reach, assuming major channelization 
downstream of N. 70th Street, are estimated at $71,700 
for either of the two approaches and, therefore, for the 
single purpose approach the average annual costs would 
exceed average annual benefits by $51,500 for a benefit- 
cost ratio of 0.58, whereas for the multiple purpose 
approach average annual costs would exceed average 
annual benefits by $99,800 for a benefit-cost of 0.42. 
It should be noted, however, that the latter benefit- 
cost ratio is based solely on the direct costs and 
benefits associated with flood damage abatement and 
does not include any benefits attendant to  the provision 
of an expanded park used for intensive recreational 
activities, nor any benefits attendant to  the urban devel- 
opment entailed. 



While the choice between these two approaches to struc- 
ture floodproofing and removal in the Harwood Avenue- 
N. 70th Street reach is ultimately a matter to be decided 
by the City of Wauwatosa, the Menomonee River Water- 
shed Committee recommended that the second, or 
multiple purpose, approach be taken. As discussed in 
Chapter IV of this volume, this recommendation was 
originally based, in part, on the indicated need for the 
expansion of Hart Park and concern over the long-term 
condition of the older housing stock in this area and the 
continued stability and viability of the neighborhood. 
The need to expand Hart Park and the need to  retain 
the larger residential areas in the vicinity of the park as 
viable neighborhoods over time are more likely to  be 
met by a multipurpose approach involving the enlarge- 
ment of the park and serving recreation and urban 
redevelopment as well as flood control purposes than by 
a single purpose flood control approach. 

If the single purpose approach to floodproofing and 
removal is in fact implemented by the City of Wauwatosa, 
the result is likely to be an irregular, scattered pattern of 
remaining structures and vacant lots. This is less apt to  
contribute to  the stability and viability of the residential 
neighborhood than the enlargement of the park and 
would raise the problem of responsibility for main- 
tenance and use of the scattered parcels of vacant lands 
resulting from the structure removal. Although it may be 
possible to  fill some of the cleared lots and to build new 
housing units with first floor elevations above the design 
flood stage, this is not likely to be technically and eco- 
nomically feasible in all cases. 

Channelization-Dike and Floodwall Subalternative Along 
the Menomonee River Downstream of N. 70th Street' in 
the City of Wauwatosa: In resDonse to the recommenda- 
tion contained in the plan that channelization 
be used to resolve flood problems along the Menomonee 
River in the City of Wauwatosa between N. 70th Street 
and the eastern limits of the City, it was suggested at 
one of the informational meetings and at the public 
hearing that a subalternative be developed that would 
consist of replacing the channelization component of the 
recommended measure by a combination of less extensive 
channelization supplemented with low dikes and flood- 
walls. Subsequent to the informational meetings and 
the public hearing, and at the request of the Menomonee 
River Watershed Committee, the Commission staff 
conducted a technical, economic, and environmental 
evaluation of the suggested subalternative with the results 
described below. 

As described in some detail in Chapter IV of this volume, 
the Watershed Committee originally recommended for 
inclusion in the preliminary watershed plan major chan- 
nelization beginning immediately east of the N. 70th 
Street bridge and extending downstream 1.22 miles to 
a point in the City of Milwaukee 0.25 mile downstream 
ofN.Hawley Road. This channelization was viewed as the 
solution to existing and probable future flood problems in 
the City of Wauwatosa along the reach of the Menomonee 
River bounded by Harwood Avenue at the upstream end 
and the eastern limits of the City at the downstream end. 

The channelization-dike and floodwall subalternative 
suggested at the public informational meeting and hearing 
was intended as a possible replacement for the channeli- 
zation component of the recommended channelization- 
structure floodproofing and removal measures. The 
principal objective of the suggested subalternative was to  
reduce the potentially adverse aesthetic impact of the 
channelization component of the recommended alterna- 
tive which would require extensive cross-section enlarge- 
ment and placement of a concrete invert and sidewalls. 
Most of the trees and shrubs lining both sides of existing 
channel would probably have to be removed in order to  
construct the originally recommended channel works. 
The resulting aesthetic impact would be particularly 
severe along that reach of the Menomonee River down- 
stream of N. 70th Street. This reach is lined bv a thick. 
but narrow, band of trees and shrubs, most of which 
would have to  be removed to accomplish the channel 
improvement. The aesthetic impact would be apparent to  
residents of the adjacent areas as well as to  users of the 
County parkway and parkway drive. Although construc- 
tion of the recommended channel works downstream of 
N. 70th Street in the City of Wauwatosa would be imme- 
diately followed by landscaping consisting of placement 
of turf, shrubs, and trees, the density, size, and overall 
appearance of the replacement vegetation would not be 
similar to  that of the existing vegetation, especially in the 
years immediately following construction of the project. 

The basic premise of using a combination of channel 
improvements and dikes and floodwalls is that the 
dikes and floodwalls would serve to  confine the flood 
flows in the riverine areas, facilitating a reduction in the 
degree of channel modification required thus permitting 
retention to a greater degree of the existing topography 
and shrub and tree growth in the area affected. More 
specifically, the use of supplemental dikes and flood- 
walls was presumed to permit restricting channel modifi- 
cations to the existing channel area with no disturbance- 
other than placement of dikes and floodwalls--to the 
adjacent floodplain. 

Physical Features and Economic Analysis: In accordance 
with the suggestion made at the public informational 
meeting and hearing, a channel-dike and floodwall com- 
bination was designed and sized so as to pass the peak 
100-year recurrence interval flood discharges under the 
year 2000 land use plan conditions with two-foot free- 
board below the top of the dikes and floodwalls. The 
channelizationdike and floodwall subalternative is shown 
on Map 53. Representative channel floodplain cross- 
sections at River Mile 5.75-about 0.35 mile east of 
the N. 70th Street bridgeare shown on Figure 48 
for the following three conditions: the existing channel 
and floodplain; the channelization component of the 
channelization-structure floodproofing and removal alter- 
native originally recommended prior to the public 
information meeting and hearing; and the suggested 
channelization-dike and floodwall subalternative. 

Under the channelizationdike and floodwall subalterna- 
tive, the major channel improvements would consist of 
a rectangular concrete channel having a width approxi- 
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In response to suggestions made at the informational meetings and the public hearing, a channelization-dike and floodwall system wasdevel- 
oped as another potential means of providing flood protection to residential and commercial structures located along the Menomonee River in 
the City of Wauwatosa downstream of N. 70th Street. The primary objective of the evaluation of this additional measure was to explore the 
possibility of reducing the potentially adverse aesthetic impact of the major channelization originally recommended for this reach. The basic 
premise of considering channel improvements supplemented with earthen dikes and concrete floodwalls is that the dikes and floodwalls would 
permit restricting channel modifications to the existing channel area with little or no disturbance-other than placement of dikes and flood- 
walls-to the adjacent floodplain. The channelization-dike and floodwall subalternative was found to be technically practicable, economically 
feasible and, relative to the original channelization recommendation, could be expected to have a less undesirable aesthetic impact. Accord- 
ingly, the comprehensive watershed plan as originally presented for public review and comment was revised so as to recommend a combination 
of channelization and dikes and floodwalls along the Menomonee River downstream of N. 70th Street in the City of Wauwatosa. 

Source: SEWRPC. 

mately equal to the existing bank-to-bank width of the 
Menomonee River in this reach, and a depth sufficient 
to convey the 100-year recurrence interval discharge 
under year 2000 plan land use conditions with upstream 
structural flood control measures within the confines of 
dikes and floodwalls having a maximum height of about 
four feet above existing ground grade. The maximum 
height restriction on the dikes and floodwalls was estab- 

lished on the basis of aesthetic considerations to assure 
that the dike and floodwall structures would not con- 
stitute a major obstruction to  the view of the riverine 
area from the parkway and parkway drive. 

Under the subalternative, major channel improvements 
would be carried out over a total reach of 1.65 miles 
extending from the N. 70th Street crossing of the Meno- 



Figure 48 

CROSS SECTIONS CORRESPONDING TO EXISTING TOPOGRAPHIC CONDITIONS, MAJOR CHANNELIZATION, AND 
A CHANNELIZATION-DIKE AND FLOODWALL COMBINATION AT RIVER MILE 5.75 ON THE MENOMONEE RIVER IN THE CITY OF WAUWATOSA 

Sourn: SEWRPC. 



monee River in the City of Wauwatosa to the N. 45th 
Street crossing of the Menomonee River in the City of 
Milwaukee. The latter location also defines the upstream 
termination of existing major channel works along the 
lower portions of the Menomonee River in the City of 
Milwaukee. Under the channelization-dike and floodwall 
subalternative, the 1.65 mile length of channelization 
exceeds by 0.43 mile the 1.22 mile length of channel 
modification that would be required under the previously 
recommended channelization-structure floodproofing and 
removal alternatives. The increased length is necessitated 
by the significantly lower channel bottom grade required, 
as shown on Figure 48, to convey flood-flows at the 
desired maximum stages within the confines of the dikes 
and floodwalls. 

The channelization would lower the existing Menomonee 
River channel grade by about seven feet at the down- 
stream side of the N. 70th Street (River Mile 6.10) 
crossing of the River. The lowering of the channel 
bottom at this location would be accomplished through 
construction of a drop structure, thus retaining the 
existing channel bottom profile through and upstream 
of the N. 70th Street bridge. Under the channelization- 
dike and floodwall subalternative, the channel bot- 
tom immediately downstream of the N. 70th Street 
bridge would be about 3.5 feet deeper than the channel 
bottom grade at that location under the originally 
recommended channelization-structure floodproofing and 
removal alternative. The channelization required for the 
channelizationdike and floodwall subalternative would 
lower the existing Menomonee River channel grade by 
about seven feet at the site of the former pedestrian 
bridge over the Menomonee River (River Mile 5.66), or 
about three feet below the channel bottom grade under 
the channelization-structure floodproofing and removal 
alternative. The channelization would lower the existing 
Menomonee River channel grade by about six feet at the 
N. Hawley Road crossing of the Menomonee River (River 
Mile 5.15), or about three feet below the channel grade 
under the channelization-structure floodproofing and 
removal alternative. The channelization would lower the 
existing Menomonee River channel grade by about 
2.5 feet at the Stadium Freeway (USH 41) crossing of 
the Menomonee River (River Mile 4.63). As noted above, 
the channel structure itself would be in the general form 
of an open concrete box having a width of approximately 
50 to 70 feet with the vertical side walls ranging in depth 
from about 9 to 12 feet throughout the project reach. 

Under this subalternative, a total of 1.23 miles of earthen 
dikes and concrete or sheet steel floodwall would be 
constructed along portions of both sides of the Meno- 
monee River reach between N. 70th Street and N. 60th 
Street extended. About 0.80 mile of earthen dike and 
about 0.43 mile of concrete or sheet steel floodwalls 
would be required. At locations where the dike or flood- 
wall structure crosses roadways, such as the Menomonee 
River Parkway Drive, the roadway grade would have to 
be elevated to the crest elevation of the dike or floodwall 
structure, thereby, in effect, becoming a part of the struc- 
ture; or a gate or bulkhead would have to be provided for 
insertion across the roadway during the flood event. As 

shown on Map 53, the N. 68th Street bridge is included 
within the reach along which dikes and floodwalls would 
be constructed. It may be necessary, under this subalter- 
native, to construct sidewalls along the railings on this 
bridge so as to prevent floodwaters from flowing onto 
and along 68th Street. 

This subalternative would have to include provision for 
the construction of a minimum of four major storm 
water lift or pumping stations and backwater gates near 
the ends of storm sewer outfalls that are tributary to 
the Menomonee River. These facilities would be required 
to  prevent the movement of floodwaters from the River 
into the surrounding urban area via these storm water 
drainage ways and to  prevent accumulation of lateral 
runoff behind the dikes and floodwalls, thereby creating 
local drainage problems. It was assumed that all river 
crossings in the 1.65-mile-long channelized reach could 
be retained with some reconstruction of their abutments 
and foundations. 

The implementation of the channelizationdike and 
floodwall subalternative, particularly the significant 
lowering of the bottom of the Menomonee River channel 
through the N. 70th Street-N. 45th Street reach, would 
require reconstruction of certain public utilities that 
pass beneath the Menomonee River. For example, a City 
of Wauwatosa sanitary sewer and a water main and 
a Milwaukee-Metropolitan Sewerage Commission trunk 
sewer pass beneath the Menomonee River at N. 68th 
Street while a Sewerage Commission trunk sewer passes 
beneath the Menomonee River at N. 60th Street extended. 
Although costs for reconstruction of these crossings are 
not explicitly included in the estimated project cost, 
such costs are provided for in the 25 percent contingency 
added to construction cost estimates. 

Utilizing an annual interest rate of 6 percent and project 
life and amortization period of 50 years, the average 
annual cost of the suggested subalternative is estimated at 
$186,700 consisting of the following: amortization of the 
$2,230,000 capital cost of the channel modification, 
amortization of the $110,000 capital cost of dike con- 
struction, amortization of the $260,000 capital cost of 
floodwall construction, amortization of the $260,000 
capital cost of four storm water pumping stations, and 
$5,200 annual operation and maintenance costs. The 
$186,700 equivalent average annual cost of the chan- 
nelizationdike and floodwall subalternative is thus 
somewhat less than the $209,700 equivalent average 
annual cost of the channelization component of the 
originally recommended channelization-structure flood- 
proofing and removal measure for the same reach. 

The above estimated construction costs for the channel 
modification component of this subalternative include 
a 10 percent increment to account for the anticipated 
added cost of restricting all construction activities to  
the area between the existing channel banks so as to  
minimize disturbance of the topographic conditions and 
vegetation in the parkway immediately adjacent to  and 
lying on both sides of the channel. This 10  percent 
increase in capital cost is in addition to the 25 percent 



contingency added to all construction cost estimates and 
the 10  percent increment that is provided to  account for 
engineering and administrative costs. The average annual 
flood abatement benefit in this reach is estimated at 
about $331,000, thus yielding a benefit-cost ratio of 
1.77 for the suggested channelizationdike and floodwall 
subalternative, and 1.58 for the channelization com- 
ponent of the originally recommended channelization- 
structure floodproofing and removal measure. 

It  is important to  note that the above benefitcost analysis 
assumes that all the costs of the structural works would 
be assigned to  the flood abatement benefits that would 
be achieved along the Menomonee River in the City of 
Wauwatosa between N. 70th Street and the eastern limits 
of the City. In the case of the channelizationdike and 
floodwall subalternative, and as discussed in a subsequent 
section, extension of the deepened channel downstream 
into the City of Milwaukee would also substantially 
reduce flood damages in and along the Menomonee River 
in the City of Milwaukee between Hawley Road and 
N. 45th Street. Therefore, in order to identify the most 
economic combination of structural flood abatement 
measures for the Menomonee River between N. 70th 
Street and N. 45th Street, it is necessary to examine the 
sum of all the costs and all the benefits for each of the 
two available measures. 

Nontechnical and Noneconomic Considerations: A deci- 
sion as to which of these two flood control measures 
would be most appropriately applied to that reach of 
the Menomonee River downstream of N. 70th Street in 
the City of Wauwatosa must be based in part on certain 
nontechnical and noneconomic considerations. More 
specifically, the aesthetic advantage of the channelization- 
dike and floodwall subalternative achieved by minimal 
disturbance to floodplain topography and vegetation 
must be weighed against the potential danger inherent in 
the large and deep concrete box structure required for 
the channelizationdike and floodwall subalternative. 

The channelizationdike and floodwall subalternative has 
the advantage, as illustrated in Figure 48, of causing less 
disruption to the topography adjacent to  the stream and 
to  the trees and other vegetation that currently exist in 
that area. Although the attractivensss of the existing 
natural channel and floodplain would be compromised 
by the presence of dikes and floodwalls and by the open 
concrete box structure needed in the channel portion of 
the cross-section, the degree of disturbance would not be 
so great as with construction of a concrete trapezoidal 
channel without the dikes and floodwalls. Although the 
channelizationdike and floodwall subalternative offers 
some aesthetic advantages in preservation of existing 
vegetation in the area adjacent to the channel, the pres- 
ence of the deep-up to  1 2  feet-concrete box structure 
in the channel itself would also detract from the appear- 
ance of the riverine area. In addition, under average 
streamflow conditions, the water surface would be as 
much as 11 feet below the top of the banks as defined 
by the top of the concrete channel sidewalls. Thus, the 
high vertical sidewalls of the open box structure would 
constitute a safety hazard particularly to young children 

who are normally drawn to waterways. This safety 
hazard could be reduced by using a stepped sidewall 
construction in place of the vertical sidewalls, as illus- 
trated in Figure 48. Gabions could be used for the 
stepped sidewall construction thereby not only providing 
a safety feature but at the same time helping to offset 
the adverse aesthetic impact of the stark, vertical con- 
crete sidewalls. Gabions are rock-filled wire baskets 
commonly used to provide river bank or lake shore 
erosion protection and stabilization. Figure 49 shows 
gabions that have been installed along a short reach of 
Honey Creek in the City of Wauwatosa about 0.4 mile 
upstream of the confluence with the Menomonee River. 
Inasmuch as the wire that forms the containment baskets 
is not readily seen because of the rocks contained within 
the baskets, a gabion installation has a more "natural" 
appearance then does a concrete chanpel sidewall. In time 
natural vegetative growth is established between the rocks 
adding to  the "natural" appearance of the installation. 

It  is important to note, however, that gabions offer more 
resistance to flow than does the smoothly-finished con- 
crete normally used to  construct major channel modifica- 
tions. The higher flow resistance of gabions relative to 
concrete is illustrated by the fact that the former has 
a Manning roughness coefficient that is approximately 
twice that of the latter. Therefore, for a given design 
flood flow, a channelized cross-section incorporating 
gabion sidewalls and a concrete bottom would have to  
have a somewhat larger cross-sectional area than if con- 
crete is used for both the sidewalls and the bottom. 

Use of a stepped sidewall, with or without gabions, could 
result in more disturbance of the natural topography and 
vegetation along the channel than would occur if vertical 
sidewalls were used. This disadvantage of stepped side- 
walls could be offset by moving the channel sidewalls 
inward and deepening the channel to provide com- 
pensating conveyance. The use of stepped sidewalls 
constructed of gabions with the top of the sidewalls coin- 
cident with the top of the existing banks would, because 
of a combination of a reduction in channel width and 
increased flow resistance, require the channel bottom to 
be up to three feet lower along the Menomonee River 
between N. 70th and N. 45th Steets than would be 
required if a concrete box channel section were used. 

The ultimate decision of whether to use vertical concrete 
sidewalls, stepped concrete sidewalls, or stepped gabion 
sidewalls would probably be made primarily on the basis 
of safety and aesthetic considerations as opposed to cost 
factors. Use of any three of the above sidewall treatment 
measures would not significantly affect the total con- 
struction cost of the channelizationdike and flood- 
wall subalternative. 

Implications for the Structure Floodproofing Recommen- 
dations Along the Menomonee River in the City of Mil- 
waukee ~etwueen N. 60th Street Extended and-N. 45th 
Street: As described in Cha~ter  IV of this volume, devel- 
opment along the north bank of the 0.93-mile-long por- 
tion of the Menomonee River bounded at the upstream 
end by N. 60th Street Extended (River Mile 5.38) and at 



GABION INSTALLATION ALONG THE NORTH BANK OF HONEY CREEK 
AT APPROXIMATELY RIVER MILE 0.4 IN THE CITY OF WAUWATOSA 

Overall Installation Looking Downstream (East) Upstream End Showing Wire BaskeD Filled With Rock 

Source: SEWRPC. 

the downstream end by N. 45th Street (River Mile 4.46) 
in the City of Milwaukee is flood damage-prone. The 
average annual monetary flood risks under year 2000 
plan land use conditions for this reach are estimated at 
$48,600. In addition to the no-action alternative, four 
alternative solutionsstructwe floodproofing, a dike- 
floodwall system, major channelization, and bridge altera- 
tion or replacement--were originally examined as possible 
means to resolve the existing and forecast flood problem 
in this reach. Based on that analysis, it was recommended 
that flood damage relief be achieved by floodproofing up 
to 77 commercial, mdustrial, and residential structures at 
a capital cost of $320,200. The average annual cost of 
such floodpmofing at an annualinterestrate of 6 percent 
and a ~roiect life and amortization oeriod of 50 vears 
is $20;300 which, compared to the average &nual 
damages of $48,600, yields a benefit-cost ratio of 
2.39 and an excess of annual benefits over annual costs 
of about $28,300. 

Hydraulic and economic analysas indicate that imple- 
mentation of ehannelilationdike and floodwall sub- 
alternative along the Menomonee River in the City of 
Wauwatosa would. because of the resultine lower channel 
grade extending dbwnstream into the  it; of Milwaukee 
as far east as N. 46th Street, yield a substantial reduction 
in flood damages along the 0.93-mile-long reach of the 
Menomonee River in the City of Milwaukee. Under 
conditions of the channel extension, the average annual 
flood damages in the City of Milwaukee reach would be 
reduced by 73 percent, from about $48,600 to $13,300. 
Correspondingly, the extent and cost of necessary flood- 
proofing measurea to provide flood relief in that reach 
would be reduced from the originally recommended 
floodpmofing of up to 77 structures at a capital cost of 

$320,200 and an equivalent average annual cost of 
$20,300, to the floodproofing of up to 69 structure8- 
53 residential and 16 commercial-indnatrial- shown on 
Map 64 at a capital cost of $83,600 and an equivalent 
average annual cost of $5,300. Therefore, assuming con- 
struction of the channelization-dike and floodwall sub- 
alternative in the City of Wauwatosa, which would of 
necessity extend downstream through the flood-prone 
reach in the City of Milwaukee, the originally recom- 
mended structure floodproofing masum for the City of 
Milwaukee flood-prone reach could be cmied out as an 
economic supplemental project at an average annual 
additional cost of $6,300, yielding an average annual 
benefit of $13,300 for a benefitcost ratio of 2.61 and an 
excess of annual benefits over msts of about $8,000. 

In order to correctly identify the most economic com- 
bination of structural flood abatement measures for the 
entire 1.66-mile-long Menomonee River reach in the 
Cities of Wauwatosa and Milwaukee bounded at the 
upstream end by N. 70th Street and at the downstream 
end by N. 46th Street, it is necessary to examine the sum 
of all the costs and all the benefits for the two available 
measures. Prior to the analysis of the chaonelizationdike 
and floodwall subaltemative, the watershed plan recom- 
mended that major channelization be used to resolve 
flood problems in the Wauwatosa portion of this reach 
and that structure floodproofing be applied in the Mil- 
waukee portion of this reach. The capital cost and the 
average annual cost of the channelization are estimated 
at $3,296,200 and $209,700, respectively, and the capital 
cost and the average annual cost of the strucbure flood- 
proofing is estimated at $320,200 and $20,300, respec- 
tively for a total capital cost of $3,616,400 and a total 
average annual cost of $230,000. The average annual 
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flood abatement benefit in the Wauwatosa portion of $9,180,000 and $207,000, respedhrely, ss desuibed 
this reach is estimated at $258,200 and in the Milwaukee above and the total average annual benefits are $807,800. 
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Consequently, the channelizationdike and floodwall- 
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proofing direetsd at the Milmukee flood problem, the average annual cost of the former is 10 percent lw 
total  capital and average annual wsts are esthnated at than the $250,000 maage nnnual cost of the law ~e 



average annual benefits are the same for both approaches; 
and the benefit-cost ratio of the former is 1.49 compared 
to 1.34 for the latter. 

Action of the Menomonee River Watershed Committee: 
After reviewing the technical, economic, and nontechnical 
and noneconomic features of the channelizationdike and 
floodwall subalternative for the Menomonee River down- 
stream of N. 70th Street in the City of Wauwatosa and 
the previously recommended channelization-structure 
floodproofing and removal alternative for this reach, the 
Menomonee River Watershed Committee determined that 
the former alternative should be included in the final 
watershed plan. The channelizationdike and floodwall 
subalternative was determined to be preferable to the 
approach employing only channelization for two principal 
reasons. First, the channelizationdike and floodwall 
subalternative would have less undesirable impact on the 
aesthetic character of the riverine environment since it 
would minimize disturbance to the existing topography 
and vegetation in the area adjacent to the existing chan- 
nel. Second, the channelizationdike and floodwall sub- 
alternative, in combination with structure floodproofing 
on the north floodplain of the Menomonee River between 
N. 60th Street Extended and N. 45th Street in the City 
of Milwaukee, would provide, of all the alternatives 
examined, the most economical solution to the flood 
problems that exist along the Menomonee River between 
N. 70th Street in the City of Wauwatosa and N. 45th 
Street in the City of Milwaukee. Therefore, the Meno- 
monee River Watershed Committee recommended that 
the channelizationdike and floodwall subalternative be 
used to  resolve the flood problems along the Menomonee 
River in the City of Wauwatosa downstream of N. 70th 
Street and that this measure, supplemented with struc- 
ture floodproofing, be used to resolve the flood problems 
along the Menomonee River in the City of Milwaukee 
between N. 60th Street Extended and N. 45th Street. 

Reconsideration of Flood Control Recommendations 
Along Underwood Creek in the Village of Elm Grove 
As noted above and as documented in the published 
proceedings of the informational meetings and the public 
hearing on the preliminary watershed plan, the Village 
of Elm Grove because of aesthetic and financial consid- 
erations formally indicated opposition to any form of 
channelization along Underwood Creek within the 
Village. Therefore, subsequent to the informational 
meetings and public hearing and at the request of the 
Menomonee River Watershed Committee, an evaluation 
was conducted of an additional alternative means of 
mitigating existing and probable future flood problems 
along Underwood Creek within the Village of Elm Grove. 

The entire 2.25-mile-long length of Underwood Creek 
within the Village of Elm Grove, extending from W. North 
Avenue at the upstream end to the Waukesha-Milwaukee 
County line at the downstream end, is flood-prone and 
incurred heavy flood damage during the April 1973 flood 
event. Average annual monetary flood risks to com- 
mercial and residential property along Underwood Creek 
within the Village of Elm Grove under year 2000 plan 
land use are estimated at $362,800. In addition to  the 

no-action alternative, and as described in Chapter IV of 
this volume, eight alternative solutions were originally 
evaluated as possible means to resolve existing and fore- 
cast flood problems in this reach. These alternative 
solutions were detention storage, structure floodproofing 
and removal, major channel modification, minor channel 
modification, dikes and floodwalls, bridge and culvert 
alteration or replacement, a channelization-storage com- 
posite, and a storage-major channelization-intermediate 
channelization-floodproofing composite. Based on that 
evaluation, it was originally recommended that flood 
damage relief be achieved by the following combination 
of measures: development of a 215 acre-foot detention 
reservoir upstream of the Village on Dousman Ditch in 
the City of Brookfield; construction of 1.14 miles of 
intermediate channelization along the Underwood Creek 
reach bounded by W. North Avenue on the upstream end 
and Juneau Boulevard on the downstream end; construc- 
tion of 0.91 mile of major channelization along the 
Underwood Creek reach bounded at the upstream end by 
Juneau Boulevard and at the downstream end by the 
Waukesha-Milwaukee County line; and floodproofing of 
up to 105 residential structures. 

The estimated capital cost of this recommendation was 
$3,272,000 and the equivalent average annual cost, 
utilizing an annual interest rate of 6 percent and a project 
life and amortization period of 50 years, was estimated 
at $214,200. The recommended primarily structural 
solution to existing and forecast flood problems thus had 
a benefit-cost ratio of 1.69 and an excess of annual bene- 
fits over annual costs of about $148,600. 

Detention Storage-Structure Floodproofing and Removal 
Alternative: Channelization, which is opposed by Village 
officials, was ,a major component of the originally recom- 
mended flood control measure for the Village of Elm 
Grove. Accordingly, the Watershed Committee reviewed 
the various primarily structural flood control alternatives 
previously considered for mitigation of Underwood Creek 
flood problems in order to identify a means of resolving 
or significantly reducing the flood problem while at 
the same time avoiding the use of channel modifications 
or any other similar aesthetically unacceptable and 
costly approaches. 

Based on this review, it was concluded that any additional 
flood control alternative should include the 215 acre-foot 
detention reservoir for two reasons. First, that reservoir 
is an integral part of the floodland management recom- 
mendations for flood-prone areas along Underwood 
Creek upstream of the Village of Elm Grove in the City 
of Brookfield, and the proposed reservoir was well 
received at the public informational meetings and public 
hearing. Second, the detention reservoir is very cost 
effective in that development of the upstream detention 
storage in the absence of any other floodland manage- 
ment measures would result, as described in detail in 
Chapter IV of this volume, in a 44 percent reduction in 
average annual flood damages along Underwood Creek 
within the Village of Elm Grove and would accomplish 
this at a benefit-cost ratio of 4.24. It was further con- 
cluded that, in order to provide the opportunity to 



eliminate most of the flood problems along Underwood 
Creek in the Village of Elm Grove, structure floodproof- 
ing and removal was the only technically feasible means 
of supplementing detention storage without incurring 
aesthetic objections associated with intermediate or 
major channel modifications or with dikes and flood- 
walls. Therefore, the Watershed Committee conducted 
a technical, economic, and environmental evaluation of 
a tenth floodland management alternative for the Village 
of Elm Grove consisting of a 215 acre-foot detention 
reservoir on Dousman Ditch in the City of Brookfield 
supplemented with structure floodproofing and removal. 

The 100-year recurrence interval event under year 2000 
plan land use conditions was used as the basis for deter- 
mining how many flood-prone structures would have 
to be removed and the number that would have to be 
floodproofed. In the case of residential structures in the 
primary flooding zone, floodproofing was assumed to be 
feasible if the design flood stage was below the first floor 
elevation, and structure removal was assumed to be 
required if the design flood stage was at or above the first 
floor elevation. Floodproofing was assumed to be feasible 
for all nonresidential structures within the primary flood- 
ing zone irrespective of flood stage. For structures located 
in the secondary flooding zone, that is, outside of but 
immediately adjacent to the 100-year recurrence interval 
floodland, it was assumed that floodproofing may be 
required for those structures with basement floors below 
the elevation of the design flood stage. As shown on 
Map 55, the analysis indicated that one residential struc- 
ture may have to be removed from the 100-year recur- 
rence interval floodlands under this alternative and a total 
of up to 187 structures located in the primary and 
secondary flooding zones-164 residential and 23 com- 
mercial and other structures-may require some form of 
floodproofing. Future flood damage to private residences 
and commercial structures within the Village of Elm 
Grove would be virtually eliminated by the floodproofing 
and removal measures in combination with the upstream 
detention storage. 

Utilizing an annual interest rate of 6 percent and a project 
life and amortization period of 50 years, the equivalent 
average annual cost of this alternative is estimated at 
about $74,700 consisting of: $31,800 per year for 
amortization of the $501,000 capital cost of structure 
floodproofing, $5,200 per year for amortization of 
$82,000 capital cost of removal, $32,600 per year for 
amortization of the $514,200 capital cost of the deten- 
tion reservoir, representing that portion of the total 
capital cost of $630,100 of the reservoir that could be 
fairly allocated to  the Village of Elm Grove, and $5,100 
annual operation and maintenance expenditures for the 
detention reservoir which is that portion of the total 
$6,200 annual operation and maintenance expenditures 
that would be assumed by the Village of Elm Grove. 
The average annual flood abatement benefit along Under- 
wood Creek in the Village of Elm Grove is estimated at 
$362,800, yielding a benefit-cost ratio of 4.86 and an 
excess of annual costs over benefits of about $288,100. 
Therefore, the composite detention storage-structure 

floodproofing and removal measure, as described herein 
would be both technically and economically feasible 
within the Village of Elm Grove. 

Positive aspects of this combination detention storage- 
structure floodproofing and removal measure include: 
1 )  consistency with the recommended floodland manage- 
ment subelement for the City of Brookfield in that the 
Brookfield subelement requires development of the 
upstream detention storage, 2) immediate partial flood 
relief at the discretion of property owners through struc- 
ture floodproofing and removal, and 3) elimination of the 
need for channel modifications, thus satisfying the objec- 
tions of Village officials. 

The most serious negative feature of the detention 
storage-structure floodproofing and removal measure is 
that complete, voluntary implementation of the structure 
floodproofing and removal components is unlikely and, 
with partial implementation, the Village of Elm Grove 
would be left with a significant residual problem when- 
ever a major flood event occurs. In spite of the fact that 
numerous individual property owners may have imple- 
mented floodproofing and incurred the necessary cost, 
community officials still may be faced with the problem 
of reducing the flood threat to  those structures that have 
not been voluntarily floodproofed. Furthermore, even 
if the voluntary structure floodproofing program were 
completely and successfully carried out, the Village of 
Elm Grove would still be subjected to extensive overland 
flooding that would hamper routine access to and from 
some riverine area structures, would continue periodically 
to  close local streets to automobile traffic, would inter- 
fere with the rapid movement of emergency vehicles, 
and would continue to aggravate sanitary sewer clear 
water inflow and infiltration conditions and some atten- 
dant sewer surcharge and basement flooding. Further- 
more, yard and street damage and cleanup costs would 
remain. Finally, some floodproofing is very likely to  be 
applied without adequate professional advice. As a result, 
structure damage is likely to occur and once again Village 
officials are likely to be asked to assist in the resolution 
of the problem. 

Action of the Menomonee River Watershed Committee: 
After due reconsideration of the various technical and 
economic features and other aspects of the nine alterna- 
tive floodland management measures originally analyzed 
for the Village of Elm Grove and after consideration of 
the additional detention storage-structure floodproofing 
and removal alternative examined subsequent to  the 
informational meetings and the public hearing, the Meno- 
monee River Watershed Committee recommended that 
the detention storage-structure floodproofing and removal 
alternative be used to  resolve existing and forecast flood 
problems along Underwood Creek in the Village of 
Elm Grove. 

This decision was heavily influenced by the formal objec- 
tion to  channel modifications by Village officials. In 
making this recommendation, which is fundamentally 
different than the original storage-major channelization- 
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intermediate channelization-floodproofing recommenda- 
tion, the Menomonee River Watershed Committee noted 
that implementation of the detention storage-structure 
floodproofing and removal measure in lieu of the original 
recommendation has no significant watershedwide impli- 
cations. That is, inasmuch as both measures contain the 
detention reservoir on Dousman Ditch, supplemental 
flood control measures implemented by the Village of 
Elm Grove will have no significant upstream or down- 
stream effect on flood flows, stages, or damages in other 
watershed communities. 

It is imperative that all floodproofing measures, irrespec- 
tive of the structure types involved, be applied under 
the guidance of a qualified registered engineer. Failure 
t o  utilize adequate professional supervision is likely to  
resolve in damage to the structure and perhaps endanger 
structure occupants during a major flood event. 

Chapter IV of this volume includes a simulation analysis 
of the impact of the recommended structural flood 
control works on 100-year recurrence interval flood flows 
under year 2000 land use plan conditions. The analysis 
indicated up to  a 10 percent increase in 100-year flood 
flows along the lower Menomonee River. Elimination 
of the recommendations to  carry out intermediate and 
major channelization along Underwood Creek within the 
Village of Elm Grove may be expected to yield flood 
flows along the lower Menomonee River that are less than 
the up to  10 percent increase expected with the Under- 
wood Creek channel modifications. It would be prudent, 
however, t o  design the recommended flood control works 
along the lower Menomonee River in the Cities of Wau- 
watosa and Milwaukee to  pass flood flows commensurate 
with the channelization recommended along Lilly Creek 
and the Menomonee River in the Village of Menomonee 
Falls, the detention storage recommended along Dousman 
Ditch in the City of Brookfield, and the channelization 
originally recommended along Underwood Creek in the 
Village of Elm Grove. Such design at very little cost 
would provide greater flexibility in considering future 
flood control actions within the watershed. 

Reconsideration of Flood Control 
Recommendations Along the Menomonee River ., -- 

and Lilly Creek in the Village of Menomonee Falls 
The above sections discuss the Menomonee River Water- 
shed Committee's reconsideration of channelization 
recommendations for the City of Wauwatosa and the 
Village of Elm Grove. The published record of the infor- 
mational meetings and the public hearing indicates some 
opposition t o  major channelization anywhere in the 
watershed. In addition to Wauwatosa and Elm Grove, 
the only other civil division in the watershed in which 
major channelization was proposed in the preliminary 
comprehensive plan for the Menomonee River Watershed 
was the Village of Menomonee Falls. Accordingly, the 
Menomonee River Watershed Committee reconsidered its 
earlier channel recommendations for Menomonee Falls. 

More specifically, the preliminary recommendations call 
for a total of 737miles of major channel improvements, 
consisting of channelization of the 1.35-mile-long, reach 

of the Menomonee River bounded by the Washington- 
Waukesha County line at the upstream end and Meno- 
monee Falls Dam at the downstream end; channelization 
of the 3.25-mile-long reach of the Menomonee River 
bounded at the upstream end by Arthur Avenue and at 
the downstream end by the Waukesha-Milwaukee County 
line; and channelization of the 2.97-mile-long reach of 
Lilly Creek bounded at the upstream end by W. Silver 
Spring Drive and at the downstream end by the Meno- 
monee River. 

As described in detail in Chapter IV of this volume, an 
assessment of the above major channelization found it 
to  be technically feasible but uneconomic from a flood 
control perspective. That detailed assessment also iden- 
tified important nontechnical and noneconomic factors 
t o  be considered such as the aesthetic impact of the 
channel works. An overriding consideration, however, in 
the Watershed Committee's original recommendations to  
implement channel modifications within the Village of 
Menomonee Falls was the opinion of the Village Engineer 
that such channel improvements represent an already 
committed decision in the sense that significant local 
construction funds have been expended for urban storm 
sewers and considerable effort has gone into local storm 
drainage system plans, all of which are based on the grade 
of the locally proposed channel modifications along 
portions of the Menomonee River and Lilly Creek. 

Therefore, in light of the Village commitment to chan- 
nelization as reflected by the location, size, and grades 
of existing and proposed storm sewers and storm water 
outfalls, the Menomonee River Watershed Committee 
reconfirmed the original recommendation that the 
channelization alternative be used to resolve existing 
and probable future flood problems along the Meno- 
monee River and Lilly Creek within the Village of Meno- 
monee Falls. 

Re~resentative Cross Sections for River Reaches 
in Which Channelization is Recommended 
Consideration of the r e c o r d f  the informational meet- 
ings and the public hearing indicated that some public 
officials and interested citizens had difficulty visualizing 
the vertical and horizontal extent and overall size of 
recommended channel modifications, particularly with 
reference to existing channel-floodplain topographic 
conditions. The representative channel-floodplain cross 
sections shown in Figures 50 to 52 were prepared to  
better illustrate the size of the originally recommended 
major channel modifications in the Village of Elm Grove 
along Underwood Creek downstream of Juneau Boulevard 
and the recommended major channel modifications along 
the main stem of the Menomonee River and along Lilly 
Creek in the Village of Menomonee Falls. These repre- 
sentative cross sections are intended to supplement 
Figure 1 5  in Chapter IV of this volume which illustrates 
the existing channel-floodplain cross section and the 
originally recommended intermediate channelization 
in the Village of Elm Grove along Underwood Creek 
upstream of Juneau Boulevard; and the channel-floodplain 
cross section shown in Figure 48 of this chapter which 
illustrates the existing and originally recommended 



Figure 50 

CROSS SECTIONS CORRESPONDING TO EXISTING TOPOGRAPHIC CONDITIONS AND MAJOR 
CHANNELIZATION-STORAGE COMBINATION AT RIVER MILE 3.08 ON UNDERWOOD CREEK IN THE VILLAGE OF ELM GROVE 
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Figure 51 

CROSS SECTIONS CORRESPONDING TO EXISTING TOPOGRAPHIC CONDITIONS AND MAJOR 
CHANNELIZATION AT RIVER MILE 22.64 ON THE MENOMONEE RIVER IN THE VILLAGE OF MENOMONEE FALLS 
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Figure 52 
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channel-floodplain cross section along the Menomonee 
River in the City of Wauwatosa as well as the channel- 
floodplain cross section correspondimg to the subalter- 
native examined in response to suggestions made at the 
informational meetings and public hewing. 

These representative cross sections of actual channel 
modifications clearly illustrate the marked change that 
would be made in riverine area topography as a result of 
implementation of the originally recommended channel 
modifications in the V i e  of Elm Grove, the Village of 
Menomonee Falls, and the City of Wauwatosa. In order 
to safely convey the lOOyear recurrence interval flood 
flows under year 2000 planned land use conditions 
within channel limits, it is necessary to construct an 
artificial channel that is very large relative to the natural 
channel section. A major enlargement in channel depth, 
width, and cross-&x?tional area is necessitated by the need 
to convey within the channel that portion of the flood 
flow that, under natural conditions, occupies the wide, 
adjacent floodplain which is now occupied by various 
forms of urban development requiring flood relief. 

Photographs of major channel modifications that have 
already been carried out f m  flood control purposes 
within the Menomonee River watershed along Honey 
Creek, Underwood Creek, and the Menomonee River me 
shown in Figures 53, 64, and 55, respectively. These 
examples of major channel modifications indicate that 
not only do such works effect a marked change in 
the riverine area topwaphy but they have a range of 
aesthetic effects depending on such factors as the avail- 
ability of open "green" space adjacent to the channelized 
section; the density and variety of trees, shmbs, and 

other vegetation adjacent to the channelized section; the 
extent to which architectutal treatments have been 
applied to str- crossings; and the degree to which it 
was possible to use a eurvilinear alignment. Of the three 
examples of channelization, Honey Creek, as shown in 
Figure 53, is probably aesthetically most pleasing because 
of the existence of ample "green" space along both sides 
of the channel; the prwnce of a dense and diverse 
growth of trees, shrubs, and othes vegetation along the 
channel; the application of attractive architectural treat- 
ments to stream crossings; and the use of a curvilinear 
alignment. The Underwood Creek channelization, as 
shown in Figure 54, has less aesthetic appeal than the 
Honey Creek channel modifications because of the 
absence of adequate adjacent "green" space and dense 
and diverse vegetation in some areas and because of 
the use of a linear alignment over long reaches of the 
stream. The Menomonee R i w  channelization, as shown 
in Figure 55, is probably the least attractive of the three 
examples because, even though a curvilinar alignment 
has been used, there is a notable absence of adequate 
"green" space immediately adjacent to much of the 
channel; the stream crossings are not pleasing; and 
unattractive commercial land uses are located in cbse 
proximity to much of the channelized reach. 

Therefore, while channelization results in a marked 
change in rivetine area topography and certainly detracta 
from the aesthetic appeal of the riverine area, the degree 
of the aesthetic impact can be minimized, as illustrated 
by channelidion that has been carried out along Honey 
Creek within the Menomonee River watershed. Minim&- 
tion of the aesthetic impact depends on a variety of 
factors including maintenance of adequate "green" space 

Figure 53 

MAJOR CHANNELIZATION ALONG HONEY CREEK IN THE CITY OF WAUWATOSA 

View From Honey Creek Parkway Drive and 
Sr. Anne Court Looking Northwest (Downstreaml 

View F F O ~  Bluemound Road and 
St. Anne Court Looking Northwest (Downstream) 



MAJOR CHANNELIZATION ALONG UNDERWOOD CREEK IN THE CITY OF WAUWRTOSA 

View Fmm N. 115th Streef Lobhim West (Uwmrnl  
View Fmm Near 102nd Street and 

Fisher Parkway Looking Weat (Upmwn) 
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Figure 56 

MAJOR CHANNELIZATION ALONG THE MENOMONEE RIVER IN THE CITY OF MILWAUKEE 

View From Wisconsin Avenue Looking South (Downstream) 

View From Wisconsin Avenue Looking North (Upstream) 

Source: SEWRPC. 



adjacent to both sides of the channelized reach, retention 
or provision of a dense and varied vegetation along the 
channel, incorporation of attractive architectural treat- 
ment into the design of stream crossings, and use of 
curvilinear channel alignments. 

Major channel modifications carried out in conformance 
with the recommendations contained in the comprehen- 
sive plan for the Menomonee River watershed should be 
designed to minimize the aesthetic impact of the channel 
works while at the same time providing for the safe 
conveyance of flood flows. 

Importance of Maintaining the 
Conveyance Capacity of Stream Channels 
The published record of the informational meetings and 
public hearing contains repeated comments by concerned 
private citizens on the need for periodic cleaning and 
maintenance of the channel portion of the watershed 
stream system. In response to that expressed concern, 
it was considered appropriate to reemphasize the need 
for and discuss the likely positive effects of regular 
channel maintenance. 

As noted in Chapter VIII, Volume 1 of this report, 
hydraulic, hydrologic, and flood economic analyses 
completed under the watershed planning program assume 
that the stream channels and the hydraulic structure 
waterway openings will be periodically cleaned of debris, 
heavy vegetation, silt, and other deposits and properly 
maintained so as to provide at least the amount of con- 
veyance capacity that existed at the time the hydraulic 
system inventory was conducted for the watershed plan- 
ning program. Therefore, periodic stream system cleaning 
and maintenance are important to maintain the integrity 
of the flood stage profiles developed under the watershed 
planning program. The second reason for periodic clean- 
ing and maintenance of the stream channels is the need 
to  maintain the channel bottom profile at an elevation 
below the invert of existing or planned storm sewer 
outfalls in urban areas and drainage tile and drainage 
ditch outfalls in rural areas. Failure to provide such 
cleaning and maintenance may result in partial or full 
blockage of the outfalls by debris, vegetation, silt, and 
other deposits in turn causing nuisance or serious flood- 
ing of urban areas and of cropland. Finally, cleaning and 
maintenance of the watershed channel system are impor- 
tant to reduce the probability that buoyant objects and 
debris such as tree limbs, fence posts, scrap lumber, and 
brush will be carried downstream with the rising flood- 
waters and accumulate on the upstream side of bridge 
and culvert waterway openings, thereby partially block- 
ing them and further increasing flood stages and areas 
of inundation. 

For the above three reasons, the Watershed Committee 
recommends that civil divisions and governmental agen- 
cies within the watershed affected by or having jurisdic- 
tion over the watershed stream system carry out periodic 
cleaning and maintenance of both the stream channels 
and the bridge and culvert waterway openings. It is 
important to recognize, however, that the above recom- 
mended cleaning and maintenance activities will have no 

significant effect on the peak stage of major flood events 
except to reduce the probability of debris accumulating 
on the upstream side of bridge waterway openings. The 
insensitivity of peak flood stages to minor channel clean- 
ing and alteration is discussed for major flood events and 
demonstrated in detail in Chapter IV of this volume in 
conjunction with the design and analysis of structural 
flood control measures for the Village of Elm Grove. 

A potential conflict exists between the above recom- 
mended cleaning and maintenance activities in the channel 
system and the suggestion, set forth in Chapter V of 
this volume, to carry out modest localized land and water 
management measures intended to enhance fish and 
wildlife habitat along the streams. More specifically, and 
as described in Chapter V, such management measures 
might consist of the construction of very low head 
dams or sills on the stream system to compensate in 
part for low flow conditions and to lead to the growth 
of emergent vegetation necessary for good fish and 
wildlife habitat, to encourage stream aeration, and to 
provide for entrapment of sediment. While it may not 
be feasible in a given stream reach both to carry out 
channel cleaning and maintenance activities on a regular 
basis and to apply management measures including 
construction of lowhead dams and sills, it is also unlikely 
that both of these measures would be required in a given 
reach. Measures intended to enhance fish and wildlife 
habitat are most likely to apply to those portions of 
the stream systemas described in Chapter VI of this 
volume-that are in a natural or near natural state and 
do not, therefore, have serious flood problems. The 
channel cleaning and maintenance activities are more 
likely to be required and carried out in those river reaches 
along which urban development has encroached and 
along which flood problems have developed. 

Reconsideration of Land Use Plan Element 
Recommendation for the City of Mequon 
The land use element of the comprehensive plan for the 
Menomonee River watershed, as originally recommended 
by the Menomonee River Watershed Committee, recom- 
mends, as shown on Map 50, that future land use changes 
within the Menomonee River watershed portion of the 
City of Mequon be positively guided so as to retain the 
existing rural character of the area through continuation 
of agricultural uses and through development for "country 
estate" type residential uses with a minimum net lot area 
of five acres per dwelling unit. While the land use plan 
element places emphasis upon the land market as the 
primary determinant of the location, intensity, and 
character of future development within the basin, it does 
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 already serious devel- 
opment and environmental problems existing within 
the watershed. 

The published record of the informational meeting held 
in the City of Mequon indicates that, while some farmers 
in the area opposed the recommended land use plan as 
it concerns the rural character of the Mequon portion of 



the watershed, most of the farmers supported retention 
of the rural, primarily agricultural character of this por- 
tion of the watershed provided that tax relief was pro- 
vided so that continued agricultural use of the land would 
be more economically feasible. The residents of the 
existing, scattered residential areas in the Mequon portion 
of the watershed also supported continuation of the 
existing rural nature of this area subject to one condition: 
residents of the Huntington Park subdivision located 
immediately east of the Little Menomonee River and 
immediately north of the southern limits of the City 
of Mequon requested that the land use plan for the 
watershed reflect the committed decision to expand 
Huntington Park from its present development of about 
30 residential units to its ultimate development of about 
200 units. Residents of the scattered subdivisions within 
the Mequon portion of the watershed as well as some 
farmers expressed support for the land use plan element 
partly because this would permit continued enjoyment 
of the amenities associated with being surrounded by 
rural land uses and partly because it would avoid increases 
in flood flows. In summary, the published record of the 
special informational meeting indicates that both the 
owners of farmland and developed residential land in the 
Mequon portion of the watershed support the land use 
plan element recommendation that the existing rural 
character of the area be maintained provided that farmers 
receive tax relief and that the committed decision to 
expand Huntington Park be recognized. 

In spite of the support by landowners for the land use 
plan element as it affects that portion of the City of 
Mequon lying within the Menomonee River watershed, 
City officials expressed concern over restrictions to 
additional residential development in that area partly 
because of water supply problems-inadequate well 
yields due to falling groundwater levels--currently being 
experienced in the developing southeastern part of the 
City. These officials believe that additional urban devel- 
opment in those developing areas will aggravate existing 
groundwater supply problems whereas shifting some new 
incremental development to the western area of the 
City of Mequon in the Menomonee River watershed 
would provide at least temporary relief from aggravation 
of the water supply problem until a permanent or long- 
term solution could be obtained. Accordingly, the City 
officials suggested that the land use plan be amended to  
permit lowdensity urban development in the Meno- 
monee River portion of the City of Mequon. 

In order to accommodate the concern of the City of 
Mequon residents and officials, the Menomonee River 
Watershed Committee recommended that the land use 
element of the recommended watershed plan be.amended 
to  recognize the ultimate development of the Huntington 
Park subdivision and to permit low-density urban devel- 
opment in the City of Mequon portion of the watershed 
provided that such development incorporates onsite 
retention or detention storage of storm water runoff 
so as to limit peak rates of flow in the Little Menomonee 
River to levels at or below those that would exist if the 
existing essentially rural character of the Mequon portion 
of the watershed were retained. The compensating storm 

water storage stipulation is critical and was specified by 
the Watershed Committee because of its concern-based 
on hydrologic-hydraulic analyses conducted under the 
watershed planning programaver the certain, adverse 
effect of urban sprawl in the City of Mequon on flood 
discharges and stages downstream along the Little Meno- 
monee River in both the City of Mequon and the City 
of Milwaukee. Through the use of compensating deten- 
tion or retention storage, the adverse watershedwide 
impacts of urbanization in the city of Mequon portion 
of the basin can be minimized. 

City of Mequon officials also expressed concern over 
proposed restrictions in the land use plan element on 
industrial development in the extreme southeastern 
corner of the City. The recommended land use plan 
element calls for retaining the existing rural character of 
the area, whereas the City of Mequon has zoned all of 
Section 31 and approximately the western one-fifth of 
Section 32, Township 9 North, Range 21 East, for 
industrial use. In recognition of the City of Mequon's 
commitment to permit industrial development, or a t  
least some form of urban development, in Section 31 
and the western one-fifth of Section 32, the Menomonee 
River Watershed Committee recommended that the land 
use element of the recommended watershed plan be 
changed so as to indicate urban low-density residential 
development (0.7-2.2 dwelling units per net residential 
acre) in that area. 

Final Action of the Menomonee 
River Watershed Committee 
After careful consideration of the results of the infor- 
mational meetings and the public hearing, the Meno- 
monee River Watershed Committee, at a meeting held on 
October 27, 1976, voted unanimously to recommend to 
the Regional Planning Commission adoption of the final 
watershed plan, shown in graphic summary form on 
Map 56. That plan, as adopted, consisted of the prelimi- 
nary plan presented at the public informational meetings 
and public hearing, as described above in this chapter, 
with the following changes and additions each of which 
was discussed above: 

That the original recommendation of channeliza- 
tion along the Menomonee River downstream of 
N. 70th Street in the City of Wauwatosa be 
changed to a recommendation to  use a combina- 
tion of channelization and dikes and floodwalls 
and, in a directly related matter, that the original 
recommendation to  floodproof up to 77 com- 
mercial and residential structures along the 
Menomonee River between N. 60th Street 
Extended and N. 45th Street in the City of 
Milwaukee be revised so as to recommend the 
floodproofing of up to 69 commercial and 
residential structures. 

That the original recommendation of detention 
storage-intermediate channelization-major chan- 
nelization-structure floodproofing along Under- 
wood Creek in the Village of Elm Grove be 
changed to  a recommendation to use a com- 
bination of detention storage and structure 
floodproofing. 
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That civil divisions and governmental agencies 
within the watershed affected by, or having juris- 
diction over, the watershed stream system carry 
out periodic cleaning and maintenance of the 
stream channels and bridge waterway openings. 

That the original recommendation to retain 
the rural character of that portion of the City 
of Mequon lying within the watershed be modi- 
fied to permit low-density urban development 
on condition that provision is made for compen- 
sating detention or retention storage of storm 
water and that the land use plan incorporate 
the committed decision to expand the Hunt- 
ington Park subdivision and to permit industrial 
development in the extreme southwestern corner 
of Mequon. 

The recommended plan, subject to the above changes 
and additions, is fully documented in Chapters 111, IV, 
and V of this volume; measures and actions needed to 
implement the plan are described in Chapter VII; and 
the recommended plan is summarized in Chapter VIII. 

Revisions to the Cost Analysis 
As a result of changes made by the Menomonee River 
Watershed Committee to the floodland management plan 
element of the preliminary comprehensive plan for the 
Menomonee River watershed and in order to assist public 
officials in evaluating the recommended comprehensive 
Menomonee River watershed plan, a revised capital 
improvement program with attendant operation and 
maintenance costs was prepared. If followed, this capital 
improvement and operation and maintenance program 
would result in total watershed plan implementation 
by the year 2000. 

Plan Element Costs: The preliminary capital improve- 
ment program, revised so as to incorporate post-hearing 
changes made by the Menomonee River Watershed 
Committee in the floodland management plan element, 
includes the staging of necessary land acquisition and 
facility construction and the distribution of the attendant 
costs, including operation and maintenance expenditures, 
over a 24-year period. This expenditure program is 
presented in summary form for the watershed as a whole 
in Table 47 and is presented in more detailed form by 
county and selected civil divisions in a series of tables in 
Chapter VII of this volume. Table 47 sets forth the land 
acquisition and construction costs and estimated opera- 
tion and maintenance expenditures associated with 
implementation of each of the three recommended plan 
elements-land use, floodland management, and water 
qualityand associated subelements by year. As noted 
above, the schedule of capital and operation and mainte- 
nance costs set forth in the tables is based on present 
(1975) costs for land acquisition, facility construction, 
and operation and maintenance. Also as noted above, it is 
estimated that full utilization of financial assistance 
from the state and federal levels of government could 
serve to reduce the local plan implementation cost by 
approximately 50 percent. 

The revised full capital investment and operation and 
maintenance cost of implementing the recommended 
comprehensive plan for the Menomonee River watershed 
is estimated at $36.0 million over the 24-year plan imple- 
mentation period, a $2.8 million, or 7 percent, decrease 
relative to the total cost of the preliminary plan as 
presented for public review and comment. Of this total 
cost, about $10.6 million, or about 29 percent, is 
required for implementation of the recommended land 
use plan element which includes the overall land use 
plan subelement, the primary environmental corridor 
protection subelement, and the parkway drive-scenic 
drive-recreational trail subelement. About $14.3 million, 
or about 40 percent of the full costs associated with the 
watershed plan, is required for implementation of the 
recommended floodland management element including 
recommended channel modifications, detention storage, 
structure floodproofing and removal, bridge modification, 
continued operation of the stream gaging network, and 
miscellaneous flood damage control measures in the 
industrial valley. About $11 .I million, or about 31 per- 
cent of the full cost of implementing the recommended 
comprehensive watershed plan, is required for imple- 
mentation of those subelements of the recommended 
water quality management element not included in other 
adopted regional plan elements. These subelements con- 
sist of the measures proposed to abate the residual 
creosote pollution problem in the Little Menomonee 
River. installation of feedlot runoff control svstems. and 
application of land management measures to both rural 
and urban portions of the watershed for control of 
diffuse source pollution. 

The average annual cost of the total capital investment 
and operation and maintenance costs required for plan 
implementation would be approximately $1.50 million, 
or about $4.08 per capita per year over the 24-year plan 
implementation period. The per capita cost is based on 
a resident watershed population of 368,000 persons, 
equal to the anticipated average resident population of 
the watershed between the 1970 population level of 
348,000 persons and the anticipated year 2000 popula- 
tion level of 388,000 persons. The average annual cost 
of implementing the land use plan element, the floodland 
management plan element, and the water quality manage- 
ment plan element is, respectively, about $440,300, or 
$1.20 per capita; $596,400, or $1.62 per capita; and 
$463,700, or $1.26 per capita. 

The capital and operation and maintenance costs assign- 
able to the land use plan element and the water quality 
management plan element of the recommended water- 
shed plan are identical to those contained in the prelimi- 
nary watershed plan as presented for public review at 
the informational meetings and the public hearing. Costs 
associated with the floodland management plan element 
were changed as a result of changes and additions made 
to the floodland management plan element by the 
Menomonee River Watershed Committee subsequent to 
the informational meetings and the public hearing. The 
revised total capital construction and operation and 
maintenance cost for the recommended floodland man- 



agement plan element in the watershed is $14.3 million, 
a $2.8 million, or a 16  percent, decrease from the total 
cost of the floodland management plan element in the 
preliminary comprehensive plan for the watershed. The 
average annual capital and operation and maintenance 
cost of implementing the recommended floodland 
management plan element for the watershed is $596,400, 
or about $1.62 per capita. This amount would largely 
be expended for construction of flood control facilities. 
Of the total estimated cost of $14.3 million for imple- 
mentation of the floodland management plan element, 
about $8.6 million, or about 60 percent, would be 
expended for structural flood control measures--chan- 
nelization, dikes and floodwalls, detention storage, and 
bridge modification-with the remaining $5.7 million, or 
40 percent, being expended for structure floodproofing 
and removal, stream gaging, and miscellaneous measures 
in the industrial valley. 

Concluding Statement: As aresult of post-hearing changes 
to the preliminary Menomonee River watershed plan, 
a slight decrease occurred in the anticipated cost of 
implementing the floodland management plan element, 

whereas no changes were made in the costs attendant 
to the recommended land use and water quality manage- 
ment plan elements. Because of the small change in costs, 
the conclusion drawn earlier from a comparison of plan 
costs to selected recent public expenditures remains valid. 
That analysis concluded that sufficient monies should 
become available to implement substantially the recom- 
mended land use plan element, the floodland manage- 
ment plan element, and the water quality management 
plan element of the comprehensive Menomonee River 
watershed plan. However, significant shifts may be 
required as to  where within the watershed such expen- 
ditures have been made in the past and where they must 
be made in the future. 

SUMMARY 

The various plan subelements recommended as integral 
parts of the comprehensive plan for the Menomonee 
River watershed have all been described separately and 
in considerable detail in the preceding chapters of this 
volume. This chapter presents a concise description of 
the overall recommended comprehensive plan of the 

Table 47 

SCHEDULE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS OF THE RECOMMENDED 
COMPREHENSIVE PLAN FOR THE MENOMONEE RIVER WATERSHED BY PLAN ELEMENT AND BY YEAR: 1977-2000 

Calendar 
Year 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

Total 

Project 
Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

24-Year 
Average 

Subtotal 

$ 651,300 
673.1 60 
695,040 
71 6,940 
738,820 
760,670 
782,550 
804,480 
826,440 
848,310 
219,250 
219,280 
219,250 
219,250 
21 9,280 
21 9,250 
21 9,250 
219,280 
21 9,250 
219,250 
219,280 
219,250 
219,250 
219,280 

$10,567 -41 0 

$ 440,300 

Primary Environmental 

Land Use Plan Element 

Parkway Drive-Scenic Drive- 
Corridor 

Land 
~ c q u i s i t i o n ~  

$ 397,860 
397,860 
397,860 
397,860 
397,860 
397,860 
397,860 
397,860 
397,860 
397,860 

- 

- 
- 
- 

- 
- 

- 

$3978,600 

$ 165,770 

Subelement 

Operation 
and 

Maintenanceb 

$ 20,020 
40,040 
60,050 
80,080 

100.100 
120.1 20 
140,130 
160.160 
180.180 
200,200 
200,200 
200,200 
200,200 
200.200 
200,200 
200,200 
200,200 
200,200 
200,200 
200,200 
200,200 
200,200 
200,200 
200,200 

$3,903,880 

$ 162,660 

Scenic Drive and 
Interconnecting 
Urban streetg- 

Signing and Marking 

$ 330 
270 
240 
21 0 
180 
1 20 
90 
90 

1 20 
90 
90 

120 
90 
90 

120 
90 
90 

120 
90 
90 

120 
90 
90 

1 20 

$3,210 

$ 134 

Parkway 

constructionC 

$ 212,000 
21 2,000 
21 2,000 
21 2,000 
21 2,000 
21 2,000 
21 2,000 
21 2,000 
212,000 
21 2,000 

- 
- 
- 
- 
- 
- 
- 
- 

- 

- 
- 

$2.1 20,000 

$ 88,330 

Recreational Trail Subelement 

$ 8.000 

Drive 

Operation 
and 

Maintenanced 

$ 1,580 
3,160 
4,760 
6,340 
7.9 20 
9,500 

1 1 ,Om 
1 2,680 
14,260 
15,840 
15,840 
15,840 
1 5,840 
15,840 
1 5,840 
1 5,840 
1 5,840 
1 5,840 
15.840 
15,840 
15,840 
1 5,840 
1 5,840 
1 5,840 

$308,880 

$12,870 

Recreational 

constructione 

$ 19,200 
1 9,200 
19,200 
1 9,200 
1 9,200 
19,200 
19,200 
1 9.200 
19,200 
19,200 
- 

- 
- 
- 
- 
- 
- 
- 

- 

- 
- 

$192,000 

$ 2,540 

Trail 

Operation 
and 

Maintenancef 

$ 310 
630 
930 

1,250 
1,560 
1.870 
2,190 
2,490 
2,810 
3.1 20 
3.1 20 
3.1 20 
3,120 
3.1 20 
3.1 20 
3.1 20 
3.1 20 
3.1 20 
3.1 20 
3.1 20 
3.1 20 
3,120 
3.1 20 
3,120 

$60.840 



Table 47 (continued) 

Calendar 
Year 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

Total 

Project 
Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Total 

$ 4,005,130 
4,036,640 
4,062,020 
4,087,620 
4.1 13,000 
1.21 3,970 
1,235,850 
1,257,780 
1,279,740 
1.301.61 0 

672,550 
672,580 
672.550 
672,550 
672,580 
672,550 
672,550 
672,580 
672,550 
672,550 
672,580 
672,550 
672,550 
672,580 

$36,009,360 

$ 1,500,400 

Calendar 
Years 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

Total 

24-Year 
Average 

Project 
Years 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

24-Year 
Annual Average 

Element 

Bridge 
Modification 

for Flood 
Control 

Purposes 

$ 42,000 
42,000 
42,000 
42,000 
42,000 

- 
- 

- 

- 

$21 0,000 

$ 8,800 

Floodland Management 

Structure 
Floodproofing 

and 
Removal 

$ 951,500 
951,500 
951,500 
951,500 
951,500 

- 
- 

- 
- 
- 

- 

- 

$4,757,600 

Stream Gaging 

Abate Creosote Pollution 
With Excavation of 

New Channel and Filling 
of Existing Channel 

(Construction) 

$ 40,200 
40,200 
40,200 
40,200 
40,200 

- 

- 

- 

- 
$201,000 

Industrial 
Valley 

~ e a s u r e s ~  

$162,600 
162,600 
162,600 
162,600 
162,600 

- 

$813,000 

$ 198,200 

Network 

Operation and 
Maintenance 

of Continuous 
Recorder 
~ a g e s '  

$ -- 
6,400 
6,400 
6,400 
6,400 
6,400 
6,400 
6,400 
6,400 
6,400 
6,400 
6,400 
6,400 
6,400 
6,400 
6,400 
6,400 
6,400 
6,400 
6,400 
6,400 
6,400 
6,400 
6,400 

$147,200 

$ 6,100 

Channel 

Reduce Diffuse 
Source Pollution from 

Urban Lands 
(Operation and Maintenance) 

$ 429,000 
429.000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429.000 
429,000 
429,000 
429.000 

$1 0,296.000 

$ 8,400 

Subtotal 

$ 2,758,550 
2,768,200 
2,771,700 
2,775,400 
2,778,900 

24,300 
24,300 
24,300 
24,300 
24,300 
24,300 
24.300 
24,300 
24,300 
24,300 
24,300 
24,300 
24,300 
24,300 
24,300 
24,300 
24,300 
24,300 
24,300 

$14,314,550 

$ 33,900 

Installation 
of Staff or 

Crest Stage 
~ a ~ e s '  

$450 
-- 
-- 
- 
-- 

- 
- 

$450 

$ 18 

- 

Construction 

$1,472,500 
1,472,500 
1,472,500 
1,472,500 
1,472,500 

- 

- 
- 

- 
- 

- 
- 

- 
- 

$7,362,400 

$ 306,800 

Detention 

Subtotal 

$ 595,280 
595,280 
595,280 
595,280 
595,280 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429.000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 
429,000 

$1 1,127,400 

$ 429,000 

Water Quality 

Control Runoff 
from Animal Feedlots 

(Construction) 

$ 80,000 
80.000 
80.000 
80,000 
80,000 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

$400.000 

$ 596,400 

- ~ i d i f ~ g t ~ o n s ~  

Operation 
and 

Maintenance 

$ 2,300 
4,700 
7,000 
9,400 

11,700 
1 1,700 
1 1,700 
11,700 
11,700 
11,700 
11,700 
11,700 
1 1,700 
11,700 
11,700 
11,700 
11,700 
1 1,700 
1 1,700 
11,700 
11,700 
1 1,700 
1 1,700 
11,700 

$257,400 

$ 10,700 

Construction 

$126,000 
126,000 
126,000 
126,000 
126,000 

- 
- 
- 

- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 

$630.1 00 

$ 26,300 

$ 463,700 

Management Element 

Reduce Diffuse 
Source Pollution from 

Agricultural Lands 

$ 46,080 
46,080 
46,080 
46,080 
46,080 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

$230,400 

$ 16,700 

Storage 

Operation 
and 

Ma~ntenance 

$ 1,200 
2,500 
3,700 
5,000 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 

$136,400 

$ 5,700 

$ 9,600 



Table 47 (continued) 
- - 

a Assumes that 70 percent of the recommended 6.3 square miles of primary environmental corridor land would be acquired in each of  the first 70 years ofplan 
implementation. 

Based on annual operation and maintenance cost of  $50 per acre for corridor land. 

Assumes that 10 percent of the recommended 732 miles of new parkway drive would be constructed in each of the first 10 years of  plan implementation. 

Based on annual operation and maintenance costs of $7,20Oper mile for parkway drives. (Includes snow removal, grass cutting, and sealing of  surface.) 

Assumes that 70 percent of the recommended 52 miles of new recreational trails would be constructed in each of the first 10 years of plan implementation. 

Based on annual operation and maintenance costs of $600per mile for recreational trails. 

Assumes that a total of the signs per mile at a cost of  $30 per sign would be installed over a five year period on 20.7 miles of  scenic drive and interconnecting 
urban street and that 70 percent of the signs would be replaced each year. 

Includes low dikes and floodwalls in the City of Wauwatosa. 

i 
Two continuous stage recorder installations each having a total operation and maintenance cost of $3,200 per year. 

I Nine staff or crest stage gages-one in the City of Mequon in Ozaukee County, two in the Village of Germantown in Washington County, and three in the City of 
Brookfield and one in the Village of Elm Grove and two in the Village of Menomonee Falls in Waukesha County-at $50per installation. 

k~ssumes a two foot increase in the height of 0.70 mile of  earthen dike along the Menomonee River in the vicinity of the Chicago, Milwaukee, St. Paul, and Pacific 
Railroad property at $70 per lineal foot; a four foot increase in the height of 0.24 mile of floodwall along the east bank of the Menomonee River between the 
East-West Freeway and the W. Wisconsin Avenue viaduct at $140 per lineal foot; a four foot increase in the height of 0.76 mile of floodwall along the east bank 
of the Menomonee River between the W. Wisconsin A venue viaduct and the Chicago, Milwaukee, St. Paul, and Pacific Railroad bridge at River Mile 4.24 at $740 
per lineal foot; and a four foot increase in the height of 0.35 mile of floodwall along parts of both banks of the Menomonee Riverbetween the railroad bridge 
and N. 45th Street at $740 per lineal foot. The estimated capital cost of the total 7.45 miles of  dike-floodwall extension is $813,000. 

Source: SEWRPC. 

Menomonee River watershed intended, in part, to show 
how each of the three elements-land use, floodland 
management, and water quality management--comple- 
ment and strengthen each other. 

Under the comprehensive watershed plan recommended 
herein, future urban development within the watershed 
would be guided through locally exercised land use con- 
trols into a more efficient and attractive pattern. Urban 
sprawl and continued encroachment of urban develop- 
ment into the natural floodplains would be arrested and 
future intensification of flood problems would thus be 
avoided. Residential development would be concentrated 
within sanitary sewer and public water service areas 
tributary to existing and proposed systems and would 
be located on soils suited for such use, thus avoiding 
future public health, safety, and aesthetic problems. Most 
of the remaining prime agricultural areas of the watershed 
would be protected from destruction through urban 
encroachment. The primary environmental corridors of 
the watershed, encompassing the best remaining wood- 
land, wetland, and wildlife habitat areas together with 
the associated undeveloped shorelands and floodlands, 
would be protected thereby assuring continued enjoy- 
ment of the recreational, aesthetic, ecologic, and cultural 
values associated with the riverine areas. Primary environ- 
mental corridor preservation would be accomplished 
through continued maintenance of existing riverine area 
of lands used for recreation and other open space uses, 
by public acquisition of the remaining highest value 
corridor lands, and by judicious use of floodland and 
conservancy zoning. Eventually the Menomonee River 
stream valley would be transformed into an attractive 

greenbelt composed of parkway, recreation, and other 
open land areas which would serve to maintain a good 
environment for life in this urbanizing basin. 

The overall land use plan element for the Menomonee 
River watershed is intended in part to minimize aggrava- 
tion of existing flood problems. Flood control measures 
are recommended to abate serious existing and forecast 
flood problems in the Villages of Elm Grove and Meno- 
monee Falls and in the Cities of Wauwatosa, Brookfield, 
Mequon, and Milwaukee. Bridge replacement recom- 
mendations are included in the plan to assure that major 
streets, highways, and railroads remain operable during 
major flood events. Various supplementary measures 
intended to minimize the monetary losses associated with 
flooding are recommended including: participation in 
the federal flood insurance program, continuation of 
desirable lending institution and realtor policies con- 
cerning the sale of riverine areas properties, supportive 
community utility policies, and the establishment of 
emergency flood warning programs. Maintenance of 
a basic stream gaging network is recommended and 
miscellaneous measures are recommended for mitigation 
of the residual flood problem in the industrial valley. 

The recommended Menomonee River watershed plan 
incorporates those water quality management measures 
recommended in other adopted SEWRPC plans which 
are directly applicable to the Menomonee River water- 
shed including: abandonment of the four remaining 
municipal sewage treatment plants, abatement of the 
combined sewer overflow pollution, elimination of flow 
relief devices, and provision of sanitary sewer service to 



existing and planned urban development. In addition, 
industrial discharges to  the stream system would be 
controlled and the residual creosote pollution problem 
in the Little Menomonee River would be abated under 
the watershed plan. Land management measures would 
be invoked to reduce the surface water pollution asso- 
ciated with washoff from rural and urban land surfaces 
and barnyard runoff pollution control system would 
be developed. 

A preliminary schedule of capital costs and operation 
and maintenance expenditures was prepared which, if 
followed, would result in total watershed plan implemen- 
tation by the year 2000. An analysis of recent actual 
public expenditures for public works and facilities indi- 
cated that the cost of implementing the watershed plan 
is such as to  be reasonably obtainable through continuing 
the current public expenditure patterns in the basin 
although some shifts will be necessary within the water- 
shed with respect to  where such funds are expended 
in the future. 

An evaluation was made of the comprehensive plan 
relative to its ability to meet the adopted watershed 
development objectives and standards. In spite of the 
highly urbanized nature of this watershed and the asso- 
ciated serious deterioration in the underlying natural 
resource base, the analysis indicates that vigorous and 
early implementation of the watershed plan could result 
in achievement of most of the standards established in 
support of the adopted watershed development objectives. 
Implementation of the plan may be expected to provide 
a safer, healthful, more pleasant, as well as a more orderly 
and efficient, environment within the watershed. 

An evaluation was conducted of the consequences of not 
implementing the recommended comprehensive plan 
of the Menomonee River watershed based on analyses 
carried out under the watershed planning program and 
on empirical evidence gathered from other portions of 
the planning region. This evaluation indicates that, in the 
absence of a vigorous and prompt watershed plan imple- 
mentation program, the Menomonee River watershed 
will, because of its urban and urbanizing nature, be 
particularly susceptible to aggravation of existing water 
resource and water resource-related problems and to the 
development of new problems. 

Three public informational meetings and a formal public 
hearing were held subsequent to  completion of the 
preliminary comprehensive watershed plan for the 
purpose of more fully informing public officials and 
interested citizens about the plan and obtaining the 
reactions of those public officials and interested citizens. 
Public reaction generally was quite favorable to the water 
pollution abatement and land use recommendations 
contained in the preliminary plan. Some reservations 

were expressed about that aspect of the land use plan 
recommending retention in essentially rural use of that 
portion of the City of Mequon lying within the water- 
shed. A sharp division of public opinion existed over 
the best course of action on some of the floodland 
management recommendations. 

After careful consideration of the results of the informa- 
tional meetings and the public hearing, the Menomonee 
River Watershed Committee voted to  recommend to the 
Regional Planning Commission adoption of the plan as 
originally presented at the public informational meetings 
and public hearing with the following changes and 
additions: 1 )  the original recommendation of channeliza- 
tion along the Menomonee River downstream of N. 70th 
Street in the City of Milwaukee; 2) replacement of the 
mendation to use a combination of channelization and 
dikes and floodwalls and, in a directly related manner, 
a reduction in the extent of structure floodproofing along 
the Menomonee River between Hawley Road and N. 45th 
Street in the City of Milwaukee; 2) substitution of the 
original recommendation to apply major and inter- 
mediate channelization along Underwood Creek in the 
Village of Elm Grove with a recommendation to use 
structure floodproofing; 3) the addition of a recom- 
mendation that civil divisions and governmental agencies 
within the watershed carry out periodic cleaning and 
maintenance of the stream channels and bridge waterway 
openings; 4) retain the original recommendation to keep 
the rural character of the City of Mequon portion of the 
watershed but allow for low density urban development 
on condition that provision is made for compensating 
detention or retention storage storm water; and 5) revise 
the land use plan so as to incorporate committed deci- 
sions to develop small portions of the City for residential 
and industrial development. 

The full capital investment and operation and main- 
tenance costs of implementing the comprehensive plan 
for the Menomonee River watershed, based on 1975 
costs, are estimated at $36.0 million over the 24-year 
plan implementation. This total of $36.0 million is 
a $2.8 million, or 7 percent, decrease relative to  the total 
cost of the preliminary plan as originally presented for 
public review and comment, with the total cost reduction 
occurring as a result of post-hearing revisions to  the 
floodland management element of the plan. Of the total 
$36.0 million cost of the plan, about $10.6 million, or 
about 29 percent, is required for implementation of the 
recommended land use plan element; about $14.3 mil- 
lion, or about 40 percent of the full cost, is required 
for implementation of the floodland management ele- 
ment; and about $11.1 million, or about 31 percent of 
the full cost of implementing the recommended compre- 
hensive watershed plan, is required for implementation 
of those subelements of the recommended water quality 
management element not included in other adopted 
regional plan elements. 



 

 

(This page intentionally left blank) 



Chapter VII 

PLAN IMPLEMENTATION 

INTRODUCTION 

The recommended comprehensive plan for the Meno- 
monee River watershed, as described in Chapter VI of 
this report, provides a design 'for the attainment of the 
specific watershed development objectives formulated 
under the Menomonee River watershed study through 
the cooperative actions of the local, state, and federal 
units and agencies of government concerned. The final 
watershed plan contains three major elements: 1 )  a land 
use element, including natural resource base protection, 
outdoor recreation and related open space, and 
parkway drive-scenic drive-recreational trail subelements; 
2) a supporting floodland management element 
composed of various structural and nonstructural sub- 
elements; and 3) a supporting water quality management 
element composed of various point and diffuse source 
pollution abatement subelements.' 

While the recommended comprehensive plan for the 
Menomonee River watershed is designed to attain the 
specified, agreed upon, watershed development objec- 
tives, the plan is not complete in a practical sense until 
the steps required to implement the plan-that is, to 
convert the plan into action policies and programs-are 
specified. This chapter, therefore, is presented as a guide 
for use in the implementation of the Menomonee River 
watershed plan. Basically, it outlines the actions which 
must be taken by the various levels and agencies of 
government concerned if the recommended comprehen- 
sive watershed plan is to be fully carried out by the 
design year 2000. Those units and agencies of govern- 
ment which have plan adoption and plan implementation 
powers applicable to the Menomonee River watershed 
plan are identified; necessary or desirable formal plan 
adoption actions specified; and specific implementation 
actions are recommended for each of the units and 
agencies of government with respect to  the land use, 
floodland management, and water quality management 
plan elements of the comprehensive watershed plan. 

1 The recommended land use plan element as well as the 
various alternatives that were considered and the process 
used to  arrive at the recommended land use plan element 
are described in detail in Chapter 111 o f  this volume. 
The recommended floodland management plan element 
and the water quality management plan element are 
discussed in a similar fashion in Chapters IV and V ,  
respectively, o f  this volume. The recommended com- 
prehensive plan for the Menomonee River watershed 
is described in summary fashion in Chapter VI o f  
this volume. 

In addition, financial and technical assistance programs 
available to such units and agencies of government in the 
implementation of the watershed plan are discussed. 

PRINCIPLES OF PLAN IMPLEMENTATION 

The plan implementation recommendations contained 
in this chapter are, to the maximum extent possible, 
based upon, and related to, existing governmental pro- 
grams and are predicated upon existing enabling 
legislation. Because of the everpresent possibility of 
unforeseen changes in economic conditions, state and 
federal legislation, case law decisions, governmental 
organization, and tax and fiscal policies, it is not possible 
to declare once and for all time exactly how a process 
as complex as watershed plan implementation should 
be administered and financed. In the continuing regional 
planning program for southeastern Wisconsin, it will, 
therefore, be necessary to periodically update not only 
the watershed plan elements and the data and fore- 
casts on which these plan elements are based, but 
also the recommendations contained herein for 
plan implementation. 

It is important to recognize that plan implementation 
measures must not only grow out of formally adopted 
plans, but must also be based upon a full understanding 
of the findings and recommendations contained in those 
plans. Thus, action policies and programs must not only 
be preceded by formal plan adoption, and, following 
such adoption, must not only be consistent with the 
adopted plans, but should also emphasize implementation 
of the most important and essential elements of the com- 
prehensive watershed plan and those areas of action 
which will have the greatest impact on guiding and 
shaping development in accordance with those elements. 
Of particular importance in this regard are those plan 
implementation efforts which are most directly related 
to achieving the basic watershed development objectives, 
especially those objectives concerned with protection 
of the underlying and sustaining natural resource base; 
with flood control and flood damage abatement; and 
with water quality control and pollution abatement. 

Principal Means of Plan Implementation 
There are three ~ r i n c i ~ a l  ways in which the necessary 
watershed plan implementation may be achieved; and 
these parallel the three functions of the Regional Plan- 
ning Commission: 1 )  inventory, or the collection, 
analysis, and dissemination of basic planning data on 
a uniform, areawide basis; 2) plan design, or the prep- 
aration of a framework of long-range plans for the 
physical development of the Region; and 3) plan imple- 
mentation, or the provision of a center for the 
coordination of planning and plan implementation 



activities. All require a receptive attitude and active 
planning and plan implementation programs at the 
local, county, and state levels of government. 

A great deal can be achieved in guiding watershed 
development into a more desirable pattern through the 
simple task of collecting, analyzing, and disseminating 
basic planning and engineering data on a continuing, 
uniform, areawide basis. Experience within the South- 
eastern Wisconsin Region to date has shown that, if 
this important inventory function is properly carried 
out, the resulting information will be used and acted 
upon both by local and state agencies of government and 
by private investors. Since such data were used as a pri- 
mary input to the preparation of the Menomonee River 
watershed plan, the use of these data in arriving at 
development decisions on a day-to-day basis will tend 
to contribute substantially toward implementation of 
the recommended watershed plan. 

With respect of the function of plan preparation or 
design, it is essential that some of the watershed plan 
elements be carried into greater depth and detail for 
sound implementation. Specifically, the plan recommen- 
dations dealing with structural flood control measures 
and pollution abatement facilities must be carried through 
preliminary engineering to the final design stages. Further 
study must be given to the actual geographic limits of the 
public land acquisitions and land use controls necessary 
to protect adequately the primary environmental 
corridors and the high-value wetlands and woodlands. 
The preparation of such detailed plans will require the 
continuing development of very close working relation- 
ships between the Commission, the county boards 
concerned, the local units of government concerned, and 
certain special-purpose units or agencies of government 
and state agencies and, in particular, the Wisconsin 
Department of Natural Resources. 

To achieve a high degree of watershed plan implementa- 
tion it will be essential to  effectively carry out the 
Commission's function as a center for the coordination 
of local, areawide, state, and federal planning and plan 
implementation activities within the watershed. The 
community assistance program, through which the Com- 
mission upon request actively assists the local munici- 
palities in the preparation of local plans and plan 
implementation devices, is an important factor in this 
function and, if properly utilized, will make possible the 
full integration of watershed and local plans, adjusting 
the details of the latter to the broader framework 
of the former. 

1, 
Preliminary Engineering, and Final Design 
Phases of the Public Works Development Process 
The planning process used to  prepare the Menomonee 
River watershed plan constituted -the first, or systems 
planning phase, of what may be regarded as a three- 
phase public works development process. Preliminary 
engineering is the second phase in this sequential 
process with final design being the third and last phase. 
Inasmuch as effective implementation of the Menomonee 

River watershed plan requires an understanding of this 
three-phased process, that process is briefly described 
below. Although emphasis is placed on use of the 
process in preparing a comprehensive plan for the Meno- 
monee River watershed and in the subsequent steps 
needed to advance that plan toward implementation, 
it is important to note that the three-phased process 
is applicable to  any regional or subregional plan con- 
taining recommendations concerning development of 
public works for flood control, pollution abatement, 
water supply, sanitary sewerage, transportation, park 
and open space, and other public facilities and services. 

Systems Planning: The systems planning phase concen- 
trates on the precise definition of the problems to be 
addressed and the development and evaluation of altema- 
tive measures for resolution of these problems on a sound 
areawide basis. Systems planning is intended to permit 
the selection, from among the alternative measures 
considered, of the most effective measure that resolves 
the problem in accordance with agreed upon objectives 
and supporting standards. In this first or systems planning 
phase, each alternative measure is developed t o  sufficient 
detail to  permit a sound, consistent comparison of the 
technical practicality and economic feasibiliky of each 
alternative considered and a proper evaIuation of its non- 
technical and noneconomic characteristics. 

Properly conducted, systems planning is comprehensive 
in three ways. First, systems planning is comprehensive 
in the sense that it takes into consideration the entire 
system and attendant rational planning area most likely 
to  significantly influence the environmental and develop- 
mental problems of concern and the sound resolution 
of those problems. Water and water resource-related 
problems, for example, should be approached on a water- 
shed basis inasmuch as the watershed system is the most 
rational planning area for such problems. Man's land 
use and development activities in one portion of 
a watershed can markedly influence the severity of 
environmental problems in other areas of the basin, 
as illustrated in Chapter IV of this report by the impact 
of urban development outside of and within the water- 
shed floodland on downstream flood discharges, stages, 
and expected damages. 

Secondly, properly conducted systems planning is com- 
prehensive in the sense that it considers not only the 
immediate problem but the relationship of the problem 
to broad land use, socio-economic, and environmental 
considerations. For example, comprehensive watershed 
planning recognizes that the quantity and quality of 
the surface waters in the watershed system are deter- 
mined in part by existing and planned land use in the 
watershed system and that land use is, in turn, deter- 
mined by socio-economic conditions within as well as 
outside of the watershed. Therefore, the regional land 
use plan is taken as a "given" in the preparation of the 
watershed plan so as to reflect regional land use, socio-+ 
economic, and environmental conditions likely to  
influence the cause of and solution to  water resource 
problems within the watershed. 



Thirdly, the systems planning phase of the three-phase 
public works development process is comprehensive in 
the sense that a full spectrum of potential solutions to  
the water resource and water resource-related problems 
are considered during the process. Because of the many 
measures, variations on measures, and combinations of 
measures that are available, it is recognized in the systems 
planning phase that there is an almost unlimited number 
of solutions to  a given problem that, in effect, form 
a continuum of possible solutions. The key t o  efficient 
systems planning is not to  examine each of the many 
possible alternative measures but rather to  examine 
alternatives that define the boundaries of the continuum 
and also are truly representative of the full range of 
available measures within the continuum. For example, 
after defining the flood problems in the Menomonee 
River watershed in terms of location and severity, the 
systems planning efforts were directed at an examination 
of potentially feasible structural and nonstructural means 
of resolving those flood problems. Various combinations 
of five structural flood control measures and 10 
nonstructural measures were used to  synthesize repre- 
sentative alternatives, each of which was then subjected 
to various degrees of analysis concerning their technical 
practicality, economic feasibility, environmental impact, 
and public acceptability. The above process as carried 
out under the Menomonee River watershed planning 
program led to the quantification of a serious, historic 
flood problem in the City of Wauwatosa along the Meno- 
monee River downstream of N. 70th Street. After an 
evaluation of six alternative measures-floodwater 
storage, floodwater diversion, structure floodproofing 
and removal, major channelization, earthen dikes and 
concrete floodwalls, and a channelization-dike and 
floodwall combination-it was recommended that 
channelization in combination with low dikes and flood- 
walls be used to  resolve existing and forecast flood 
problems in this reach. 

Preliminary Engineering 
Although systems planning requires considerable effort, 
systems planning is not nor&ally carried to  the level 
of detail needed to permit immediate implementation of 
the recommended measures. In general, it is essential 
that the analysis of the technical, economic, environ- 
mental, and other features of the plan elements be 
carried into greater detail and depth as another step 
toward implementation. This second phase of the three- 
phase public works development process is referred to  
as preliminary engineering and is most properly carried 
out, subsequent to  the adoption of the areawide systems 
plan by implementing governmental units and agencies, 
by either the staff of those governmental units and 
agencies or by engineering and planning consultants 
retained by one or more of the governmental units 
and agencies concerned. 

The preliminary engineering phase should begin where 
the systems planning phase ends, and the analysis is no 
longer comprehensive. Emphasis is now placed on 
function in that the preliminary engineering phase con- 
centrates on the basic solution to the problem at hand, 
as that problem and solution have been identified in the 

systems planning phase. The preliminary engineering 
phase of the three-phase public works development 
process presumes that the optimum solution in terms 
of technical practicality, economic feasibility, and 
environmental consequences and other considerations 
has been identified under the previous systems planning 
phase. Preliminary engineering concentrates on examining 
variations on the recommended solution and on 
examining the technical, economic, environmental, 
and other features of those variations in depth in 
order to  determine the best way to carry out the 
recommended solution. 

As noted above, systems planning carried out under the 
Menomonee River watershed planning program recom- 
mended that major channelization in combination with 
low dikes and floodwalls be used to  resolve the existing 
and forecast flood problem in the City of Wauwatosa 
along the Menomonee River downstream of N. 70th 
Street. Assuming that this recommendation is formally 
adopted by the City of Wauwatosa, the Milwaukee 
County Board, the Milwaukee County Park Commission, 
and the Milwaukee-Metropolitan Sewerage Commissions, 
a preliminary engineering study would be conducted by 
the staff of the Milwaukee-Metropolitan Sewerage Com- 
missions or of the City of Wauwatosa or by a consulting 
firm retained by either of these two governmental units, 
working with the Milwaukee County Park Commission. 
The preliminary engineering study would focus on the 
channelization-dike and floodwall recommendation and 
proceed on the premise that that solution, as resulting 
from the systems planning phase, was in fact the most 
desirable approach. 

Starting with the general description of the channeli- 
zationdike floodwall alternative as set forth in the 
Menomonee River watershed planning report, the pre- 
liminary engineering investigation would include an 
onsite investigation of topography, vegetation, soil con- 
ditions, and bedrock. Alternative alignments for the 
channelized section and the earthen dikes and concrete 
floodwalls would be examined as would alternative 
channel-floodplain cross-section configurations. The 
systems planning phase identified the need for storm 
water pumping stations and backwater gates on four 
existing storm sewer outfalls and, therefore, the pre- 
liminary engineering study would examine various 
means of providing for pumping of storm water over 
the dikes into the channelized stream and for preventing 
the backup of floodwaters from the Menomonee River 
into low lying areas via the storm sewer system. Poten- 
tial sources of construction materials would be identified 
for the selected channelization-dike floodwall system 
and a preliminary staged construction schedule would 
be developed taking into account the availability of 
materials, the nature of the construction activity, and 
the expected duration of the construction season. 
Detailed cost estimates would be prepared for the 
selected channelization-dike and floodwall system, and 
possible means and sources of financing would be docu- 
mented. The preliminary engineering investigation would 
also identify those governmental units and agencies that 
may have review responsibility in the implementation 



of the channelization-dike floodwall system and would 
prepare a preliminary schedule setting forth the respon- 
sibilities of the implementing agencies in obtaining the 
necessary review and approval. The results of the pre- 
liminary engineering phase would be set forth in 
a detailed report submitted for review and approval, 
after possible revision, by the governmental units and 
agencies affected. 

Final Design: Upon acceptance of the preliminary 
engineering report by the governmental units and 
agencies affected, the third or final design phase of the 
public works development process is initiated. This work 
would be carried out either by the staff of one or more 
of the governmental units or agencies involved or by 
a consulting firm retained by those governmental units 
or agencies. 

Starting with the solution to  the problem at hand as set 
forth in the final, approved version of the preliminary 
engineering report, the final design phase would move 
towards the development of detailed construction plans 
and specifications needed to completely implement the 
recommended solution. In the case of a public works 
project involving construction, the plans and specifica- 
tions would be carried to  sufficient detail not only to  
permit potential contractors to  submit bids for the 
project but also to  permit those contractors to  actually 
construct the recommended works. Engineers retained 
to carry out the final phase may also have responsibility 
for securing the necessary permits and other approvals 
from regulatory and review agencies, for providing 
supervisory and inspection services during the actual 
construction process, and for certifying to  the govern- 
mental units and agencies involved that the construction 
is carried out in accordance with the design provisions 
and in accordance with the specifications. 

In the case of the recommended channelization-dike 
floodwall measure in the City of Wauwatosa along the 
Menomonee River downstream of N. 70th Street, the 
final design phase would result in a set of construction 
drawings showing the exact channel bottom profile, the 
shape of the channel and overbank cross-sections, and 
the location and vertical and horizontal extent of the 
dikes and floodwalls. These detailed drawings would 
identify vegetation to be left undisturbed during the 
construction project and would include detailed plans 
for additional landscape work. The final design docu- 
ment would include quantification of materials to be 
excavated and of fill material required as well as 
a detailed schedule of the type, quantity, and quality of 
other construction materials such as concrete, reinforcing 
steel, subbase gravel, and backfill required to  carry out 
the construction project. 

Other Considerations: The three-phased public works 
development process does not always, for a variety of 
reasons, proceed in the simple three-step fashion as 
described above. In some situations an iterative process 
is set in motion requiring a reexamination of an earlier 
step. For example, during the preliminary engineering 
phase it  is possible that, due to  development of 

additional information, a new alternative is developed 
that was not considered in the first or systems planning 
phase and must now be subjected to  such an analysis. 

Ever-changing federal and state regulations and guide- 
lines can disrupt the three-phased public works develop- 
ment process. This is particularly true if a significant 
change in those regulations and guidelines occurs sub- 
sequent t o  the systems planning phase and prior t o  
or during the preliminary engineering phase, thus necessi- 
tating an iteration back to the systems planning phase t o  
reconsider measures considered during that phase or t o  
analyze additional measures as may be necessitated by 
the regulation and guideline changes. As a result of the 
passage of time between the systems planning phase and 
the preliminary engineering phase, significant changes 
may occur in the explicitly stated or implicitly expressed 
values and objectives of elected officials and concerned 
citizens. In an environment of changing values and objec- 
tives, it is possible that a solution to  an environmental 
problem that was originally accepted as optimum-based 
on systems planning techniques and an agreed-upon set 
of objectives--could now, because of changing values 
and objectives, be rejected or encounter considerable 
opposition necessitating an iteration back to the systems 
planning phase. 

Effective functioning of the three-phase public works 
development process is highly dependent on close 
cooperation between governmental units and agencies. 
For example, the systems level planning conducted by 
the Southeastern Wisconsin Regional Planning Commis- 
sion must be acceptable t o  local governmental units 
and agencies in order to  prompt the latter to  undertake 
the necessary second or preliminary engineering phase 
and in order that those investigations might make full 
use of the recommendations resulting from the first or 
systems planning phase of the public works development 
process. Systems planning conducted under the Meno- 
monee River watershed planning program resulted in the 
recommendation that various combinations of 
channelization, detention storage, dikes and floodwalls, 
and structure floodproofing and removal be used to  
resolve existing flood problems in the Menomonee River 
watershed. The planning process carried out during prep- 
aration of the watershed plan will be fruitful only if 
that systems level planning is accepteble to  the county, 
city, and village governmental units affected to  the 
extent that i t  prompts them to adopt the plan and to 
conduct the necessary preliminary engineering studies 
based on the plan recommendations. 

In some special situations the public works development 
process can be carried out without proceeding through 
the above three phases. For example, systems planning 
in the area of floodland management may lead to  the 
recommendation that structure floodproofing and 
removal be used to resolve flood problems, as is the 
case in the Menomonee River watershed for the Cities 
of Brookfield, Wauwatosa, Milwaukee, and Mequon 
and the Villages of Elm Grove and Butler. In those 
instances, assuming adoption of the plan recommenda- 
tions by the governmental units and agencies affected, 



the preliminary engineering phase can be combined 
with the final design phase, the goal of which is to  
provide a precise identification of structures requiring 
floodproofing and those requiring removal and the 
manner that floodproofing and removal shall be 
carried out. 

Another complication in the three-phase systems plan- 
ning-preliminary engineering-final design process 
described above is the tendency to circumvent a critical 
step, usually the systems planning phase, in response to  
intense public concern and controversy over a pressing 
environmental or developmental problem. This approach 
sometimes achieves short term gains in that it leads to 
prompt problem solving activity-for example, minor 
channel work to  "solve" a flood problem-thereby 
satisfying the immediate public concern. Unfortunately, 
circumvention of key steps in the public works develop- 
ment process often leads to long term losses as a result 
of the failure to  fully identify and quantify the problem 
at hand and to determine the most effective solution 
to  that problem in terms of technical practicality, eco- 
nomic feasibility, and environmental impact. Superposi- 
tion of man's works and activities on the natural res;urce 
base produces an urban ecosystem that is complicated 
in terms of its many and varied components and pro- 
cesses and the interrelationships between those com- 
ponents and processes-an ecosystem that usually defies 
simple solutions to the environmental and developmental 
problems that arise. 

Review Responsibility of the 
Reeional Planning Commission - c. ~ 

Under the provisions of recently enacted federal legisla- 
tion p d  subsequent federal administrative determina- 
tions: applications by state and local units of 
government for federal grants in partial support of the 
planning, acquisition of land for, and the construction 
of such public works facilitates as sewerage and water 
supply systems, parks, waste treatment facilities, and 
soil and water conservation projects must be submitted 
to  an officially designated areawide planning agency 
for review, comment, and recommendation before con- 
sideration by the administering federal agency. The 
comments and recommendations of the areawide 
planning agency must include information concerning 
the extent to which the proposed project is consistent 
with the comprehensive planning program for the Region, 
including, in southeastern Wisconsin, the Menomonee 
River watershed planning program, and the extent to 
which such a project contributes to  the fulfillment of such 
planning programs. The review comments and recom- 
mendations by the areawide planning agency are entirely 
advisory to  the local, state, and federal agencies of 
government concerned and are intended to provide 
a basis for achieving the necessary coordination of 

2 ~ e c t i o n  204 of the Demonstration Cities and Develop- 
ment Act of 1966; Title IV o f  the Intergovernmental 
Cooperation Act  o f  1968; and U. S. Office o f  Manage- 
ment and Budget Circular No. A-94 (Revised), dated 
January 13, 1976. 

public development programs in urbanizing regions of 
the United States on a voluntary, cooperative basis. If 
used properly, such review can be of material assistance 
in achieving implementation of the recommended Meno- 
monee River watershed plan. 

In this respect, it should be noted that the Regional 
Planning Commission has formally adopted a policy 
statement on review of applications for federal grants- 
in-aid. This policy requires that adopted plan elements, 
such as a comprehensive watershed plan, form the basis 
for review and comment by the Commission. All projects 
that are the subject of applications are certified as being 
in conformance with and serving to implement, not in 
conflict with, or in conflict with, adopted regional 
plan elements. 

Finally, it is extremely important that local public 
officials and concerned citizens recognize that the failure 
to implement any major element of the recommended 
comprehensive watershed plan will proportionately 
reduce the capability of the watershed t o  provide 
a pleasant, safe, and healthful place in which to  live 
and work. In addition, it is essential that the state and 
federal implementing agencies recognize that the water- 
sheds of southeastern Wisconsin, and particularly the 
Menomonee River watershed, are located in that part 
of the State of Wisconsin wherein reside the largest con- 
centration of its people, where the degree of natural 
resource base destruction has been greatest, and where 
existing demands on the resource base are highest. 

PLAN IMPLEMENTATION ORGANIZATIONS 

Although the Regional Planning Commission can pro- 
mote and encourage watershed plan implementation in 
various ways, as discussed above, the completely advisory 
role of the Commission makes actual implementation 
of the recommended Menomonee River watershed plan 
entirely dependent upon action by certain local, area- 
wide, state, and federal agencies of government. 
Examination of the various agencies that are available 
under existing enabling legislation to  implement the 
recommended watershed plan reveals an array of depart- 
ments, commissions, committees, boards, and districts 
at all levels of government. These agencies range from 
general-purpose local units of government, such as cities, 
villages, and towns, to special-purpose districts, such as 
metropolitan sewerage districts and flood control boards; 
to state regulatory bodies, such as the Wisconsin Depart- 
ment of Natural Resources; and to federal agencies that 
provide financial and technical assistance for plan imple- 
mentation, such as the U. S. Soil Conservation Service. 

Because of the many and varied agencies in existence, 
it becomes exceedingly important to  identify those 
agencies having the legal authority and financial capa- 
bility to most effectively implement the recommended 
watershed plan elements. Accordingly, those agencies 
whose actions will have significant effect either directly 
or indirectly upon the successful implementation of the 
recommended comprehensive watershed plan and whose 
full cooperation in plan implementation will be essential 



are listed and discussed below.3 The agencies are, for 
convenience, discussed by level of government; however, 
the interdependence between the various levels as well 
as between agencies of government and the need for 
close intergovernmental cooperation cannot be over- 
emphasized. Most of the agencies needed for implemen- 
tation of the recommended watershed plan are already 
in existence within the watershed. The creation of new 
agencies for watershed plan implementation should, 
therefore, be considered only if such agencies are 
absolutely essential; and, if essential, the creation of the 
new agencies should be in such form as to  complement 
and supplement most effectively the plan implemen- 
tation activities of the agencies already in existence. 

Watershed Committee 
Since planning at its best is a continuing function, 
a public body should remain on the scene tocoordinate 
and advise on the execution of the watershed plan and 
to undertake plan updating and renovation as neces- 
sitated by changing events. Although the Regional 
Planning Commission is charged with, and will perform, 
this continuing areawide planning function, it cannot do 
so properly without the active participation and support 
of local governmental officials through an appropriate 
advisory committee structure. It is, merefore, recom- 
mended that the Menomonee River Watershed Committee 
be reconstituted as a continuing intergovernmental 
advisory committee to provide a focus for the coordina- 
tion of all levels of government in the execution of the 
Menomonee River watershed plan. The Menomonee 
River Watershed Committee would thus continue to  be 
a creation of the Southeastern Wisconsin Regional Plan- 
ning Commission, pursuant to  Section 66.945 (7) of 
the Wisconsin Statutes, and would report directly to 
the Commission. It is recommended that all agency 
representatives and individuals currently serving on the 
Menomonee River Watershed Committee remain as mem- 
bers of the continuing committee and that the question 
of committee membership be left open so that 
additional members could be added to the Com- 
mittee as appropriate. 

Local Level Agencies 
Statutory provisions exist for the creation at the county 
and municipal level of the following agencies having 
planning and plan implementation powers important 
to comprehensive watershed plan implementation, 
including police powers and acquisition, condemnation 
(eminent domain), and construction (tax appro- 
priation) powers. 

3~ more detailed discussion o f  the duties and functions 
o f  local, areawide, and state agencies as they relate to 
plan implementation may be found in SEWRPC Techni- 
cal Report No. 2, Water Law in Southeastern Wisconsin; 
SEWRPC Technical Report No.  6 ,  Planning Law in 
Southeastern Wisconsin; and SEWRPC Planning Guide 
No. 4 ,  Organization o f  Planning Agencies. 

County Park and Planning Agencies: County units of 
government have a great deal of flexibility available in 
forming agencies to  perform the park and outdoor 
recreation and zoning and planning functions within 
the county. Counties may organize park commissions 
or park and planning commissions pursuant t o  Section 
27.02 of the Wisconsin Statutes. In addition, counties 
may elect to  utilize instead committees of the county 
board to  perform the park and outdoor recreation and 
zoning and planning functions. The powers are essen- 
tially the same no matter how an individual county 
chooses to  organize these functions. If, however, 
a county elects to  establish a county park or county 
park and planning commission, these commissions have 
the obligation to  prepare a county park system plan 
and a county street and highway system plan. There is 
no similar mandate for plan preparation when a county 
elects to handle these functions with committees of the 
county board. 

The four counties comprising the Menomonee River 
watershed have chosen to perform the park and outdoor 
recreation and planning and zoning functions in similar 
ways. In Milwaukee County there is a County Park Com- 
mission with full authority and responsibility for park and 
parkway acquisition, development, operation, and main- 
tenance. Because Milwaukee County contains no unin- 
corporated area, there is no county zoning authority. 
The Milwaukee County Park Commission, however, 
does perform a limited subdivision review function with 
respect to subdivision plats lying in, or adjacent to, 
proposed park and parkway developments. Milwaukee 
County has also created a County Planning Commission 
to perform, essentially, a capital budgeting and program- 
ming function. This planning commission reviews all 
requests for capital improvements by Milwaukee County 
agencies. In Ozaukee County responsibility for park and 
parkway acquisition, development, operation, and 
maintenance has been assigned to the Ozaukee County 
Park Commission. Recently, Ozaukee County, which 
has had up to the present a long history of nonparticipa- 
tion in land use planning and development, preferring 
instead to  leave that function at the town level of 
government, enacted a county shoreland and floodland 
zoning ordinance. This action was required by state 
legislation enacted in 1965 (Sections 59.971 and 87.30 
of the Wisconsin Statutes) and the enactment of the 
county ordinance may indicate the beginning of a new 
county attitude toward land use planning. Responsibility 
for the administration of this ordinance was assigned to 
a Zoning Committee of the County Board, and adminis- 
tration is carried out by a Zoning Administrator. 

Washington County created in 1967 a County Park and 
Planning Commission with full zoning, subdivision plat 
review, and park functions. Similarly, in Waukesha 
County, the County Park and Planning Commission is 
assigned all county zoning, subdivision plat review, and 
park functions. 

In addition to  having the obligation to  prepare a county 
park system plan and a coilllty street and highway 
system plan, county park and planning commissions 



may be used to  prepare and administer county shore- 
land, floodland, and comprehensive land use zoning 
ordinances and to administer county subdivision plat 
review. Such commissions are empowered to acquire, 
develop, maintain, and operate county parks and other 
open space land. The existence of a county park and 
planning commission in each county in the watershed 
is, therefore, highly desirable for proper implementation 
of the recommended watershed plan, especially with 
respect to  the natural resource protection, park and out- 
door recreation, and general land use recommendations. 

It is, therefore, recommended that the Ozaukee County 
Board of Supervisors consider the recreation and recon- 
stitution of its existing Park Commission, pursuant to  
Section 27.02 of the Wisconsin Statutes, assigning to 
it all duties relating to  planning, zoning, subdivision plat 
review, sanitary codes, and modified official mapping, as 
well as the county park acquisition and development 
function. Such an Ozaukee County Park and Planning 
Commission would have, along with the existing Park 
Commission in Milwaukee County and the existing 
Park and Planning Commissions in Washington and 
Waukesha Counties, primary responsibility for imple- 
menting the land use and floodland management ele- 
ments of the Menomonee River watershed plan within 
the Southeastern Wisconsin Region. A model ordinance 
creating a county park and planning commission may be 
found in SEWRPC Plannine Guide No. 4.Orcanization of ., , " 
Local Planning Agencies, Appendix E. Sections 27.03(2), 
27.06, and 59.97 of the Wisconsin Statutes provide for 
the staffing and financing of such commissions. 

County Highway Committees: County highway com- 
mittees of the county board are required in every county 
of Wisconsin pursuant to  Section 83.015 of the Wiscon- 
sin Statutes. In Milwaukee County this requirement is 
met through the Transportation and Public Works Com- 
mittee, whereas in Ozaukee, Washington, and Waukesha 
Counties, a County Highway Committee exists. Each 
county highway committee is given the responsibility 
of laying out, constructing, and maintaining all county 
highways as authorized by the county board of super- 
visors. The county highway committees work in ciose 
cooperation with the Wisconsin Department of Trans- 
portation, Division of Highways. County highway com- 
mittees in each of the four counties of the watershed 
can play an important role in implementation of the 
Menomonee River watershed plan with respect to  the 
construction and reconstruction of bridges and other 
highway facilities within the watershed and the designa- 
tion and marking of a system of parkway and scenic 
drives throughout the Menomonee River watershed. 

Municipal Planning Agencies: Municipal planning agen- 
cies include city, village, and town park boards or plan 
commissions created to  sections 27.08, 2 i 1 3 ,  
62.23(1), 61.35,and 60.18(12) of the Wisconsin Statutes. 
Such agencies may be used to  supplement the actions of 
the county park and planning commissions or other 
county park and planning agencies in implementation of 
the various elements of the proposed Menomonee River 
watershed plan. An extended discussion of the extent and 

limitations of the power of these agencies may be found 
in SEWRPC Planning Guide No. 4, Organization of Plan- 
ning Agencies. All the local units of government in the 
Menomonee River watershed have established planning 
commissions in accordance with Section 62.23 of the 
Wisconsin Statutes. 

Municipal Utility and Sanitary Districts: A mueicipal 
utility and sanitary district may be created by cities, 
villages, and towns pursuant to  Sections 66.072, 60.30, 
61.36, 62.18, and 198.22 of the Wisconsin Statutes 
and is authorized to plan, design, construct, operate, and 
maintain various public sanitary sewer and water supply 
systems. Such districts have an important plan imple- 
mentation function to perform with respect to  the pollu- 
tion abatement elements of the Menomonee River 
watershed plan. As of January 1, 1976, there were 
established the following two village sanitary districts 
in the watershed: Village of Elm Grove Sanitary Dis- 
trict No. 1 and Village of Elm Grove Sewerage District 
NO. 2.4 

Soil and Water Conservation Districts: The importance 
of proper soil and water conservation and management 

to  the full implementation of the l&d use, 
floodland management and water quality management 
elements of the Menomonee River watershed plan cannot 
be overemphasized. Lack of such practices will have 
a critical adverse effect upon land use, water quality, 
drainage and flood control, and recreational pursuits 
within the watershed. Soil and water conservation dis- 
tricts, as authorized under Section 92.05 of the Wiscon- 
sin Statutes, have the authority to  develop plans for the 
conservation of soil and water resources, prevention of 
soil erosion, and prevention of floods and the districts 
have the authority to  request their county board of 
supervisors to  adopt special land use regulations that 
would implement such plans in unincorporated areas. 
Such adoption, however, must follow a referendum in 
which a simple majority of the electors residing in the 
area to  be affected, and who have voted in the referen- 
dum, have approved the proposed regulations. Soil and 
water conservation districts have the authority to  acquire 
through eminent domain any property or rights therein 
for watershed protection, soil and water conservation, 
flood prevention works, and fish and wildlife conserva- 
tion and recreational works, all of which may be 
construed under federal Public Law 83-566, as amended, 
as part of the watershed plan implementation program. 

Soil and water conservation districts are by law in Wis- 
consin made geographically coterminous with counties, 
and all of the four counties in the Menomonee River 
watershed concerned with implementation of the Meno- 
monee River watershed plan have created such districts. 
All of these districts have entered into basic and supple- 
mental memoranda of understanding with the U. S. 

4 ~ h e  Village of Elm Grove Sanitary District No. 1 and 
the Village o f  Elm Grove Sewerage District No. 2 merged 
to form the Village of Elm Grove Sewer District on 
May 1,1976. 



Department of Agriculture, Soil Conservation Service, 
for technical assistance. Thus, there exists within the 
watershed the duly constituted bodies required to  repre- 
sent the counties of the watershed in those agricultural, 
conservation, and land management programs which are 
administered by state and federal agencies. 

Harbor Commissions: The authority to  develop and 
operate harbors and make harbor improvements is 
granted to every municipality in Wisconsin having navi- 
gable waters within or adjoining its boundaries by Sec- 
tion 30.30 through 30.38 of the Wisconsin Statutes. 
Such authority may be exercised directly by the govern- 
ing body of the municipality or by a board of harbor 
commissioners created for that purpose. Under the 
authority, the boards of harbor commissioners are 
authorized to  create or improve inner or outer harbor 
turning basins, slips, canals, and other waterways; to 
construct, maintain, or repair dock walls and shore 
protection walls; and to plan, construct, operate, and 
maintain docks, wharves, warehouses, piers, and related 
port facilities. Boards of harbor commissioners also may 
serve as a regulatory enforcement agency for the munici- 
pality for dock wall construction and shoreline encroach- 
ment. The City of Milwaukee Common Council has 
created a Board of Harbor Commissioners t o  exercise 
such authority. The geographic jurisdiction of the Mil- 
waukee Board of Harbor Commissioners within the 
Menomonee River watershed implicitly extends along the 
Menomonee River from its confluence with the Milwaukee 
River upstream to the fixed railroad bridges at approxi- 
mately S. 26th and W. Canal Streets and includes the 
South Menomonee Canal and the Burnharn Canal. 

Areawide Agencies 
Except as noted below, statutory provisions exist for 
the creation of the following multicounty or other 
areawide agencies having both general and specific plan- 
ning and plan implementation powers essential to  the 
implementation of the Menomonee River watershed plan. 

Milwaukee Metropolitan Sewerage Commissions: The 
Metropolitan Sewerage Commission of the County of 
~ilwaukee, which operates and exists pursuant td the 
provisions of Section 59.96 of the Wisconsin Statutes, 
has the power to  project, plan, and construct main 
sewers and pumping and temporary disposal works for 
the collection and transmission of domestic, industrial, 
and other sanitary sewage to and into the intercepting 
sewer system of the district. The Metropolitan Sewerage 
Commission furthermore may improve any watercourse 
within the district by deepening, widening, or otherwise 
changing the same where it may be necessary in order to  
carry off surface waters or drainage waters. The Metro- 
politan Sewerage Commission, however, may only exer- 
cise its powers outside the City of Milwaukee. The 
Sewerage Commission of the City of Milwaukee, on the 
other hand, may build treatment plants and build main 
and intercepting sewers and may improve watercourses 
in its area of operation, which is within the City of 
Milwaukee. Only four civil divisions within the Meno- 
monee River watershed do not lie within the Metropoli- 
tan Sewerage District of the County of Milwaukee or its 

existing contract service area. These are: the Towns of 
Richfield and Germantown in Washington County 
and the Towns of Brookfield and Lisbon in Wauke- 
sha County. 

County Drainage Boards and Districts: Chapter 88 of 
the Wisconsin Statutes authorizes landowners to  peti- 
tion the county court t o  establish a drainage district 
under the control of the county drainage board. Such 
districts are intended to provide for the execution of 
specific areawide drainage improvements. A drainage 
district may lie in more than one municipality and in 
more than one county. The cost of any drainage improve- 
ments is assessed against the lands that are specifically 
benefited. As discussed in Chapter I11 of Volume 1 of 
this report, there are five legally established drainage 
districts lying partially within the Menomonee River 
watershed. However, only one of these districts--the 
Jackson-Germantown Drainage District-remains active 
within the watershed. 

Flood Control Boards: Chapter 87 of the Wisconsin 
Statutes provides for property owners living in a single - - 
drainage -area to  for the formation of a flood 
control board for the sole purpose of effecting flood 
control measures. Application for the formation of such 
a board must be made through the Wisconsin Depart- 
ment of Natural Resources. The flood control boards are 
empowered to straighten, widen, deepen, and otherwise 
alter watercourses and build flood control works, all 

review by, and approval of, 
of Natural Resources. 

Comprehensive River Basin District: One possibility for 
areawide flood control, water quality, and land use plan 
implementation is the' establishment of a special ;om- 
prehensive river basin district embracing the entire water- 
shed and capable of raising revenues through taxation 
and bonding; acquiring land; constructing and operating 
any necessary facilities; and otherwise dealing with the 
wide range of problems, alternatives, and projects inher- 
ent in comprehensive watershed planning. Such a district 
might be specifically charged in the enabling legislation 
by which it is created with carrying out the plans formu- 
lated under the Menomonee River watershed study. 
Although enabling legislation to  permit the creation of 
such districts has been proposed to the Wisconsin Legis- 
lature in the past, such legislation has not, to date, been 
adopted, and thus is not presently available as 
a means of dealing with the watershed plan imple- 
mentation problem. 

Cooperative Contract Commissions: Section 66.30 of the 
Wisconsin Statutes provides that municipalities5 may 
contract with each other to  form cooperative service 
commissions for the joint provision of any services or 
joint exercise of any powers that such municipality may 
be authorized to  exercise separately; and such com- 

The term municipality under this section o f  the statutes 
is defined to  include the state, any agency thereof, cities, 
villages, towns, counties, school districts, and regional 
planning commissions. 



missions have been given bonding powers for the pur- 
poses of acquiring, developing, and equipping land, 
buildings, and facilities for areawide projects. Significant 
economies can often be effected through providing 
governmental services and facilities on a cooperative, 
areawide basis. Moreover, the nature of certain develop- 
mental and environmental problems often requires that 
solutions be approached on an areawide basis. Such an 
approach may be efficiently and economically provided 
through the use of a cooperative contract commission. 

Excellent examples of the use of the cooperative contract 
commission technique within the Menomonee River 
watershed are the Underwood Sewer Commission, 
cooperatively established by contract between the City 
of Brookfield and the Village of Elm Grove for the 
purpose of providing for the construction, operation, 
and maintenance of a sanitary interceptor sewer along 
Underwood Creek, and the Menomonee South Sewerage 
Commission, established cooperatively between the City 
of Brookfield and the Village of Menomonee Falls for 
the purpose of providing for the construction, operation, 
and maintenance of a sanitary intercepting sewer along 
Butler Ditch. Intergovernmental cooperation under such 
cooperative contract commissions may range from the 
sharing of expensive public works equipment through 
the construction, operation, and maintenance of major 
public works facilities on an areawide basis. A coopera- 
tive contract commission may be created for the purpose 
of watershed plan implementation and may be utilized 
in lieu of any of the aforementioned areawide organiza- 
tions for such implementation. A model agreement 
creating a cooperative contract commission is provided in 
SEWRPC Technical Report No. 6, Planning Law in 
Southeastern Wisconsin, Appendix A. 

Regional Planning Commission: Although not a plan 
implementation agency itself, one other areawide agency 
warrants comment, that is, the Regional Planning Com- 
mission itself. As already noted, the Commission has no 
statutory plan implementation powers. In its role, how- 
ever, as a coordinating agency for planning and develop- 
ment activities within the Southeastern Wisconsin Region, 
the Commission may play an important role in plan 
implementation through community planning assistance 
services and through the review of federal and state 
grants-in-aid and by using adopted plan elements as 
a basis for this review. In addition, the Commission 
provides a basis for the creation and continued function- 
ing of the Menomonee River Watershed Committee, 
which Committee should remain as an important con- 
tinuing public planning organization in the watershed. 

State Level Agencies 
In existence at the state level are the following agencies - ., 
that either have general or specific planning authority 
and hold certain plan implementation powers important 
to the adoption and implementation of the comprehen- 
sive Menomonee River watershed plan. 

Wisconsin Department of Natural Resources: This 
Department has broad authority and responsibility in 
the areas of park development, natural resources pro- 

tection, water quality control, and water regulation. As 
such, it combines the park development and land-based 
natural resource protection functions of the former State 
Conservation Commission and the water regulatory 
functions formerly assigned to the State Public Service 
Commission. The Department has the obligation to  
prepare a comprehensive statewide plan for outdoor 
recreation; to develop long-range, statewide conservation 
and water resource plans; the authority to designate such 
sites, as necessary, to  protect, develop, and regulate the 
use of state parks, forests, fish, game, lakes, streams, 
certain plant life, and other outdoor resources; the 
authority to acquire conservation and scenic easements; 
and the authority to administer the federal grant 
program known as the Land and Water Conservation 
Fund within the State, as well as the park and open- 
space grant funds available under the State Outdoor 
Recreation Act Program (ORAP). The Secretary of the 
Department has, pursuant to  federal planning guidelines, 
the responsibility of certifying to  the U.S. Environmental 
Protection Agency (EPA) river basin, regional, and 
metropolitan plans for water quality management. With- 
out such certification and subsequent acceptance by the 
EPA, local units of government within the watershed 
would lose their eligibility for federal grants-in-aid of the 
construction of sewage facilities. 

As discussed in detail in Chapter X, Volume 1 of this 
report, the responsibility for water pollution control in 
Wisconsin is centered in the Wisconsin Department of 
Natural Resources. The basic authority and accompanying 
responsibilities relating to  the water pollution control 
function of the Department are set forth in Chapter 144 
of the Wisconsin Statutes. Under this chapter the 
Department is given broad authority to prepare water 
use objectives and supporting water quality standards; 
to  issue general and specific orders relating to water 
pollution abatement; to review and approve all plans 
and specifications for components of sanitary sewerage 
systems; to  conduct research and demonstration projects 
on sewerage and waste treatment matters; t o  operate 
an examining program for the certification of sewage 
treatment plant operators; to order the installation of 
centralized sanitary sewerage systems; to review and 
approve the creation of joint sewerage systems and 
metropolitan sewerage districts; and to administer 
a financial assistance program for the construction of 
pollution prevention and abatement facilities. In addition, 
under recent legislation6 the Department is given broad 
authority to  establish and carry out a pollutant dis- 
charge elimination program in accordance with the 
policy guidelines set forth by the U. S. Congress under 
the Federal Water Pollution Control Act Amendments 
of 1972. This recent legislation establishes a new waste 
discharge permit system and provides that no permit 
may be issued by the Department for any discharge 
from a point source of pollution which is in conflict 
with any areawide waste treatment management plan 

'chapter 74 Wisconsin Laws of 1973. This law created 
Chapter 147 of the Wisconsin Statutes. 



approved by the Department. Also under this new 
legislation, the Department is given rule-making authority 
to establish effluent limitations, water-quality-related 
limitations, performance standards related to classes or 
categories of pollution, and toxic and pretreatment 
effluent standards. All permits issued by the Depart- 
ment must include conditions that waste discharges 
will meet, as applicable, and include also all effluent 
limitations, performance standards, effluent prohibitions, 
pretreatment standards, and any other limitations needed 
to meet the established water use objectives and support- 
ing water quality standards as developed under areawide 
waste treatment management planning programs. As 
appropriate, the permits may require periodic water 
quality monitoring to  determine compliance as well as 
include a timetable for appropriate action on the part of 
the owner or operator of any point waste discharge. It 
is anticipated that this new legislation and accompanying 
procedures will become the primary enforcement tool of 
the Wisconsin Department of Natural Resources in 
achieving the established water use objectives and 
supporting water quality standards. 

Although not feasible under current legislation and state 
constitutional constraints, it is conceivable that the 
State itself could assume responsibility for the construc- 
tion, operation, and maintenance of areawide sewage 
treatment facilities and major intercommunity trunk 
sewer systems. Such authority would constitute an 
important departure from historical practice and tradition 
in Wisconsin, but would be very similar in concept to  
the State's role in the transportation field where the 
Wisconsin Department of Transportation, operating 
through the State Highway Commission since the early 
part of this century, has designed, constructed, and 
maintained those trunk highways essential to  provide for 
intercommunity movement of people and goods. 

The Department also has the obligation to establish 
standards for floodplain and shoreland zoning and the 
authority to  adopt, in the absence of satisfactory local 
action, shoreland and floodplain zoning ordinances, as 
well as the authority to prohibit the installation or use of 
onsite soil absorption sewage disposal systems and to 
approve the regulation of such systems as promulgated 
by the Wisconsin Division of Health. In addition, the 
Department has authority to regulate water diver- 
sions, shoreland grading, dredging, encroachments, and 
deposits in navigable waters; authority to regulate con- 
struction of neighboring ponds, lagoons, waterways, 
stream improvements, and pierhead and bulkhead lines.,. 
authority to  regulate the construction, maintenance, and 
abandonment of dams; authority to regulate water 
levels of navigable lakes and streams and lake and 
stream improvements, including the removal of certain 
lake bed materials; and authority to  require abatement of 
water pollution, to administer state financial aid pro- 
grams for water resource protection, to assign priority 
for federal aid applications for sewage treatment plants, 
to  review and approve water supply and sewerage 
systems, and to license well drillers and issue permits 
for high capacity wells. With such broad authority for 

the protection of the natural resources of the state and 
the Region, this Department will be extremely important 
to implementation of nearly all of the major elements of 
the comprehensive Menomonee River watershed plan. 

Wisconsin Department of Local Affairs and Development: 
This Department has limited authority to review sub- 
division plats, proposed municipal incorporations, con- 
solidations, and annexations and t o  provide technical 
assistance to local units of government in planning 
and planning-related matters. 

Wisconsin Department of Transportation: This Depart- 
ment is broadly empowered to provide the State with 
an integrated tiansportation system. Within the Wiscon- 
sin Department of Transportation, the State Highway 
Commission is charged with the responsibility for 
administering all state and federal aid for highway 
improvement; for the planning, design, construction, and 
maintenance of all state highways; and for planning, 
laying out, revising, constructing, reconstructing, and 
maintaining the national interstate and defense highway 
system, the federal aid primary system, the federal aid 
secondary system, and the forest highway system, all 
subject to  federal regulation and control. The State High- 
way Commission is also responsible for reviewing all 
county trunk highway systems. As such, the State 
Highway Commission, along with the respective county 
highway committees of the county boards of supervisors 
concerned, can play a role in full implementation of the 
Menomonee River watershed plan with respect to  the 
construction and reconstruction of bridges and other 
highway facilities within the watershed and the designa- 
tion and marking of a system of parkway and scenic 
drives throughout the Menomonee River watershed. 

Wisconsin Department of Health and Social Services, 
Division of Health: This Division has the authority to  
review subdivision plats not served by public sanitary 
sewerage systems and to regulate private onsite soil 
absorption sewage disposal systems. 

Wisconsin Board of Soil and Water Conservation Districts: 
This Board, on behalf of the State, coordinates and 
assists the programs of the county soil and water 
conservation districts concerned with the proper develop- 
ment, use, and protection of soil, water, and related 
natural resources; apportions among the districts any 
funds allotted from state or federal sources; approves 
district sponsorship of federally assisted watershed 
projects authorized under Public Law 566; and approves 
the participation of drainage boards in federally assisted 
water management projects. 

Federal Level Agencies 
There exist at the federal level the following agencies 
which administer federal aid and assistance programs 
that can have important effects upon the implementation 
of the recommended Menomonee River watershed plan 
because of the potential impact on the financing of 
both actual land acquisition and construction of 
specific facilities. 

* 



U. S. Department of Housing and Urban Development: 
This agency administers urban planning grants, flood 
insurance, and community developmerk block grant 
programs. The community development block grants 
are available as entitlement grants to  cities of over 
50,000 persons and are available as discretionary grants 
to communities of under 50,000 persons. The com- 
munity development block grant program and the flood 
insurance program can be important t o  implementation 
of the land use, floodland management, and water 
quality management elements of the Menomonee River 
watershed plan. 

U. S. Environmental Protection Agency: This agency 
administers water quaIity management planning grants 
and sanitary sewage treatment plant and pollution 
control facility construction grants. The latter grants 
can be particularly important to implementation of 
the water quality management element of the Menomo- 
nee River watershed plan. In addition, this agency is 
responsible for the ultimate enforcement of water 
quality standards of interstate waters, should the states 
not adequately enforce such standards. Under guidelines 
promulgated by this agency, river basin, regional, and 
metropolitan water quality management plans are 
required as a condition of the approval and award 
of federal grants-in-aid of the construction of 
sewerage facilities. 

The U. S. Environmental Protection Agency is also 
charged with administering Section 208 of the 1972 
Federal Water Pollution Control Act. As a designated 
agency under that program, the Regional Planning 
Commission is involved in a water quality planning and 
management program for Southeastern Wisconsin 
intended to update, extend, and refine the previous 
studies and plans completed by the Commission and in 
so doing fully meet the requirements of Section 208 of 
the Federal Water Pollution Act. 

U. S. Department of the Interior, Bureau of Outdoor 
Recreation: This agency administers park and open 
space acquisition and development grants through the 
Federal Land and Water Conservation Fund program. 
The program is administered in Wisconsin through the 
Wisconsin Department of Natural Resources. Grants 
under this program can be particularly important t o  
implementation of the outdoor recreation and open 
space and natural resource protection subelements of the 
Menomonee River watershed plan. 

U. S. Department of the Interior, Geological Survey: 
This agency conducts continuing programs on water 
resource appraisal and monitoring. The programs of the 
U. S. Geological Survey are particularly important to the 
implementation of the continuous stream gaging program 
recommended in the Menomonee River watershed plan. 

4- 
tion and Conservation Service: This agency administers 
the Federal Agricultural Conservation Program (ACP), 
which replaces the Federal Rural Environmental Assis- 
tance Program (REAP). This program provides grants to  
rural landowners in partial support of carrying out 

approved soil, water, woodland, wildlife, and other 
conservation practices. These grants are awarded under 
yearly and long-term assistance programs, providing 
guaranteed funds for carrying out approved conserva- 
tion work plans. Grants from the Federal Agricultural 
Conservation Program can be important to  implemen- 
tation of the water quality management element of the 
Menomonee River watershed plan. 

U. S. Department of Agriculture, Soil Conservation 
Service: This agency administers resource conservation 
and development projects and watershed projects under 
federal Public Law 566 and provides technical and 
financial assistance through county soil and water con- 
servation districts to  landowners in the planning and 
construction of measures for land treatment, agricul- 
tural water management, and flood prevention and for 
public fish, wildlife, and recreational development. This 
agency also conducts detailed soil surveys and provides 
interpretations as a guide to utilizing soil survey data in 
local planning and development. Certain programs 
administered by this agency can be of particular 
importance to  implementation of the agricultural land 
management and treatment measures, as recommended 
in the Menomonee River watershed plan. 

U. S. Department of the Army, Corps of Engineers: 
This agency can conduct planning studies and construct 
flood control facilities as authorized by the Congress. In 
addition, under Section 205 of the Flood Control Act 
1948, as amended, the Corps is authorized to contribute 
to the review, design, and construction phases of 
selected projects, provided that the maximum Corps of 
Engineers first cost is one million dollars or less.7 In the 
event a project is authorized by the Chief of Engineers 
within five years of the project area being declared 
a federal flood disaster area by the President, the Corps 
of Engineers contribution to the project may be 
increased to  a maximum first cost of two million dollars. 
While the structural flood control subelements contained 
in the recommended Menomonee River watershed plan 
can be implemented largely through existing local 
agencies and units of government, the potential exists 
for the Corps of Engineers to play a very important role 
in the implementation of the floodland management 
element of the recommended Menomonee River water- 
shed plan, provided that responsible local agencies or 
units of government request the Corps or Congress to 
fund a review of the flood control subelements con- 
tained in the recommended Menomonee River watershed 
plan by the Corps of ~ngineers .~  

7The Office o f  Management and Budget has blocked 
funding o f  Section 205, Flood Control Act o f  1948, 
as amended, for F .  Y .  1977. 

 he authorization for the Corps o f  Engineers to  conduct 
such reviews for the Milwaukee River and its tributaries- 
which includes the Menomonee River watershed-is 
provided in Section 205, Flood Control Act o f  1950, 
(Title II, P.L. 516-81st Congress), Milwaukee River and 
Tributaries, Wisconsin. 



PLAN ADOPTION AND INTEGRATION 

Upon adoption of the Menomonee River watershed 
plan by formal resolution of the Southeastern Wiscon- 
sin Regional Planning Commission, in accordance with 
Section 66.945(10) of the Wisconsin Statutes, the Com- 
mission will transmit a certified copy of the resolution 
adopting the watershed plan, together with the plan 
itself, to all local legislative bodies within the Menomonee 
River watershed and to all of the aforesaid existing state, 
local, areawide, and federal agencies that have potential 
plan implementation functions. 

Adoption, endorsement, or formal acknowledgement of 
the comprehensive watershed plan by the local legis- 
lative bodies and the existing local, areawide, state and 
federal level agencies concerned is highly desirable not 
only to  assure a common understanding among the 
several governmental levels and to enable their staffs to  
program the necessary implementation work but because 
this acceptance or acknowledgement in some cases is 
required by the Wisconsin Statutes before certain 
planning actions can proceed, a requirement that holds 
in the case of city, village, and town plan commissions 
created pursuant to Section 62.23 of the Wisconsin 
Statutes. In addition, formal plan adoption may also be 
required for state and federal financial aid eligibility. 
A model resolution for adoption of the comprehensive 
plan for the Menomonee River watershed is included in 
Appendix G of this volume. 

It is extremely important to  understand that adoption 
of the recommended Menomonee River watershed plan 
by any unit or agency of government pertains only to  the 
statutory duties and functions of the adopting agencies, 
and such adoption does not and cannot in any way pre- 
empt or commit action by another unit or agency of 
government acting within its own area of functional 
and geographic jurisdiction. Thus, adoption of the 
Menomonee River watershed plan by a county would 
make the plan applicable as a guide, for example, to 
county park system development but not to any munici- 
pal park development within the county. To make the 
plan applicable as a guide t o  municipal park development 
would require its adoption by the municipality concerned. 

Upon adoption or endorsement of the Menomonee River 
watershed plan by a unit or agency of government, it is 
recommended that the policy-making body of the unit 
or agency direct its staff to  review in detail the plan 
elements of the comprehensive watershed plan. Once 
such review is completed, the staff can propose to the 
policy-making body for its consideration and approval 
the steps necessary to  fully integrate the watershed plan 
elements into the plans and programs of the unit or 
agency of government. 

Local Level Agencies 

1.  It is recommended that the Milwaukee County 
Board formally adopt the comprehensive Meno- 
monee River watershed plan, including the land 
use elements, the floodland management element, 

and the water quality management element, by 
resolution pursuant to  Sections 27.04(2) and 
66.945(12) of the Wisconsin Statutes after 
a report and recommendation by the County 
Park Commission, County Planning Commis- 
sion, and County Transportation and Public 
Works Committee. 

2. It is recommended that the Ozaukee County 
Board formally adopt the comprehensive Meno- 
monee River watershed plan, including the land 
use elements, the floodland management element, 
and the water quality management element, by 
resolution pursuant to Sections 27.04(2) and 
66.945(12) of the Wisconsin Statutes after 
a report and recommendation by the County 
Park Commission, the County Zoning Committee, 
and the County Highway Committee. 

3. It is recommended that the Washington County 
Board formally adopt the comprehensive Meno- 
monee River watershed plan, including the land 
use elements, the floodland management element, 
and the water quality management element, by 
resolution pursuant to  Sections 27.04(2) and 
66.945(12) of the Wisconsin Statutes after 
a report by the County Park and Planning Com- 
mission and the County Highway Committee. 

4. It is recommended that the Waukesha County 
Board formally adopt the comprehensive Meno- 
monee River watershed plan, including the land 
use elements, the floodland management element, 
and the water quality management element, by 
resolution pursuant t o  Sections 27.04(2) and 
66.945(12) of the Wisconsin Statutes after 
a report and recommendation by the County 
Park and Planning Commission and the County 
Highway Committee. 

5. It is recommended that the plan commissions of 
all cities, villages, and towns in the watershed 
adopt the recommended Menomonee River water- 
shed plan as it affects them, by resolution pur- 
suant to Section 62.23(3)(b) of the Wisconsin 
Statutes and certify such adoption t o  their 
respective governing body, and that such govern- 
ing bodies also adopt the recommended plan. 

6. It is recommended that the governing bodies of 
all municipal water and sanitary districts and 
utilities formally acknowledge the land use and 
water quality management elements of the com- 
prehensive Menomonee River watershed plan and 
determine their utility service areas in accordance 
with such plan. 

7. It is recommended that the County Soil and 
Water Conservation Districts of Milwaukee, 
Ozaukee, Washington, and Waukesha Counties 
adopt those portions of the recommended Meno- 
monee River watershed plan affecting them, so 
as to establish a broad, welldesigned basis for the 



development of comprehensive conservation plans 
under Section 92.08(4) of the Wisconsin Statutes 
and to assist in establishing eligibility for tax 
relief and technical and financial assistance. 

Areawide Agencies 

1. It is recommended that the Metropolitan Sew- 
erage Commission of the County of Milwaukee 
and the Sewerage Commission of the City of 
Milwaukee, acting jointly, adopt the recom- 
mended Menomonee River watershed plan as 
such plan affects the work of those bodies. 

State Level Agencies 

1. It is recommended that the Wisconsin Natural 
Resources Board endorse the comprehensive 
Menomonee River watershed plan, certify the 
plan as an official river basin plan to  the U. S. 
Environmental Protection Agency, and direct 
its staff in the Wisconsin Department of Natural 
Resources to integrate the recommended water- 
shed plan elements into its broad range of agency 
responsibilities, as well as to assist in coordinating 
plan implementation activities over the next 
20 years. In particular, it is recommended that 
the Natural Resources Board endorse the recom- 
mended natural resource protection and outdoor 
recreation and open space subelements and direct 
its staff to integrate these plan elements into 
the long-range conservation and comprehensive 
outdoor recreation plans authorized by Sec- 
tion 23.09(7) of the Wisconsin Statutes and 
required by the Federal Land and Water Conser- 
vation Act. It is further recommended that the 
Board, through its staff, coordinate the recom- 
mended Menomonee River watershed plan with 
its activities relating to floodland and shoreland 
zoning. It is also recommended that the Board 
and its staff consider and give due weight t o  the 
recommended watershed plan in the exercise of 
their various water regulatory powers. It is further 
recommended that the Board adopt the detailed 
soils data and analyses prepared by the U. S. Soil 
Conservation Service as a guide in regulating soil 
absorption sewage disposal systems. Finally, it is 
recommended that the Board endorse the water 
quality management plan recommendations of 
the Menomonee River watershed plan and direct 
its staff to integrate these plan recommendations 
into its water quality control activities, including 
the issuance of amended pollution abatement 
orders to require local units of government to 
implement the recommendations contained in 
the Menomonee River watershed plan. 

2. It is recommended that the Milwaukee, Ozau- 
kee, Washington, and Waukesha County Drain- 
age Boards, as well as any other drainage board 
or district created within the watershed sub- 
sequent to the publication of this report, formally 
acknowledge the recommended Menomonee River 

watershed plan, especially with respect to  the 
land use elements, and the floodland manage- 
ment element. 

3. It is recommended that the Wisconsin Department 
of Local Affairs and Development endorse the 
recommended Menomonee River watershed plan 
and integrate the plan into its activities with 
respect to  the provision of technical assistance t o  
local units of government, with respect to  review- 
ing subdivision plats, and with respect to  adminis- 
tering federal urban planning grants. 

4. It is recommended that the State Highway Com- 
mission of the Wisconsin Department of Trans- 
portation consider and give due weight to the 
recommended Menomonee River watershed plan 
in the exercise of its various responsibilities 
governing the construction and reconstruction of 
highway facilities. 

5. It is recommended that the Wisconsin Board of 
Health and Social Services endorse the land use 
elements and the water quality management ele- 
ments of the Menomonee River watershed plan 
and direct its staff to follow the plan recom- 
mendations in the exercise of their subdivision 
plat review and approval powers created by 
Section 36.13(2)(m) of the Wisconsin Statutes. 
It is further recommended that the Board direct 
its staff to utilize the detailed soil survey prepared 
by the U. S. Department of Agriculture, Soil 
Conservation Service, as a guide in reviewing and 
objecting to  subdivision plats, in accordance 
with Section 236.12 of the Wisconsin Statutes. 
It is further recommended that the Board adopt 
the detailed soils data and analyses as a guide in 
regulating soil absorption sewage disposal systems. 

6. It is recommended that the Wisconsin Board of 
Soil and Water Conservation Districts endorse 
the recommended Menomonee River watershed 
plan, particularly the agricultural land use, envi- 
ronmental corridor preservation, and other 
natural resource protection measures, so as to  
coordinate the County Soil and Water Conserva- 
tion District program and projects, as required 
in Section 92.04(4)(c) of the Wisconsin Statutes. 

Federal Level Agencies 

1. It is recommended that the U. S. Department of 
Housing and Urban Development endorse the 
Menomonee River watershed plan and utilize 
such plan in its administration and granting of 
federal aids for community development and in 
the administration of its flood insurance program. 

2. It is recommended that the U. S. Environmental 
Protection Agency formally accept the recom- 
mended Menomonee River watershed plan upon 
State of Wisconsin certification and utilize the 



plan recommendations in the administration and 
granting of federal aids for sewage treatment 
plants and related facilities. 

3. It is recommended that the U. S. Department of 
the Interior, Bureau of Outdoor Recreation, 
formally acknowledge the Menomonee River 
watershed plan and utilize the plan recommenda- 
tions in its administration and granting of federal 
aids under the Land and Water Conservation 
Fund Act. 

4. It is recommended that the U. S. Department 
of the Interior, Geological Survey, endorse 
the Menomonee River watershed plan and con- 
tinue, in cooperation with the various counties 
concerned, its entire water resources investiga- 
tion program, including the maintenance and 
upgrading of its stream gaging program within 
the watershed. 

5. It is recommended that the U. S. Department of 
Agriculture, Agricultural Stabilization and Con- 
servation Service, formally acknowledge the 
Menomonee River watershed plan and utilize the 
plan recommendations in its administration of the 
Agricultural Conservation program, with particular 
respect to  the various agricultural land manage- 
ment measures and practices. 

6. It is recommended that the U. S. Department of 
Agriculture, Soil Conservation Service, formally 
acknowledge the Menomonee River watershed 
plan and utilize the plan recommendations 
in its administration and granting of federal 
aids for resource conservation and development 
and multiple-purpose watershed projects and 
in its provision of technical assistance to land- 
owners and operators for land and water conser- 
vation practices. 

7. It is recommended that the U. S. Department of 
the Army, Corps of Engineers, formally acknowl- 
edge the Menomonee River watershed plan. It  is 
further recommended that the Corps of Engineers 
cooperate with any local or state units and agen- 
cies of government in any requests for assistance 
in the review, design, and construction phases of 
the floodland management plan elements of the 
recommended Menomonee River watershed plan. 

SUBSEQUENT ADJUSTMENT OF THE PLAN 

No plan can be permanent in all of its aspects or precise 
in all of its elements. The very definition and characteris- 
tics of areawide planning suggest that an areawide plan, 
such as a comprehensive watershed plan, to be viable and 
of use to local, state, and federal units and agencies of 
government, be continually adjusted through formal 
amendments, extensions, additions, and refinements to 
reflect changing conditions. The Wisconsin Legislature 
clearly foresaw this when it gave to regional planning 
commissions the power to ". . . amend, extend, or add 

to  the master plan or carry any part or subject matter 
into greater detail.. ." in Section 66.945(9) of the Wis- 
consin Statutes. 

Amendments, extensions, and additions to the Meno- 
monee River watershed plan will be forthcoming not only 
from the work of the Commission under various continu- 
ing regional planning programs but also from state 
agencies as they adjust and refine statewide plans and 
from federal agencies as national policies are established 
or modified or as new programs are created or as existing 
programs are expanded or curtailed, Adjustments must 
also come from local planning programs which, of neces- 
sity, must be prepared in greater detail and result in 
greater refinement of the watershed plan. This is particu- 
larly true of the land use element of the watershed plan. 
Areawide adjustments may come from subsequent 
regional or state planning programs, which may include 
additional comprehensive or special-purpose planning 
efforts, such as the preparation of regional sanitary sewer- 
age service plans, regional water supply plans, and regional 
or county park and open space plans. 

All of these adjustments and refinements will require 
the utmost cooperation by the local, areawide, state, 
and federal agencies of government, as well as coordina- 
tion by the Southeastern Wisconsin Regional Planning 
Commission, which has been empowered under Sec- 
tion 66.945(8) of the Wisconsin Statutes to act as 
a coordinating agency for programs and activities of 
the local units of government. To achieve this coordi- 
nation between local, state, and federal programs most 
effectively and efficiently and, therefore, to assure the 
timely adjustments of the watershed plan, it is recom- 
mended that all of the aforesaid state, areawide, and local 
agencies having various plan and plan implementation 
powers advise and transmit all subsequent planning 
studies, plan proposals and amendments, and plan imple- 
mentation devices to  the Southeastern Wisconsin Regional 
Planning Commission for consideration as to  integration 
into, and adjustment of, the watershed plan. Of particular 
importance in this respect will be the continuing role of 
the Menomonee River Watershed Committee in inter- 
governmental coordination. 

LAND USE PLAN ELEMENT IMPLEMENTATION 

Introduction 
The imvlementation of the land use ~ l a n  element- 
including the overall land use, primary environmental 
corridor, and parkway drive-scenic drive-recreational trail 
subelementsvf the comprehensive Menomoenee River 
watershed plan is of central importance to  the realization 
of the overall watershed plan. This element, moreover, 
requires the most intricate implementation actions and 
the utmost cooperation between the local units of gov- 
ernment and the areawide, state, and federal agencies 
concerned if the watershed development objectives are 
to be fully achieved. This is true not only because the 
land use plan subelements are closely interrelated in 
nature and support and complement one another, but 
also because they are closely related to the floodland 
management and water quality management elements 
of the plan. 



If, for example, urban residential, commercial, and indus- 
trial growth is properly located within the watershed and 
is not allowed to further preempt the natural floodland 
areas or destroy the remaining wetlands and woodlands, 
a great deal will be achieved withrespect to  flood damage- 
mitigation as well as to natural resource protection. 
Similarly, if the recommended environmental corridors 
are protected and acquired for natural resource protec- 
tion and conservancy purposes, this will, in turn, assure 
acquisition of many of the best park sites remaining 
within the watershed. Although all of the plan implemen- 
tation recommendations are closely interrelated, this 
section has been divided for convenience, in presentation 
and use, into the following major subject areas: overall 
land use plan subelement, primary environmental corridor 
subelement, and parkway drive-scenic drive-recreational 
trail subelement. The recommended implementation 
actions discussed under this plan element are summarized 
in Table 48, and a schedule of capital and operation and 
maintenance costs for this plan element is set forth in 
Table 49. 

Overall Land Use Plan Subelement 
The overall land use plan subelement of the Menomonee 
River watershed plan was developed from the land use 
pattern established in the preparation of the revised and 
updated regional land use plan for the year 2000.9 The 
watershed land use base was further refined through 
analyses of the findings of the woodland, wetland, and 
wildlife habitat inventories and the floodland delineations 
carried out as part of the Menomonee River watershed 
study. The overall land use plan subelement deals with 
land use within and outside of the riverine areas of the 
watershed. The refined land use base in the riverine areas 
of the watershed is dealt with in additional detail under 
the primary environmental corridor subelement of the 
land use plan. 

The implementation of the overall land use plan sub- 
element can best be accomplished through the adoption 
of the recommended regional land use plan and the 
adoption of the specific recommendations developed 
following the refinement of the land use base during 
the Menomonee River Watershed Study. The implemen- 
tation of the overall land use plan subelement will result 
in the delineation of zoning districts as a result of the 
further refinement of the land use base and, as described 
below, specific recommendations are made to achieve 
this end. 

It is recommended that all cities, villages, towns, and 
counties within the Menomonee River watershed adopt 
by resolution the recommended regional land use plan 
for the year 2000 as refined during the Menomonee 
River watershed study. It is further recommended that 
the following methods be used in the implementation 
of the overall land use plan subelement. 

'SEWRPC Planning Report No.  25,  A Regional Land Use 
Plan and a Regional Transportation Plan for Southeastern 
Wisconsin-2000, 1 976. 

Zoning Ordinances: Of all the land use plan implementa- 
tion devices, the most readily available, most important, 
and most versatile is the application of the local police 
power to the control of land use development through 
the adoption of appropriate zoning ordinances, including 
zoning district regulations and zoning district delinea- 
tions. The following zoning ordinances or amendments to  
existing zoning ordinances should be adopted by the 
appropriate county and local units of government within 
the watershed so as to  provide a clear indication of the 
intent to implement the overall land use plan subelement 
of the Menomonee River watershed plan and thereby to 
provide a framework for other planning and plan imple- 
mentation efforts: 

1. It is recommended that the plan commissions 
of all cities, villages, and towns formulate and 
recommend to their respective governing bodies 
new zoning ordinances or amendments to existing 
zoning ordinances in accordance with Section 
60.74 or 62.23(7) of the Wisconsin Statutes so 
as to provide district regulations, including the 
exclusive use districts. and floodland and shore- 
land regulations similar to  those provided in 
the SEWRPC Model Zoning Ordinance, together 
with appropriate zoning districts map changes, 
to reflect the recommended watershed land 
use pattern. 

2. It is recommended that the respective municipal 
governing bodies then adopt such zoning ordi- 
nances or amendments thereto, including such 
zoning district maps or changes thereto, pur- 
suant to Section 60.74 or 62.23(7) of the Wis- 
consin Statutes. 

The task of delineating zoning district boundaries to 
reflect the land use plan recommendations in the com- 
prehensive Menomonee River watershed plan is as difficult 
as it is important. Proper delineation of the boundaries of 
the various zoning districts to achieve the land use pattern 
recommended in the watershed plan will require careful 
study and a thorough understanding not only of the local 
community plan recommendations by the local zoning 
agencies but also of the watershed plan recommendations 
and their relationships to the local plans. In this process 
the primary environmental corridors must be broken 
down into several zoning districts as necessitated by the 
various types of natural resources found in such corri- 
dors. Moreover, the delineation of zoning districts to 
reflect immediately the recommended watershed land 
use plan would result initially in overzoning which may, 
in turn, result in mixed and uneconomical future land 
use patterns. Therefore, the use of holding zones, such 
as exclusive agricultural districts, will be necessary to 
regulate community growth in both time and space in 
an orderly and economical manner. 

The following recommendations are made to all zoning 
agencies within the watershed to assist them in the task 
of zoning ordinance preparation, including zoning dis- 
trict delineation. 



E : P e - 5 

E
 E E d 

- 
0

 

e 
3

3
 

$
1

 
5
 

E 
>

 t 

- 
0

 

;
 

g; 
= 

E 
>

 G
 

0
 

L
 

s
 - P
Z

 
=

 rn 

- - 
= 

m
 

"
t

 
91 

6
 8 

g
$

 
3

 

- -
 

" G 6 

6
 1

 
?

$
 

" - 
-
 

L
 

C
 

0
 

0
 

a; 
" z 
- -

 
0

 
5 

S
f 

U
?

 

6
 f 

B
d

 
"

?
 

t 
n
g
 

irfg 
$

"$
 

a 
3

"
 

' c
 

F
,

S
P

 
$$$fE 
$*$; 8 :! 

'
c
 

g tt; t 
E

2e;; 
."

"
:a

d
 

t . 
81,ge- 
%

,,E
E

 
ss 

8 E 
I

=
 

z,.";; 
?

.
m

2
E

 
,-:it: 
;
 8 

5
 'i

 
; s 

G
 Q

 m
 

x
 

x r
 

x 

" x x 

x
 

x . " x x 

x
 

r
 

* 
E

 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
X

 

I
"
 

81 
r
 

a
 - $

2
 

0
 0

 

1 , ;a 
r " 
- v

 
= 

Sf 
---- 

c
 
IL
 

0
 
c
 

iB 
;
 2 

- 
3 

0
 

0
 

C
E

 
B B 
+

 ' 
I
 P

 
0

 1
 

2
- 

2 j 
- - 
0

1
 

"
2

 
q

3
r

 
>

.s
 

X
 

X
 

X
 

X
 

x
 

X
 

x " x x 

x
 

X
 

X
 

X
 

X
 

Y
 

X
 

X
 

X
 

X
X

 

X
 

X
 

X
 

X
 

x
 

X
 

X
 

X
 

X
 

X
 

X
 

x 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

x 

X
 

x 

X
X

 

X
 

X
 

X
 

X
 

x
x

 
x
 

x 

X
X

 

x
 

X
 

X
 

X
 

X
 

x 

X
X

 

X
 

-
-

-
~

~
~

-
~

~
~

~
-

p
p

p
p

p
p

 

x
x

 

x
x

x
x

 

X
 

X
X

 

X
 

X
 

X
 

X
X

 

X
X

 

X
 

X
 

X
 

X
 

X
 

X
X

 

X
X

 

X
X

 

X
X

 

X
X

 

X
X

 

X
X

 

X
X

 

x
x

 

X
 

X
 

X
 

X
 

X
 

x X
X

 

X
X

 

X
 

X
 

X
 

X
X

 

X
 

X
 

x
 

x
 

X
 

X
 

X
 

X
 

X
 

x
 

X
X

 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

x
 

X
 

X
 

X
 

X
 

X
 

X
 

x
 

X
 

X
X

 

X
 X

 

X
 

X
X

 

-
-
 





Residential Areas: Not all of the areas shown as devoted 
to residential use in the recommended watershed land 
use plan should be initially placed in residential use 
districts. Only existing and platted, but not yet fully 
developed, residential areas and those areas that have 
immediate development potential and can be economi- 
cally served by municipal utilities and facilitiessuch 
as sanitary sewer, public water supply, and schools- 
should be placed in exclusive residential districts related 
to the development densities indicated on the recom- 
mended watershed land use plan. The balance of the 
proposed future residential land use areas should be 
placed in exclusive agricultural districts so as to act as 
a holding zone for future development. The use of such 
holding districts is discussed in SEWRPC Planning Guide 
No. 3, Zoning Guide. Such holding districts should be 
rezoned into the appropriate residential zoning district 
or supporting land use district, such as business, neighbor- 
hood, or park districts, only when the community can 
economically and efficiently accommodate the proposed 
development. Certain residential areas may be initially 
zoned, as appropriate, for very low density "country 
estate" and related outdoor recreational uses. All residen- 
tial zoning should be properly related to the inherent 
suitabilities of the underlying soil resource base. 

Agricultural Areas: Areas shown as devoted primarily to 
agricultural use on the recommended watershed land use 
plan should usually be placed in an exclusive agricultural 
use district which essentially permits only agricultural 
uses. In such areas dwellings should be permitted only as 
accessory to the basic agricultural uses. Significant wet- 
lands, woodlands, floodlands, and wildlife habitat areas 
that lie outside the delineated primary environmental 
corridor but within the agricultural use areas on the 
recommended watershed land use plan should be placed 
in conservancy districts. 

Environmental Corridors: The environmental corridors 
shown on the recommended watershed land use plan 
should be placed immediately into one of several zoning 
districts, as dictated by consideration of existing develop- 
ment; the character of the specific resource values to be 
protected within the corridor; and the attainment of the 
outdoor recreation, open space preservation, and resource 
conservation objectives of the watershed plan. Prime wild- 
life habitat areas, wetlands, woodlands, and undeveloped 
floodways and floodplains lying in the corridors should 
be placed in conservancy districts. Existing and potential 
park sites lying in the corridors should be placed in park 
districts which permit the development of appropriate 

Table 49 

SCHEDULE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS OF THE LAND USE PLAN ELEMENT OF THE 
RECOMMENDED COMPREHENSIVE PLAN FOR THE MENOMONEE RIVER WATERSHED BY COUNTY AND YEAR: 1976-2000 

Total 
(in Dollars) 

136.650 
137,710 
138,790 
139,850 
140,930 
142,050 
143,100 
144,190 
145,310 
146,360 
10,880 
10,880 
10,850 
10,850 
10,880 
10,850 
10,850 
10,880 
10,850 
10,850 
10,910 
10.850 
10,850 
10,880 

1,567,050 

65,290 

Primary Env~ronmental 
Corridor Subelement 

Parkway 

Parkway Drives 

Subelement 

Scenic Drive 

Drive-Scenlc Drive-Recreational Trail 

Recreational Trail 
Interconnecting 

Urban Street 

Signing and 
~ a r k i n ~ g  

(in Dollars) 

30 

30 

30 

90 

4 

Signing and 
Markingg 

(in Dollars) 

30 
30 
30 

30 

30 

30 

30 

30 

30 

30 

300 

12 

Constructione 
(in Dollars) 

18.300 
18,300 
18,300 
18,300 
18,300 
18,300 
18,300 
18,300 
18,300 
18,300 

183,000 

7,620 

Operation and 
Maintenanced 

(in Dollars) 

430 
860 

1,300 
1,730 
2,160 
2,590 
3,020 
3,460 
3,890 
4,320 
4,320 
4,320 
4,320 
4,320 
4,320 
4,320 
4,320 
4,320 
4,320 
4,320 
4,320 
4,320 
4,320 
4,320 

84,240 

3,510 

constructionC 
(in Dollars) 

Operation and 
Maintenancef 
(in Dollars) 

------- 
290 
580 
860 

1,150 
1,440 
1,730 
2,020 
2,300 
2,590 
2,880 
2,880 
2,880 
2,880 
2,880 
2,880 
2,880 
2,880 
2,880 
2,880 
2,880 
2,880 
2,880 
2,880 
2,880 

56,160 

2,340 

Milwaukee 

County Total 

---- 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

County Annual Average 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

15.190 

36,460 
36,460 
36,460 
36,460 
36,460 
36,460 
36,460 
36,460 
36,460 
36,460 

364,600 

2,960 33,650 

360 
730 

1,090 
1,460 
1,820 
2,190 
2,550 
2,920 
3,290 
3,650 
3,650 
3.650 
3,650 
3,650 
3,650 
3,650 
3,650 
3,650 
3,650 
3,650 
3,650 
3,650 
3,650 
3,650 

71,160 

80,750 
80,750 
80,750 
80,750 
80,750 
80,750 
80,750 
80,750 
80,750 
80,750 

807,500 



Table 49 (continued) 

Total 
(in Dollars) 

90 
90 
60 
60 
60 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

930 

40 

County 

Washington 

County Total 

County 

Ozaukee 

County Total 

Calendar 
Year 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

Calendar 
Year 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

County Annual Average 

Project 
Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

40 

179,620 

Interconnecting 
Urban Street 

Signing and 
Markingg 

(in Dollars) 

Primary Environmental 

Total 
(in Dollars) 

189,100 
202,180 

4,310,890 

Corridor 

Land 
~ c q u i s i t i o n ~  
(in Dollarsl 

Parkway 

Project 
Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

20,830 3,900 102,380 County Annual Average 

Subelement 

Operation and 
Maintenanceb 

(in Dollars) 

Parkway 

ConstructionC 
(in Dollars\ 

40 52,470 

Subelement 

Scenic Drive 

Signing and 
Markingg 

(in Dollars) 

90 
90 
60 
60 
60 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

930 

Drive-Scenic Drive-Recreational Trail 

Drives 

Operation and 
Maintenanced 

(in Dollars\ 

Interconnecting 
Urban Street 

Signing and 
Markingg 

(in Dollars) 

Parkway Drive-Scenic Drive-Recreational Trail Subelement 

Primary Environmental 

Recreational 

Constructione 
(in Dollars) 

Corridor 

Land 
~ c q u i s i t i o n ~  
(in Dollars) 

125,930 
125,930 
125,930 
125,930 
125,930 
125,930 
125,930 
125,930 
125,930 
125,930 

1,259,300 

Trail 

Operation and 
Maintenancef 
(in Dollars) 

Subelement 

Operation and 
Maintenanceb 

(in Dollars) 

12,600 
25,200 
37,800 
50,400 
63,000 
75,600 
88,200 

100,800 
1 13,400 
126,000 
126,000 
126,000 
126,000 
126,000 
126,000 
126,000 
126,000 
126,000 
126,000 
126.000 
126,000 
1 26,000 
126,000 
126,000 -- 

2,457,000 

Parkway Drives 

ConstructionC 
(in Dollars) 

50,000 
50,000 

Scenic Drive 

Signing and 
Markingg 

(in Dollars) 

90 
90 

50,000 
50,000 
50,000 
50,000 
50,000 
50,000 
50,000 
50,000 

500,000 93,600 

Operation and 
Maintenanced 

(in Dollars) 

480 
960 

Recreational Trail 

90 
90 
60 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 --- 

990 

Constructione 
(in Dollars) 

Operation and 
Maintenancef 
(in Dollars) 



Table 49 (continued) 

County 1 

I County Total 1 2,354,700 1 1,375,720 1 812,500 1 131,040 1 

Total 
(in Dollars) 

Waukesha 

I County Annual Average 1 98,110 1 57,320 1 33,850 1 5,460 1 

Calendar 
Year 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

I Watershed Total 1 3.978.600 1 3,903,880 1 2,120,000 1 308,880 1 

Parkway Drive-Scenic Drive-Recreational Trail Subelement 

I Annual Average 1 165,770 1 162,660 1 88,330 1 12,870 1 

Project 
Year 

a~ssumes that 10 percent of the recommended 6.3 miles of primary environmental corridor land would be acquired in each of the first 10 years of plan implementation. 

Interconnecting 
Urban Street 

Signing and 
Markingg 

(in Dollars) 

b~ased on annual operation and maintenance cost o f  $50per acre for corridor land. 

Scenic Drive 

Signing and 
Markingg 

(in Dollars) 

Primary Environmental 
Corridor Subelement 

CAssumes that 10 percent of the recommended 13.2 miles o f  new parkway drive would be constructed in each of the first 70 years of plan implementation. 

Land 
~ c ~ u i s i t i o n ~  
(in Dollars) 

Parkway Drives 

Based on annual operation and maintenance costs of $1,2OOper mile for parkway drives. 

Recreational Trail 

Operation and 
~ a i n t e n a n c e ~  

(in Dollars) 
~ o n s t r u c t i o n ~  

(in Dollars) 

Assumes that 10 percent of the recommended 5.2 miles o f  new recreational trails would be constructed in each o f  the first 10 years of plan implementation. 

constructione 
(in Dollars) 

Operation and 
~ a i n t e n a n c e ~  

( in Dollars) 

Based on annual operation and maintenance costs of $ 6 0 0 ~ ~  mile for recreational trails. 

Operation and 
Maintenancef 
(in Dollars) 

9 Assumes that a total of about two signs per mile at a cost of $30 per sign would be installed over a five year period and that about 10 percent of the signs would be replaced 
each year. 

Source: SEWRPC. 

private and public recreational facilities. The remaining 
area lying in the corridors may then be placed in exclu- 
sive agricultural use districts or in large estate-type resi- 
dential use districts, depending upon the limitations of 
the soils for utilization of onsite disposal systems. 

Other Outdoor Recreational Sites: The remaining poten- 
tial outdoor recreation sites identified during the water- 
shed study and located outside the environmental 
corridors should be placed in exclusive agricultural, con- 
servancy, or park districts so as to ensure preservation 
and availability for eventual public acquisition. It should 
be noted, however, that such zoning cannot be used in 
attempts to lower the land values of the parcels involved. 
Rather, such zoning should be used in an attempt to  

preserve the open character of the land, with public 
acquisition to  occur at the determined fair market 
value within a reasonable period of time. 

Floodlands: It is recommended that all counties, cities, 
villages, and towns within the watershed amend their - .  
zoning ordinances, as appropriate, to  include special 
floodland regulations similar to those set forth in Appen- 
dix I of SEWRPC Planning Guide No. 5, Floodland and 
Shoreland Development Guide, as amended and improved 
through application in practice throughout the South- 
eastern Wisconsin Region. Such regulations, if properly 
adopted and enforced, will ensure the substantial main- 
tenance in open uses of all undeveloped floodways and 
floodplains in the watershed. It should also be noted that 



such floodland regulations are required in addition to  any 
basic zoning district regulations, such as agricultural 
districts, estate-type residential districts, park districts, 
and conservancy districts. Each county, city, and village 
in the watershed must, pursuant to Section 87.30 of the 
Wisconsin Statutes, formulate and adopt an effective and 
reasonable floodland zoning ordinance as soon as the 
necessary flood hazard data, such as that provided by the 
Menomonee River watershed study, become available. 
Failure to do so may result in the Wisconsin Department 
of Natural Resources acting to exercise state floodplain 
zoning powers, pursuant to Section 87.30 of the Wis- 
consin Statutes. The adoption of floodland regulations 
in those communities having substantial amounts of 
urban development already in the floodlands will require 
special attention and should be so constructed as to carry 
out the floodland management plan elements as discussed 
later in this chapter. 

Property Tax Policies: One of the valid criticisms often 
leveled against the use of exclusive agricultural and 
conservancy districts, as well as of restrictive floodland 
regulations, is that in an urbanizing area the assessed 
valuation of the restrictively zoned land may be so high 
as to reasonably preclude the maintenance of the land 
in predominantly rural uses. In addition, the mill rate 
applied to the assessed valuation is often rapidly rising 
in developing communities due to increased demands 
for urban services and, in particular, for school services. 
This is particularly true where communities have allowed 
substantially unregulated land development to occur, 
resulting in extensive urban sprawl. It is this kind of 
development that would be avoided if the watershed 
land use plan is implemented. 

Section 70.32 of the Wisconsin Statutes directs local 
assessors to assess real estate at the full market value 
which could ordinarily be obtained at a private sale. 
Where such open lands are adjacent to, or within, a rapidly 
urbanizing area, and particularly where poor land use 
regulations have permitted highly dispersed urban devel- 
opment, property tax assessments may reflect the public's 
sometimes exaggerated estimate of development poten- 
tial. Even if the land is zoned for exclusive agricultural or 
conservancy use, the local assessor is allowed to, and 
commonly does, consider in the establishment of the 
market value of real property the reasonable probability 
of rezoning to permit more intensive use. Some lands 
zoned for agricultural or conservancy use realistically 
leave no potential for more intensive development, so 
that the market value and assessed value should both 
reflect that fact. Under present Wisconsin constitutional 
and statutory law, the most satisfactory way to relieve 
the owner of lands zoned for exclusive agricultural or 
conservancy use or for floodland use from the possibility 
of unrealistically high property assessment and resultant 
taxation where it exists is to remove the development 
potential.This may be accomlflished in one of three ways: 

1. The property owner may voluntarily grant an 
easement to a governmental unit, which easement 
would prohibit development for a period of at 
least 20 years; 

2.The property owner may voluntarily place 
restrictive covenants upon the lands, which 
covenants would prohibit development and would 
be enforceable by a governmental unit in per- 
petuity or for some substantial time; or 

3. A governmental unit may purchase the develop- 
ment rights. 

All of these private or governmental actions will serve to 
permit and compel the local assessor to assess lands at 
their fair market value for agricultural, conservancy, and 
floodland uses rather than for potential urban uses. It is 
recommended that all cities, villages, and towns within 
the Menomonee River watershed instruct their assessors 
that such potential tax relief exists for individual property 
owners upon their voluntary sale or relinquishment of 
potential development rights, where, in fact, the pos- 
sibility of rezoning and development exist. 

It is recognized that all of the three above methods of 
removing the immediate development potential represent 
techniques largely untried in the Southeastern Wisconsin 
Region. At the present time, however, they represent 
the only satisfactory ways in which the inconsistencies 
between the Wisconsin taxing, land development, and 
open space reservation policies can at least partially be 
o v e r ~ o m e . ' ~ ~ t  is clear that the entire problem represented 
by premature land development and the effects of prop- 
erty taxation needs extensive study within Wisconsin. 
Therefore, it is recommended that the Wisconsin Depart- 
ment of Local Affairs and Development take the lead 
in initiating a legislative study designed to probe the 
inconsistencies now existing between property taxation 
and land development policies in Wisconsin and recom- 
mend changes to the State Legislature. Such a study 
should be conducted in cooperation with the Wisconsin 
Departments of Revenue, Administration, and Natural 
Resources, as well as local and county governments and 
concerned citizen groups, such as the Wisconsin Tax- 
payers Alliance. The study should review efforts by other 
states to overcome this property tax and land develop- 
ment problem, in particular, the efforts being made in 
the States of New Jersey and California." 

lo  For further discussion o f  this problem, see Chapter VI 
of SEWRPC Technical Report No.  6,  Planning Law in 
Southeastern Wisconsin, 1976. 

" The most recent attempts to resolve the property tax 
problems discussed in these paragraphs are a result of 
a fundamental change in the State Constitution as a result 
o f  being amended by  Wisconsin voters in April 1974. The 
amendment allows the Legislature t o  revise the property 
tax laws to permit the taxing o f  agricultuml and undevel- 
oped land in a manner which need not be uniform with 
the taxation o f  other lands. In particular, Assembly 
Bill 1082, introduced into the Legislature in September 
1975 by  a special Legislative Council Committee, sought 
to permit the taxing of agricultural and conservancy lands 
at their current use value rather than their market value. 
As of yet, no legislation dealing with the revision of 
property tax laws has been acted upon by  the Legislature. 



Greenway Tax Law Proposal: The problems relating to  
the deterioration and destruction of woodlands within 
the watershed were discussed in Chapter IX of Volume 1 
of this report. In order t o  encourage private owners of 
woodlands to manage their stands on a balanced use and 
sustained yield basis and to provide an incentive for not 
changing the basic land use, it is recommended that the 
Wisconsin Department of Natural Resources take the lead 
in seeking the necessary state legislation to  establish 
a new tax law program designed to  provide for reduced 
property taxes on woodlands that are managed prin- 
cipally for aesthetic and scenic values, for wildlife con- 
servancy, for limited production of forest products, and 
for watershed protection purposes. 

This property tax law, which could be termed a "Green- 
way Tax Law," could be patterned after the existing 
Woodland Tax Law program. The principal feature of 
the proposed law would be to  reduce the property tax 
rate on woodlands placed under the program in return 
for the property owners agreeing to undertake a sound 
woodland management program. Technical assistance in 
establishing the necessary management program could 
be provided by the Wisconsin Department of Natural 
Resources. The proposed law could also include a pay- 
ment by the State to the local governments to  help offset 
the reduced taxes. The law should also include a penalty 
clause for withdrawal of woodlands from the program. 

Woodland and Wetland Management 
The comprehensive Menomonee River watershed plan 
includes recommendations for the institution on a large 
scale of sound woodland and wetland management 
practices in an effort to conserve and improve these 
important resources. Implementation of this plan element 
will largely depend on action by private landowners of 
woodland and wetland areas. Technical and financial 
assistance is available to  qualified private landowners in 
such efforts. The Wisconsin Department of Natural 
Resources, Division of Forestry and Recreation, and 
Division of Fish, Game, and Enforcement, and the 
University Extension Service will provide to all land- 
owners, upon request and at no cost, technical advice 
on woodland and wetland management. Many woodland 
and wetland management techniques and measures such 
as tree planting, timber stand improvement, streambank 
protection, and establishment of wildlife cover, may be 
eligible for cost sharing through the Agricultural Conser- 
vation Program conducted by the U. S. Department of 
Agriculture, Agricultural Stabilization and Conservation 
Service, in cooperation with local soil and water conserva- 
tion districts, the U. S. Soil Conservation Service, the 
Wisconsin Department of Natural Resources, and the 
University Extension Service. Maximum use of such 
technical and financial assistance is essential to the 
implementation of sound management practices. Specific 
recommendations are discussed in the primary environ- 
mental corridor subelement section. 

Land Acquisition 
The recommended Menomonee River watershed plan 
places great emphasis upon the preservation, 
and balanced use of the natural resource base, including 

the soils, surface and ground water, wetlands, woodlands, 
and wildlife habitat. Included in the plan are several 
recommendations for land acquisition to protect the 
natural resource base. It is important t o  recognize that, 
while zoning is an extremely important land use plan 
implementation tool, the use of the police power to 
achieve plan implementation has some significant limita- 
tions from an equitable public policy, if not a legal, point 
of view. Questions relating to the power inevitably arise 
when such power is extensively utilized for natural 
resource preservation objectives. Time and again attempts 
will be made by private landowners to convert their land 
to  another use, often through the filling of significant 
wetland areas and the clearing of significant woodland 
areas, which filling and clearing usually destroy the pri- 
mary natural resource value of the land. Such attempts 
at land use conversion inevitably arise, particularly in 
areas undergoing rapid urbanization. Thus, local plan 
commissions and governing bodies are constantly faced 
with applications to  convert land uses; to  fill low-lying 
wetland areas; and to,  in effect, destroy the natural 
resource base. From a public policy point of view, there- 
fore, it seems essential to purchase for permanent preser- 
vation as much of the primary environmental corridor 
lands in the watershed as possible, not only to assure 
the permanent preservation and protection of these 
important remaining elements of the sustaining and 
underlying natural resource base but also to  lend equity 
to  the situation where landowners are faced with no real 
alternative uses for significant parcels of land, parcels 
that may, properly or improperly, be increasing in 
assessed valuation as development proceeds in the sur- 
rounding area. Primary environmental corridor lands 
recommended to  be purchased for permanent preserva- 
tion are described under the primary environmental 
corridor subelement discussion. 

Primary Environmental Corridor Subelement 
The recommended vrimars environmental corridor sub- 
element of the ~enomon-ee River watershed plan will 
maintain the use of existing public and private outdoor 
recreation and related open space lands and will in addi- 
tion involve public acquisition and public regulation of 
selective lands to protect the remaining high value por- 
tions of the primary environmental corridor. As shown 
on Map 50, most of this remaining high value corridor 
is located in several continuous segments along the main 
stem of the Menomonee River in Washington and Wau- 
kesha Counties. The primary environmental corridors 
contain about 64 percent of all perennial stream channel 
length in the watershed, about 64 percent of all remain- 
ing wetlands, about 40 percent of all remaining wood- 
lands, and about 64 percent of all remaining wildlife 
habitat areas. To preserve these environmental corridors 
in essentially natural open uses the following recom- 
mendations are made. 

Outdoor Recreation and Related Open Space Develop- 
ment: It  is recommended that the existing public and - - - 
private outdoor recreation and related open space lands 
in the Menomonee River watershed, which total about 
5.2 square miles, or about 35 percent of the net primary 
environmental corridor, continue to  be maintained in 



open space uses. It is further recommended that an addi- 
tional 157 acres of snow skiing lands be provided in the 
watershed and that increased swimming and golfing 
facilities be provided in the urbanizing portions of the 
watershed. These needs can be met through use of the 
primary environmental corridor lands to be publicly 
acquired under the recommended primary environmental 
corridor subelement. 

Woodlands, Wetlands, and Wildlife Habitat Management: 
It is recommended that sound management techniques 
be applied to  all woodland, wetland, and wildlife habitat 
areas in general in the watershed. This applies to the 
woodland-wetland areas and wildlife habitat within the 
primary environmental corridor as well as to woodland- 
wetland and wildlife habitat located in the watershed but 
outside of the primary environmental corridors. 

Primary Environmental Corridor Protection: The most 
important natural resource elements of the watershed- 
the best remaining woodlands, wetlands, and wildlife 
habitat as well as the surface waters, together with the 
associated floodlands and shorelands, and the best 
remaining potential park sites-have been found to  occur 
within the primary environmental corridors of the water- 
shed. Under this section of the primary environmental 
corridor subelement a total of 6.3 square miles of cor- 
ridor are recommended for public acquisition along 
with 3.2 square miles of primary environmental corri- 
dor recommended to  be protected by various land 
use controls. 

Land Acquisition: It is recommended that Milwaukee 
County through its Park Commission acquire the remain- 
ing undeveloped primary environmental corridor along 
the Little Menomonee River in the City of Milwaukee, 
located between River Mile 5.19 and W. Brown Deer 
Road. In Washington County, it is recommended that 
the Washington County Park and Planning Commission 
acquire the undeveloped primary environmental corridor 
lands occurring in several continuous segments along the 
main stem of the Menomonee River in the Village of 
Germantown. In Waukesha County, it is recommended 
that the Waukesha County Park and Planning Commis- 
sion acquire the undeveloped primary environmental 
corridor along the main stem of the Menomonee River 
in the Village of Butler, in several continuous segments 
along the main stem of the Menomonee River in the 
Village of Menomonee Falls, a portion of the Tamarack 
Swamp in the Village of Menomonee Falls, the Brook- 
field Swamp occurring in two portions in the City of 
Brookfield, and a portion of the Brookfield Swamp in 
the Town of Brookfield. No environmental corridor land 
acquisitions are recommended in Ozaukee County. 
A schedule of land acquisition costs for implementation 
of this portion of the primary environmental corridor 
subelement is set forth in Table 49. It  should again be 
stressed that important relationships exist between these 
land acquisition recommendations, which are primarily 
for natural resource protection purposes, and the outdoor 
recreation and open space and woodlands, wetlands, and 
wildlife habitat sections of the primary environmental 

corridor subelement as well as the overall land use plan 
subelement and parkway drive-scenic drive-recreational 
trail subelement of the land use plan. 

In the interest of implementing the land acquisition por- 
tion of the primary environmental corridor subelement, 
particularly in Washington and Waukesha Counties, it 
may be feasible to  involve the local units of governments 
in the acquisition of primary environmental corridor 
lands. Several communities have initiated corridor acqui- 
sition programs and already own segments of the recom- 
mended environmental corridor. These communities may 
wish to continue their acquisition programs separately 
or with financial assistance from their respective counties, 
or they may desire to donate their holdings to their 
county as was done in Milwaukee County in 1937. 

Land Use Controls: It is recommended that all primary 
environmental corridor protected by existing land use 
controls consistent with corridor protection continue 
to  be so protected. These lands are distributed as follows: 
in the City of Milwaukee along the main stem of the 
Menomonee River and the Little Menomonee River; in 
the City of Mequon along the Little Menomonee River; 
in the City of Brookfield along the Butler Ditch, the 
Underwood Creek, the South Branch of Underwood 
Creek, and the Brookfield Swamp; in the Village of 
Elm Grove along the Underwood Creek; and in the 
Village of Menomonee Falls along the Butler Ditch. 
It is further recommended that all remaining primary 
environmental corridor be protected through application 
of new land use controls. These corridor lands are dis- 
tributed in the following manner: in the City of Green- 
field along Honey Creek; in the City of Milwaukee along 
the main stem of the Menomonee River and the Honey 
Creek; in the City of Wauwatosa along the main stem 
of the Menomonee River, the Underwood Creek, and the 
Honey Creek; in the City of West Allis along the Honey 
Creek and the South Branch of Underwood Creek; in the 
City of Mequon primarily along the Little Menomonee 
River; in the Village of Germantown located throughout 
the Village; in the Town of Germantown along the North 
Branch of the Menomonee River, in the City of Brook- 
field primarily located along the Butler Ditch, the Under- 
wood Creek, the South Branch of Underwood Creek, and 
the Brookfield Swamp; along the main stem of the Meno- 
monee River in the Village of Butler; in the Village of 
Elm Grove primarily along the Underwood Creek; and in 
the Village of Menomonee Falls along the Butler Ditch. 

Land use controls can be of the following types: agricul- 
tural, floodland, shoreland, conservancy, and very low- 
density residential zoning. This zoning should encompass 
all of the riverine areas lying within the primary environ- 
mental corridor. 

Parkwav Drive-Scenic Drive- -- 

Recreational Trail Subelement 
Pleasure driving constitutes a popular outdoor recreational 
activity in the Menomonee River watershed. Therefore, 
this subelement is included as an integral part of the land 
use plan element. As shown on Map 50, the recom- 



mended parkway drive-scenic drive-recreational trail 
system would extend from and be generally similar to 
the extensive parkway system that already exists in the 
Milwaukee County portion of the watershed, and would 
consist of 56.8 miles of environmental corridor-oriented 
parkway pleasure drives, scenic pleasure drives, recrea- 
tional trail, and interconnecting urban streets. 

Parkway Drives: It is recommended that the Milwaukee 
County Park Commission continue to  maintain the exist- 
ing 14.0 miles of parkway pleasure drive along the 
Menomonee River, Little Menomonee River, Underwood 
Creek, and the South Branch of Underwood Creek, and 
that it construct and maintain an additional 3.6 miles of 
new parkway pleasure drive located along the Menomonee 
River. It is recommended that the Washington County 
Park and Planning Commission construct and maintain 
4.0 miles of new parkway pleasure drive located along 
the Menomonee River in the Village of Germantown. 
It is recommended that the Waukesha County Park and 
Planning Commission maintain the existing 2.0 miles of 
parkway pleasure drive along the Menomonee River and 
the Tamarack Swamp in the Village of Menomonee Falls 
and construct and maintain 5.6 miles of new parkway 
pleasure drive located along the Menomonee River and 
the Tamarack Swamp in the Village of Menomonee Falls. 
A cost schedule for construction and maintenance of the 
proposed parkway pleasure drive system is shown in 
Table 49. 

Scenic Drives: It is recommended that the County High- 
way Committees of Ozaukee and Washington Counties, 
together with the Wisconsin Department of Transporta- 
tion, coordinate the establishment over existing state, 
county, and local streets and highways of the recom- 
mended system of Menomonee River scenic drives. It is 
anticipated that the establishment of this scenic drive 
system will consist primarily of the design, preparation, 
and placement of appropriate signs identifying the scenic 
drive route along its total 13.2-mile length, an effort 
similar in nature to  the marking of the existing Kettle 
Moraine Scenic Drive. A cost schedule for signing and 
marking the scenic drive system in the Menomonee River 
watershed over the next 24 years is shown in Table 49. 

Recreational Trails: It is recommended that the Mil- 
waukee County Park Commission continue to maintain 
the existing 2.3 miles of recreational trail along the Little 
Menomonee River and construct and maintain an addi- 
tional 4.3 miles of new recreational trail along the Little 
Menomonee River, 0.4 mile along the Underwood Creek, 
and 0.1 mile along the South Branch of Underwood 
Creek. It is recommended that the Waukesha County 
Park and Planning Commission construct and maintain 
0.4 mile of new recreational trail located along the South 
Branch of Underwood Creek. A cost schedule for con- 
structing and maintaining the recreational trail system 
is shown in Table 49. 

Interconnecting Urban Streets: It is recommended that 
the Transportation and Public Works Committee of 
~ i l w a u k e e  County and the Highway Committee of 
Waukesha County, together with the Wisconsin Depart- 

ment of Transportation, consider the incorporation of 
the 6.9 miles of existing urban streets interconnecting 
the watershed parkway drive system into the total park- 
way drive-scenic drive-recreational trail system. This 
would consist primarily of the design, preparation, and 
placement of appropriate signs along the 6.9 mile route. 
A cost schedule for signing and marking the interconnect- 
ing urban streets is shown in Table 49. 

FLOODLANDMANAGEMENT 
PLAN ELEMENT IMPLEMENTATION 

The major floodland management recommendation 
contained in the Menomonee River watershed plan 
is the institution of sound floodland zoning regulations 
throughout the watershed and the acquisition, for public 
park and open space use, of selected undeveloped flood- 
lands along the Menomonee River and its major tribu- 
taries. The recommended floodland management plan 
element for the Menomonee River watershed also includes 
the application of structural measures on a community- 
bycommunity basis for those riverine areas experiencing 
the most severe flood problems as well as nonstructural 
floodland management measures designed to minimize 
or eliminate existing flood problems. The floodland 
management plan element is divided into the following 
subelements: land use controls, structural measures for 
flood damage abatement, bridge replacement, flood 
insurance, lending institution and realtor policies, stream- 
flow recordation, miscellaneous measures for the indus- 
trial valley, and maintenance of stream channels and 
hydraulic structure waterway openings. The recom- 
mended implementation actions discussed under this plan 
element are summarized in Table 48 and a schedule of 
capital and operation and maintenance costs for this plan 
element are set forth in Table 50. 

Land Use Controls Subelement 
Floodland Renulations: It is recommended that the " 
Cities of Brookfield, Greenfield, Mequon, Milwaukee, 
Wauwatosa, and West Allis and the Villages of Butler, 
Elm Grove, Germantown, and Menomonee Falls modify 
existing floodland and related regulations or prepare 
new floodland regulations based upon the flood hazard 
data and the floodland management concepts and 
recommendations set forth in this report. It is further 
recommended that, in addition to meeting minimum 
hydrologic-hydraulic standards established by the Wis- 
consin Floodplain Management Program, the floodland 
recommendations complement the recommended land 
use plan element. It is also recommended that floodland 
and related regulations be used to  provide interim control 
over corridor lands recommended for public acquisition. 

It is recommended that one of the two following basic 
types of floodland and floodland-related measures be 
instituted by local units of government on a reach by 
reach basis in the watershed: 

1. In those areas of the watershed where the flood- 
lands lying within the 100-year recurrence inter- 
val flood hazard zone under year 2000 plan 
conditions are presently undeveloped and not 



committed t o  urban development, all future controls outside of the floodlands, as needed to achieve 
incompatible urban development be discouraged the recommended watershed land use plan for the year 
through appropriate floodland and floodland- 2000. Such land use controls may take the form of or be 
related land use regulations. incorporated into zoning, land subdivision, sanitary, and 

building ordinances. Land use controls outside of the 
2. In those areas of the watershed where the flood- floodlands should be viewed as an important floodland 

lands are already in some form of urban develop- management measure for the watershed. 
ment, or committed to such development, the 
floodland and floodland-related land-use regula- 
tions should be designed so as to  accommodate 
existing development, t o  preserve sufficient 
conveyance capacity for the 100-year flood flow 
through delineation and preservation of a flood- 
way, and require the floodproofing of all new 
urban development committed in the flood- 
plain fringe. 

It should be noted that some communities lying partially 
within the Menomonee River watershed and not recom- 
mended to adopt floodland regulations under the Meno- 
monee River watershed plan may be required t o  adopt 
floodland regulations for streams outside of the Meno- 
monee River watershed. 

Structural Measures for Flood 

extend to the underwood sewer ~ommisiion (a coopera- 
tive contract commission established under Section 66.30 
of the Wisconsin Statutes by contract between the 
City of Brookfield and the Village of Elm Grove for the 
purposes of constructing, operating, and maintaining 
a sanitary intercepting sewer along Underwood Creek) 
the authority to  deal with the storm and floodwater 
problems affecting the two communities. In particular, 
it is recommended that the Underwood Sewer Com- 
mission, given bonding powers for the purpose of 
acquiring, developing, and equipping land, buildings, 
and facilities for areawide flood control projects, be 

Land Use Controls Outside of the Floodlands: It is authorized to implement the following flood damage 
recommended that all counties. cities. villages, and towns abatement measures for the Village of Elm Grove and - .  - 
within the Menomonee River watershed adopt land use the City of Brookfield. 

Table 50 

SCHEDULE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS OF THE 
FLOODLAND MANAGEMENT PLAN ELEMENT OF THE RECOMMENDED COMPREHENSIVE PLAN 

FOR THE MENOMONEE RIVER WATERSHED BY COUNTY AND YEAR: 1976-2000 

Industrial 
Valley 

~easures' 
(in Dollars) 

162,600 
162.600 
162,600 
162,600 
162,600 

81 3,000 

33,900 

Installation 
of Staff 
or Crest 

Stage ~ a g e s ~  
(in Dollars) County 

Milwaukee 

County Total 

Total 
(in Dollars) 

1.488.1 00 
1,492,400 
1,493,400 
1,494,500 
1,495,500 

8,400 
8,400 
8,400 
8,400 
8,400 
8.400 
8,400 
8,400 
8,400 
8,400 
8,400 
8,400 
8,400 
8,400 
8.400 
8,400 
8,400 
8,400 
8,400 

7,623,600 

31 7,700 

Calendar 
Year 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

County Annual Average 

Project 
Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

11 9,200 156,800 4,800 

Channel 

Construction 
(in Dollars) 

572,000 
572,000 
572,000 
572,000 
572,000 

2,860,000 

3,100 

Modifications 

Operat ion 
and 

Maintenance 
(in Dollars) 

1,000 
2,100 
3,100 
4,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5.200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 

114.400 

Bridge 
Modification 

for Flood 
Control 
Purposes 

(in Dollars) 

Structure 
Floodproofing 
and Removal 
(in Dollars) 

752,500 
752,500 
752,500 
752.500 
752,500 

3,762,600 

Detention 

Construction 
(in Dollars) 

Stream Gaging 
Network 

Operation and 
Maintenance 

of Continuous 
Recorder ~ a g e s ~  

(in Dollars) 

3,200 
3,200 
3.200 
3,200 
3,200 
3,200 
3,200 
3,200 
3,200 
3,200 
3,200 
3,200 
3,200 
3,200 
3,200 
3,200 
3,200 
3,200 
3,200 
3,200 
3,200 
3,200 
3,200 

73,600 

Storage 

Operation 
and 

Maintenance 
(in Dollars) 



Table 50 (continued) 

Total 
(in Dollars) 

2,450 
2,400 
2,400 
2,400 
2,400 

12,050 

502 

Total 
(in Dollars) 

100 

100 

4 

Installation 
of Staff 
or Crest 

Stage Gagesb 
(in Dollars) 

50 

50 

2 

Stream Gaging 
Network 

Operation and 
Maintenance 

of Continuous 
Recorder Gagesa 

(in Dollars) 

Industrial 
Valley 

MeasuresC 
(in Dollars) 

Bridge 
Modification 

for Flood 
Control 
Purposes 

(in Dollars) County 

Ozaukee 

County Total 

Stream Gaging 
Network 

Operation and 
Maintenance 

of Continuous 
Recorder Gagesa 

(in Dollars) 

Bridge 
Modification 

for Flood 
Control 
Purposes 

(in Dollars) County 

Washington 

County Total 

Calendar 
Year 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

Installation 
of Staff 
or Crest 

Stage Gagesb 
(in Dollars) 

100 

100 

4 County Annual Average 

Calendar 
Year 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

County Annual Average 

Industrial 
Valley 

~easures' 
(in Dollars) 

500 

Project 
Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Project 
Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Channel 

Construction 
(in Dollars) 

Channel 

Construction 
(in Dollars) 

Modifications 

Operation 
and 

Maintenance 
(in Dollars) 

Modifications 

Operation 
and 

Maintenance 
(in Dollars) 

Structure 
Floodproofing 
and Removal 
(in Dollars) 

2,400 
2,400 
2,400 
2,400 
2,400 

12,000 

Detention 

Construction 
(in Dollars) 

Structure 
Floodproofing 
and Removal 
(in Dollars) 

Detention 

Construction 
(in Dollars) 

Storage 

Operation 
and 

Maintenance 
(in Dollars) 

Storage 

Operation 
and 

Maintenance 
(in Dollars) 



Table 50 (continued) 

a Two continuous stage recorder installations each having a total operation and maintenance cost of  $3200per year. 

County 

Waukesha 

County Total 

Assumes a two foot increase in the height of 0.70 mile of  earthen dike along the Menomonee River in the vicinity of the Chicago, Milwaukee, St. Paul, and Pacific Railroad 
property at $70 per lineal foot; a four foot increase in the height of 0.24 mile of floodwalls along the east bank of the Menomonee River between the East-West Freeway and 
the W. Wisconsin Avenue Viaduct at $140 per lineal foot; a four foot increase in the height of  0.16 mile of floodwall along the east bank of the Menomonee River between the 
W. Wisconsin Avenue Viaduct and the Chicago, Milwaukee, St. Paul, and Pacific Railroad bridge at River Mile 4.24 at $140 per lineal foot;and a four foot increase in the height 
of 0.35 mile of floodwall along parts of  both banks of the Menomonee River between the railroad bridge and N. 45th Street at $140per lineal foot. The estimated capital cost 
of the total 1.45 miles of dike-floodwall extension is $813.000. 

Nine staff or crest stage gages-one in the City of Mequon in Ozaukee County, two in the Village of Germantown in Washington County, and three in the City o f  Brookfield and 
one in the Village of Elm Grove and two in the Wage o f  Menomonee Falls in Waukesha Coun tya t  $50per installation. 

Calendar 
Year 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

Source: SEWRPC. 

County Annual Average 

Watershed Total 

Annual Average 

1. Construct and maintain a 215 acre-foot flood 
detention reservoir on Dousman Ditch in the 
City of Brookfield as shown on Map 51. The cost 
of the proposed reservoir should be proportioned 
between the Village of Elm Grove and the City of 
Brookfield on the basis of the flood control bene- 
fits which would be realized. 

Project 
Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

2. Replace the Chicago, Milwaukee, St. Paul, and 
Pacific Railroad bridge over Underwood Creek 
near Pilgrim Road and Indian Creek Parkway. 

It is further recommended that the Underwood Sewer 
Commission seek financial and technical assistance in the 
implementation of the above recommendations. Such 
financial and technical assistance may come from various 
federal agencies, including the Corps of Engineers and the 
Soil Conservation Service. 

187,600 

7,362,400 

306,800 

It is recommended that up to  about 187 residential struc- 
tures along Underwood Creek within the Village be 
adequately floodproofed and that one structure be 
removed. It also is recommended that the Village include 
in its zoning, building, housing, subdivision, and sanitary 
ordinances, as appropriate, regulations dealing with struc- 
ture floodproofing. It is possible and generally practicable 
for property owners, as individuals, to  make certain 
structural adjustments to existing private properties in 
order to significantly reduce potential flood damages. 
Extensive floodproofing should be applied, however, only 
under the guidance of a registered engineer who has care- 
fully inspected the building and its contents and has 
evaluated the flood threat. 

6.000 

257,400 

10,700 

Channel 

Construction 
(in Dollars) 

900,500 
900,500 
900,500 
900,500 
900,500 

4,502,400 

A schedule of capital costs for implementing this portion 
of the structural measures for flood damage abatement 
subelement is set forth in Table 51. 

Modifications 

Operation 
and 

Maintenance 
(in Dollars) 

1,300 
2,600 
3,900 
5,200 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6.500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 

143,000 

3,100 

147,200 

6.100 

26,300 

630,100 

26,300 

Stream Gaging 
Network 

Operation and 
Maintenance 

of Continuous 
Recorder Gagesa 

(in Dollars) 

3,200 
3,200 
3,200 
3.200 
3,200 
3,200 
3,200 
3,200 
3,200 
3,200 
3,200 
3,200 
3,200 
3,200 
3,200 
3,200 
3,200 
3.200 
3,200 
3,200 
3,200 
3,200 
3,200 

73,600 

41,000 

4,757,600 

198.200 

5,700 

136,400 

5,700 

Detention 

Construction 
(in Dollars) 

126,000 
126,000 
126,000 
126,000 
126,000 

630,100 

12 

450 

18 

8,800 

210,000 

8,800 

Structure 
Floodproofing 
and Removal 
( in Dollars) 

196,600 
196,600 
196,600 
196,600 
196,600 

983,000 

Storage 

Operation 
and 

Maintenance 
(in Dollars) 

1,200 
2,500 
3,700 
5,000 
6.200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 

136,400 

Installation 
of Staff 
or Crest 

Stage Gagesb 
(in Dollars) 

300 

300 

Bridge 
Modification 

for Flood 
Control 
Purposes 

( in Dollars) 

42,000 
42,000 
42,000 
42,000 
42,000 

210,000 

813,000 

33.900 

278,300 

14,314,550 

596,400 

Industrial 
Valley 

~easures' 
( in Dollars) 

-- 

-- 

-- 

-- 
-- 

-- 

Total 
(in Dollars) 

1,267,900 
1,273,400 
1,275,900 
1,278,500 
1,281,000 

15,900 
15,900 
15,900 
15,900 
15,900 
15,900 
15,900 
15,900 
15,900 
15,900 
15,900 
15,900 
15,900 
15,900 
15,900 
15,900 
15,900 
15,900 
15,900 

6,678,800 



Table 51 

SCHEDULE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS OF THE 
PRIMARILY STRUCTURAL FLOODLAND MANAGEMENT PLAN SUBELEMENT OF THE RECOMMENDED 

MENOMONEE RIVER WATERSHED PLAN FOR THE VILLAGE OF ELM GROVE BY YEAR: 1977-2000 

a That portion of the full $6,200 annual operation and maintenance cost that would be assumed by Elm Grove. 

That portion of the full $630,100 capital cost that would be assumed by Elm Grove. 

Source: SEWRPC. 

City of Brookfield: As discussed in the section preceding, 
it is recommended that the Underwood Sewer Commis- 
sion be given the authority to implement the following 
recommendations dealing with flood damage abatement 
in the City of Brookfield: 

Total 
(in Dollars) 

220,400 
221,400 
222,400 
223,400 
224,500 

5,100 
5,100 
5,100 
5,100 
5,100 
5,100 
5,100 
5,100 
5,100 
5,100 
5,100 
5,100 
5,100 
5,100 
5,100 
5,100 
5,100 
5,100 
5.1 00 

1,209,200 

50,400 

Calendar 
Year 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

Total 

1. Construct and maintain a 215 acre-foot detention 
storage reservoir on Dousman Ditch in the City of 
Brookfield, with the cost to be divided propor- 
tionately between the City of Brookfield and the 
Village of Elm Grove. 

2. Replace the Chicago, Milwaukee, St. Paul, and 
Pacific Railroad bridge over Underwood Creek 
near Pilgrim Road and Indian Creek Parkway. 

Project 
Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 

It is further recommended that the Underwood Sewer 
Commission investigate all possible sources of financial 
and technical assistance to  aid in the implementation of 
the above recommendations. 

24-Year 
Annual Average 

It also is recommended that the Waukesha County Park 
and Planning Commission in conjunction with the City 

Flood proofing and 
Removal Along 

Underwood Creek 
(in Dollars) 

1 1 6,600 
1 16,600 
1 16,600 
1 16,600 
1 16,600 

-- 

-- 

583,000 

Detention Reservoir 

24,300 

on Dousman 

Construction 
(in Dollars) 

102,800 
102,800 
102,800 
102,800 
102,800 

- 
- 
- 

- 

- 

- 
- 
- 

- 

514,200 

21,400 

Ditch 

Operation and 
Maintenance 
(in Dollars) 

1,000 
2,000 
3,000 
4,000 
5,100~ 
5,100 
5,100 
5,100 
5,100 
5,100 
5,100 
5,100 
5,100 
5.100 
5,100 
5,100 
5,100 
5,100 
5,100 
5,100 
5,100 
5,100 
5,100 
5,100 

112,000 

4,700 



of Brookfield establish a program for the eventual acqui- 
sition and removal by the City or County of about seven 
structures along the Underwood Creek reach bounded 
at the upstream end by the Chicago, Milwaukee, St. Paul, 
and Pacific Railroad and at the downstream end by 
W. North Avenue. 

It also is recommended that the City include in its 
zoning, building, housing, subdivision, and sanitary 
ordinances, as appropriate, regulations pertaining to 
structure floodproofing. It is further recommended that 
up to  about 65 structures along Underwood Creek down- 
stream of the Chicago, Milwaukee, St. Paul, and Pacific 
Railroad bridge and 20 structures dong Butler Ditch be 
floodproofed by their owners, under the supervision of 
a registered engineer. 

A schedule of capital costs for implementing this portion 
of the structural measures for flood damage abatement 
subelement is summarized in Table 52. 

City of Wauwatosa: It is recommended that the Metro- 
politan Sewerage Commission of the County of Mil- 
waukee construct and maintain 1.65 miles of major 
channelization along the Menomonee River from N. 45th 
Street in the City of Milwaukee to  the N. 70th Street 
bridge in the City of Wauwatosa. This channelization 
would be supplemented with low dikes and floodwalls 
along the Wauwatosa portion of the affected reach. It is 
further recommended that the Metropolitan Sewerage 
Commission investigate all available sources of financial 
and technical assistance, including for instance, the 
U. S. Army Corps of Engineers. 

Table 52 

SCHEDULE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS OF THE 
PRIMARILY STRUCTURAL FLOODLAND MANAGEMENT PLAN SUBELEMENT OF THE RECOMMENDED 

MENOMONEE RIVER WATERSHED PLAN FOR THE CITY OF BROOKFIELD BY YEAR: 1977-2000 

Source: SEWRPC. 

Total 
(in Dollars) 

145,400 
145,600 
145,900 
146,100 
146,400 

1,100 
1,100 
1,100 
1,100 
1.100 
1,100 
1,100 
1,100 
1,100 
1.100 
1.100 
1,100 
1.100 
1,100 
1,100 
1,100 
1,100 
1,100 
1,100 

750,300 

31,300 

Flood proofing 
Along 

Butler Ditch 
(in Dollars) 

1,300 
1,300 
1,300 
1.300 
1,300 

6,400 

300 

Flood proofing and 
Removal Along 

Underwood Creek 
(in Dollars) 

78,700 
78,700 
78,700 
78,700 
78,700 

-- 
-- 

393,600 

16,400 

Calendar 
Year 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

Total 

Project 
Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 

24-Year 
Annual Average 

Replace Bridge on 
Underwood Creek 

(in Dollars) 

42,000 
42,000 
42,000 
42,000 
42,000 

- 

2 10,000 

Detention Reservoir 

8,800 

on Dousman 

Construction 
(in Dollars) 

23,200 
23,200 
23,200 
23,200 
23,200 

1 15,800 

4,800 

Ditch 

Operation and 
Maintenance 
(in Dollars) 

200 
400 
700 
900 

1,100 
1,100 
1,100 
1,100 
1.100 
1,100 
1,100 
1,100 
1,100 
1,100 
1.100 
1,100 
1,100 
1,100 
1,100 
1,100 
1.100 
1,100 
1.100 
1,100 

24,200 

1,000 



It is recommended that the City of Wauwatosa assume It is recommended that the City of Wauwatosa include 
responsibility for the capital cost and operation and in its zoning, building, housing, subdivision, and sanitary 
maintenance costs of the stormwater pumping stations ordinances, as appropriate, regulations pertaining to  
and backwater gates and other stormwater control structure floodproofing. It is further recommended that 
facilities needed to  supplement the dikes and floodwalls. up to  about 93  structures along the Menomonee River 

between N. 70th Street and Harwood Avenue, up to 
It is recommended that the Milwaukee County Park about 203 structures along the Menomonee River 
Commission in conjunction with the City of Wauwatosa between Harwood Avenue and W. Hampton Avenue, 
establish a program for the eventual acquisition and up to about 1 3  structures along Honey Creek between 
removal by the City or County of about nine structures the Menomonee River and W. Wisconsin Avenue, and 
along the Menomonee River between Harwood Avenue up to  about 56 structures along Underwood Creek 
and W. Hampton Avenue. Furthermore, it is recom- between the Menomonee River and the Zoo Freeway 
mended that the City of Wauwatosa establish a program be floodproofed by their owners under supervision of 
for the eventual acquisition and removal by the City of a registered engineer. 
about 61 structures along the Menomonee River between 
Hawley Road and the N. 70th Street bridge, a program A schedule of capital costs for implementing this portion 
that will provide for the mitigation of flood damages as of the structural measures for flood damage abatement 
well as the expansion of Hart Park. subelement is set forth in Table 63. 

Table 53 

SCHEDULE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS OF THE 
PRIMARILY STRUCTURAL FLOODLAND MANAGEMENT PLAN SUBELEMENT OF THE RECOMMENDED 

MENOMONEE RIVER WATERSHED PLAN FOR THE CITY OF WAUWATOSA BY YEAR: 1977-2000 

Source: SEWRPC. 

336 

Total 
(in Dollars) 

1,308,800 
1,309,900 
1,3 10,900 
1,312,000 
1,313,000 

5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 

6,653,400 

277,200 

Structure 
Floodproofing 

Along 
Honey Creek 
(in Dollars) 

700 
700 
700 
700 
700 

-- 

-- 

3,300 

100 

Calendar 
Year 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

Total 

Project 
Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

24-Year 

Annual Average 

Structure 
Floodproofing 

Along 
Underwood Creek 

(in Dollars) 

6,000 
6,000 
6,000 
6,000 
6,000 

29,800 

1,200 

Channelization- 
Dikes and Floodwalls 

Structure 
Floodproofing and 

Removal Along 
Menornonee River 
Between Harwood 

Avenue and 
N. 70th Street 

(in Dollars) 

540,600 
540,600 
540,600 
540,600 
540,600 

2,703,200 

on Menomonee 

Construction 
(in Dollars) 

572,000 
572,000 
572,000 
572,000 
572,000 

--  

2,860,000 

11 9,200 

Structure 
Floodproofing and 

Removal Along 
Menornonee River 

Upstream of 
Harwood Avenue 

(in Dollars) 

188,500 
188,500 
188,500 
188,500 
188,500 

- 

942,700 

1 1 2,600 

River 

Operation and 
Maintenance 
(in Dollars) 

1,000 
2,100 
3.1 00 
4,200 
5,200 
5,200 
5,200 
5,200 
5.200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 
5,200 

114,400 

4,800 39,300 



C i t y :  It is recommended that the City of River between the Washington-Waukesha County line 
Mequon include in its zoning, building, housing, subdivi- and the Menomonee Falls dam and between Arthur 
sion, and sanitary ordinances, as appropriate, regulations Avenue and the Milwaukee-Waukesha County line. It is 
governing the floodproofing of structures. It is further further recommended that the Village of Menomonee 
recommended that up to  about 19 structures along the Falls construct and maintain 2.97 miles of major chan- 
Little Menomonee River be floodproofed by their owners nelization along Lilly Creek between its confluence with 
under the supervision of a registered engineer. the Menomonee River and Silver Spring Road. 

City of Milwaukee: It is recommended that the City of 
Milwaukee incorporate into its zoning, building, housing, -. -. -, 

subdivision, and sanitary ordinances, as appropriate, 
regulations governing the floodproofing of structures. It 
is further recommended that up to about 69 structures 
along the Menomonee River between N. 45th Street and 
Hawley Road be floodproofed by their owners under the 
supervision of a registered engineer. 

Village of Menomonee Falls: It is recommended that the 
Village of Menomonee Falls construct and maintain 
4.00 miles of major channelization along the Menomonee 

A schedule of capital costs for implementing this portion 
of the structural measures for flood damage abatement 
subelement is set forth in Table 54. 

Concluding RemarksStructure Removal: The foregoing 
discussion summarizes on a community-bycommunity 
basis the flood damage abatement measures recom- 
mended in the Menomonee River watershed plan. In 
some instances these measures include structure removal 
where structure floodproofing is inappropriate or imprac- 
tical, or where the land involved is recommended to be 
reused for a public purpose. The structure removal 

Table 54 

SCHEDULE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS OF THE 
PRIMARILY STRUCTURAL FLOODLAND MANAGEMENT PLAN SUBELEMENT OF THE RECOMMENDED 

MENOMONEE RIVER WATERSHED PLAN FOR THE VILLAGE OF MENOMONEE FALLS BY YEAR: 1977-2000 

Source: SEWRPC. 

337 

Calendar 
Year 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

Total 

Project 
Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 

24-Year 
Annual Average 

Major Channelization 
on 

Construction 
(in Dollars) 

4 15,700 
415,700 
4 1 5,700 
41 5.700 
4 15,700 

2,078,600 

86,600 

Total 
(in Dollars) 

901,800 
903.1 00 
904,400 
905,700 
907,000 

6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 

4,645,400 

Menornonee River 

Operation and 
Maintenance 
(in Dollars) 

900 
1,700 
2,600 
3,400 
4,300 
4,300 
4,300 
4,300 
4,300 
4,300 
4,300 
4,300 
4,300 
4,300 
4,300 
4,300 
4,300 
4,300 
4,300 
4,300 
4,300 
4,300 
4,300 
4,300 

94,600 

3,900 

Major Channelization 

193,500 

on Lilly 

Construction 
(in Dollars) 

484,800 
484,800 
484,800 
484,800 
484,800 

2,423,800 

101.000 

Creek 

Operation and 
Maintenance 
(in Dollars) 

400 
900 

1,300 
1,800 
2,200 
2,200 
2,200 
2,200 
2,200 
2,200 
2,200 
2,200 
2,200 
2,200 
2,200 
2,200 
2,200 
2,200 
2,200 
2,200 
2,200 
2,200 
2,200 
2,200 

48,400 

2,000 



recommendations are of two basic types. The f i s t  type 
consists of structure removal from a relatively large area 
only part of which may be actually floodprone to the 
extent requiring structure removal, which area can then 
be used for the development of a public park or parkway. 
The second type consists of structure removal from small, 
scattered floodprone sites, the size and scattered nature 
of the sites precluding redevelopment for public park 
purposes for practical reasons. 

In the former case, it is clear that there are at least two 
aid programs-the state Outdoor Recreation Act Program 
(ORAP) and the federal Land and Water Conservation 
Program (LAWCON)--directly applicable to implementa- 
tion of floodland evacuation recommendations. With 
respect to the plan recommendation that the City of 
Wauwatosa acquire and remove nearly 50 homes from the 
floodplain adjacent to existing Hart Park and utilize the 
cleared land for the expansion of that park, for example, 
it would be possible for the City to apply for and- 
assuming the availability of sufficient state and federal 
funds--receive state and federal grants-inaid for the 
acquisition and removal of the structures involved and 
the conversion of the sites acquired to public park and 
open space use. This funding eligibility would exist even 
if the structures involved were acquired on an ad hoc, 
individual site-by-site basis over a relatively long period 
of time, provided that the implementing agency prepares 
and submits to the approving state and federal agen- 
cies, in this case the Wisconsin Department of Natural 
Resources and the U. S. Department of the Interior, 
Bureau of Outdoor Recreation, a proper project applica- 
tion that includes the entire area proposed to be acquired 
and ultimately converted to park and open space use. 

In the case of scattered site acquisition, implementation 
with state and federal assistance may be somewhat more 
difficult to  attain. There are no existing categorical state 
and federal aid programs that are designed to  be used t o  
acquire scattered floodprone structures where the intent 
is not to reuse the land for public park and open space 
purposes, but to return the land to private open space use 
after "writing off" some of the acquisition and clearance 
costs. The only federal grant-in-aid program that, as 
a practical matter, could be used to assist local com- 
munities in the Menomonee River watershed in acquiring 
and removing such scattered floodprone structures is the 
community development block grant program adminis- 
tered by the U. S. Department of Housing and Urban 
Development. Under this program, cities in excess of 
50,000 population, including Milwaukee and Wauwatosa 
in the watershed, are entitled to receive annually substan- 
tial amounts of block grant funds for a wide range of 
community development purposes, including urban 
renewal and neighborhood improvement, urban beau- 
tification, and park land acquisition. The Cities of Mil- 
waukee and Wauwatosa could, therefore, implement the 
structure removal portion of the Menomonee River 
watershed plan utilizing such available federal funds. 
Communities under 50,000 population, however, must 
compete for a very limited amount of federal discre- 
tionary community development block grants, and the 
current priority formula for the disposition of such 

limited funds does not favor the acquisition and removal 
of floodprone structures. Such communities are left, 
therefore, with no practical source of state and federal 
funding in support of implementing the scattered site 
structure removal portion of the floodland management 
element of the plan. 

Accordingly, it is recommended that the Wisconsin 
Department of Natural Resources take the lead in assur- 
ing that state and federal financial assistance is made 
available to all communities in the watershed for the 
purpose of ad hoc, scattered site removal of flood-prone 
structures in accordance with a duly adopted comprehen- 
sive watershed plan. It is suggested that the Department 
consider revising the rules under which state ORAP grants 
are currently awarded to enable local communities to 
obtain financial assistance up to 50 percent of the cost of 
acquiring scattered site flood-prone structures and of 
removing such structures. Such rules should not require 
that the communities involved commit the lands so 
acquired for public park and open space use, but rather 
should permit the communities to either retain ownership 
of the land for possible future public use or to dispose of 
the lands through sale to abutting landowners, with the 
proceeds from such sales to be returned to the grantor 
agency to reduce the net cost of the grant. In addition, it 
is suggested that the Department request the U. S. Depart- 
ment of the Interior, Bureau of Outdoor Recreation, to 
similarly amend the LAWCON grant program rules to 
make scattered site acquisition eligible for federal aid. It 
is further recommended that the U. S. Department of 
Housing and Urban Development consider amending its 
priority formula with respect to discretionary community 
development block grant funds to give high priority to 
projects which involve the acquisition and removal of 
flood-prone homes where floodproofing is inappropriate. 
In this way the Department, in effect, would be restoring 
a source of federal funding-the former federal open 
space land program-to local communities, which source 
had previously been used successfully for the acquisition 
and clearance of flood-prone properties. 

Bridge Replacement Subelement 
It  is recommended that any public or private body con- 
structing or financing new bridges or replacing existing 
bridges over the major stream channel system of the 
Menomonee River watershed design and co~struct such 
bridges in accordance with the water control facility 
objectives and standards set forth in Chapter I1 of this 
volume and with the accompanying design methodology 
and criteria. The cost of bridge replacement and construc- 
tion is not included in the recommended watershed plan, 
since it is assumed that any structures requiring replace- 
ment will have served their useful life and will, in any 
case, require replacement for traffic safety and trans- 
portation system construction, operation, and mainte- 
nance purposes. 

Flood Insurance Subelement 
It is recommended that all cities and villages in the 
watershed continue to participate in the Federal Flood 
Insurance Program. It is further recommended that the 
U. S. Department of Housing and Urban Development, 



in cooperation with the Wisconsin Department of Natural 
Resources, authorize the conduct of insurance rate studies 
in the Cities of West Allis and Mequon and the Villages 
of Germantown and Elm Grove. It is also recommended 
that the contractors retained by the U. S. Department of 
Housing and Urban Development to  conduct the flood 
insurance rate studies base those studies on the flood 
hazard data developed under this study. Finally, it is 
recommended that owners of property in flood-prone 
areas purchase flood insurance for protection against 
losses sustained in future floods. 

Lending Institution and Realtor Policies Subelement 
It is recommended that lending institutions continue to  
determine the flood-prone status of properties prior to  
granting of a mortgage and that the principal source of 
flood hazard information be that developed under the 
watershed planning program. It is also recommended that 
real estate brokers, salesmen, and their agents continue to  
inform potential purchasers of property of any flood 
hazard which may exist at the site in accordance with the 
1973 executive order by the Governor of Wisconsin. 

Community Utility Policies and 
Emergency Programs Subelement 
It is recommended that the policies of governmental units 
and agencies having responsibility for public utilities and 
facilities be designed to complement the floodland man- 
agement regulations for the Menomonee River watershed 
and the recommended primary environmental corridor 
subelement. It is further recommended that each water- 
shed community develop procedures to  provide floodland 
residents and other property owners with information 
about floods already in progress. 

Streamflow Recordation Subelement 
It is recommended that the U. S. Geological Survey 
continue to  operate the two continuous recorder gages 
temporarily installed at the N. 70th Street crossing of 
the Menomonee River in Wauwatosa and on the Meno- 
monee River at Pilgrim Road (CTH YY) in the Village of 
Menomonee Falls for purposes of the IJC Menomonee 
River Pilot Watershed Study subsequent to completion 
of that research project. Upon the completion of the IJC 
Study, it is recommended that the Wisconsin Department 
of Natural Resources, in accordance with funding arrange- 
ments in effect prior to the IJC Study, finance 50 percent 
of the cost of operation and maintenance of the continu- 
ous recording stream gaging station at N. 70th Street, 
and that Waukesha County finance 50 percent of the cost 
of operation and maintenance of the continuous record- 
ing stream gaging station at Pilgrim Road. It is further 
recommended that two of the three partial record sta- 
tions operated in the watershed by the U. S. Geological 
Survey in cooperation with the Wisconsin Departments of 
Transportation and Natural Resources-the Freistadt gage 
on the Little Menomonee River and the Milwaukee gage 
on Honey Creek--continue to  be operated, and the third 
gage-the Menomonee Falls gage at the Washington- 
Waukesha County line--be abandoned since it would be 
replaced by the recommended continuous stage recorder 
at Pilgrim Road. It is further recommended that the 
Village of Menomonee Falls, the City of Milwaukee, and 

the Milwaukee-Metropolitan Sewerage Commissions con- 
tinue to  maintain their crest stage or staff gage networks 
and that the Cities of Mequon and Brookfield and the 
Villages of Germantown and Elm Grove establish and 
maintain a network of crest stage or staff gages to provide 
for the acquisition of high water data during flood events. 
flood events. 

It is also recommended that research institutions having 
responsibilities in water resource and water resource- 
related areas in the watershed give consideration t o  the 
development of research projects, educational programs, 
and other special studies that could incorporate portions 
of existing and extensive water quality-quantity monitor- 
ing networks within the watershed. 

Miscellaneous Measures for the 
Industrial Valley Subelement 
It is recommended that the Milwaukee-Metropolitan 
Sewerage Commissions set a new flood protection eleva- 
tion of at least two feet above the 100-year recu,rrence 
interval peak flood stage profile for year 2000 land use 
plan conditions along the Menomonee River in the 
industrial valley upstream of River Mile 1 .75about  
N. 25th Street extended. It is further recommended 
that dikes and floodwalls be raised where necessary 
to  provide protection from flooding under probable 
future flow conditions. 

Maintenance of Stream Channels and 
Hydraulic Structure Waterway Openings 
It is recommended that civil divisions and governmental 
agencies within the watershed affected by or having 
jurisdiction over the watershed stream system carry out 
periodic cleaning and maintenance of both the stream 
channels and of the bridge and culvert waterway openings. 

WATER QUALITY MANAGEMENT PLAN ELEMENT 

The water quality management plan element of the 
recommended comprehensive Menomonee River water- 
shed plan includes completion of the long-range relief 
sewer construction program currently being conducted 
by the Sewerage Commission of the City of Milwaukee 
and the Metropolitan Sewerage Commission of the 
County of Milwaukee and the abandonment of four 
existing municipal sewage treatment plants and connec- 
tion of their service areas to  the Milwaukee-Metropolitan 
sewerage system; implementation of the results of a pre- 
liminary engineering study providing recommendations 
for the elimination of all combined sewer overflows 
emanating in the 10.7-square-mile combined sewer 
service area of the Menomonee River watershed; and 
the elimination of all flow relief device and industrial 
discharges. The plan also recommends the institution of 
creosote pollution abatement operations along a reach of 
the Little Menomonee River; the gradual elimination of 
onsite sewage disposal systems, and the institution of 
sound land management practices to control pollution 
from washoff from the land surface. Finally, the plan 
recommends the conduct of a continuing water quality 
monitoring program in the watershed. The water quality 
management plan element, for purposes of discussion, is 



divided into the following subelements: municipal sewage 
treatment plant abandonment, combined sewer overflow 
elimination, flow relief device elimination, industrial 
discharge elimination, creosote pollution abatement, 
onsite sewage disposal system elimination, land manage- 
ment, and continuing water quality monitoring. The 
recommended water quality management plan element 
implementation actions are set forth in Table 48, and 
a schedule of capital and operation and maintenance 
costs for this plan element are set forth in Table 55. 

Municipal Sewage Treatment - 
Plan Abandonment Subelement 
It is recommended that the four existing municipal 
sewage treatment plants in the watershed be aban- 
doned as set forth in SEWRPC Planning Report No. 16, 
A Regional Sanitary Sewerage System Plan for South- 
eastern Wisconsin, 1974. It  is further recommended that 

-- -- 

the Milwaukee-Metropolitan Sewerage Commissions con- 
tinue their long-range metropolitan district trunk, relief, 
and interceptor sewer construction program to  allow for 
the timely abandonment of the four municipal sewage 
treatment plants. Based upon present implementation 
schedules, it is anticipated that the abandonment of the 
four existing public sewage treatment plants will occur 
by 1981. 

Combined Sewer Overflow Elimination Subelement 
It  is recommended that pollution resulting from 25 com- 
bined sewer overflows discharging to the Menomonee 
River downstream of Hawley Road be abated. A prelimi- 
nary engineering study, called for in the adopted regional 
sanitary sewer system plan, is underway to  provide rec- 
ommendations for the abatement of the combined sewer 
overflow problem in the City of Milwaukee. It is proposed 
that the recommendations of that preliminary engineer- 
ing study be implemented by the Milwaukee-Metropolitan 
Sewerage Commissions so as to result in the construction 
of the necessary facilities needed to abate the combined 
sewer overflow problem in the Menomonee River water- 
shed as well as in the neighboring Milwaukee and Kin- 
nickinnic River watersheds. 

Flow Relief Device Elimination Subelement 
It is recommended that the 102 sanitary sewer flow relief 
devices--crossovers, bypasses, relief pumping stations- 
discharging to the major streams throughout the Meno- 
monee River watershed be controlled as called for in the 
adopted regional sanitary sewer system plan. The water- 
shed plan assumes the gradual control of flow relief 
devices by local and areawide governmental units and 
agencies through the Wisconsin Pollutant Discharge 
Elimination System (WPDES) administered by the 
Wisconsin Department of Natural Resources. 

Industrial Discharge Elimination Subelement 
It is recommended that the 44 industrial uoint sources 
discharging directly or indirectly to the Menomonee 
River watershed stream system be controlled. The water- 
shed plan assumes the gradual control of these discharges 
by the industries involved under the Wisconsin Pollutant 
Discharge Elimination System. 

Creosote Pollution Abatement ~ubelement" 
It is recommended that Milwaukee Countv through its ... 
Park Commission assume responsibility for the construc- 
tion of 3.46 miles of new channel adjacent and parallel 
to  the existing channel of the Little Menomonee River 
between River Mile 5.04 and W. Appleton Avenue at 
River Mile 1.58,and in addition fill in the existing channel 
and landscape the disturbed areas. Inasmuch as the 
bottom muds of the Little Menomonee River containing 
the creosote would be covered by up to  four feet of clean 
fill material, the associated hazards would be eliminated. 
A schedule of capital costs associated with this subele- 
ment is set forth in Table 55. 

Onsite Sewage Disposal System Elimination Subelement 
It is recommended that onsite sewage disposal systems, 
used by approximately 1 4  percent of the Menomonee 
River watershed population, be eliminated as proposed 
in the regional sanitary sewerage system plan, by the 
provision of sanitary sewer service to  presently unsewered 
urban areas. Furthermore, it is recommended that all 
planned urban development in the watershed be served by 
sanitary sewers. Provision of the recommended sanitary 
sewer service will require continuing cooperative efforts 
by the local units of government and the Milwaukee- 
Metropolitan Sewerage Commissions. 

Land Management Subelement 
It is recommended that pollution in rural areas caused 
by runoff of agricultural land be controlled primarily 
through the application of basic land conservation mea- 
sures such as contour plowing, strip cropping, and mini- 
mum tillage supplemented by the judicious application 
of other measures including bench terraces. Technical and 
financial assistance in the design and implementation of 
a land management program for a given farmstead is 
available from the U. S. Department of Agriculture, Soil 
Conservation Service and Agricultural Stabilization and 
Conservation Service and from the local soil and water 
conservation districts. 

I t  is recommended that pollution caused by washoff from 
barnyards and feedlots be abated by the construction of 
feedlot runoff pollution control systems at approxi- 
mately 40 barnyards and feedlots in the watershed. These 
systems would consist primarily of drainage control 
around each feedlot and provision of manure storage 
facilities. Technical assistance in selecting and designing 
feedlot pollution control measures is available through 
the U. S. Department of Agriculture, Soil Conservation 
Service, and financial assistance for implementation may 
be available through the U. S. Department of Agriculture, 
Agricultural Stabilization and Conservation Service. 

AS a result of the creosote pollution problem, Mil- 
waukee County has filed suit against Moss-American, 
Inc., for $500,000 in damages. That suit was pending in 
federal court as of June 1976. 



With respect to  diffuse source pollution control in urban 
areas, it is recommended that the communities in the 
watershed use a judicious blend of education and ordi- 
nance to  encourage citizens to apply low or nocost 
measures such as the following: control of littering by 
domestic animals, proper application of chemical and 
organic fertilizers and pesticides to lawns, control of litter 
and debris in proper material storage in private property 
and in public places, and control of sediment and debris 
during demolition and construction activities. It  is also 
recommended that communities examine the manner in 
which municipal services such as street cleaning and 
maintenance, street de-icing, and garbage collection are 
performed to determine if the average amount of dust 
and dirt that accummulates on road surfaces, and there- 
fore is subject to washoff in the stream system, can be 
significantly reduced with little or no increase in cost. I t  
is also recommended that community officials encourage 
land developers to consider the use of detention-retention 
storage as a means of reducing the washoff of potential 
pollutants from the land surface to the surface waters-in 
addition to possibly reducing the cost of storm water 
control and achieving recreational and aesthetic benefits. 

Continuing Water Quality Monitoring Subelement 
It is proposed that recommendations be developed in 
other areawide water quality planning and management 
programs concerning a continuing surface water quality 
monitoring programs in the Region, to  be published in 
early 1977, and to  be considered by the Menomonee 
River Watershed Committee for incorporation into the 
water quality management plan element of the Meno- 
monee River watershed plan inasmuch as these recom- 
mendations apply to  the Menomonee River watershed. 

RELATIONSHIP OF THE WATERSHED PLAN 
TO ENVIRONMENTAL IMPACT STATEMENTS 

Section 102(c) of the National Environmental Policy Act 
of 1969 requires the preparation by appropriate officials 
of detailed statements which assess the impact on the 
environment of nearly all development proposals and 
projects which in any way involve federal participation. 
Such statements must be addressed to  an assessment of 
the environmental impact of the proposed project, to 
any unavoidable adverse environmental effects, to alter- 
natives to  the proposed project, to  the relationship 
between local short-term uses of the environment and 
the maintenance and enhancement of long-term produc- 
tivity, and to  any irreversible and irretrievable commit- 
ments of natural resources caused by the projected 
project. Such environmental impact statements are 
intended to  provide an additional basis for the review 
of proposed capital improvement projects and are impor- 
tant in assuring that the decision-making process for 
federally aided public works of improvement includes 
adequate consideration of the potential effect of the 
project on the environment. 

The inventory data, extensive analyses, alternative plan 
elements, and recommended comprehensive plan for the 
Menomonee River watershed presented in summary form 
in the two volumes of this planning report constitute, in 

effect, a comprehensive environmental impact statement. 
In particular, positive and negative features of the various 
alternative subelements considered in synthesis of the 
comprehensive plan are discussed in Volume 2 in Chap- 
ter 111, " Land Use Base and Alternative Natural Resource 
Protection Measures," Chapter IV, "Alternative Flood- 
land Management Measures," and Chapter V, "Alterna- 
tive Water Quality Management Measures." Furthermore, 
Chapter VI, Volume 2, "Recommended Comprehensive 
Plan," contains an evaluation of the ability of the plan to 
meet the adopted objectives and standards and also 
describes the likely negative consequences of not imple- 
menting the recommended plan. 

As a comprehensive design for the preservation and 
protection of the natural resource base and for the 
maintenance and enhancement of the overall quality of 
the environment within the Menomonee River water- 
shed, the plan should provide the basis for preparation 
of future environmental impact statements with respect 
to  specific proposals for land and water resource-related 
public works construction within the watershed. More- 
over, each such future environmental impact statement 
should be carefully related to the recommended compre- 
hensive watershed plan and should demonstrate how the 
particular project under consideration would assist in 
achieving the objectives, principles, and standards which 
underlie and have formed the basis for the recommended 
comprehensive watershed plan. 

FINANCIAL AND TECHNICAL ASSISTANCE 

Upon adoption of the various land use, floodland man- 
agement, and water quality management plan elements 
and any necessary schedules of capital costs and opera- 
tion and maintenance expenditures, it becomes necessary 
for the areawide governmental agencies concerned and 
the local units of government within the watershed to 
utilize effectively all sources of financial and technical 
assistance available for the timely execution of the 
recommended plan elements. In addition to current tax 
revenue sources, such as property taxes, fees, fines, public 
utility earnings, highway aids, educational aids, and state- 
collected taxes, the areawide agencies and local units of 
government also can make use of other revenue sources, 
such as borrowing, special taxes and assessments, state 
and federal grants, and gifts. Various types of technical 
assistance useful in plan implementation are also available 
from county, state, and federal agencies. The type of 
assistance extends from the technical advice on land and 
water management practices provided by the U. S. Soil 
Conservation Service to  the educational, advisory, and 
review services offered by the University of Wisconsin- 
Extension and the Regional Planning Commission itself. 

Borrowing 
Areawide agencies and local units of government are 
normally authorized to borrow so as to effectuate their 
powers and discharge their duties. Chapter 67 of the 
Wisconsin Statutes generally empowers counties, cities, 
villages, and towns to  borrow money and to issue munici- 
pal obligations not to  exceed 5 percent of the equalized 
assessed valuation of its taxable property, with certain 



Table 55 

SCHEDULE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS OF THE WATER QUALITY 
MANAGEMENT PLAN ELEMENT OF THE RECOMMENDED COMPREHENSIVE PLAN 
FOR THE MENOMONEE RIVER WATERSHED BY COUNTY AND YEAR: 1977-2000 

County 

Milwaukee 

County Total 

Calendar 
Year 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

Project 
Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

County Annual Average 8,400 

County 

Ozaukee 

County Total 

Abate 
Creosote 
Pollution 

Construction 
(in Dollars) 

40,200 
40,200 
40,200 
40,200 
40,200 

201,000 

County Annual Average 

Calendar 
Year 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

272,000 1,050 

Project 
Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Total 
(in Dollars) 

50,400 
50,400 
50,400 
50.400 
50,400 
6,500 
6,500 
6.500 
6,500 
6,500 
6.500 
6,500 
6,500 
6,500 
6,500 
6,500 
6.500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 

374,600 

15,600 

Total 
(in Dollars) 

307.800 
307,800 
307.800 
307,800 
307.800 
262,500 
262,500 
262,500 
262,500 
262,500 
262,500 
262,500 
262,500 
262,500 
262,500 
262,500 
262,500 
262,500 
262,500 
262,500 
262,500 
262,500 
262.500 
262,500 

6,527,500 

Control 
Runoff from 

Animal Feedlotsa 

Construction 
(in Dollars) 

262,500 

Reduce 
Diffuse Source 
Pollution from 
Urban LandsC 

Operation and 
Maintenance 
(in Dollars) 

6.500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6.500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6,500 
6.500 
6,500 
6,500 
6.500 

155,000 

6,500 

Abate 
Creosote 
Pollution 

Construction 
(in Dollars) 

Reduce 
Diffuse Source 
Pollution from 

Agricultural Landsb 

Construct~on 
(in Dollars) 

5,100 
5,100 
5,100 
5.100 
5,100 

25,500 

Reduce 
Diffuse Source 
Pollution from 
Urban LandsC 

Operation and 
Maintenance 
(in Dollars) 

262,500 
262,500 
262,500 
262.500 
262,500 
262,500 
262.500 
262,500 
262,500 
262,500 
262,500 
262,500 
262.500 
262,500 
262,500 
262,500 
262,500 
262.500 
262,500 
262.500 
262,500 
262,500 
262,500 
262,500 

6,301,000 

Control 
Runoff from 

Animal ~ e e d l o t s ~  

Construction 
(in Dollars) 

36,000 
36,000 
36,000 
36.000 
36,000 

180,000 

7,500 

Reduce 
Diffuse Source 
Pollution from 

Agricultural Landsb 

Construction 
(in Dollars) 

7,900 
7,900 
7,900 
7,900 
7.900 

39,600 

1,650 



Table 55 (continued) 

a~ssumes the installation of  feedlot pollution control measures to 4 0  barnyards o r  feedlots in the wafershed-about 8Opercent of  the toral- 
at a capital cost o f  $IO,WO per acre. 

County 

Washington 

County Total 

b~ssumes the application of contour plowing, strip cropping, or minimum tillage or various combinations o f  these measures, a t  a capital cost o f  
$10 per acre, to the 36 square miles of cropland and pasture i n  Ohe watershed havinga slope o f  Spercent or more. 

C~ssumes application of improved street cleaning procedures to 67 square miles o f  urban land at an incremental annual cost of $10 per acre 
per year. 

Source: SEWRPC. 

Calendar 
Year 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

County Annual Average 

Project 
Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

9,150 

Abate 
Creosote 
Pollution 

Construction 
(in Dollars) 

County 

Waukesha 

County Total 

Control 
Runoff from 

Animal Feedlotsa 

Construction 
(in Dollars) 

44,000 
44,000 
44.000 
44,000 
44,000 

220,000 

39,500 4,600 

Total 
(in Dollars) 

145.200 
145,200 
145,200 
145,200 
145,200 
134,300 
134,300 
134,300 
134.300 
134.300 
134.300 
134.300 
134,300 
134.300 
134,300 
134,300 
134,300 
134,300 
134,300 
134,300 
134,300 
134,300 
134,300 
134,300 

3,276,500 

136,500 

11,127,400 

463,700 

25,800 

Reduce 
Diffuse Source 
POll~tiOn from 

Agricultural Landsb 

Construction 
(in Dollars) 

10,900 
10,900 
10.900 
10.900 
10,900 

54,500 

2,250 

230,400 

9,600 

Calendar 
Year 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

Reduce 
Diffuse Source 
Pollution from 
Urban LandsC 

Operation and 
Maintenance 
(in Dollars) 

134,300 
134,300 
134,300 
134,300 
134.300 
134,300 
134,300 
134,300 
134,300 
134,300 
134,300 
134,300 
134,300 
134,300 
134,300 
134,300 
134,300 
134.300 
134.300 
134,300 
134,300 
134,300 
134,300 
134,300 

3,222,000 

134,300 

10,296,000 

429,000 

County Annual Average 

Watershed Total 

Watershed Annual Average 

Total 
(in Dollars) 

92,000 
92.000 
92,000 
92.000 
92,000 
25,800 
25.800 
25,800 
25,800 
25,800 
25,800 
25.800 
25,800 
25,800 
25,800 
25,800 
25,800 
25,800 
25,800 
25,800 
25,800 
25,800 
25,800 
25,800 

948,800 

Reduce 
Diffuse Source 
Pollution from 

Agricultural Landsb 

Construction 
(in Dollars) 

22,200 
22.200 
22,200 
22,200 
22,200 

1 10.800 

Project 
Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Reduce 
Diffuse Source 
Pollution from 
Urban LandsC 

Operation and 
Maintenance 
(in Dollars) 

25,800 
25,800 
25,800 
25,800 
25,800 
25,800 
25,800 
25,800 
25.800 
25.800 
25,800 
25.800 
25,800 
25,800 
25,800 
25,800 
25,800 
25,800 
25,800 
25.800 
25,800 
25.800 
25,800 
25,800 

61 8,000 

201,000 

8,400 

400,000 

16.700 

Abate 
Creosote 
Pollution 

Construction 
(in Dollarsl 

Control 
Runoff from 

Animal Feedlotsa 

Construction 
(in Dollars) 



exceptions, including school bonds and revenue bonds. 
Such borrowing powers, which are related directly to 
implementation of the comprehensive Menomonee River 
watershed plan, include these: 

1. Counties may issue bonds for county park and 
related open space land acquisition and develop- 
ment. 

2. Cities and villages may borrow and issue bonds 
for the construction of water supply and distribu- 
tion systems, for sewage treatment plants, and for 
park and related open space land acquisition 
and development. 

3. Towns may issue bonds for acquiring river fronts, 
lakeshore, woodlots, and scenic and historic sites. 

Section 60.307 of the Wisconsin Statutes specifically 
authorizes town sanitary districts to  borrow money and 
to issue bonds for the construction or extension of storm 
sewer, sanitary sewer, and water supply systems. Sections 
66.202 and 59.96(7) of the Wisconsin Statutes authorize 
metropolitan sewerage districts to borrow money and to 
issue bonds for the construction of sanitary sewerage 
facilities. Farm drainage boards are authorized under 
Section 88.12 of the Wisconsin Statutes to issue bonds 
for any and all of their functions. In addition, the powers 
of cooperative contract commissions created under Sec- 
tion 66.30 of the Wisconsin Statutes were recently clari- 
fied13 to include borrowing by the contracting bodies 
of such commissions for acquiring, constructing, and 
equipping areawide projects. 

Federal advances and loan programs have been largely 
supplanted by federal block grant programs. These pro- 
grams are discussed under the section entitled "Park and 
Open Space Land and Development Grants." 

Special Taxes and Assessments 
Counties and cities have special assessment powers for 
park and parkway acquisition and improvements under 
Sections 27.065 and 27.10(4), respectively, of the 
Wisconsin Statutes. Counties are empowered under Sec- 
tion 27.06 of the Wisconsin Statutes to levy a mill tax to  
be collected into a separate fund and to be paid out only 
upon order of the county park commission for the 
purchase of land and other commission expenses. Farm 
drainage boards, town sanitary districts, metropolitan 
sewerage districts, cities, and villages also have taxing and 
special assessment powers under Sections 88.06, 63.06, 
60.39,59.96(9), and 62.18(16) of the Wisconsin Statutes. 
Although soil and water conservation districts have no 
taxing, bonding, or assessment powers, such districts may 
recover the cost and expenses, with interest, of perform- 
ing work or operations, as authorized by a court under 
Section 92.11 of the Wisconsin Statutes. 

Park and Open Space Land and Development Grants 
Several federal grant programs are available to state and 
local units of government, and one state grant program is 

j3  Chapter 238, Laws o f  Wisconsin, 1965. 

available to local units of government for the financing of 
park land acquisition and development. In general, the 
local units of government and agencies in the Region 
are eligible for these grants; however, the eligibility of 
individual projects is based upon certain planning and 
other prerequisites and must be determined for each 
specific project. The following is a brief description of 
these programs. 

State Local Park Aids Program (ORAP): This program, 
administered by the Wisconsin Department of Natural 
Resources, provides grants to  all local units of govem- 
ment in amounts up to  50 percent of the cost of acquiring 
and developing recreational lands and rights-in-land to 
be used for local park and open space systems. Such state 
funds can also be used t o  help match federal funds. 

C o m m u n i t y :  This 
program. authorized under Title I of the Housing and - - ,  

Community Development Act of 1974, public- Law 
93-383, and administered by the U. S. Department of 
Housing and Urban Development, consolidates seven 
former community development-type categorical pro- 
grams and provides grants to cities for the acquisition 
and development of land for park and open spaces, in 
addition to urban beautification, and sewer and water 
facilities grants. These grants are available as entitlement 
grants to  cities with populations in excess of 50,000 and 
are available as discretionary grants to communities of 
under 50,000 persons. 

Federal Land and Water Conservation Fund: This pro- 
gram, administered by the U. S. Department of the 
Interior, Bureau of Outdoor ~ecreation, through the 
Wisconsin Department of Natural Resources, provides 
grants to state and local units of government in amounts 
up to  50 percent of the cost of acquisition and improve- 
ment of outdoor recreation areas. 

Water Supply and Sewerage System Grants 
One state and one federal grant program are available to  
local units of government for the financing of water 
systems, sewer facilities, storm water drainage systems, 
and sewage treatment facilities. A brief description of 
these two programs follows. 

State Water Pollution Prevention and Abatement Pro- 
grams: This program, administered by the Wisconsin 
Department of Natural Resources pursuant to the rules 
set forth in Chapter NR 125 of the Wisconsin Administra- 
tive Code, provides financial assistance to local govern- 
ments for the cost of approved pollution abatement and 
prevention projects. Eligible projects include waste treat- 
ment facilities; trunk, relief, and intercepting sewers; out- 
fall sewers; certain sewage collection systems; and other 
appurtenances. It is anticipated that all facility recom- 
mendations included in the water quality management 
element of the watershed plan would be eligible for state 
financial assistance. For nonfederally aided projects, the 
state grant is 25 percent of the total cost. For projects 
receiving federal aid, the state grant offer may amount 
to  5 percent to provide combined state and federal 
assistance in the amount of 80 percent of the cost of the 



project, except that combined state and federal assistance 
may extend to  90 percent of the cost of that part of the 
project consisting of advanced or tertiary sewage treat- 
ment components. 

Federal Waste Treatment Works Construction Program: 
This program, administered by the U.  S. Environmental 
Protection ~ ~ e n c ~ ,  provides federal financial assistance in 
an amount of 75 percent of the total cost of approved 
project. Projects must be found to be in conformance 
with an approved facility plan and areawide water quality 
management or Section 303 basin plan, as applicable. 
It is anticipated that all facilities included in the rec- 
ommended regional sanitary sewerage system plan 
will be eligible for 75 percent federal assistance under 
this program. 

Soil and Water Conservation Grants 
There are several programs available for conservation and 
protection of the agricultural lands and environmental 
corridors recommended in the Menomonee River water- 
shed plan for preservation, A brief description of these 
programs follows. 

State Soil and Water Conservation Program: This program, 
administered by the Wisconsin Board of Soil and Water 
Conservation Districts, provides grants to the county soil 
and water conservation districts in amounts up to 50 per- 
cent toward the cost of approved soil and water conserva- 
tion projects. 

Federal Agricultural Conservation Program: This program, 
administered bv the U. S. Department of Agriculture. 
Agricultural stabilization and conservation service, pro: 
vides grants to farmers for carrying out approved soil, 
water, woodland, and wildlife conservation practices. 

Federal Resource Conservation and Development Pro- 
gram: This program, administered by the U. S. Depart- 
ment of Agriculture, Soil Conservation Service, provides 
cost sharing up to 100 percent for flood control and 
sediment control works and up to  50 percent for con- 
struction of water conservation works, structural recrea- 
tion works, and improved land use measures. 

Federal Cropland Adjustment Program: This program, 
also administered bv the U. S. Department of Agriculture, - 
Agricultural Stabilization and Conservation Service, 
provides grants in amounts up to 50 percent of the cost 
to  farmers to divert cropland to protective conservation 
uses for 5- to 10-year periods, the cost being based upon 
the value of the crops which would be produced. This 
program also provides cost sharing up to 50 percent 
toward the cost of carrying out good conservation 
practices, such as establishment of vegetative cover, 
forest cover, good wildlife habitat, and preservation of 
natural beauty. 

Federal Multiple-Purpose Watershed Program: This pro- 
gram. administered by the U. S. Department of Agricul- 
&re,'Soil conservation Service, th;ough the state Soil 
Conservation Board, provides cost sharing up to 100 per- 

cent to qualified sponsors, such as soil and water con- 
servation, flood control, drainage, or irrigation districts 
for flood prevention works and up to  50 percent towards 
agricultural water management, public recreation, fish and 
wildlife development, acquisition of certain recreational 
land rights, and agricultural land planning and treatment. 

State Water Quality Regulation Enforcement Program: 
This program, administered by the Wisconsin Department 
of Natural Resources, provides annual grants to  counties 
in amounts up to $1,000 in partial support of the cost of 
administering and enforcing county water protection or 
shoreland use regulations. 

Federal Water Resources Investigation Program 
The U. S. Department of the Interior, Geological Survey, 
administers a cooperative water resources investigation 
program that provides federal matching funds in amounts 
up to  50 percent of the cost of projects under the 
program. This program includes the installation, cali- 
bration, operation, and maintenance of stream gage 
recording stations. 

f i s  
Substantial federal financial and technical assistance is 
available for the construction of approved flood control 
works under the general works projects program carried 
out by the U. S. Army Corps of Engineers upon U. S. 
Congressional approval of a particular project. After 
feasibility studies and public hearings, the U. S. Army 
Corps of Engineers will undertake the construction of 
such flood control works as levees, dams, and reservoirs. 
All lands, easements, and necessary rights-of-way and 
other costs in accordance with established cost sharing 
policies, however, must be provided by the local unit of 
government. In addition, the local unit of government 
must agree to maintain and to operate all facilities 
constructed under the program in accordance with regula- 
tions prescribed by the Secretary of the Army. 

Gifts 
Donations of lands, interests in lands, or monies from 
private individuals and corporations should not be over- 
looked as sources of possible assistance in regional plan 
implementation, particularly with respect to park acquisi- 
tion and environmental corridor preservation. The poten- 
tial contributions, both in leadership and funds, from 
private groups should not be underestimated. Such gifts, 
either in lands, interests in lands, or monies, may, more- 
over, be used toward the local contribution in obtaining 
various state and federal grants. 

Technical Assistance 
Certain federal, state, regional, and county agencies pro- 
vide various levels and types of technical assistance useful 
in watershed plan implementation to  local units of gov- 
ernment upon request. Limited guidance and assistance 
are usually provided without cost, or such assistance may 
be provided for a nominal fee. In some cases the local 
unit of government may contract with the agency for 
more extensive technical assistance services. A summary 
of the various levels and types of assistance available by 
agency follows. 



Federal Agencies: The U. S. Department of Agriculture, 
Soil Conservation Service, provides technical assistance to 
local units of government and soil and water conservation 
districts for resource conservation, development, and 
utilization programs. The Soil Conservation Service also 
provides technical assistance to local units of government 
in the adaptation of the detailed operational soil survey 
and interpretive analyses to urban planning and develop- 
ment problems under a "Memorandum of Understanding" 
with the Commission. 

The U. S. Department of the Interior, Bureau of Outdoor 
Recreation, provides limited technical assistance and 
advice to local units of government and private interests 
in recreational resource planning and programming. 

The U. S. Environmental Protection Agency provides 
technical assistance and advice on request at no cost to 
state and local units of government and private firms 
relative to water quality problems. 

State Agencies: The University of Wisconsin Extension, 
through the county agents and extension specialists, 
provides important educational and technical assistance 
to farmers and to local units of government in public 
affairs, soil and water conservation, and outdoor recrea- 
tion. An example of such university assistance having 
a direct relationship to watershed plan implementation 
is the educational services on the use and adaptation of 
the detailed operational soil survey and interpretive 
analyses being provided under the previously cited 
"Memorandum of Understanding" between the Univer- 
sity and the Commission. Since the work of the Commis- 
sion is entirely advisory, the importance of organized 
educational efforts directed at achieving public under- 
standing and acceptance of the regional plans cannot be 
overestimated. The University Extension can, in this 
respect, fulfill an indirect, yet most important, plan 
implementation function. 

The Wisconsin Department of Natural Resources provides 
advice on water problems; fish management; and forest 
planting, protection, management, and harvesting and 
will contract with counties to prepare outdoor recreation 
plans which would establish county eligibility under the 
Federal Land and Water Conservation Program. 

The Wisconsin Department of Natural Resources provides 
plan review services and supervision of the operation of 
public water supply and sewage treatment facilities and is 
authorized to provide technical assistance to local units 
of government and private groups in their efforts to 
initiate or engage in specific types of development, such 
as parks, recreation, resource development, water supply, 
and sewage disposal. The Department was recently 
authorized to extend assistance to local units of govern- 
ment for the purpose of securing uniformity of water 
resource protection regulations. 

The State Board of Soil and Water Conservation Districts 
is authorized to provide assistance to landowners and the 
county soil and water conservation districts in carrying 
out soil and water conservation practices. 

Areawide Agencies: The Southeastern Wisconsin Regional 
Planning Commission, through its Community Assistance 
Division, provides limited educational, advisory, and 
review services to the local units of government, including 
participation in educational programs, such as workshops; 
provision of speakers; sponsorship of regional planning 
conferences; publication of bimonthly newsletters; selec- 
tion of staff and consultants; preparation of planning 
programs; special base and soil mapping, preparation of 
suggested zoning, official mapping, and land division 
ordinances; information regarding federal and state aid 
programs; and the review oflocal planning programs, plan 
proposals, ordinances, and most state and federal grant 
applications. In addition, the Commission is empowered 
to contract with local units of government under Sec- 
tion 66.30 of the Wisconsin Statutes to make studies and 
offer advice on land use, transportation, community 
facilities, and other public improvements. 

County Agencies: The County Soil and Water Conser- 
vation Districts are authorized to cooperate in furnishing 
technical assistance to landowners or occupiers and any 
public or private agency in preventing soil erosion and 
floodwater and sedimentation damage and in furthering 
water conservation and development. 

Those counties with park or planning staffs provide cer- 
tain technical services related to park design and general 
community planning and development problems to local 
units of government and private groups. 

SUMMARY 

This chapter has described the various means available 
and has recommended specific procedures for implemen- 
tation of the recommended comprehensive Menomonee 
River watershed plan. The most important recommended 
plan implementation actions are summarized in the 
following paragraphs by level of government, responsible 
agency or unit of government, and plan elements. 

and Urban Development: 

1. Endorse the comprehensive Menomonee River 
watershed plan and use such plan as a guide in 
the administration and granting of federal aids for 
community development and in the administra- 
tion of the national flood insurance program. 

2. Assign the highest appropriate priorities to all 
applications for community development block 
grants that are in support of the acquisition and 
development of those park and open space sites 
recommended for public use in the plan. 

3. Approve only those applications for sewer and 
water facility block grants that are located and 
designed in accordance with the land use and 
water quality management elements of the 
Menomonee River watershed plan. 



4. Amend the priority formula for all community 
development block grant funds to give high 
priority to  projects which involve the acquisition 
and removal of flood-prone homes where flood- 
proofing is inappropriate. 

U. S. Environmental Protection Agency: It is recom- 
mended that the U. S. Environmental Protection Agency: 

1. Accept the recommended Menomonee River 
watershed plan upon state certification thereof 
and utilize the plan as a guide in the administra- 
tion and granting of federal aids for the construc- 
tion of sewage treatment plants and related 
facilities within the watershed. 

U. S. Department of the Interior, Bureau of Outdoor 
Recreation: It is recommended that the U. S. Department 
of the Interior, Bureau of Outdoor Recreation: 

1. Acknowledge the Menomonee River watershed 
plan and utilize the plan in its administration and 
granting of aids under the Land and Water Con- 
servation Fund Act. 

2. In cooperation with the Wisconsin Department of 
Natural Resources, amend the federal LAWCON 
grant-in-aid rules so that such monies can be 
utilized by local communities for the purpose 
of ad hoc, scattered site acquisition and removal 
of flood-prone structures where floodproofing 
is inappropriate. 

U. S. Department of the Interior, Geological Survex: It is 
recommended that the U. S. Department of the Interior, 
Geological Survey: 

1 .  Endorse the comprehensive Menomonee River 
watershed plan and continue to maintain a coop- 
erative program of water resources investigation 
in the watershed, including the continued opera- 
tion of two continuous stream gaging stations 
in the basin. 

U. S. De~artment of Amiculture. Amicultural Stahiliza- 
tion and Conservation Service: It is recommended that 
the U. S. Department of Agriculture, Agricultural Stabili- 
zation and Conservation Service: 

1. Acknowledge the recommended Menomonee 
River watershed plan and utilize the plan in the 
administration of its agricultural conservation 
programs. 

U. S. Department of Agriculture, Soil Conservation Ser- 
vice: It is recommended that the U. S. Department of - 
Agriculture, Soil Conservation Service: 

1. Acknowledge the recommended Menomonee 
River watershed plan and utilize the plan as 
a guide in the administration and granting of 
federal aids for resource conservation and devel- 

opment and for construction of multipurpose 
watershed projects within the Region and in the 
provision of technical assistance for land and 
water conservation. 

U. S. Department of the Army, Corps of Engineers: It is 
recommended that the U. S. Department of the Army, 
Corps of Engineers: 

1 .  Acknowlege the recommended Menomonee River 
watershed plan and cooperate with any local or 
state units and agencies of government in any 
requests for assistance in implementation of the 
floodland management element of the Meno- 
monee River watershed plan. 

State Level 
Wisconsin Department of Natural Resources: It is recom- 
mended that the State Natural Resources Board and the 
Department of Natural Resources: 

1. Endorse the comprehensive Menomonee River 
watershed plan and direct its integration into the 
various conservation, park and outdoor recreation, 
environmental protection, water control, and 
technical and financial assistance programs con- 
ducted by various divisions of the Department. 

2. Certify the Menomonee River watershed plan 
to the U. S. Environmental Protection Agency 
as a river basin plan for state and federal plan- 
ning purposes. 

3.  Conduct periodic water pollution control surveys 
of the Menomonee River Basin and reevaluate, 
amending as necessary, and enforce outstanding 
pollution control orders in accordance with pollu- 
tion abatement recommendations, as set forth in 
the Menomonee River watershed plan. 

4. Endorse the recommended water quality manage- 
ment plan element for the Menomonee River 
watershed which seeks to  abate pollution in the 
Menomonee River stream system and reflect such 
endorsement through the continual review and 
amendment of permits issued under Wisconsin 
Pollutant Discharge Elimination System. 

5. Give due weight to the recommended Menomonee 
River watershed plan in the exercise of the 
Department's various water regulatory functions, 
including approval of floodland regulations and 
the issuance of permits dealing with proposed 
river crossings and channel-floodplain alterations. 

6.  Encourage counties and local units of government 
in the watershed to follow the watershed plan 
recommendations relative to floodland and 
shoreland zoning when review is made of flood- 
land and shoreland zoning ordinances prepared by 
such local units of government, pursuant to  Sec- 
tions 59.971 and 87.30 of the Wisconsin Statutes. 



7. Adopt the regional soil survey and analyses as 
a guide in regulating installation of soil absorp- 
tion sewage disposal systems within the water- 
shed, prohibiting the installation of such systems 
on soils within the watershed that have very 
severe limitations for the absorption of sewage 
effluent, as determined by the detailed opera- 
tional soil surveys. 

8. Endorse and integrate the primary environmental 
corridor plan element of the recommended Meno- 
monee River watershed plan into the State long- 
range conservation and outdoor recreation plans 
as a guide to  park and related open space develop- 
ment and to resource conservation and manage- 
ment practices within the watershed. 

9. Assign the highest appropriate priorities to  
all Federal Land and Water Conservation 
Fund (LAWCON) or State Local Park Aids 
Program (ORAP) local park aid applications for 
land located within the primary environmental 
corridors. 

10. Approve only such applications for state and 
federal aids in partial support of the construc- 
tion and improvement of municipal pollution 
prevention and abatement facilities that are 
located and designated in general concurrence 
with the recommended Menomonee River water- 
shed plan. 

11. Recommend to  the State Legislature that consid- 
eration be given to the establishment of a Green- 
way Tax Law patterned after the well-established 
Forest Crop Law and directed toward providing 
property tax incentives for private landowners 
who retain and manage high-value woodlands 
throughout the watershed and the state. 

12. Increase the amount of technical aid and assis- 
tance to private landowners relative to the proper 
management of woodland and wetland resources. 

13. Continue the operation and maintenance of stream 
flow gages in cooperation with the U. S. Geo- 
logical Survey. 

14. Take the lead in assuring that state ORAP and/or 
federal LAWCON funds are made available to 
local communities to obtain financial assistance 
up to 50 percent of the cost of acquiring and 
removing scattered site flood-prone structures in 
accordance with a duly adopted comprehensive 
watershed plan. 

d: 
It is recommended that the Wisconsin Department of 
Local Affairs and Development: 

1.  Endorse the comprehensive Menomonee River 
watershed plan and direct its integration into 
the various functions of the Department. 

2. Give due weight to the recommended Meno- 
monee River watershed land use plan element in 
reviewing proposed annexations, incorporations, 
and consolidations. 

3. Promote implementation of the Menomonee 
River watershed plan in its program of providing 
technical assistance to  local units of government. 

4. Take the lead in initiating a legislative study 
designed to probe the inconsistencies now exist- 
ing between property taxation and land develop- 
ment policies in Wisconsin and recommend appro- 
priate remedial action. 

Wisconsin Department of Transportation: It is recom- 
mended that the Department of Transportation: 

1.  Give due weight to  the recommended Meno- 
monee River watershed plan in its transportation 
facility planning and construction activities, with 
particular respect to  the alignment of right-of- 
ways and replacement of bridge structures in 
the stream valleys of the watershed so that 
the flood control objectives of the watershed 
plan are achieved. 

2. Coordinate the establishment, signing and mark- 
ing, and maintenance of the recommended system 
of Menomonee River scenic drives and urban 
interconnecting streets in cooperation with the 
four county highway committees concerned. 

3. Continue the operation and maintenance of 
streamflow gages in conjunction with the U. S. 
Geological Survey. 

Wisconsin De~artment of Health and Social Services. ~ - ~ - 

Division of . ~ea l t h :  It is recommended that the 
Health and Social Services Board and the State Division 
of Health: 

1. Endorse the comprehensive Menomonee River 
watershed plan, with particular respect to the 
land use plan element and the rational urban 
service areas implied therein in the exercise of 
its subdivision review and approval powers. 

2. Adopt the regional soil survey and analyses as 
a guide in reviewing subdivision plats so as to  
prohibit the installation of soil absorption sewage 
disposal systems on soils that have very severe 
limitations for such systems, thereby delaying the 
subdivision of land covered by such soils until 
such time as public sanitary sewerage service 
becomes available. 

Wisconsin Board of Soil and Water Conservation Districts: 
It is recommended that the Wisconsin Board of Soil and 
Water Conservation Districts: 

1. Endorse the comprehensive Menomonee River 
watershed plan, with particular respect to the 
recommended land use plan element, including 



the agricultural land use and environmental 
corridor recommendations, as a guide in the 
coordination of County Soil and Water Conser- 
vation Districts projects. 

2. Apportion appropriate federal and state funds 
to  the County Soil and Water Conservation Dis- 
tricts within the watershed to  assist them in 
implementing agricultural land management sub- 
elements of the recommended watershed plan. 

Areawide Level 
Metrovolitan Sewerase District of the Countv of Mil- 
waukee: It is recommended that the Sewerage Commis- 
sion of the City of Milwaukee and the Metropolitan 
Sewerage Commission of the County of ~ i l i a u k e e ,  
acting as agents for the Metropolitan Sewerage District 
of the County of Milwaukee: 

1. Adopt the recommended Menomonee River 
watershed plan, including the land use, floodland 
management, and water quality management 
elements, and thereafter determine the proposed 
sewer service areas in accordance with the plan. 

2. Complete the long-range trunk and relief sewer 
construction program in Milwaukee County in 
order to  allow the abandonment of the four 
existing municipal sewage treatment plants in 
the watershed, and abate the pressing water pollu- 
tion problems in the Menomonee River watershed 
caused by separate sanitary sewer overflows. 

3. Construct and maintain 1.65 miles of major 
channelization in the Cities of Wauwatosa and 
Milwaukee between N. 70th and N. 45th Streets. 

4. Undertake responsibility for implementation of 
the plan recommendation dealing with the abate- 
ment of pollution caused by combined sewer over- 
flows in the Menomonee River watershed (Sewer- 
age Commission of the City of ~ i lwaukee ) . ' ~  

5. Continue their program of monitoring stream 
stages in the Menomonee River watershed. 

6. Set a new flood protection elevation along the 
Menomonee River in the industrial valley and 
raise dikes and floodwalls as necessary to provide 
protection from probable future flood flows in 
that area. 

7. Clean and maintain, in cooperation with local 
units of government, stream channels and hydrau- 
lic structure waterway openings. 

Jackson-Germantown Drainage District: It is recom- 
mended that the Jackson-Germantown Drainage District: 

1. Acknowledge the recommended Menomonee 
River watershed plan, particularly the land use 
and floodland management plan elements. 

l 4  Parentheses indicate that the recommended action is 
only applicable to the named unit or units o f  government. 

Underwood Sewer Commission: It is recommended that 
the Underwood Sewer Commission. 

1.  Adopt the recommended Menomonee River water- 
shed plan, especially the floodland management 
and water quality management plan elements. 

2. Construct and maintain a detention reservoir on 
Dousman Ditch in the City of Brookfield and 
help to  implement in the recommended replace- 
ment of the Chicago, Milwaukee, St. Paul, and 
Pacific Railroad Bridge over Underwood Creek in 
the City of Brookfield. 

3.  Clean and maintain, in cooperation with the 
Village of Elm Grove, the City of Brookfield, 
and the Wisconsin Department of Natural 
Resources, stream channels and hydraulic struc- 
ture waterway openings. 

Menomonee South Sewerage Commission: It is rec- 
ommended that the Menomonee South Sewerage Com- 
mission : 

1. Adopt the recommended Menomonee River 
watershed plan, particularly the water quality 
management plan element. 

Local Level 
Milwaukee, Ozaukee, Washington, and Waukesha County 
Boards of Supervisors: It is recommended that the county 
boards of the four major constituent counties comprising 
the Menomonee River watershed, upon the recommenda- 
tion of the appropriate agencies and committees: 

- 

1. Adopt the recommended Menomonee River 
watershed plan, as it applies to each county, as 
a guide to the future development of the Meno- 
monee River watershed portion of the county. 

2. Support the establishment of the Menomonee 
River Watershed Committee by the Southeastern 
Wisconsin Regional Planning Commission as 
a continuing intergovernmental advisory body 
concerned with watershed plan adjustment 
and implementation. 

3. Adopt the regional land use and transporta- 
tion plan. 

4. Consider the establishment of a county park and 
planning commission and reassign, as appropriate, 
all county zoning, subdivision plat review, and 
park and recreation functions (Ozaukee). 

5. Officially adopt the land use plan element of the 
Menomonee River watershed plan, 

6.  Adopt the recommended "Schedules of Capital 
Costs" as a guide to plan implementation 
and annually consider allocation of monies 
for implementation, including the purchase of 
land designated as primary environmental coni- 
dor, construction and maintenance of parkway 



drives and recreational trails, and the signing 
and marking of scenic drives and interconnecting 
urban streets. 

7.Continue the operation and maintenance of 
streamflow gages in cooperation with the U. S. 
Geological Survey (Waukesha). 

8. Adopt soil and conservation land use regulations, 
as formulated by the soil and water conservation 
district supervisors. 

9. Report to  the Wisconsin Department of Natural 
Resources any alleged encroachments on the 
navigable channels of the Menomonee River 
system. 

10. Establish, in cooperation with the Wisconsin 
Department of Transportation and upon recom- 
mendation of the respective county highway 
committee, the establishment of a Menomonee 
River scenic drive and interconnecting urban 
street system. 

11. Continue to participate in the Federal Flood 
Insurance program (Washington and Waukesha). 

Milwaukee, Ozaukee, Washington, and Waukesha County 
Park and Planning Agencies: It is recommended that the 
Milwaukee, Ozaukee, Washington, and Waukesha County 
park and planning agencies: 

1. Recommend to the county board adoption of the 
land use plan element, with its overall land use, 
primary environmental corridor, and parkway 
drive-scenic drive-recreational trail subelements of 
the recommended Menomonee River watershed 
plan. 

2. Construct a new channel, fill in the existing 
channel, and landscape disturbed areas along the 
Little Menomonee River to  alleviate the creosote 
pollution problem (Milwaukee County). 

3. Formulate detailed county plans for the ultimate 
acquisition of the selected primary environmental 
corridors (Milwaukee, Washington, and Wau- 
kesha Counties). 

4. Include in the detailed county park plan measures 
for the ultimate removal on a voluntary basis of 
selected residences located in the floodplain of 
the Menomonee River and its major tributaries 
(Milwaukee and Waukesha Counties). 

5. Develop the recommended parkway pleasure 
drive system and recreational trail system (Mil- 
waukee, Washington, and Waukesha Counties). 

Soil and Water Conservation Districts: It is recommended 
that the Soil and Water Conservation Districts of Mil- 
waukee, Ozaukee, Washington, and Waukesha Counties: 

1. Adopt the recommended Menomonee River 
watershed plan as it affects each respective dis- 
trict and request cooperating federal and state 
agencies to  provide such assistance as would 
serve to  implement the recommended land use, 
natural resource protection, and water pollution 
abatement plan elements. 

2. Formulate, as appropriate, soil and water con- 
servation regulations necessary to  assist in imple- 
mentation of the recommended watershed land 
use and natural resource protection plan elements. 

Common Councils, Village Bogrds, and Town Boards: It 
is recommended that, upon referral to  and upon recom- 
mendation of the local plan commissions, each common 
council, village board, and town board within the water- 
shed, as appropriate and as noted: 

1. Support the establishment of the Menomonee 
River Watershed Committee as a continuing 
intergovernmental coordinating body concerned 
with the Menomonee River watershed plan 
adjustment and implementation. 

2. Adopt the recommended Menomonee River 
watershed plan as a guide to  the future develop- 
ment of the community as that plan affects 
each community. 

3. Adopt the regional land use and transporta- 
tion plan. 

4. Amend existing or adopt new local zoning ordi- 
nances so as to  provide land use regulations 
similar to  those contained in the SEWRPC Model 
Zoning Ordinance and adopt changes to the 
zoning district maps, as appropriate, to reflect 
the recommended land use plan element of the 
Menomonee River watershed plan. Such regula- 
tions should include provisions for the discon- 
tinuance of nonconforming uses in the floodways 
of the watershed. 

5. Instruct local assessors that tax relief is available 
for owners of land zoned for agricultural and 
conservancy use in accordance with the recom- 
mended Menomonee River watershed plan. 

6. Amend or adopt land division ordinances, as 
appropriate, prohibiting further land division and 
development in the floodways and floodplains of 
the perennial channel system of the Menomonee 
River watershed and assuring park plan dedication 
or fees in lieu of dedication. 

7. Prepare and adopt or amend official maps show- 
ing, as appropriate, park and parkway land use 
plan elements. 

8. Include floodway, floodplain, and floodproofing 
regulations in local building, housing, subdivision, 
and sanitary ordinances. 



9. Consider and give due weight to  the rational 
urban service areas implied in the Menomonee 
River watershed plan in all deliberations con- 
cerning proposed annexations, consolidations, 
and incorporations. 

10. Empower the Underwood Sewer Commission to  
carry out flood damage abatement measures as 
recommended (City of Brookfield and Village of 
Elm Grove). 

11. Continue to  participate in the Federal Flood 
Insurance Program. 

12. Continue to  maintain and operate, and establish 
and operate a system of gages for the pro- 
curement of high water data throughout the 
watershed (Cities of Brookfield, Mequon, and 
Milwaukee, and the Villages of Elm Grove, 
Germantown, and Menomonee Falls). 

13. Abandon, when feasible, existing municipal 
sewage treatment facilities (Villages of Butler, 
Germantown, and Menomonee Falls). 

14. Work with the Milwaukee-Metropolitan Sewerage 
Commissions and the Department of Natural 
Resources in eliminating flow relief devices (Cities 
of Brookfield, Milwaukee, Wauwatosa, and West 
Allis, and the Village of Menomonee Falls). 

15. Provide sanitary sewer service to  areas served by 
onsite sewage disposal systems and all planned 
urban development (Cities of Brookfield, Mequon, 
and Milwaukee and the Villages of Germantown 
and Menomonee Falls and the Towns of Brook- 
field, Germantown, and Richfield). 

16. Assist the county park and planning agencies 
in the acquisition and removal of structures 
located in the floodplain of the Menomonee 
River and its major tributaries (Cities of Brook- 
field and Wauwatosa). 

17. Acquire and remove structures located in the 
floodplain of the Menomonee River to reduce 
flood damages and provide for local park expan- 
sion (City of Wauwatosa). 

18. Assume responsibility for the capital cost and 
operation and maintenance costs of storm water 
pumping stations and backwater gates and other 
storm water control facilities as needed to supple- 
ment the channelization and dikes and floodwalls 
to be constructed along the Menomonee River 
(City of Wauwatosa). 

19. Construct and maintain 6.97 miles of major chan- 
nelization along the Menomonee River and Lilly 
Creek (Village of Menomonee Falls). 

20. Work with the Milwaukee-Metropolitan Sewerage 
Commissions, the Underwood Sewer Commis- 
sion, and the Wisconsin Department of Natural 
Resources to  clean and maintain stream channels 
and hydraulic structure waterway openings. 

21. Assist the county park agencies in the acquisition 
of selected lands lying within the primary envi- 
ronmental corridors of the Menomonee River 
and its tributaries (Cities of Brookfield and Mil- 
waukee, Villages of Butler, Elm Grove, Ger- 
mantown, and Menomonee Falls, and Town 
of Brookfield). 

22. Approve county official maps governing park 
and parkway acquisition adopted pursuant to 
the recommendations contained herein. 

23. Add erosion and sediment control requirement 
amendments to subdivision ordinances. 

24. Examine the manner in which municipal services 
such as street cleaning and maintenance, street 
de-icing, and garbage collection are performed 
to determine if significant reductions can be 
made in the potential washoff of dust, dirt, and 
debris to  the surface water system. 

25. Develop a program combining education and 
regulation to: control littering by domestic 
animals, encourage proper application of chemi- 
cal and organic fertilizers and pesticides to 
yards, control litter and debris and material 
storage on private property and in public places, 
and control sediment and debris during demoli- 
tion and construction activities. 

26. Encourage consideration by land developers of 
detention-retention storage. 

Plan Commissions of the Cities, Villages, and Towns 
Within the Watershed: It is recommended that the plan 
commissions of all cities, villages, and towns within 
the watershed: 

1. Adopt the watershed plan elements and certify 
such adoption to  the governing body. 

2. Formulate and recommend to their governing 
body amendments to their existing land use 
control ordinances to effectuate the land use 
plan elements of the watershed plan. 

3. Prepare for submission to  the governing body 
detailed local plans relative t o  the acquisition 
of primary environmental corridors. 

Municipal Water and Sanitary Districts: It is recom- 
mended that all municipal water and sanitary districts 
within the watershed: 



1. Acknowledge the recommended watershed plan, 
thereafter determining proper utility service areas 
in accordance with such plan, and adopt and 
adhere to utility extension policies that are 
consistent with the rational urban service area 
implied by the plan. 

2. Design and install public water supply and sewer- 
age systems so as to preclude service by such 
systems to proposed development located in 
floodplains, on soils having very severe or severe 
limitations for urban development, or within the 
recommended regional environmental corridors 
in prime agricultural areas. 



Chapter VIII 

SUMMARY AND CONCLUSIONS 

INTRODUCTION 

This report is one of two volumes which together pre- 
sent the major findings and recommendations of the 
Southeastern Wisconsin Regional Planning Commission 
Menomonee River watershed planning program. The first 
volume sets forth the basic principles and concepts 
underlying the study and presents in summary form the 
basic facts pertinent to  the preparation of a comprehen- 
sive plan for the physical development of the Menomonee 
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 
changes within the watershed and an analysis of water 
law as such law relates to  watershed plan preparation 
and implementation, with particular emphasis upon 
the legal aspects of floodland management and 
pollution abatement. 

This, the second of the two volumes, sets forth watershed 
development objectives, principles, and standards; pre- 
sents and compares alternative land use, floodland man- 
agement, and water quality management subelements; 
and, drawing on those alternatives, recommends a com- 
prehensive watershed development plan designed to 
meet the watershed development objectives under exist- 
ing and probable future conditions. It presents a cost 
schedule for implementing the recommended plan over 
a 24-year plan implementation period and sets forth rec- 
ommended means for plan implementation. In addition, 
this volume provides an analysis of the changes which 
may be expected to occur within the watershed by the 
year 2000 if recent development trends are allowed to 
continue without redirection in the public interest. 

WATERSHED DEVELOPMENT OBJECTIVES 

The primary objective of the Menomonee River water- 
shed planning program is to  assist the local, state, and 
federal units and agencies of government in abating the 
serious water and water resource-related problems 
existing within the Menomonee River basin by developing 
a workable plan to  guide the staged development of water 
control facilities and related resource conservation and 
management programs for the watershed. The principal 
problems to  be addressed include flood damage and 
water pollution, and changing land use as it relates to  
these two problems. 

Following determination of present and probable future 
conditions within the watershed,' a framework of water- 
shed development objectives and supporting principles 
and standards was established to guide the design of the 

alternative land use, floodland management, and water 
quality management plan subelements for the watershed 
and to  provide a basis for evaluation for the relative 
merits of these alternative subelements. The watershed 
development and management objectives and supporting 
principles and standards set forth in this volume relate 
to: the adjustment of land use development to the ability 
of the underlying natural resource base to sustain such 
development without the creation of severe develop- 
mental and environmental problems; sanitary sewerage 
systems development; and water control facility devel- 
opment. All of these watershed development objectives 
were formulated within the context of broader regional 
development objectives. Briefly, this framework of water- 
shed development objectives standards envisions a future 
watershed environment which is varied, safe, healthful, 
efficient, and aesthetically pleasing. 

ALTERNATIVE PLAN SUBELEMENTS 

In the preparation of the comprehensive plan for the 
physical development of the Menomonee River water- 
shed, a concerted effort was made to  offer for public 
evaluation a full range of physically feasible alternative 
plan subelements which might resolve existing water 
resource and water resource-related problems and prevent 
future development of such problems within the frame- 
work of the adopted watershed development objectives 
and supporting standards. Each alternative plan subele- 
ment was evaluated insofar as possible in terms of tech- 
nical and economic feasibility, likely environmental 
impact, financial and legal feasibility, and public accepta- 
bility and with respect to the satisfaction of the water- 
shed development objectives. 

Alternative Land Use Plan Subelements 
The recommended overall land use plan for the Meno- 
monee River watershed 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 land use 
base subelement, which was considered as a "given" 
under the watershed planning program, envisions the 
modification of land use development trends within the 
Region and the watershed in order to  meet stated devel- 
opment objectives. In the adaptation of the regional land 

' The reader may at this point wish to  review Chapter XI, 
"Summary," o f  Volume 1 o f  this report, which sum- 
marizes the inventory, analysis, and forecast findings o f  
the study, describing qualitatively and quantitatively the 
resource-related problems o f  the Menomonee River water- 
shed that require attention. The comprehensive water- 
shed development plan recommended in this volume is 
addressed to  the resolution o f  those problems. 



use plan to the Menomonee River watershed, three alter- 
native primary environmental corridor subelements and 
three alternative parkway drive-scenic drive-recreational 
trail subelements were considered. 

With respect to  protection of the 14.7 square miles of 
primary environmental corridor within the watershed, 
the three alternatives were: 

A minimum protection alternative which would 
rely solely on land use controls to  protect those 
primary environmental corridor areas not already 
protected by virtue of public outdoor recreation 
and related use. In addition, this subelement calls 
for the application of sound management tech- 
niques t o  all significant woodland, wetland, and 
wildlife habitat areas contained within the pri- 
mary environmental  corridor^.^ 

An intermediate protection alternative which 
would incorporate selective public acquisition of 
the highest value corridor lands in combination 
with land use controls to  supplement the pro- 
tection afforded by the existing public and 
private ownership. In addition, this alternative 
calls for the application of sound management 
techniques to all significant woodland, wetland, 
and wildlife habitat areas contained within the 
primary environmental corridors. 

A maximum protection alternative which would 
call for public acquisition of all remaining pri- 
mary environmental corridor lands not already 
in public or private ownership for outdoor recrea- 
tion or related open space use. In addition, this 
alternative includes the application of sound man- 
agement techniques to all significant woodland, 
wetland, and wildlife habitat areas contained 
within the primary environmental corridors. 

With respect to  the parkway drive-scenic drive-recrea- 
tional trail subelement of the land use plan, the three 
alternatives considered were: 

A parkway drive-scenic drive alternative con- 
sisting of continuous system of 16.0 miles of 
existing parkway pleasure drives and 19.5 miles 
of new parkway pleasure drives, 13.2 miles of 
scenic pleasure drive routed over existing rural 
roads, and 7.4 miles to  existing interconnecting 
urban streets. The proposed new drives would 
cost an estimated $3.25 million to  construct. 

21t is important to recognize that the effectiveness o f  
each of those three primary environmental corridor 
protection alternatives 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. If any of these alternatives was selected 
for implementation, local communities could help t o  
assure such continued use by the careful application o f  
recreational and conservancy zoning. 

A recreational trail-scenic drive alternative con- 
sisting of a continuous system of 16.0 miles 
of existing parkway pleasure drives, 18.4 miles 
of new recreational trails, 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. 
The proposed new recreational trails would cost 
an estimated $0.66 million to  construct. 

A parkway drive-scenic drive-recreational trail 
alternative consisting 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 recreational trails, 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 
proposed new parkway pleasure drives and 
recreational trails would cost an estimated $2.35 
million to construct. 

Alternative FIoodland Management Subelements 
The floodland management element is the second of the 
three elements comprising the recommended plan for 
the Menomonee River watershed. The available floodland 
management measures from which the floodland manage- 
ment plan element was synthesized under the watershed 
planning process may be broadly subdivided into two 
categories: structural measures and nonstructural mea- 
sures. A total of five structural floodland measures were 
identified for possible application, either individually 
or in various combinations, to  specific flood-prone 
reaches of the watershed: 1) floodwater storage facilities, 
2) floodwater diversion facilities, 3) dikes and floodwalls, 
4) major channel modifications, and 5) bridge and culvert 
modification or replacement. The 10 nonstructural 
measures identified for possible inclusion in the flood- 
land management element consist of: 1) reservation of 
floodlands for recreational and related open space uses, 
2) floodland regulations, 3) control of land use outside 
of the floodlands, 4) flood insurance, 5) lending institu- 
tion policies, 6) realtor policies, 7) community utility 
policies, 8) emergency programs, 9) structure flood- 
proofing, and 10) structure removal. 

Portions of the Menomonee River, the Little Meno- 
monee River, Underwood Creek, Butler Ditch, and 
Lilly Creek within the Villages of Elm Grove and Meno- 
monee Falls and the Cities of Brookfield, Wauwatosa, 
Mequon, and Milwaukee were identified as being the 
most flood-prone reaches in the Menomonee River 
watershed. Various combinations of structural and 
nonstructural management measures were evaluated for 
each of these reaches, resulting in the selection of a com- 
patible combination of measures for each reach for 
inclusion within the watershed plan. 

Included within the development of the floodland 
management plan element was an analysis of the impact 
of possible future land use and floodland development 
conditions in the watershed on flood flows, flood stages, 
and flood damages along the stream system. This analysis 



indicated that, whereas implementation of the land use 
plan element would result in minimal aggravation of 
existing flood problems, the continuance of urban sprawl 
into the floodland and nonfloodland- portions of the 
watershed could result in dramatic increases in flood 
flows, stages, and monetary damages. 

In addition to determining the applicability of the 
various structural and nonstructural floodland manage- 
ment measures to the watershed, the plan preparation 
process included examination of accessory floodland 
management measures to meet special needs within the 
watershed. Accessory floodland management measures 
that were considered included the desirability of 
maintaining a skeleton stream gaging network in the 
watershed, the need for periodic cleaning and main- 
tenance of the channel system and bridge and culvert 
waterway openings, and examination of means of 
resolving the residual flood damage problem that exists 
within and immediately upstream of the Menomonee 
River industrial valley. 

Alternative Water Quality Management Subelements 
Preparation of the water quality management plan 
element-the third of the three elements comprising 
the recommended Menomonee River watershed p l a n  
emphasized refinement and extension of water quality 
recommendations made under other Commission studies. 
Development of the water quality management plan 
element included an evaluation of the expected impact 
on the watershed surface water system of pollution 
abatement measures recommended under the adopted 
regional sanitary sewerage system plan, including aban- 
donment of all existing municipal sewage treatment 
plants in the watershed, abatement of combined sewer 
overflows, elimination of flow relief devices, and provi- 
sion of sanitary sewer service to existing unsewered urban 
development and to planned urban development. 

Three alternative measures were examined for resolution 
of the residual creosote pollution problem in the Little 
Menomonee River including: 1 )  a minimum disturbance 
approach, in which a "sweeper" unit would remove 
a mud-creosote-water slurry from the channel bottom, 
pass it through a settling and filtering treatment process, 
and return the creosote-free water to the stream; 2) an 
alternative whereby the creosote-laden bottom muds 
would be removed from the channel and replaced with 
clean material; and 3) an alternative consisting of excava- 
ting a new channel parallel to the existing channel and 
filling the existing channel with the excavated material 
thereby covering up the creosote laden-bottom muds. 

The likely impact of land management measures intended 
to control diffuse source pollution in both rural and 
urban areas was determined during preparation of the 
water quality management plan element as was the 
desirability of maintaining a skeleton water quality 
monitoring program. The effect of pollution abatement 
measures on stream water quality during low flow condi- 
tions was evaluated as was the expected impact of various 
pollution abatement measures on the full spectrum of 
flow conditions likely to be expected in the surface 
water system in the Menomonee River watershed. 

RECOMMENDED WATERSHED PLAN 

Alternative plan subelements were evaluated individually 
in various compatible combinations and, as a result, 
a comprehensive watershed plan was synthesized con- 
sisting of a land use element, a floodland management 
element, and a water quality management element. The 
resultant comprehenisve watershed development plan, 
which is recommended for adoption as a guide for the 
physical development of the Menomonee River water- 
shed and which has been formulated after a series of 
public informational meetings and public hearing, con- 
tains the following salient proposals. 

Land Use Plan Element 
The recommended land use plan element for the Meno- 
monee River watershed consists of an overall land use 
plan subelement, a primary environmental corridor sub- 
element, and a parkway drive-scenic drive-recreational 
trail subelement. More specifically, the recommended 
land use plan element proposes the following measures: 

Implementation of the controlled existing trend 
and 1990 land use plan originally adopted by the 
Commission for the Region as a whole in 1966, as 
re-evaluated and refined for the year 2000 by the 
Commission in 1976. This land use plan sub- 
element is shown on Map 56 and envisions the 
use of public land use reguhtion and public 
land acquisition to guide and shape the develop- 
ment of a land use pattern within the watershed 
which would meet existing and future needs for 
the various land uses with a minimal deteriorating 
effect on the underlying and supporting natural 
resource base. The land use plan subelement 
is designed to meet the adopted regional and 
watershed development objectives and, thereby, 
achieve a safer, more healthful, attractive, and 
efficient land use pattern, while -meeting the 
gross land use demands generated by the fore- 
cast population and employment levels within the 
watershed by the year 2000. The land use base 
of the watershed emphasizes the efficient pro- 
vision of utility services, the attainment of 
cohesive urban development on appropriately 
suitable soils, preservation of prime agricultural 
lands, preservation of unique natural resources 
areas, and protection of floodland areas from 
further encroachment by urban development. 
The recommended overall land use base for the 
watershed proposes to accommodate the antici- 
pated growth in population and employment 
by the conversion of approximately 15 square 
miles of land from rural to urban use over the 
next two or three decades and proposes to pre- 
serve 34 square miles of agricultural land in 
permanent agricultural use. 

Protection of the 14.7 square miles of net pri- 
mary environmental corridors in the watershed, 
as shown on Map 56, through the following 
combination of measures contained within the 
intermediate primary environmental corridor pro- 
tection subelement: 1 )  maintenance of 5.2 square 



miles of existing public and private outdoor 
recreation and open space lands in recreational 
use; 2) public acquisition of 6.3 square miles 
of selected high value primary environmental 
corridor lands located primarily along the main 
stem of the Menomonee River in Waukesha and 
Washington Counties, supplemented by addi- 
tional acquisitions consisting largely of a portion 
of the Little Menomonee River primary environ- 
mental corridor, Tamarack Swamp, and two 
portions of the Brookfield Swamp; 3) use of 
public land use controls to protect the remaining 
3.2 square miles of primary environmental 
corridor; and 4) application of sound woodland, 
wetland, and wildlife habitat management tech- 
niques to  all 14.7 square miles of primary 
environmental corridor lands in the watershed. 
It is important to  recognize that the effectiveness 
of the recommended primary environmental 
corridor plan element 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. It 
is recommended that local communities 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 recreation and open space use, 
the application of recreational and conservancy 
zoning will require formal action should a change 
in use be proposed by the private owners and 
provide an opportunity for public acquisition. 

Development of a parkway drive-scenic drive- 
recreational trail system to provide a means 
whereby the resident population of the watershed 
and of the Region can gain access to  and fully 
enjoy the remaining natural resources features 
and outdoor recreation and related open space 
areas of the watershed. More specifically, this 
recommended subelement, as shown on Map 56, 
consists of an interconnected system of parkway 
drives and recreational trails having a total length 
of 56.8 miles, of which 16.0 miles would consist 
of existing parkway pleasure drives, 13.2 miles 
of new parkway pleasure drives, 2.3 miles of 
existing recreational trail, 5.2 miles of new recrea- 
tional trail, 13.2 miles of scenic pleasure drives 
routed over existing roads, and 6.9 miles of 
existing urban streets. 

Floodland Mangement Plan Element 
The recommended floodland management plan element 
for the Menomonee River watershed consists of a care- 
fully selected combination of structural and nonstruc- 
tural measures. More specifically, the recommended 
floodland management plan element proposes the follow- 
ing measures: 

Recognition that the underlying and most critical 
floodland management measure is the overall 
land use plan for the watershed. Analyses con- 

ducted under the watershed planning program 
clearly indicate that the severity of flood prob- 
lems and the magnitude of the associated 
monetary flood losses in the basin may be 
expected to  be very sensitive to  decisions con- 
cerning future land use development both within 
and outside of the watershed floodlands. 

Implementation of a primarily structural flood- 
land management subelement for the City of 
Brookfield, as shown on Map 29 of this volume, 
consisting of the following three components: 
1 )  a 215 acre-foot detention storage reservoir 
located upstream on Dousman Ditch in the City 
of Brookfield; 2) replacement of the Chicago, 
Milwaukee, St. Paul, and Pacific Railroad bridge 
over Underwood Creek; and 3) the floodproofing 
of up to 65 structures and the removal of 
approximately seven structures along the reach of 
Underwood Creek bounded at the upstream end 
by the railroad at the downstream end by North 
Avenue. In addition, this subelement recom- 
mends that floodproofing of 20 structures be 
used to  resolve existing and probable future 
flood problems along the 1.26-mile-long reach 
of Butler Ditch upstream of Lisbon Road within 
the City of Brookfield as shown on Map 26 of 
this volume. 

Implementation of a floodland management sub- 
element for the Village of Elm Grove, as shown 
on Map 55 of this volume, consisting of two 
components: 1) a 215 acre-foot flood detention 
reservoir located upstream of the Village on 
Dousman Ditch in the City of Brookfield; and 
2) floodproofing of up to  187 structures and 
the removal of one structure located along the 
Underwood Creek reach within the Village. 

Implementation of a primarily structural flood- 
land management element for the reach of the 
Menomonee River in the City of Wauwatosa 
between the eastern limits of the City and 
Harwood Avenue, as shown on Map 53 of this 
volume, consisting of two components: 1) 1.65 
miles of major channelization supplemented 
with low dikes and floodwalls along the Meno- 
monee River from the N. 70th Street bridge, 
in the City of Wauwatosa downstream to the 
N. 45th Street bridge in the City of Milwaukee 
and 2) acquisition and removal of approximately 
61 structures along the Menomonee River imme- 
diately upstream of the N. 70th Street bridge and 
floodproofing of up to  93 structures in that area 
as shown on Map 35. The structure floodproofing 
and removal component of this alternative would 
permit a 1 3  acre expansion of Hart Park in the 
City of Wauwatosa and would permit retention of 
natural features of the Menomonee River in the 
"Old Village area" and immediate environs, all 
consistent with redevelopment and revitalization 
proposals being considered by the City for that 
area. In addition, it is recommended that the 



floodproofing of up to 211 structures and the 
removal of approximately nine structures, as 
shown on Map 32 of this volume, be used to  
resolve existing and probable future flood prob- 
lems along the Menomonee River between Har- 
wood Avenue and W. Hampton Avenue in the 
City of Wauwatosa. This subelement also recom- 
mends, as shown on Map 32 of this volume, that 
the floodproofing of up to 56 structures be used 
to  resolve existing and probable future flood 
problems in the City of Wauwatosa along Under- 
wood Creek between the Menomonee River and 
the Zoo Freeway and that the floodproofing of 
up to  1 3  structures be used to  resolve existing and 
probable future flood problems in the City of 
Wauwatosa along Honey Creek between the 
Menomonee River and W. Wisconsin Avenue. 

Floodproofing of up to 19  structures, as shown 
on Map 36 of this volume, to  resolve existing and 
probable future flood problems along the Little 
Menomonee River in the City of Mequon imme- 
diately north of Mequon Road. 

Floodproofing of up to  69 primarily commercial 
structures, as shown on Map 54 of this volume, 
to resolve, in combination with the channel 
modifications extending downstream through this 
reach from the City of Wauwatosa, the existing 
and future flood problems along the 0.7 miles 
long reach of the Menomonee River in the City 
of Milwaukee between N. 45th Street and N. 
60th Street extended. 

Implementation of structural floodland manage- 
ment measures for the Menomonee River and 
Lilly Creek in the Village of Menomonee Falls, 
as shown on Map 31 of this volume, consisting 
of three components: 1 )  1.35 miles of major 
channelization along the Menomonee River from 
the Washington-Waukesha County line down- 
stream to the Menomonee Falls Dam, 2) 3.25 
miles of major channelization along the Meno- 
monee River from Arthur Avenue downstream 
to the Waukesha-Milwaukee County line, and 
3) 2.97 miles of major channelization along Lilly 
Creek from Silver Spring Drive downstream to 
the Menomonee River. 

Replacement or modification of 48 bridges and 
culverts on the major stream system of the Meno- 
monee River watershed, as listed in Table 33, 
which have inadequate hydrologic-hydraulic 
capacity as manifested by overtopping of the 
approach road or of the structure itself during 
specified major flood events, so as to eliminate 
interference with the desirable operation of the 
highway and railroad transportation system. This 
replacement or modification would be gradually 
accomplished as river crossings are replaced or 
modified for transportation system improvement 
or maintenance purposes. 

The design of all new or replacement river 
crossings within the watershed so as to satisfy 
the applicable objectives and standards adopted 
under the study. Of particular importance is the 
standard which requires that all new and replace- 
ment crossings be designed so as to accommodate 
100-year recurrence interval flood events under 
year 2000 plan conditions without raising the 
peak discharge more than 0.5 feet above the peak 
stage for the 100-year recurrence interval flood 
as established in the watershed plan. 

Modification of existing floodland and related 
regulations or preparation of new such regula- 
tions by the following communities based upon 
the new flood hazard data and the floodland 
management concepts and recommendations set 
forth in this report: the Cities of Brookfield, 
Mequon, Milwaukee, Wauwatosa, West Allis, and 
Greenfield and the Villages of Elm Grove, 
Germantown, Menomonee Falls, and Butler. 
The floodland and related regulations developed 
by the above communities for the Menomonee 
River watershed should be explicitly designed to  
complement the recommended land use plan 
element-this is particularly important for the 
primary environmental corridor protection sub- 
element of that plan-including use of the 
regulations to  provide interim control over pri- 
mary environmental corridor lands recommended 
for eventual acquisition. Map 42 in this volume 
shows the overall manner in which floodland 
regulations are proposed to be applied to the 
watershed stream system. This reach-by-reach 
indentification of the recommended approach 
to floodland regulations is intended to  identify 
those portions of the watershed in which flood- 
land regulations should be designed t o  preserve 
in essentially open, natural conditions all of the 
floodland areas, as opposed to  those portions 
of the watershed in which floodland regulations 
must reflect the reality of existing urban develop- 
ment through the use of a two-district floodway- 
floodplain approach. Of the approximately 72 
miles of watershed stream system for which the 
preparation and adoption of floodland regula- 
tions are recommended in the watershed plan, 
about 56 miles would be subjected to  regulations 
intended to preserve in essentially natural, open 
use all of the 100-year floodlands under year 
2000 conditions. The remaining 1 6  miles would 
be subjected to regulations intended to recognize 
the commitment to  urban development that 
already exists while preserving a sufficient flood- 
way area to provide for the safe conveyance of 
the 100-year recurrence interval flood flow. 

Application of land use controls outside of the 
floodlands because of the demonstrated 
hydrologic-hydraulic impact of land use out- 
side of the floodlands on the extent and severity 
of flood problems within the floodlands. Such 
land use controls may take the form of appro- 



priate amendments of zoning, land subdivision, 
and sanitary and building ordinances adopted by 
counties, cities, villages, and towns. 

Continuation of the significant steps that have 
already been taken by watershed communities 
towards participation in the federal flood 
insurance program in the form of authorization 
by the U.S. Department of Housing and Urban 
Development, in cooperation with the Wisconsin 
Department of Natural Resources, of insurance 
rate studies in the Cities of West Allis and 
Mequon and the Villages of Germantown and 
Elm Grove. It is further recommended that con- 
tractors retained by the U.S. Department of 
Housing and Urban Development to  conduct 
the flood insurance rate studies base those studies 
on the flood hazard data developed under the 
watershed program. Finally, the watershed plan 
recommends that owners of property and flood- 
prone areas purchase flood insurance so as to 
provide some financial relief for losses incurred 
in future floods. 

Continuation by lending institutions of the policy 
of determining the flood-prone status of proper- 
ties prior to  granting of a mortgage. It is further 
recommended that the principal source of flood 
hazard information be that developed under the 
watershed planning program. 

Continuation of the policy by real estate brokers, 
salesmen and their agents to inform potential 
purchasers of property of any flood hazard which 
may exist at the site. It is further recommended 
that the principal source of flood hazard infor- 
mation be that developed under the watershed 
planning program. 

Adoption of policies by governmental units and 
agencies having responsibility for public utilities 
and facilities-such as water supply, sewerage, 
streets, and highways-that complement the 
floodland management recommendations for the 
Menomonee River watershed as well as the 
recommended primary environmental corridor 
protection subelement. 

Development of emergency procedures by water- 
shed communities to provide floodland residents 
and other property owners with information 
about floods already in progress. The flood infor- 
mation procedures for particular communities 
might be selected from the following: monitoring 
of National Weather Service broadcasts during 
periods that rainfall or snowmelt are occurring 
or anticipated, patrolling riverine areas to detect 
rising stages and bankfull conditions, emergency 
messages broadcast over local radio and television 
stations, use of police patrol cars or other vehicles 
equipped with public address systems, and use 
of warning sirens particularly during night- 
time hours. 

Maintenance of a basic stream gaging network 
within the watershed consisting of: 1) continued 
operation of two continuous recorder gages that 
were temporarily installed for purposes of the 
International Joint Commission Menomonee 
River Pilot Watershed study at the N. 70th 
crossing of the Menomonee River in Wauwatosa 
and the Pilgrim Road crossing of the Menomonee 
River in the Village of Menomonee Falls; 2) con- 
tinued operation of two of the three partial 
record stations operated in the basin by the U.S. 
Geological Survey in cooperation with the 
Wisconsin Departments of Transportation and 
Natural Resources-the Freistadt gage on the 
Little Menomonee River and the Milwaukee gage 
on Honey Creek; 3) continued maintenance of 
crest stage or staff gage networks by the Village 
of Menomonee Falls, the City of Milwaukee, 
and the Milwaukee-Metropolitan Sewerage Com- 
missions; and 4) establishment and maintenance 
of crest stage or staff gage networks by the Cities 
of Mequon and Brookfield and the Villages of 
Germantown and Elm Grove as shown on Map 44 
of this volume. 

Consideration by research institutions having 
responsibilities in water resource and water 
resource-related areas of the development of 
research projects, educational programs, and 
other special studies that could incorporate por- 
tions of the existing and extensive water quality- 
quantity monitoring network that has been 
temporarily established within the watershed for 
purposes of the IJC Menomonee River Pilot 
watershed study. 

Establishment of a new flood protection 
elevation at least two feet above the 100- 
year recurrence interval peak flood stage pro- 
file under the year 2000 land use plan conditions 
along the Menomonee River in the industrial 
valley upstream of approximately the 27th 
Street viaduct. 

Consideration of the removal of The Falk 
Corporation dam in order to  reduce flood stages 
at the earthen dike protecting the south bound- 
ary of the Chicago, Milwaukee, St. Paul, and 
Pacific Railroad yard. In the event that The 
Falk Corporation dam is retained, the dike pro- 
tecting the railroad yard should be raised by up 
to two feet. 

Addition of a vertical extension to the flood 
walls along the east bank of the Menomonee 
River between IH 94 and the W. Wisconsin 
Avenue viaduct; on the west bank of the Meno- 
monee River between the W. Wisconsin Avenue 
viaduct and the Chicago, Milwaukee, St. Paul, 
and Pacific Railroad; and along all or portions 
of both sides of the Menomonee River between 
the Chicago, Milwaukee, St. Paul, and Pacific 
Railroad bridge and the N. 45th Street crossing 
of the River as shown on Map 45 of this volume. 



Establishment of a program to carry out periodic 
cleaning and maintenance of both stream channels 
and of the bridge and culvert waterway openings 
by those civil divisions and governmental units 
within the watershed affected by or having juris- 
diction over the watershed stream system. 

Water Quality Management Plan Element 
The recommended plan proposes the abatement of 
surface water pollution problems within the Menomonee 
River watershed through the following measures: 

Abandonment of the four remaining municipal 
sewage treatment plants in the watershed-the 
Village of Germantown Old Village plant, the 
Village of Menomonee Falls Pilgrim Road and 
Lilly Road plants, and the Village of Butler 
overflow-chlorination facilities-and the connec- 
tion of the tributary service areas to the Mil- 
waukee Metropolitan system through completion 
of the remaining segments of the recommended 
inter-community trunk sewer system as shown 
on Map 52 of this volume. 

Implementation, through construction of the 
necessary facilities, of the recommendations con- 
tained within the preliminary engineering study 
currently being conducted by the Milwaukee- 
Metropolitan Sewerage Commissions concerning 
the abatement of combined sewer overflows in 
the lower reaches of the Menomonee River, Mil- 
waukee River, and Kinnickinnic River watersheds, 
insofar as those recommendations are consistent 
with the objectives established under the Meno- 
monee River watershed plan and the regional 
sanitary sewerage system plan. 

Gradual elimination through trunk and relief 
sewer construction and other measures within 
the framework of the recently instituted Wiscon- 
sin Pollutant Discharge Elimination System, of 
approximately 102 sanitary sewer system flow 
relief devices-crossovers, bypasses, and relief 
pumping stationsdischarging directly or indi- 
rectly to Menomonee River and tributaries during 
wet weather. 

Gradual elimination of the 44 industrial 
discharges to  the Menomonee River and its 
tributaries under provisions contained within 
the Wisconsin Pollutant Discharge Elimination 
System. 

Abatement of the residual creosote pollution 
problem in a 3.46 mile reach of the Little 
Menomonee River within Milwaukee County by 
excavation of a new parallel channel, filling the 
existing channel, and restoring the site as shown 
on Map 46 of this volume. This would yield 
a significant reduction in creosote exposure 
and in attendant health and safety hazard to  
people and aquatic flora and fauna. 

Provision of sanitary sewer service to  approxi- 
mately 12  square miles of presently unsewered 
urban development within the watershed and to  
approximately 15  square miles of new urban 
development anticipated between now and the 
year 2000 in accordance with the recommended 
land use plan for the watershed as shown on 
Map 56. 

Implementation of the following land manage- 
ment measures to effect a significant reduction 
in the washoff of pollutants from the approxi- 
mately 36 square miles of crop and pasture land 
as shown on Map 52: contour plowing, strip crop- 
ping, and minimum tillage supplemented with the 
judicious application of other measures including 
bench terraces. 

Abatement of pollution caused by washoff from 
about 40 barnyards and feedlots in the watershed 
through construction of feedlot runoff pollution 
control systems consisting primarily of drainage 
control around each feedlot and provision of 
manure storage and handling facilities. 

Implementation of the following land manage- 
ment measures to effect a significant reduction in 
the washoff of pollutants from approximately 
67 square miles of urban land surface as shown 
on Map 52: control of littering by domestic 
animals; proper application of chemical and 
organic fertilizers and pesticides to  lawns; control 
of litter and debris and proper material storage 
on private property and at public places; control 
of sediment and debris during demolition and 
construction activities; improvements in provision 
of municipal services such as street cleaning and 
maintenance, street de-icing, and garbage collec- 
tion; and use of detention-retention storage for 
control of storm water runoff from new 
urban development. 

Incorporation into the water quality management 
plan element of the water quality monitoring pro- 
gram recommendations being developed under 
the areawide water quality planning and manage- 
ment program. 

ACHIEVEMENT OF OBJECTIVES AND STANDARDS 

In its most basic sense, planning is a rational process for 
establishing and meeting objectives. The objectives and 
supporting standards adopted for the Menomonee River 
watershed constitute the overall goals of the compre- 
hensive plan, and the degree to  which those objectives 
and standards are likely to be satisfied provides 
a measure of the success of the plan preparation process. 
Accordingly, an evaluation was conducted of the com- 
prehensive plan based on its ability to  meet the water- 
shed development objectives and standards. 

Of the 68 applicable supporting standards, 32, or 47 
percent, would be fully satisfied assuming implementa- 
tion of the watershed plan. Another 28, or 41 percent, 



could be met by careful detailed design during plan 
implementation. Eight standards, or 1 2  percent of the 
total number of applicable standards, were rated as 
"partially met" or "cannot be met." The relatively 
small number of standards that cannot be met or can 
only be partially met under the recommended compre- 
hensive plan for the Menomonee River watershed sup- 
port objectives that are inextricably related to  the 
underlying natural resource base; failure to fully meet 
those standards reflects the already deteriorated condi- 
tion of the underlying natural resource base of this 
urbanizing watershed. 

In summary, the recommended comprehensive plan for 
the Menomonee River watershed could result in substan- 
tial achievement of the adopted watershed development 
objectives and standards; as a result, implementation of 
the plan may be expected to  provide a safer, more health- 
ful, and more attractive and pleasant, as well as a more 
orderly and efficient environment for all forms of life in 
the watershed. 

CONSEQUENCES OF NOT IMPLEMENTING 
THE RECOMMENDED PLAN 

The recommended comprehensive plan for the Menomo- 
nee River watershed provides, within the framework of 
the adopted watershed development objectives and 
standards, the best combination of measures for resolving 
such water resource and water resource-related problems 
as flooding, water pollution, diminishing quality of the 
natural resource base, and changing land use that 
presently plague the watershed or may be expected to  
do so in the future. In the absence of such a sound 
comprehensive plan, a multitude of incorrect decisions 
may be made and courses of action are likely to be 
followed that will lead to the aggravation of existing 
water resource and water resource-related problems as 
well as the development of new problems. Accordingly, 
an analysis was conducted to identify and, where 
feasible, to quantify the likely consequences of not 
adopting and implementing the recommendations con- 
tained within the watershed plan. This analysis of 
negative consequences was intended primarily to  support 
and reinforce the need for implementing the recom- 
mended rational, long-range, comprehensive plan for the 
urbanizing Menomonee River watershed. 

Likely consequences of not implementing the recom- 
mended comprehensive plan for the Menomonee River 
watershed include: 

Increased costs of public utilities and services 
such as sanitary sewerage, water supply, trans- 
portation, and police and fire protection 
attendant to  the highly diffused, low to medium 
density urban development that is likely to 
occur as a result of failure to implement the 
overall land use plan. 

Up to a six-fold increase in peak flood discharges, 
up to a nine foot increase in peak flood stages, 
and up to an approximately four-fold increase 

in average annual flood losses to  existing flood- 
prone development as a result of failure to 
implement the overall land use plan. 

Loss of the recreational, aesthetic, ecologic and 
cultural values found in essentially natural, 
riverine lands and associated woodland, wetland, 
and wildlife habitat areas as a result of the 
failure to  implement the primary environmental 
corridor protection recommendations. 

Widespread encroachment of urban development 
into riverine lands that are wet, flood-prone, and 
otherwise unsuited for such development as 
a result of failure to  retain in compatible open 
space use riverine areas that are unoccupied by 
urban development and not committed to  
such development. 

Lack of convenient public access to  and use of 
riverine open space lands as a result of failure 
to  implement the recommended parkway drive- 
scenic drive-recreational trail system. 

Continuation of average annual flood damage 
risks of $600,000 per year or more for six 
communities within the watershed as a result 
of failure to implement the recommended pri- 
marily structural flood control measures. 

Continued and increased interference with the 
safe and efficient operation of highway and 
railroad facilities during flood events as a result 
of failure to implement the bridge replacement 
and bridge design recommendations contained 
within the watershed plan. 

Incurrence of high monetary flood losses by 
owners of flood-prone structures and property 
as a result of failure to participate in the federal 
flood insurance program. 

Acquisition by flood-prone lands and structures 
by unwary buyers as a result of failure to con- 
tinue the desirable lending institution and realtor 
policies concerning the full disclosure of the flood 
vulnerability riverine area land structures. 

Encroachment of urban development into flood- 
prone lands and into primary environmental 
corridors as a result of the failure of individual 
communities to adopt utility policies in confor- 
mance with floodland management and primary 
environmental corridor measures contained within 
the watershed plan. 

Incurrence of unnecessary damage to property 
as well as unnecessary risks to the safety and 
well being of property owners as a result of 
failure by flood-prone communities to  adopt 
emergency measures t o  be invoked during the 
flood events. 



Loss of the opportunity to  monitor the effects 
of future urbanization in the watershed and to 
ultimately refine the simulation modeling as 
a result of failure to implement the stream 
gaging recommendations. 

Risk of damage to high value industrial-commer- 
cia1 lands and temporary disruption of production 
and full scale employment within the Menomonee 
River industrial valley and environs as a result 
of the failure to implement the miscellaneous 
measures recommended under the floodland 
management element for the Menomonee River 
industrial valley. 

Large nutrient loads t o  the surface waters pro- 
ducing nuisance growths of algae and aquatic 
plants and oxygen depletion as a result of failure 
to  complete trunk sewers needed to permit 
abandonment of municipal sewage treatment 
plants, to abate combined sewer overflows, to 
eliminate flow relief devices, and to implement 
land management practices. 

Public health hazards including risk of contacting 
toxic materials and infectious diseases as a result 
of failure to abate combined sewer overflow, 
eliminate flow relief devices and industrial dis- 
charges, provide sanitary sewer service to existing 
unsewered urban development and to new urban 
development, abate creosote pollution, and imple- 
ment land management practices. 

Input of organic materials and resulting dissolved 
oxygen depletion and interference with main- 
tenance of warm water fishery as a result of 
failure to  eliminate municipal sewage treatment 
plants and implement land management practices. 

COST ANALYSIS 

In order to assist public officials in evaluating the 
recommended comprehensive Menomonee River water- 
shed plan, a preliminary capital improvement program 
with attendant operation and maintenance costs was 
prepared which, if followed, would result in total 
watershed plan implementation by the year 2000. 
Capital costs and operation and maintenance expendi- 
tures assigned to the Menomonee River watershed plan 
exclude the cost of pollution abatement measures recom- 
mended in the adopted regional sanitary sewerage 
system plan for implementation within the Menomonee 
River watershed since these costs were included in the 
sewerage system plan. 

The preliminary capital improvement program includes 
the staging of the necessary land acquisition and facility 
construction and the distribution of the attendant 
costs including operation and maintenance expenditures 
over a 24-year period. This expenditure program is 
presented in summary form for the watershed as a whole 
in Table 47 and is presented in more detailed form by 
county and selected civil division in a series of tables in 

Chapter VII of this volume. The ultimate adoption of 
capital improvement programs for implementation of 
the watershed plan will require a determination by the 
responsible public officials not only of those plan 
subelements which are to be implemented, and the 
timing of such implementation, but also of the principal 
beneficiaries and available best means of financing. 

The full capital investment and operation and main- 
tenance costs of implementing the recommended com- 
prehensive plan for the Menomonee River watershed 
are estimated at $36.0 million over the 24-year plan 
implementation period. Of this total cost, about $10.6 
million, or about 29 percent, is required for implementa- 
tion of the recommended land use plan element which, 
more specifically, includes the primary environmental 
corridor protection subelement and the parkway drive- 
scenic drive-recreational trails subelement. About $14.3 
million, or about 40 percent, of the full cost associated 
with the watershed plan is required or implementation 
of the recommended floodland management element 
including recommended channel modification, dikes and 
floodwalls, detention storage, structure floodproofing 
and removal, bridge modification, continued operation of 
stream gaging network, and miscellaneous flood damage 
control measures in the industrial valley. About $11.1 mil- 
lion, or about 31 percent, of the full cost of implementing 
the recommended comprehensive plan is required for 
implementation of the creosote pollution abatement 
subelement and the land management subelement of the 
recommended water quality management element. 

The average annual cost of the total capital investment 
and operation and maintenance costs required for plan 
implementation would be approximately $1.50 million, 
or about $4.08 per capita per year over the 24-year 
plan implementation period. The average annual cost of 
implementation of the land use plan element, the flood- 
land management plant element, and the water quality 
management plan element, and the water quality manage- 
ment plan element, respectively, is about: $440,300, or 
about $1.20 per capita; $596,400, or about $1.62 per 
capita; and $463,700, or $1.26 per capita. 

In order to assess the possible impact of implementation 
of the watershed plan on the public financial resources 
of local units of government within the watershed, an 
analysis was made of the recent public expenditures for 
park and outdoor recreation purposes and for major 
channel modifications for comparison to the cost associ- 
ated with the recommended comprehensive plan for the 
watershed. Recent capital and operation and mainten- 
ance expenditures for park and outdoor recreation 
purposes were used as an index of the ability of local 
units of government to  expend the funds necessary to  
implement the primary environmental corridor sub- 
element and the parkway drive-scenic drive-recreational 
trails subelement of the land use plan element. Similarly, 
recent capital expenditures for major channel works were 
used as an index of the ability of local units of govern- 
ment to expend the funds necessary to  implement the 
structural flood control measures contained within the 
recommended floodland management plan element of 



the watershed plan. Most of the water quality manage- 
ment subelements recommended under the Menomonee 
River watershed planning program were previously 
recommended under the adopted regional sanitary sewer- 
age system plan and, under that planning program, 
analyses were conducted to  demonstrate that sufficient 
funds would be available to  implement the recom- 
mended pollution abatement measures. 

It may be concluded that sufficient monies to implement 
the recommended land use plan element, floodland 
management plan element, and the water quality manage- 
ment plan element of the comprehensive Menomonee 
River watershed should become available within the 
watershed. However, significant shifts may be required 
with respect to where within the watershed such 
expenditures have been made in the past relative to  
where they must be made in the future. The cost of 
implementing the watershed plan would be reasonably 
achievable by continuing the approximate current public 
expenditure patterns for park and outdoor recreation 
purposes, flood control, and pollution abatement. It is 
clear that if the adopted watershed development objec- 
tives and standards are to be met, and if the associated 
desired environmental quality within the watershed is to  
be achieved and maintained, the level of expenditures 
needed to implement the recommended watershed plan 
is necessary and fully warranted. 

IMPLEMENTATION 

The legal and governmental framework existing within 
the Menomonee River watershed is such that existing 
state, areawide, county, and local units of government 
can readily implement all the major recommendations 
contained in the comprehensive Menomonee River water- 
shed plan; that is, no significant additional statutory 
authority, governmental agencies, or institutional arrange- 
ments are needed to implement the plan. A comprehen- 
sive, cooperative, intergovernmental plan implementation 
program has been prepared which indicates the specific 
action which will be required for each level, agency, and 
unit of government operating within or having respon- 
sibility within the watershed if the recommended water- 
shed plan is to be fully implemented. 

At the local level, plan implementation entities include 
the governing bodies of the 17 cities, villages, and towns 
and the four counties within the watershed and the soil 
and water conservation districts. At the areawide level, 
plan implementing entities include the Metropolitan 
Sewerage District of the County of Milwaukee, the 
Jackson-Germantown Drainage District, the Underwood 
Sewer Commission, and the Menomonee South Sewerage 
Commission. At the state level, implementing entities 
include the Wisconsin Departments of Natural Resources, 
Local Affairs and Development, Transportation, and 
Health and Social Services, and the Wisconsin Board of 
Soil and Water Conservation Districts. At the federal 
level, plan implementing entities include the U. S. Depart- 
ment of Housing and Urban Development; the U. S. Envi- 

ronmental Protection Agency; the U. S. Department of 
Interior, Bureau of Outdoor Recreation and Geological 
Survey; the U. S. Department of Agriculture, Agricultural 
Stabilization and Conservation Service and the Soil Con- 
servation Service; and the U. S. Department of Army, 
Corps of Engineers. 

Primary emphasis in Menomonee River watershed plan 
implementation is based upon actions by the Wisconsin 
Department of Natural Resources; Metropolitan Sewer- 
age District of the County of Milwaukee; the four county 
boards of the counties of Milwaukee, 'Ozaukee, Washing- 
ton and Waukesha; the Underwood Sewer Commission; 
and by individual municipal units of government. 

The specific plan implementation responsibilities sug- 
gested for each level, agency, and unit of government 
operating within or having responsibilities within the 
Menomonee River watershed are set forth in the sum- 
mary section of Chapter VII of this volume and in 
Table 48 of that chapter. In the final analysis, imple- 
mentation of the recommended Menomonee River 
watershed plan must proceed in a comprehensive, fully 
coordinated fashion with the assistance and cooperation 
of all affected levels, units, and agencies of government 
within the watershed. 

CONCLUSION 

Although the cost may appear high for adopting and 
implementing the recommended comprehensive water- 
shed plan for the Menomonee River basin and the 
pollution abatement measures included in the adopted 
regional sanitary sewerage system plan and intended for 
implementation, in part, within the Menomonee River 
watershed, the cost of not doing so is even higher. 
This is true measured not only in monetary terms but 
also in terms of an irreversible deterioration of the natural 
resource base and a decline in the overall quality of the 
environment and, hence, the overall quality of life 
within the watershed. Failure to act upon the plan 
recommendations in a timely manner will inevitably 
commit local units of government within the watershed 
to an unnecessary expenditure of large amounts of 
public funds for future corrective measures. If the 
existing trend in urbanization continues within the 
watershed, those subelements of the recommended plan 
requiring public acquisition of lands should be sub- 
stantially implemented within the first 10 years of the 
plan design period or the opportunity to  acquire these 
important lands may be lost for all time. If the primary 
environmental corridor protection recommendations and 
the associated recommended parkway drive-scenic drive- 
recreational trail system are not implemented, the 
watershed will incur a substantial loss of recreational, 
aesthetic, ecologic, and cultural values normally found 
in riverine lands and in associated woodland, wetland, 
and wildlife habitat areas. If the structural and non- 
structural measures included in the floodland manage- 
ment element of the watershed plan are not implemented, 
flood damages will continue to increase with the 



possibility of a four-fold increase in average annual 
flood damages under conditions of complete urbaniza- 
tion of the watershed land surface. If the pollution 
abatement measures contained in the water quality 
management plan element are not implemented, surface 
water quality may be expected to continue to  deteriorate 
within the watershed and the full potential for utilization 
will never be realized. 

Time is of the essence. The urbanization process that is 
already underway within the watershed may be expected 
to continue to place intensive demands upon the limited 
resource base. The inevitable result will be the further 
intensification of existing developmental and environ- 
mental problems and the creation of new problems 
which will be extremely expensive to solve if, indeed, 
solutions will be at all possible. 
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Wisconsin Department of Natural Resources 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Glenn H. Evans. Member, Citizens for Menomonee River Restoration, Inc. 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Raymond J. Kipp Dean, College of Engineering, Marquette University 
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Wisconsin Department of Natural Resources 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Dennis Nulph District Engineer, Wisconsin Department of Natural Resources 

Richard G. Reinders. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .Trustee, Village of Elm Grove 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  John E. Schumacher .City Engineer, City of West Allis 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Walter J. Tarmann Executive Director, Waukesha County Park and Planning Commission 
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The following individuals also participated actively in the work of the Committee during preparation of the watershed plan: Robert E. Seaborn, 
former Plant Engineer, The Falk Corporation; William Manske, Sewer Research Engineer, Department of Public Works, City of Milwaukee; 
Donald G. Wieland, Director of Engineering, Milwaukee-Metropolitan Sewerage Commissions; Robert 0. Hussa, Member, Citizens for Meno- 
monee River Restoration; Irving Heipel, Landscape Architect, Milwaukee County Park Commission; Donald A. Roensch, Director of Public 
Works, City of Mequon; Ray D. Leary, former Chief Engineer and General Manager, Milwaukee-Metropolitan Sewerage Commissions; and 
Randall C. Melody, Chief Research Planner, Waukesha County Park and Planning Commission. 
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Appendix C 

RAINFALL AND RUNOFF DATA FOR STORM WATER DRAINAGE AND FLOOD CONTROL FACILITY DESIGN 

Table C-I 

POINT RAINFALL INTENSITY-DURATION-FREQUENCY 
EQUATIONS FOR MILWAUKEE,  WISCONSIN^ 

a The equations are based on Milwaukee ralnfall data for the 64-yearperiod 
of 1903 to 1966. These equations are applicable, within an accuracy of 

10 percent, to the entire Southeastern Wisconsin Planning Region. 

i = Rainfall intensity in inches per hour. 
t =Duration in minutes. 

Source: SEWRPC 

Table C-2 

WEIGHTED RUNOFF COEFFICIENTS FOR USE IN THE RATIONAL FORMULA 

Source: SEWRPC. 

Land Use 

Industrial. . . . . 

Commercial . . . 

High-Density 
Residential. . . . 

Medium-Density 
Residential. . . . 

Low-Density 
Residential. . . . 

Agriculture. . . . 

Open Space . . . 

Freeways and 
Expressways. . . 

Percent 
l mpervious 

Area 

90 

95 

60 

30 

15 

5 

2 

70 

D 

Slope 

0 - 2  

0.69 
0.86 

0.72 
0.89 

0.51 
0.62 

0.33 
0.41 

0.24 
0.31 

0.18 
0.24 

0.16 
0.22 

0.60 
0.73 

Soil Group 

C A 

Slope 

0 - 2  

0.68 
0.86 

0.72 
0.89 

0.49 
0.60 

0.30 
0.38 

0.20 
0.28 

0.14 
0.20 

0.12 
0.18 

0.59 
0.72 

Hydrologic 

B 

Range 

2 - 6  

0.69 
0.86 

0.72 
0.89 

0.53 
0.64 

0.36 
0.45 

0.28 
0.35 

0.23 
0.29 

0.21 
0.27 

0.62 
0.75 

(Percent) 

6 & O v e r  

0.68 
0.86 

0.72 
0.89 

0.50 
0.61 

0.31 
0.40 

0.22 
0.29 

0.16 
0.22 

0.14 
0.20 

0.60 
0.72 

Slope 

0.2 

0.68 
0.85 

0.71 
0.89 

0.48 
0.59 

0.27 
0.35 

0.17 
0.24 

0.1 1 
0.16 

0.08 
0.14 

0.58 
0.71 

Slope 

0 - 2  

0.67 
0.85 

0.71 
0.88 

0.47 
0.58 

0.25 
0.33 

0.14 
0.22 

0.08 
0.14 

0.05 
0.11 

0.57 
0.70 

(Percent) 

6 & O y e r  

0.70 
0.88 

0.72 
0.90 

0.56 
0.69 

0.42 
0.54 

0.35 
0.46 

0.31 
0.41 

0.28 
0.39 

0.64 
0.78 

Range 

2 - 6  

0.69 
0.86 

0.72 
0.89 

0.51 
0.62 

0.33 
0.42 

0.25 
0.32 

0.19 
0.25 

0.17 
0.23 

0.61 
0.73 

Range 

2 - 6  

0.68 
0.85 

0.71 
0.89 

0.49 
0.60 

0.28 
0.37 

0.19 
0.26 

0.13 
0.18 

0.10 
0.16 

0.59 
0.71 

(Percent) 

6 & O v e r  

0.69 
0.87 

0.72 
0.90 

0.54 
0.66 

0.38 
0.49 

0.31 
0.40 

0.26 
0.34 

0.24 
0.32 

0.63 
0.76 

Range 

2 -6 .  

0.68 
0.86 

0.72 
0.89 

0.50 
0.61 

0.30 
0.39 

0.21 
0.28 

0.15 
0.21 

0.13 
0.19 

0.60 
0.72 

(Percent) 

6 & O v e r  

0.69 
0.86 

0.72 
0.89 

0.52 
0.64 

0.35 
0.44 

0.26 
0.34 

0.21 
0.28 

0.19 
0.26 

0.61 
0.74 



POINT RAINFALL INTENSITY-DURATION-FREQUENCY CURVES FOR MILWAUKEE.  WISCONSIN^ 
(ARITHMETIC SCALES) 

>F 6 HOURS X) 

a The c u m  are Lmsed on Milwkee minfaii dam for the 64-yesr period of 1903 m 1966, These curves are appIicabIe wittrin an accuracy of 
5 10 percent m me entire southenstern Wismmin Planning Region. 

Source: SEWRPC. 



Figure C-2 Figure C-3 

POINT RAINFALL DEPTH-DURATION- 
FREQUENCY RELATIONSHIPS I N  THE REGION 
AND THE MENOMONEE RIVER WATERSHED 

RAINFALL DEPTH-DURATION-AREA 
RELATIONSHIPS IN THE REGION 

AND THE MENOMONEE RIVER WATERSHED 

A R E A  I N  SQUARE M I L E S  

Source: National Weather Service and SEWRPC. 

RECURRENCE INTERVAL I N  YEARS 

Source: National Weather Service and SEWRPC. 



Figure C-4 

SEASONAL VARIATION OF RAINFALL EVENT DEPTH IN THE REGION AND THE MENOMONEE RIVER WATERSHED 
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Figure C-5 

COEFFICIENT OF RUNOFF CURVES FOR HYDROLOGIC SOlL GROUPS 

HYDROLOGIC SOIL  GROUP'^" HYDROLOGIC SOIL GROUP"@ 

PERCENT IMPERVIOUS PERCENT IMPERVIOUS 

HYDROLOGIC SOIL GROUP'%" HYDROLOGIC SOIL GROUP"D" 

0 2 0  4 0  6 0  8 0  1 0 0  0 2 0  40 60 100  

PERCENT IMPERVIOUS PERCENT IMPERVIOUS 

Source: SEWRPC. 



Appendix D 

FLOOD STAGE AND STREAMBED PROFILES AND AERIAL PHOTOGRAPHS SHOWING AREAS SUBJECT TO FLOODING 

Map D- I  

AERIAL PHOTOGRAPH SHOWING AREAS SUBJECT TO FLOODING ALONG THE LOWER MENOMONEE RIVER (R. M. 0.00 to 4.00) 
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DATE OF PHOTOGRAPHY: MAY 1975 

Source: SEWRPC. 
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Figure D-2 

FLOOD STAGE AND STREAMBED PROFILE FOR THE LOWER MENOMONEE RIVER (R. M. 4.00 to 8.50) 
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Map D-5 

AERIAL PHOTOGRAPH SHOWING AREAS SUBJECT TO FLOODING ALONG THE UPPER MENOMONEE RIVER (R. M. 17.00 to 21.50) 
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Source: SEWRPC. 



Figure D-5 

FLOOD STAGE AND STREAMBED PROFILE FOR THE UPPER MENOMONEE RIVER (R. M. 17.00 to 21.50) 
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Map D-6 

AERIAL PHOTOGRAPH SHOWING AREAS SUBJECT TO FLOODING ALONG THE UPPER MENOMONEE RIVER (R. M. 21.50 to 25.50) 
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Figure D-7 

FLOOD STAGE AND STREAMBED PROFILE FOR THE UPPER MENOMONEE RIVER (R. M. 25.50 to 29.41) 
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Figure D-11 

FLOOD STAGE AND STREAMBED PROFILE FOR UNDERWOOD CREEK (R. M. 3.50 to 7.47) 
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Map D-13 

AERIAL PHOTOGRAPH SHOWING AREAS SUBJECT TO FLOODING 
ALONG THE SOUTH BRANCH OF DOUSMAN DITCH (R. M. 0.00 to 0.64) 
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Map D-12 

AERIAL PHOTOGRAPH SHOWING AREAS SUBJECT TO FLOODING 
ALONG THE SOUTH BRANCH OF UNDERWOOD CREEK (R. M. 0.00 to 1.08) 
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Figure D-13 Figure D-12 

FLOOD STAGE AND STREAMBED PROFILE 
FOR DOUSMAN DITCH (R. M. 0.00 to 0.64) 

FLOOD STAGE AND STREAMBED PROFILE FOR THE 
SOUTH BRANCH OF UNDERWOOD CREEK (R. M. 0.00 to 1.08) 
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Map D-15 

AERIAL PHOTOGRAPH SHOWING AREAS SUBJECT TO FLOODING ALONG THE LITTLE MENOMONEE RIVER (R. M. 3.50 to 7.00) 
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Source: SEWRPC. 
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Figure D-15 

FLOOD STAGE AND STREAMBED PROFILE FOR THE LITTLE MENOMONEE RIVER (R. M. 3.50 to 7.00) 
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Source: SEWRPC. 



LEGEND 

Map D-16 

AERIAL PHOTOGRAPH SHOWING AREAS SUBJECT TO FLOODING ALONG THE LITTLE MENOMONEE RIVER (R. M. 7.00 to 10.18) 
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Figure D-16 

FLOOD STAGE AND STREAMBED PROFILE FOR THE LITTLE MENOMONEE RIVER (R. M. 7.00 to 10.18) 

Source: SEWRPC. 



Map D-17 

LEGEND 

AERIAL PHOTOGRAPH SHOWING AREAS SUBJECT TO FLOODING ALONG THE LITTLE MENOMONEE CREEK(R. M. 0.00 to 2.25) 

APPROXIMATE EXISTING CHANNEL 
CENTERLINE AND RIVER MlLE 
STATIONING 

) 100-YEAR RECURRENCE INTERVAL 
FLOODPLAIN--PLANNED LAND USE 
AND EXISTING CHANNEL CONDITIONS 

Source: SEWRPC. 

GRAPHlC SCALE 

1/2 I MLLE 
I I I I I  I 

DATE OF PHOTOGRAPHY MAY I975 



LEGEND 

Figure D-17 

FLOOD STAGE AND STREAMBED PROFILE FOR THE LITTLE MENOMONEE CREEK (R. M. 0.00 to 2.25) 
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Figure D-18 

QOD STAGE AND STREAMBEP DSOFILE FnP BUTLER D l T W  (R. M. 0.00 to 2.37) 

OD STAGE - EXISTING CHANNEL CONDITIONS 
100-YEAR RECURRENCE INTERVAL 
*n-YEAR RECURRENCE INTERVAL 

I-YEAR RECURRENCE INTERVAL 

LEGEND 
LISBON ROAb - BRIDGE IDENTIFICATION Nkmc 

CTH K - BRIDGE IDENTIFICATION COUNTY 
STATE, OR FEDERAL DESIGNATI~N 

1620 - STRUCTURE IOENTIFICATION NUMBER 
1 3 5  -RIVER MILE I - HYDRAULICALLY NSIGNIFICANT 

- HYDRAULICALLY SIGNIFICANT 

BON ROAD 
cTn K 

162C 
1.35 

- RAILING AT STREAM CENTERLINI 1 - DECK AT STREAM CENTERLINE - LOW POINT IN APPROACH ROAD*=, 
IF NOT BRIDGE DECK - LOW CHORD OR CROWN OF CLOSED 
CONDUIT - - EXISTING STREAM BI 

HAMPTON ROAD 
CTH KF 

1615 

A L L  FLOOD STAGE PROFILES ARE BASED 
4 YEAR 2 0 0 0  PLANNED LAND USE 

STANCE IN RIVER MILES F B p T  CONFL,YEF WITH THE MEMENOM-E RIVER 
< -3 --T-"' we" 

Source: SEWRPG. 



Map D-19 
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Q) AERIAL PHOTOGRAPH SHOWING AREAS SUBJECT TO FLOODING ALONG LILLY CREEK (R. M. 0.00 to 3.29) 
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Figure D-19 

FLOOD STAGE AND STREAMBED PROFILE FOR LILLY CREEK (R. M. 0.00 to 3.29) 
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Map D-21 

AERIAL PHOTOGRAPH SHOWING AREAS SUBJECT TO FLOODING 
ALONG WILLOW CREEK (R. M. 0.00 to 1.65) 

Map D-20 

AERIAL PHOTOGRAPH SHOWING AREAS SUBJECT TO FLOODING 
ALONG THE NOR-X-WAY CHANNEL (R. M. 0.00 to 2.08) 
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Figure D21 

FLOOD STAGE AND STREAMBED PROFILE 
FOR WILLOW CREEK (R. M. 0.00 to 1.65) 
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Figure D-20 

FLOOD STAGE AND STREAMBED PROFILE 
FOR THE NOR-X-WAY CHANNEL (R. M. 0.00 to 2.08) 
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AERIAL PHOTOGRAPH SHOWING AREAS SUBJECT TO FLOODING 

ALONG THE NORTH BRANCH OF THE MENOMONEE RIVER (R. M. 0.00 to 1.83) 

LEGEND 

AERIAL PHOTOGRAPH SHOWING AREAS SUBJECT TO FLOODING 
ALONG THE WEST BRANCH OF THE MENOMONEE RIVER (R. M. 0.00 to 2.05) 
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Figure D-23 

FLOOD STAGE AND STREAMBED PROFILE FOR THE 
NORTH BRANCH OF THE MENOMONEE RIVER (R. M. 0.00 to 1.83) 

Figure 0-22 

FLOOD STAGE AND STREAMBED PROFILE FOR THE 
WEST BRANCH OF THE MENOMONEE RIVER (R. M. 0.00 to 2.05) 
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Appendix E 

HYDROLOGIC-HYDRAULIC SUMMARY FOR STRUCTURES ON THE 
MENOMONEE RIVER AND SELECTED MAJOR TRIBUTARIES 

Table E-I 

HYDROLOGIC-HYDRAULIC SUMMARY-LOWER MENOMONEE RIVER 

a Sfrurnne cod- are ss fell-; I-&dge or c u I ~ ~ t ; Z ~ , s , l l o r  w~~~;3ddw~ff f f t~re0rnaff f~ChanhaI  dddp;4-fords, ddtffI11,iiIef of off let f f f f f f f f f f .  H ~ d d d d l ~ c ~ I I y  s~gntfi i i i t  t f f f f trrer are denoted by YO S, hydddd1111IIy i i i ign8fff f f f  f f f f c t t te r  ate ddddfed by YY I. 

b A  brldge h r  an ademare hydraubc capzeity rf ,f will remaln open dunng s flood hawng a recurrence interval equal lo or less rhsn rhe rmommended derrgn frequency. A budge Is hydrauhcslly in#deguafe ,f ?he approach road or brrdge dsck s overtopped by e flood hsvrng s racunence ioferval eoual to or  Iesr than me recommended destgn frequency 

SDme of ?he flood dlrcharges a p p n n g  i n  thb  fable are different fmm the drscharger s r  forth In Table 19 o f  f h r s  volume for Idenlrcal locahons and land use-floodland developmeof condttlonr. The drfferences are due to uss of exhtmg Eondloon flood dlrehsrgerio Chi9 appendrx wherever such dlrchar~er exceeded year 2WOplsnned laoduse cond!l,oos and 
the derIrab,nfy of mamta,oing a conhouour. gradual change i n  drrcharge along me stream ryrtam sa opposed m the use of  large drscrefe changer m flood discharge. The discharge dtfferencer ere not nkely m have any srgorfr~ant effecf on the eorrerpondtng flood nsger. 

Number 

500 

505 
510 
515 
520 
525 
530 

535 

540 

542 

545 
546 
550 

555 

560 
565 
570 
575 
580 

584 
585 
590 

595 
600 
605 

610 
615 
620 
6ZOA 
625 
630 
635 
540 

645 
646 
648 
649 
650 
655 
660 
665 
667 
670 
679 
680 
685 
6854 
690 

dBsekwerer a defined as the maxnovm inereare ro stage an the upsfrsam ride of a brtdge or culvert above that whrch would occur to fhs absence of a bndge or culvert ~ackwsler war derermtned by exrendmg the flood stage profile on ?he downstream ride o f  the brrdge or culvert upsfream mmugO the structure and rubcracfmg me resultsng slevafion on me - upsneam rrde of che structure from the upsrream floodsrageprohle oommenrvrafe wtfh the presence of chs rtrucfure 
Ln 

Source SEWRPC 

Character8sftcr 

Date of 
construc~,on 

or MS,O~ 

~ e e o n ~ f ~ ~ ~ t ~ ~ ~  

1945 

1905 

1934 

1968 

1964 

1968 

10-Year 

Inrfanfaneous 
peat 

~ i ~ ~ h ~ ~ ~ ~ ~  
lcfr l  

lO1)OO 

10.900 
10,QOO 
10,900 
10,9W 
1 0 1 ) ~  
10.900 

10800 

10900 

10,900 

10900 
10,904 
10,300 

10.300 

10.300 
10,303 
10.3W 
10.300 

9.100 

9,100 
9.1W 
9,100 

9,100 
9.100 
9.100 

9.100 
9.100 
9.050 
9,050 
9,050 
9,050 
9,050 
6.800 

8 8 W  
6800 
6 8 W  
8 p W  
6800 
6,800 
4,230 
4.230 
3,870 
3,870 
3870 
3,870 
3870 
3870 
3,330 

Structure 

Name 

Chleago. Mllwauke~.St.Paul, 
and Psclfls Railroad 
Plank~nton Avenue 
6th Soeer 
North-South Freeway 11 941 
N Muskego Avenue 
16th Streer 
Chlca9~.Mllwaukee.St Paul. 
and Pac#fle Rallraad 
Ch#cago.M#lwaukee.Sf Paul. 
and P.E\~,C Railroad 
Ch#cago.M#lwukee.Sl Paul, 
and Pacific Railroad 
Ch~cago,M#lwukce.St.Paul. 
and Paclflc Railroad 
27th hree t  
Falk Dam 
Ch~cago.M~lwaukee,St.Paul, 
and Paclflc Railroad 
Chicago. Mllwaukee.St. Paul, 
and Paclflc Railroad 
35th Street 
Psderfrlan Bridge 
Pedertrlan Brldgs 
East West Freeway 11 941 
Chlca9o.Mllwaukee.St Paul. 
and Paclf~c Rallroild 
W Bluemound Road 
W Wlreonlln Avenue ISTH 161 
Chicago, Molwaukee.S?. Paul, 
and Paclflc Rsllroad 
Pedelfrlan Brldga 
N 45th Streel 
Chicago, M~Iwsukee.Sf.PauI, 
and Paclflc Railroad 
Stadsum Freeway IUSH41I 
Prwale Brrdge 
Hawley Road 
Hawley Road 
Pedesrrlan Bradge 
N. 68th Street 
N .  70th Street 
Ch#cago.M#lwukee.St.P~uI,  
and Pacific Rsllroad 
Hsrwood Avenue 
Ford 
Pedertrtan Bridge 
Paved Ford 
Swan Boulevard 
Paved Ford 
North  venue 
Burlegh Street 
Llmertone Ford 
Maytslr Road 
Pedsrtrian 8rldge 
Pr8vsfe Brtdge 
Csp#tol DrwelSTH 1931 
Capltol Drive Arch Bridge 
W Hampton Avenue 

nwommendsd 
oersgn 

Frequency 
lysanl 

NIA 

NIA 
N i A  
NIA 
N iA 
NIA 
1 W  

100 

1 W  

1 W  

NIA 
NIA 
1 W  

100 

NIA 
N I A  
I  
N IA 
1 W  

Nil\  
N IA 
100 

NIA 
10 

100 

1 W  
N l A  
NIA 

10 
NiA 

50 
10 

100 

50 
NIA 
NIA 
NIA 

50 
A 

50 
50 

Nil \  
50 

NIA 
N i A  
A 

50 
50 

Rmurrence 

Urntream 
stage 
If-t 

abovemsll 

N i A  

NIA 
NIA 
NIA 
NIA 
NIA 

585 5 

5662 

587.0 

566 1 

NIA 
5W.6 
592.6 

5928 

N i A  
I  
N i A  
NIA 
597.1 

NIA 
N iA 

6066 

NIA 
611 6 
617.2 

6198 
NIA 
NIA 

628.9 
NIA 

640.6 
6443 
6509 

6519 
N i A  
N i A  
N i A  

671 5 
N i A  

676.7 
685.0 
N i A  

691.1 
A 
NIA 
NIA 

698 7 
701 0 

50-Year 

Inllsntaneour 
Peek 

D8schargeC 
lcfsl 

16900 

16900 
16.400 
16.4W 
16P00 
16.400 
16.400 

16POO 

16$00 

16,400 

16,400 
16,400 
15.700 

15.700 

15.700 
15.700 
15.700 
15,700 
14.100 

14.100 
14.100 
14.100 

14.104 
14.100 
14.104 

14,100 
14,100 
14.100 
14.100 
14.100 
14.100 
14.100 
10.600 

10.600 
10.600 
10.600 
10.6W 
10.600 
10.600 
6,050 
6.060 
5,550 
5.550 
5.550 
5.550 
5.550 
5.550 
4.750 

ldent#flcaf#on and Selected 

~dequate  
H ~ ~ ~ ~ ~ I , ~  
capacltyb 

NiA 

Nil \  
NIA 
N iA  
N iA  
N i A  
No 

No 

No 

No 

A 
NIA 
YPI 

Yes 

NIA 
N I A  
NIA 
N I A  
Yes 

A 
NIA 
No 

NIA 
Yes 
No 

Yes 
NIA 
NIA 
Ye$ 
A 
No 
No 
No 

Yes 
NIA 
NIA 
NIA 
No 
A 
No 
Yes 
NIA 
Yes 
N i A  
NIA 
NIA 
Yes 
Yes 

100-Year 

lnrtantaneour 
peak 

D8schargeC 
lc fd  

19,600 

19,600 
19,600 
19.500 
19,600 
19,600 
19,600 

19.600 

19.600 

19,500 

19,600 
19.600 
18400 

18,400 

18.400 
18,400 
16,400 
18,400 
15804 

1 6 W  
16800 
16.8W 

16800 
16800 
16,800 

16800 
1 5 8 W  
1 6 . m  
15,800 
16,604 
16,800 

12.7W 
16800 

12.m0 
12.700 
12.700 
12.700 
12.700 
12.700 
6300 
6.900 
6,360 
6.350 
6.350 
6.350 
6,350 
6,350 
5P60 

~sver  
M , I ~  

0 02 

0 0 6  

Interval 

~ownsrrsam 
stage 
Ifee? 

abovemr~ l  

N i A  

NIA 
NIA 
A 
N iA 
N i A  
584 5 

565.6 

586 1 

587 0 

N l A  
568 1 
591 4 

5926 

NIA 
N i A  
NIA 
NIA 

596.3 

NIA 
N iA 

601 9 

N i A  
6088 
6156 

619.4 
NIA 
N i A  

6282 
NiA 

639 8 
6433 
650 0 

650.9 
N i A  
N i A  
A 

670 2 
NIA 

676.2 
884.7 
NIA 

691.9 
NIA 
NIA 
NIA 

697 8 
700.6 

Recurrence 

Uprrresm 
Stage 
lfeet 

abovemrll 

N i A  

N i A  
N i A  
NIA 
N / A  
NIA 

5870 

5872 

5877 

5884 

NIA 
593 2 
595 6 

596.9 

N i A  
NIA 
NIA 
NIA 

601 9 

A 
NIA 

6126 

NIA 
6166 
6208 

6249 
N I A  
NIA 

6334 
NIA 

6424 
6446 
653 4 

655 5 
A 
NIA 
N i A  

675.0 
NIA 

680.0 
587.4 
NIA 

692.7 
NIA 
NIA 
N / A  

700.7 
702.8 

Structure 
~ y p e a o d  
Hydraul8c 

slgnlflancsa 

I I 

11 

Recurrence 

Uprfream 
stage 
lfaet 

abovemsll 

N i A  

N i A  
N i A  
NIA 
N i A  
N i A  

567.7 

5679 

588 1 

5884 

N i A  
594 5 
597.2 

598.9 

NIA 
NIA 
Ni& 
N i A  

604.6 

NIA 
NIA 

6155 

NIA 
6192 
622 5 

6259 
NIA 
NIA 

5340 
NIA 

6433 

6543 
5452 

6562 
A 
NIA 
N i A  

675.6 
NIA 

681 6 
688 4 
NIA 

693.4 
N I A  
NIA 
NIA 

701 6 
m 3 6  

Flood-2000 

~ . ~ k ~ ~ ~ ~ ~ ~  
Ifserl 

NIA 

NIA 
N i A  
N / A  
NIA 
N i A  
0 8  

0 5  

0 8 

0 0 

N l A  
NIA 
1 1 

0 2  

I  
N i A  
NIA 
NIA 
0 4  

NIA 
N i A  
4 6  

NIA 
2 3  
0 9  

0 0  
NIA 
N iA 
0 0  
N i A  
0 0 
0 0  
0 7 

0 0  
NIA 
N i A  
NIA 
0.6 
NIA 
0 5 
0 0 
NiA 
0.0 
NIA 
NIA 
N / A  
0 8 
0.4 

Intervd 

Downrtresm 
Stage 
lfeet 

abovemrll 

NiA 

N i A  
NIA 
N/A 
N iA 
NIA 

586.0 

587.0 

5871 

5877 

NIA 
588 2 
594 1 

5958 

I  
N IA  
NIA 
N i A  

6000 

NiA 
N i A  

604.8 

N i A  
6121 
6184 

6245 
NIA 
N l A  

630.5 
NIA 

641.9 
6440 
651 8 

653.4 
A 
N i A  
NIA 

572 7 
NIA 

679.2 
686.2 
NIA 

693.6 
NIA 
NIA 
N I A  

699.2 
7024 

Interval 

Downstream 
stage 
lfsst 

abouemrll 

N i A  

N i A  
Nil \  
N I A  
NIA 
N I A  

587 5 

587 7 

5878 

5881 

N I A  
588 6 
595.5 

5974 

N I A  
N I A  
N I A  
N i A  

601 7 

NIA 
NIA 

606.4 

Nil\  
614.6 
619.9 

6258 
NIA 
N I A  

531 6 
N i A  

6429 

5524 
6448 

6543 
N I A  
NIA 
N I A  

6738 
NIA 

680.5 
6868 
NIA 

694.2 
N i A  
N I A  
N i A  

599 6 
7032 

%%I il 

Land Us  Condtt8onr 

Dspth a? 
LOW pol,+, 
~n 8rldge 

~~~~~~~h 
(feet] 

NIA 

N i A  
N i A  
N i A  
N l A  
NIA 

0 2 

1 7  

0 7  

- 0 1 

N I A  
N i A  

- 5 2 

. 7 6  

NIA 
N iA 
NIA 
NIA 

- 7.7 

N i A  
NIA 

- 7.7 

NIA 
6.0 
0.2 

- 3 6 4  
NIA 
NIA 

0 5  
NIA 

- 0.6 
0 9  
3 0 

4.9 
NIA 
NIA 
N i A  

6.9 
N i A  

- 3 2  
- 5.0 

NIA 
- 7.3 

NIA 
NIA 
NIA 

- 8 0 
10.2 

FlooO-2000 

8ackwaterd 
lfeetl 

NIA 

N iA 
N i A  
N iA  
NIA 
NIA 
0 4  

0 2 

0 5  

0 0  

N i A  
N i A  
1 4  

1.0 

N i A  
N i A  
N i A  
Nil \  
1 7  

MIA 
Nil \  
7 7  

NIA 
4 4  
1 6 

0 0  
A 
NIA 
1.8 
NIA 
0.0 
0.0 
1 4  

0 0  
NIA 
NIA 
NIA 
1 7  
NIA 
0.8 
0 8 
NIA 
0 0  
NIA 
NIA 
NIA 
1 4  
0 4  

1 1 1  
1 8 7  

1 9 1  

1 9 5  

1 9 7  

210 
2 22 
2 5 0  

2.60 

2 6 5  
2 7 8  
3 2 2  
3 55 
3 71 

4 0 7  
4 0 8  
4.24 

4 4 3  
4 4 5  
4.56 

4.63 
4.83 
515 
5 15 
5 6 6  
5 9 6  
6 10 
6.10 

6 72 
7 2 3  
7 6 9  
7 62 
8 0 0  
8 3 3  
8 5 0  
9 8 8  

10 21 
1067 
1090 
1094 
11.20 
11 20 
1252 

Depth o" 
m a d  at 

centsrllne 
,,t sr,dge 

{feet] 

NIA 

N ~ A  
N iA 
N l A  
NIA 
NIA 

3.2 

2 5 

- 3 2  

2 7 

NIA 
N i A  
. 12 5 

- 7.6 

A 
NiA 
N iA 
N iA  

- 8.2 

A 
N i A  

- 9.8 

Nil\  
6 0  

- 0.4 

-36.4 
A 
NIA 

- 5 2  
NiA 
2.7 

- 1 . 0  
- 4 3 

- 9.4 
NiA 
N iA 
Nil \  

- 3 5 
NiA 

- 3.3 
- 5.0 

Nil\  
- 7 7  

1 
NIA 
NIA 

- 8.4 
-13.6 

Flood-ZOO0 

sackwaferd 
Ifeetl 

N i A  

NIA 
NIA 
N I A  
NIA 
NIA 
0.0 

0 2  

0.2 

0 0  

N i A  
N i A  
1 5  

1.4 

NIA 
N i A  
N i A  
N i A  
2 8  

N I A  
NIA 
9.1 

N i A  
4 6  
2 3 

0.0 
N I A  
N I A  
2.1 
N I A  
0 a  

1 8  
0 0  

0 0  
N i A  
N i A  
NIA 
1 2  
NIA 
1.0 
1 2 
N i A  
0.0 
A 
N I A  
NIA 
1.8 
0 4  

11 
I S  

I S  

I S  

I S  

1, 
2% 
1S 

1S 

11 
11 
11 
11 
1% 

11 
11 
I S  

11 
IS  
I S  

I S  
11 
11 
I S  
11 
1s 
1s 
I S  

1s 
41 
11 
41 
IS  
4S 
I S  
I S  
41 
1s 

1 1 ~  11 

11 
I S  
1s 

Land VIP CDndif8ons 

Depth a t  
LOW Polnl 
ln Bridge 

Approach Rosd 
lfeetl 

N i A  

NIA 
A 
A 
NIA 
NIA 
1.3 

2 6  

1 1  

0 2  

NIA 
NIA 

- 2 0  

- 3 6  

N i A  
N i A  
NIA 
NIA 
2 7  

A 
A 

- 1 8  

NIA 
- 3 . 0  

1.3 

-31  5 
NIA 
NIA 
4.2 

N i A  
1 4  

0 9  
1.6 

1 0 
NIA 
NIA 
NIA 
1 0 5  
NIA 
0.1 

- 2 6 
N i A  

- 5.6 
N i A  
NIA 
N i A  

- 6 4 
- 6 5  

Oeofh on 
Road at 

Center~lne 
of Brsdgs 

lfsetl 

N i A  

NIA 
NIA 
NIA 
NIA 
NIA 

- 1.7 

1 6  

2 8  

- 2 4  

NIA 
N I A  

- 9.3 

- 3 6  

N I A  
NIA 
N I A  
NIA 
3 2  

NIA 
NIA 

- 3 9  

NIA 
- 3 9  

0.7 

-31.5 
I  
N I A  

- 1.0 
N l A  

- 0.7 

- 0 3  
- 0 . 3  

- 5.5 
NIA 
NIA 
NIA 
0 1  

N i A  
0.0 

- 2.6 
N I A  

- 6 0  
N I A  
NIA 
N I A  

- 6.8 
- 1 1 9  

Land Use Condltlonr 

Depth at 
Low Point 

8" Bridge 
~pproash ~ o a d  

lfeetl 

N I A  

N i A  
N I A  
N I A  
N I A  
N I A  
1 9  

3.3 

1 8  

0.2 

N i A  
N i A  
0 3  

. 1.5 

NIA 
N i A  
NIA 
N i A  
0.1 

MIA 
N I A  
1 0  

N I A  
- 0.7 

3.0 

-29.9 
N i A  
NIA 
4.6 

NIA 
1.6 

1.9 
2.3 

- 0.1 
N I A  
N i A  
N I A  
11.2 
N I A  
1.8 

- 2.3 
N i A  
4.9 

NIA 
N I A  
N I A  

- 5.8 
- 7.7 

Depth on 
Road at 

centsr1,ne 
of 6rldge 

lfeetl 

N i A  

N i A  
N i A  
N I A  
N i A  
NIA 

- 1 1  

- 0 . 9  

2.1 

- 2 . 4  

NIA 
NIA 

- 7 3  

. 1.5 

N i A  
N i A  
NIA 
N i A  
0.6 

N i A  
N i A  
1.1 

NIA 
- 0 . 7  

2.4 

- 2 9 9  
NIA 
NIA 

- 0 6 
N i A  

- 0 . 3  

0.6 
0.4 

- 4.6 
NIA 
NIA 
NIA 
0 8  

N I A  
1 7  
2 3 

NIA 
5.3 

N i A  
NIA 
NIA 

- 6 2 
-11.1 





Table E-3 

HYDROLOGIC-HYDRAULIC SUMMARY-HONEY CREEK 

a Sfrucfvre coder #re ar followi. ?-budge or cuiuert. 2 d a m . r l  or werr;3-drop structure or natural channel drop. 4-fords.outfallr, rnlet or ourlet rrrucrurer Hydraul,caNy scgnrf,canf rfrucfurer are deoofed by an S. hydrau/,cally osignlfrcanf rtrucfurer are denored by an I 

b A  brrdge her an adeouare hydravbc caparlfy i l  ,r ~$11 ,emarn open during f m d  hsvrng a interval m or less ,ha" me frmuency. A bridge ,s hydravllcally nwdmuafe if the appmach mad or bmdge deck ,s overtopped by a flood having a recurrence rnferval mval fo or less lhao the recommended desdo frmuensy. 

%me of the flood drrcharger appearing m rh,r cable are d,fferenc from the d,scharges set forth ," TS~IC 19 OF rnrs for idenrrca; locations and land use.f~ood~and development ~ o n d ~ t ~ o n r   he dtffereocer are doe to use of exanng condrtron flood drrchargerrn chrr appendrx wherever such discharges exceeded year ZWOpianned landuse condmons and 

the desrrab!l,ry of mamram,ng a connnuour. grabual change m drrchsrge =long the stream syrrem as oppored m <he use of large d,screte changes in flood dirsherge me dlrcha,ge drfferenses are not likely ro have any ngnifrcanf effect on the orrer~ondiog flood rfwer. 

950 Hone" Creek Parkway 0 1 7  1s 10 No 2,460 653 1 652 1 0 0  1 7  1.1 3.190 6 5 3 6  653 0 0.0 2 4  1 6  

955 W Porrland Avenue 0 5 0  1s 10 Yer 2,460 6666  663.1 2 6  1 6  - 3 5  
960 Honey Creek Parkway 0 6 1  I S  1 2  1.0 

965 W W#mon$#n Avenue 0 9 1  1s 1 6  1 6  
970 Honey Creek Parkwav 1 1 0  1s 9 3  - 9 . 3  
975 W Bluemound Road IUSH l81  1 2 2  1S 9 6  9 8  

980 Honey Creek Partway 1 3 9  I S  
982 Drop Structure 1 4 4  35 
983 Drop Structure 1 5 2  3s 
984 Drop Structure 1 8 1  3s 
985 S 84th Srreet 1 6 3  I S  
990 S 84th Slreet Ourlet 1 9 9  45 
- -  East Wert Freeway 11 941 2 04  N I A  

Ch8caga. Mllwukee.Sf Paul. 2 4 2  N I A  
and Paclflc Railroad 
W Greenfield Avenue 3 1 0  N I A  
W Orchard Street 3 2 1  N I A  
W Laoham Avenue 3 3 4  N I A  

- W Nstlonal Avenue 3 5 2  N I A  - N I A  N I A  2070 N I A  N I A  N I A  N I A  N I A  2.480 N I A  N l A  A  N I A  
-- W Burnham Avenue 3 5 5  N I A  
-- W Rogerr Street 3 6 8  N I A  
-- W Becher Street 3 8 1  N I A  
--  W Grant Street 3 9 8  N I A  
- W Llncoln Avenue 4 0 6  N I A  
--  W. Hayes Avenue 4 1 8  N I A  
--  W Arthur Avenue 4 3 1  N I A  

1060 W Arthur Avenue Inlet 4 3 2  45 
1085 Park Pedelrtan Brldye 4 5 7  11 N I A  N I A  1,620 N l A  N i A  N I A  N l A  
1090 W Belost Road 4 6 8  1s 50 Yes 1,629 726.3 725 9 0 3 8 3  - 9.5 2.210 727 7 7 2 7 0  0.5 - 7 0  

1095 S. 76th Streel 5 1 1  1s 
1100 W Oklahoma Avenue 5 2 7  I S  
1105 S 72ndStreef 5 5 1  1s 
1112 Drop Structure 5 6 9  3s 
1113 Small Dam 5 9 4  21 
1114 D r o ~  Structure 5 9 4  3 s  
1115 W Morgan Avenue 5 9 6  1s 
1120 S 68th Street 6 16 1s 50  Yer 1.620 741.2 7 3 9 9  0 8 

11 25 W Howard Avenue 6 5 4  1s 1972 50  Ye3 835 7 4 4 4  7 4 4 4  0 0  

1130 W. Foreri Home Avenue 6 56 1S 50 Yes 

1135 S M h h  Stresf 7 0 6  I S  
1140 W Coldspr8ng Rosd 7 19  I S  
1145 Airporf Frsewsy l lH8941 7 5 3  1S 100 Yes 835 751 0 750 6 0 0  - 17.1 

100 Year Recurrence Interval Flood-ZOW Land Use Condltlons 

d8ackwater ,r dehned as the maxrmum ,ncreare lo rrsge on the uDrrream of a bridge or above that which wouldoccur ," the absence of a br,dge or culvert ~ ~ d w ~ f e ,  was determrned by exfendrng the flood ~rageprofrle on ohe downstream s,de of  the bridge or cvlverr oprrream mrough the ~truclvre endsubfracfrng the reruil!ng elevaf!on on the 

upstream srde of the structure from me upstream floodrrage profrlle commenrurste wvh the presence of the structure 

Instantaneous 
Peak 

~~~h~~~~~ 
lcfr l  

3 4 8 0  
3P90 
3+90 

50 Year Recurrence Interval Flood-2OW Land Use Condltlons Structure ldentif#catton and Selected Chsracterlrtlcr 

Source. SEWRPC 

lnrtantaneour 
peak 

DlrchargeC 
lcfr l  

3.190 
3,190 
3.190 

10-Year Recurrence Interval Flood-2000 Land Use Condli#on? 

Uprtream 
Stage 
[feet 

abovemrll 

649 1 
6493  
649.6 

Number 

947 
948 
949 

Upstream 
stage 
[feet 

abovemsll 

648 5 
646.7 
649 0 

lnrlanlaneour 
Peak 

DlrchargeC 
lctr i  

2,460 
2,460 
2,460 

Recommended 
~ s r l g n  

Frequency 
,years1 

N I A  
N I A  
N I A  

Downrtream 
Stage 
lfeet 

abovemrll 

6489  
6 4 9 1  
649 3 

Downstream 
Stage 
Ifeet 

abovemril 

6466  
6468  
6474  

Upstream 
Stage 

lfeet 
abovem30 

6468  
6474  
6 4 7 9  

Name 

Natural Channel Drop 
Nalvial Channel Drop 
Natural Channel Drop 

~ d e q u a l e  
Hydraulx 
capacltyb 

N l A  
N I A  
N I A  

Downrtream 
Stage 
[feet 

abovemrll 

648 2 
6485  
648 7 

8ackwaterd 
[feet] 

N I A  
A  
N I A  

8ackwaterd 
lteefi 

N I A  
N I A  
N I A  

River 
Mile 

0 0 4  
0 0 5  
0 0 6  

8ackwaterd 
[feet) 

N I A  
N I A  
N I A  

Depth a t  

Low Point 
8" Bridge 

Approach Road 
[feeti 

-- 
N I A  
N I A  
N I A  

Depth a t  
Low Palot 

8"  Bridge 
Approach Road 

(feet) 

p - ~ ~ ~ ~ p - - p ~ p ~ ~ - ~ ~ p  

N I A  
N I A  
A  

Strucfure 
~ y p e a n d  
Hydraul8c 

~~~~~f~~~~~~~ 

35 
3s 
3s 

DePth on 
Road st 

Centerllne 
of Brldge 

[feet] 

N I A  
N I A  
N I A  

Depth a t  
Low Point 
~n Br~dge 

A~proach Road 
[feeti 

N I A  
N I A  
N I A  

Depth on 

Road at 

Centerllne 
of Bridge 

[feet) 

I  
N I A  
N l A  

Dsre of 
conr f ru~f~on 

or Major 
Rssonrtrvcflon 

A  
N I A  
N I A  

Depth on 
Road a t  

Centerltne 
of Bridge 

ifeel) 

N I A  
N I A  
N I A  







Table E-7 

HYDROLOGIC-HYDRAULIC SUMMARY-LITTLE MENOMONEE RIVER 

a SWUefUm coder are as follows. 7-brrdge or culvert 2dam,dd!l  or Wddd;3ddd~ Pffffffff of nftttt I~hhhhhIdrop, I-fffdd,outfaIIs, I I I I ~  orouflef fffffffrff. HyddauI~calI~ ~~gn~f fc fn f f f f f f ru r rs  are denoffd by vo S, h~ddddI~cII lY ~ n ~ ~ g n ~ f t t t t t  rfffcfffff fff denoted by YY I. 

b A  bridge has an sde*usre h~dr=uI,c CW~F,?Y ~f I )  wdl remain open dvnng s flood harrng a recurreocs mmrvai eoval to or tsrr man ?he dernln freOueocy A budge ,$ hydrsv~aa~ iy  ,nsdquate ,f rhe aporaach road or brrdge deck ,r overropped by a f i o d  hawng a recurrence roterval equal co or ierr then me recommended derwn frwuancy. 

Some of the flood d,scharger ~ p e a n n g  a fhrs reble are d,fferenr from the dscharger set forth ," rable 19 o f  thrr voiume for ,dsnc,ca~ bcarlonr land use.flood~end development condrf,onr. d,ffereocer are due to use of erlrtlng eondrtioo flood d,schargerm chis amend,x wherever such dwchsrger exceeded veer ZOW~lenned landuse condttronr and 

the der.rabltv of ma,nfa!nmg a conrrouour. gradual sheope ,o drrcharge along me stream system as opposed m rhe use o f  large d,$crete changer m flood d,rchsrge. rhe drschawe dlfferencer "or likely to have any s,yn,f#cenf effect on rhe corresponding flood stager 

~ u m b s r  

1400 
1405 
1410 
1415 

1420 
1425 
1430 
1435 
1437 
1440 
1445 
1450 
1445 
1456 

1450 
1465 

1470 
1475 
1480 
1485 
1490 
1495 
1497 
1500 
15W 
1505 
1505 
1510 

dSachwafer rs defrned as the max!mum (ncreare ,n stage on the upstream srds o f  a brtdge or cv~vensborc chef ~ h , ~ h  W U I ~  occur the br,dgdge or ~ ~ ~ k ~ ~ t ~ ~  was derennlned by  errnoding ?he flood sragepmf,ie on the downstream srde of rhe brrdge or culvert upstream fhrough the rrrvcrure andrvbrrscring the rervlfrng elevsrron on the 

uDrfream rrde of rhc rrructure from the upstream flood rfageprof,le commensurate wtfh fhepresence of the structure. 

10 

lnrtsnfaneour 
peak 

~~~~h~~~~~ 
ictr l  

1.150 
1,150 
1.150 
1.150 

1.150 
1.150 
1.150 
1.150 

605 
805 
805 
605 
350 
350 

350 
350 

350 
350 
350 
330 
330 
330 
250 
250 
125 
125 
125 
125 

Source: SEWRPC 

Table E-8 

HYDROLOGIC-HYDRAULIC SUMMARY-LITTLE MENOMONEE CREEK 

StrYCIure 

~ a m e  

N  Lovers Lane Road ISTH 1001 
Pedertrlan Brldge 
W Sliver Sprmg Drive 
Chicago and 
Northwestern Rarlrosd 
W Ap~le ton  Avenue 
W.MIII Road 
Fond du Lac Freeway ISTH 1451 
W Leon Terrace 
Park Bridge 
W Good Holpe Road ICTH PPI 
N  Grsnullle Road ICTH FI 
W Cslumel Road 
W Bradley Road 
Chcago.Mdwauk~~,St Paul. 
and Paclflc Railroad 
Prlvals 8rldge 
Chicago and 
Norfhwertern Railroad 
W Brown Deer Rosd 
Park 8r4dge 
Park 6redge 
W County Line Road 
Private Brldgc 
Prlvare Brldge 
Prlvals Brldge 
Dongm Bay Road 
Prlvafe Bridge 
Mequon Road ISTH 1671 
Prlvafe Brldge 
Frelrladi Road 

Year Recurrence 

upstream 
stage 
Ifset 

m r ~ ~  

7015 
N I A  

702 9 
704 7 

705.1 
710.6 
711 0 
711.1 
N i A  

7120 
7123 
714.5 
716.3 
116.4 

N i A  
7186 

718.7 
N i A  
A  

719.1 
N I A  
N I A  
A  

7234 
N I A  

725.3 
N i A  

729 5 

Recommended 
~ e r l g n  

Frequency 
iysarrl 

50 
N I A  

50 
100 

50 
50 

100 
10 

N I A  
50 
10 
10 
50 

100 

N i A  
100 

50 
N I A  
N I A  

50 
N i A  
N I A  
A  

50 
N i A  

50 
N i A  

50 

a SfrucNre Codas are as follows l d r r d g s  or culvert;2ddmdddII I, WWeWe. 3 d d d c  C f f f f N N N  NNNNrurrI chhhhhl dddp:4-ffrdrd, rdrdfffIIs,r~Iet or OtfIBf ffffftures. Hydrdd1111IIy ~~9nnflflflnffttttrrrer rrr denoted by an S, hydrddI~ccIIy ~YY~gn~f f f f f r  sffff f f f f f  are denoted by YY I. 

ldentlftrat8on 

R ~ s r  
M I I ~  

0.08 
0 5 2  * 11 
1.45 

1 5 7  
2 4 1  
2 58 
2.52 
333 
3 6 2  
3 70 
4 13 
4 6 5  
4.73 

5.62 
5 8 4  

5 8 8  
6 5 2  
6 8 0  
6 9 1  
7 3 3  
7 4 7  
7 7 8  
7 9 7  
9.02 
9 12 
9 1 1  

1018 

~dequare  
Hydraulic 
callacltyb 

Yes 
N i A  
Yes 
Yor 

Yes 
No 
Yes 
N o  
N i A  
Yes 
Yes 
Yes 
Yes 
Yer 

N I A  
Yes 

Yes 
N I A  
N i A  
N o  
N i A  
Nil \  
N I A  
Yes 
N I A  
Ye3 
N I A  
Ysr 

50 Year Recurrence Interval Flood-2CCC Land Use Condlflonr 100-Year Recurrence Interval Flood-MW Land Ure Condlllons Interval Flood-2000 Land Ure Condltlonr 

Depth a1 Depth on Depth 8, Dspfh on Depth at  Dep~h on 
~ownr t ream LowPo8nf Roadat lnsranianeour U~r t ream Downrfream LOW Point Road a1 

Stage ~n 8rldge Centerl~ne Peak Stage Stage ln  Bridge Cent~rltne 
lfeet 8ackwaferd Approach Road of Bridge Dlrchargec lleet (fee? 8ackwaterd A p  8=ckwaterd Approach Road of Bridge 

' A  bridge har an edwusre hydrau,lc c q ~ w t y  it ~111 remaln open during a flood hanng a recurrence interval equal to or /ear ?hen the rsammended dertgn frequency A bildge rshydrau~,ca~~y madequate rf the approach road or bridge d s c ~  rs overtopped by a flood hsvmg a recurrence jnterva~ q u a i  to or ~esr than me recammeoded dengn frequency 

above mr11 

701.4 
N i A  

7028 
704.0 

7048 
7105 
7109 
711 0 
N I A  

7119 
7122 
7143 
7163 
7 1 6 4  

N I A  
7185 

7185 
N i A  
N I A  

7187 
N i A  
N I A  
N I A  

7228 
N i A  

7244 
N I A  

728.9 

Structure ldentlflcat8on and Selactsd Chara~tsrlrt#cr 

Same of rhe flood discharger appesrlng m fh* table are different from the d2scha~ges set forth i n  Table 19 o f  thir volume for identicai iocatrons and land use-floodland develoPmentcoodrtrons. The drfferencer are due rouse of ex,roog condrrron flood dirchargerrn rhrs wpendrx wherever such dischawes exceeded year 2 O W ~ l a n n e d  landuse cond,t!ons and 
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Table E-I I 

HYDROLOGIC-HYDRAULIC SUMMARY-NOR-X-WAY CHANNEL 

a Structure coder ars a. follows: I-bridge or culvert, 2dam,s,I l  or w i i ; 3 d d O p  ~ f f f f f f f f  of f f f f f f l  channel ddd~;4-ff fdd.ddIff I11, i i I1~ or OUrIIf ffffffffff. HyddduI~c~IIy ~ ~ g ~ ~ f f f f f ~ ~ t r u ~ t ~ r ~ s  are ddddred by YY S, hydddd1111IIy ~ n ~ ~ g ~ ~ f f f f n f  ftrucfffff fff denoted by an ! 

b~ bdggs hsr an &.ware hydraulre c-rfy ,f ,I wrl l  emem opso dur,og a f l ~ o d  having s recurrence mterval eoual m or less than ?he recommendad dsrlgo frwusocy. A brtdge r hydraubcally insdrvuefe rf rhe approach road or brtdgs dsck rr oveqo~ped by a flood hanng a recurrence ,nlervalwual to or ies  than rhs rscommendedderrgn frequency. 

Sfructura Ident#t#calton and Sslscfed Characfsrl$t#cr 

some of the flood d,rcharger app-rmp m th,r tabla are diffwsnt fmm the dsrcharger set forth m rable 19 of thts volume tor rdcnc!cal locaaonr and land use-f~o~~anbdsrs,opmsnfcondtoonr m e  d!ffsrsncer are due to use of exlrtrog rood,rron flood dirchsqesrn thrr wherenr such drrchamsr exceeded year 2 0 m p l ~ n n e d  isndvss coodrwonr and 
fhs des,rabcl$N of mamt#mtng contmuour. gradus; ehsnge m dmchaqe gealng ?he stream ry ram sr apposed to the urc of large discrete changer m flood d!rch.rge. The d?rchargsd,fferencer are not bkely lo have any s,gnif,canr sffscr on rhs corre$poodmp flood stages 

Number 

3400 
3405 

3410 

3920 
3430 
3440 
3450 
3457 

3460 
3465 

dl(ackwersr w dslmed as the mexmum mcnsse m stage on the upscresm wde of a brrdge or evlverf above that which would m v r  rn rhe abrcnee o f  a bridge or culvsrr. Backwater wsdsterm,ned by exandrng the f lmd rrage proflie on the downrtream 18de o f  ths brjdge or culnrrt uprtrmm through the rnvetvre andrubtraccmg the re$ultmg elevation on the 
upstrsdm rrds of the structure from the upatream f~ood~tepepmf i le  commenrvraa wrth maprerence o f  h e  structure. 

10-Year 

Inlantancour 
peak 

DischargeC 
Icfd 

655 
655 

655 

655 
655 
655 
655 
655 

210 
210 

Source: SEWRPC 

SO-Year Recurrsnee Interval Flood-MOO Land Use Cond,t#onr 100-Yesr Recurrence Interval Flood-2000 Land Uss Cond#t#ons 

Table E-12 

HYDROLOGIC-HYDRAULIC SUMMARY-WILLOW CREEK 

- 

Name 

Fond du Lac Avsnue 
Enfrancs Ramp 41945 
lUSH41.USH451 
Fonddu Lac Freeway 
IUSH 41 and 451 
Stanlsy Drive 
Ma!" Streef ISTH 741 
Fountsln Bovlevsrd 
Warren Street 
Chlcago.Mllwaukss.St. Paul. 
and Paclflc Railroad 
USH 145 
County Llns Road 

Recurrence Interval Flaad-2OW Land Uss Condatlonr 

Inrtantaneour 
Peak 

~,*harge' 
b f d  

955 
955 

955 

955 
955 
955 
955 
955 

345 
345 

Date of 
construct,on 

or MB,O~ 

~ e ~ o ~ s t ~ ~ ~ l l o n  

- 
Upstream 

stage 
lfeet 

abousmsll 

753.6 
754.3 

755.4 

7562 
756.5 
757.1 
756.4 
761 7 

767.3 
768.5 

SCrvctvm cod- are a9 follOwr. I d r r d g e  or culvert2dam,s,fI  or I i i ; 3 d d O p  sffuUNNN ON NNWraI chhhhhl dddp;4-fffdddodrffI I~,~nIettt  outlet t t t t t t t t t  Hydrsdrcslly s#golfttttf fffffNres NNN denoted by YY S, hyddddI~caIIy ~ n ~ ~ g n i f t t t t f  fffffr~res are denoted by an I. 

b A  bndgdge her an adequate hvdravlrc capacity rf rc  wtN rPmam open dunng a flood having a recurrence ,oferval wua l  to or less then the recommended dcrnln frwuency A bndge !s hydravltcolly ,Mdsquefe i f  ?he wpmsch mad or bndpe deck ts overtopped by o flood havcng s recurrence rnterwl w v a l  to orlerr than the recommendsd darrgn frequency. 

R,VS. 

M#IS 

0 0 7  
0 1 3  

0 1 7  

0 2 7  
0 3 1  
0 4 5  
0.73 
0 8 2  

1.31 
1 3 7  

Same of the flwd dischame wpearrng m thrr fable are d l f f m t  from the discharger set forth m Tallle 19 of fhla mlvme for rdenfrcallacsfianr end land use-floodlaod development rondrfronr. The d,ffereocss are due to "re of exrscmg condrtron flood d8schsqesm fhrr appendtx wher~vsr such drscheqer exceeded yeat 2000 planned landvre cand,honr and 
the d~rrrabrbfy of msrnmninp s coomuour, gradual change ,n dcrehaqe along the stream ryrtem er opposed m the use of  large d,rcrere changer m flood dlrcharge m e  drschsrge d , f f m c c r  ere not hkely m have any s,gntf,csnt effecr on the correrpondrng f k a d  stage. 

Rscommended 
n-sgn 

~ r e q u ~ n c y  
lyeersi 

50 
10 

1 W  

10 
50 
10 
10 

1 W  

50 
50 

Structure 
T Y ~ B  and 
~ ~ d r a u ~ ~ c  

~~~~~f~~~~~~~ 

IS  
1s 

1s 

1s  
15 
I S  
I S  
1s 

15 
15 

Down%fream 
%age 
lfrrt 

abovemsll 

752.3 
7536 

7543 

7654 
7582 
756.5 
7573 
761 5 

766.5 
767 8 

- 
upstream 

Sfage 
[feet 

abovsmdl 

754.4 
755.9 

758.2 

7582 
7592 
759 3 
760 1 
763 0 

7679 
768.9 

SIructure ldent#ftcsf%on and Selected Charaetertlt#es 

d~ezkwarer ,I dchneo ar the maximum ,ncrm.e m stage on the upstream r,ds o f e  bridge or cv~vertabove that vhrch would occur a the absence o f a  brdgdg. or N I W ~ L  ~ a c ~ w a t e r  was determpned by exrenmg the f fmd rtweprofi ie on the d o w n r n ~ m  sde o f  the bridge or culvert upscream fhmvgh the srrvervre and ruotraccing chs reru/c,ng eieusnon on ma 
upstream side o f  the rrrueture frem the uorfrarm f loadr tqa  p m h h  commensurate with the p r e a n c e  of fh r  StrvcNrs 

~dequate  
~ y d r ~ v t ~ c  
capacltyb 

No 
Yes 

No 

No 
Yes 
Yes 
Yes 
Yes 

Yss 
Y e  

Number 

3300 
3310 
3320 

sackwaterd 
[feet] 

1 3  
0 7  

0 0  

0 8  
0 0  
0 9  
1 7 
0 0 

0 3 
0.0 

~ownrtream 
Stage 
(feet 

sbouemdl 

7% 2 
7544 

755 9 

7562 
758 2 
759 3 
7594 
762 7 

7669 
7683 

Depth st Depth on 

AD 

10-Year Rsurrence Interval Fload-2WO Land Use Cond$t&ons 

6askwsterd 
lfeetl 

1 2  
1 5  

0.0 

0 0  
1 0  
0 0  
0 0  
0 0  

0 4  
0 0  

~ ~ c t ~ ~ t ~ ~ ~  
lfeetl 

1 0  
1 6  

0 0  

0 1 
1 0  
0 1 
0 6  
0.0 

0 8  
0 0  

0 4  
- 5 5  

0.2 

2.2 
- 0  7 

1 3 
0.4 

- 7 4  

- 2 0  
1 0  

Inrfmntaneour 
Pwk 

Dlwhargec 
1ef.J 

115 
115 
115 

Depth st 

L~~ pol,,, 
,n 6rldgs 

~ ~ ~ ~ ~ ~ . h  noad 
l fset l  

-0 .9  
- 5 7  

- 2 9  

0 2  
- 3 4  
0 9 

. 1 4  
- 8 4  

2 1  
1 2  

M Year Recurrence Interval Flood-ZOW Land Use Condltlons 

Name 

Maple Road 
Lannon Road 
A ~ ~ l e t o n  Avenue ISTH 1151 

O ~ l h  a1 
Low PO,", 

8" srldge 
~pproach ~ o a d  

Ifset1 

0 6  
- 4 9  

0.6 

2 7  
0 2  
1 9  
0 6  
7 1  

-1 .9  
- 0 6  

Depth on 

~~~d 
centerhne 
of 6,,dge 

[feel] 

1 1 
-5.7 

- 3  1 

- 0 6  
- 3 4  
. 0 9  

1 4  
8 4  

- 2 1  
- 1  2 

0 2  
- 5 5  

0 0  

1 2 
- 0  7 

1.3 
0.4 
1 4  

2 0  
- 1 0  

1W-Year Recurrence Interval Flood-2000 Land Use Condltlonl 

Data of 
Connruet#on 

or Major 
Rsonstruct~on 

Depth on 
Road 8,  

centeri~ne 
ot ~ r l d g e  

I f r r f l  

0.4 
4 9  

0 4  

1 7  
0 2  
1 9  
0 6  

- 7 1  

-1.9 
- 0 8  

Rlver 
Mtle 

0 0 6  
0 6 5  
1.15 

Uprfresm 
SIage 
lfeel 

above m.1 

842.1 
8422 
856.2 

lnrtsnfaneou. 
Pssk 

DlwhsrgeC 
lcfsl 

160 
160 
1 W  

1.090 
1.090 

1,090 

1,090 
1,090 
1.090 
1.0% 
1.090 

415 
415 

6sekwaterd 
lfeetl 

0.5 
0 1  
0 0 

Structure 
Type and 
HydraullE 

s~gn~f~sancca 

1s 
1s 
1S 

Rssommended 
Dewn 

Frequency 
lvearrl 

50 
10 
M 

Downstream 
Stage 
lfeet 

above msll 

841 6 
8421 
655.0 

Depth at 
LOW ~ o l n t  

8" 8rldge 
Approach Road 

lfeetl 

0.4 
-6.5 
-6.2 

1nstantaosour 
Peak 

Dlwhslgec 
Icfr l  

180 
180 
180 

Downstream 
Stage 
lfeet 

above mrl l  

842.7 
8427 
855.5 

Adequate 
Hydrsullc 
c s p s c l t ~ ~  

No 
Ye% 
Ye$ 

Upslream 
Stage 
lfset 

above mrl l  

842.5 
842.6 
856.7 

Depth on 
m a d  at  

Cenferl~ns 
of 6rldge 

lfeetl 

- 0  2 
- 6 6  
- 6 2  
- 

Uprtrsam 
Stage 
lfect 

above mrll  

8427 
8428 
6568 

7546 
7562 

7586 

758 7 
7568 
7599 
761.4 
763.4 

7683 
7890 

Depth at 
Low Polnt 
ln 8rldge 

Approach Road 
lfeecl 

0.1 
-6.9 
-6.6 

7536 
754.6 

756.2 

7586 
758 7 
759.8 
760 1 
763 0 

7670 
7685 

6 s k w t e r d  
lfsetl 

0.0 
0.1 
0.0 

Depth on 
Road at  

Cenferllne 
of 8rldge 

lfaetl 

0.5 
- 7 0  
- 6  6 

Downrtream 
Stage 
Ifeel 

above msll 

8423 
8425 
6554 

8ackwarerd 
lfesfl 

0 2  
0 1 
0 0  

Dellth at  
LOW P08nf 
l" Bridge 

Approech Road 
lfeetl 

0 7 
- 6 3  
-6 .0  

Depth on 
Road a t  

center1,ne 
o f  8rldge 

lfeetl 

0.1 
6 4  

- 9 0  



Table E-13 

HYDROLOGIC-HYDRAULIC SUMMARY-WEST BRANCH OF THE MENOMONEE RIVER 

'Structure codes arc ss fallarrr: ld rnh le  or su~us r~2d .m .~ i l l  or 1rric3drop ~ruCtun,ornslunl channsldro~;4-fo~s,ou#al~~,inlet or outlet Itructuna. HydrwiicaIIy r@nifi~nrrtmctutY are denoted by an S. hydnvliciclh ihhh0"ifiunf s tmrura mdenoted by an I. 

b~ bridsr hsr m ademare hvdrm~~c IOOOV if i t  will ramsin o w  during a flood havmg = r-rre- i.afsml wurl m or les ma" the mommsndod d01i99 fwuensy. A b r d s  is h V d n u I ~ ~ ~ I v  imdwusfs if me w r o s h  med or b r w  d r k  ir ownopped by a floodhainga ncunencc i i t ewa~wua~  m om h mm the r-mggmmedddiOn trnwW. 

so- of the f lwd d l s cha r~  w r m g  in  this nbie are different frem me ducha"ler let fonh in  TT~~I 19 of mi' wlumr for identttsl i m ~ r i i i i i i d  id um.f~wd~.nd demio,,-nt ffndifio~s. m e  diffrenmrare d m  m use of exiiuns conditmn nooddii&w,n thii qwend~x w m v e r  such diiha"~e"~e"~e"~ecssded YYY ?wop~mned tandud ~ o n d i t t t t t t t d  
Me desir=biliw of meinfaintng r mntmuour, gadmi  change b discharge dong me nr- r y r m  38 m o x d  m the we of  h r s  d i m r e  changes in flood dischagr. The dihargc d i f fmcsr  are nor likely m ham any r n n l f h t e f f n t  M theearreg~mding f~wd~fagar. 

dssckwatcr ra defined ar me maximum imr- in r m  an me WIW- sac ofabridge or cu~ven.bove that with *ouldoocur in  me able- of. b r a e  or cvlnnt B x k a f e r  .rsr delmnined by exmndndng the f iwd nsgsprofite on me downstmm r* of thebr,agr o r c u ~ m  upnpnpn through me structure andrubtract,ng me mviang sleration on the 
vprtremr rde of me rtrvenne from the upstrewn flmdrtsgs pmfiie commsnsurste with ?he p r w -  of the m~ucture. 

Sourn: SEWRPC 

Slrucqure Idenfof~atnon and Sslnnd Charrteristqcs 

Table E-14 

HYDROLOGIC-HYDRAULIC SUMMARY-NORTH BRANCH OF THE MENOMONEE RIVER 

Numb. 

2950 
2955 
2960 
2956 
2870 

2975 
2980 

10-Year Resvrrnsr Interval Flwd-ZOM)  and ua Condotaonr 

'Structure mdes u e  sr foIIorrr: ?-bras or culven;2drmdrmdrmiII or weir;3ddop ~pwnnture OrtYtyttttI 1 h a n ~ ) ~ d m p ; 4 - f f d s , o u # n # n . i i i B I D D D ~ ~ I ~ ~ .  HVdr.nulMIy ~nnifMntUN_CN~~~dsndsnt.db~ Y S, h@rwIicdIy liignificicnt snuctum are -t.d by  an I 

Name 

Freiladt D r m  
Priwt. 8r idp 
Pnuate Brtdgs 
&pie Rmd 
Chic-, ~dws "ka .  St. Paul. 
and Psciflc Railroad 
Private Brldgc 
Private Brldw 

Instam@naola 
Peak 

Dirhars.' 
I.+*) 

195 
195 
195 
195 
45 

45 
45 

b~ bridge hsr n adwuafs n ~ d r m ~ i c  i c ~ o i t y  i f  i t  will m a i n  open during a fiood having a raeaeraem intern; W ~ I  m or ms man fhe -mended design fnpwmy. A b r w  a hvdrvdI~aiIv i n a m u t e  it me w o s n  med 0, bbaw desk ir o m r m m  bv a f ~ h w i n g a n c u r m  inmwsl wusl m 00 bs MMM me mmmndedda@,, f , w ~ 9 ~ .  

50-Year Resurrancc lnnrval ~lwd-XXX) Lsnd U s  Conditnons 

Slructure Identifisnion and Selesnd Chsrxterisfier 

S m  of rhs f lwd discharm o m r i n g  in  mil table .re d i f f m t  from the d r e h w  let forth in  lab11 19 of t h r  wlume for idmticici Iou1tioio1 n d  M u ~ ~ . n o o d ~ n d d o w ~ ~ n r e n t  mnditmt. )-hsdifb-a uedur  mwe of existing condition uwddi rchamin thir -ii *hcrereer~ush d&rpnex& y a y  m p ~ s n ~ d  I ~ Y E  ~~nd i t i ons  ~d 
me dedeir=b,mw of msin~inlng e ~n~~nywyw ,  g ~ d ~ d ~  e h m  in dischame dong me mewn symm as opp- m me we of  ~argc dircnrs changer in flood d ishugp m e  d i i h a m  d i f f m m s  arenot Iiksly m h.nanyw,f;ont Y H K ~  tt th,,~~mding nwdmg.r. 

Rivn 
Mate 

033 
039 
0.51 
116 
1.25 

163 
2.05 

Upstream 
Star  
l f a l  

abovs msil 

8519 
854.4 
NIA 

881.8 
888.4 

889.5 
885.1 

lnstannnmus 
Peak 

DoxharclsF 
1ct4 

285 
285 
285 
285 

BO 

60 
64 

1W.Y-r Rnu r rmc  lntarnl Flood-- Land Uw ~ondntnons 

Nvmbsr 

2905 
2910 
2915 
29M 
2925 

dsw*vater I defined a8 the m u h v m  im-e in  rngr on me w w m  r W o f  a bragsor culven above mar lvhich w u l d  m u ,  in  the sbsenm of e br idsor  culvert. W m t u  war demminsd by u rnd i ng  me flood-profile on madowmtran M a  of ma bridg. or c v l w  v p r w m  through ma rmremn mdsubtrst,ng mr rnvlring slewtion on rhs 
wmsm dde of mesrmrum fmm the uprtmam f i w d r w p r o f i b  mmmmruna w,M thepnrsncs of  thesnvctun 

Imnnfanmut 
h k  

DixhaqsC 
l c w  

325 
325 
325 
325 
65 

65 
65 

lo-Year Rnvrrenca interval Flood-MM)  and usconditoons 

Source: SEWRPC. 

Strunurs 
Tvpe and 
Hydraulic 

~wnlficanc$ 

IS 
1s 
11 
1s 
I S  

15 
IS 

Doms~ream 
Sns. 
( f a *  

abwsmsl) 

851 0 
853.1 
NIA 

860.4 
8809 

888.7 
882.6 

Upnrarn 
Stage 
l fsn 

abow rmll 

852.5 
855.3 
NIA 

8821 
BgB9 

8700 
886 6 

Name 

Holy Hill Road 
Prnwlr Brtdge 
Rockfield Road 
Diulslon Road 
Chicago and 
North-tern Railroad 

Innsnnnmus 
Peak 

~ i ~ h ~ ~ p ~  
lcfsl 

70 
70 
70 
70 
40 

Up t ram 

stage 
I f m  

abouemsll 

855.4 
8556 
NIA 

862.7 
8671 

8702 
885.8 

50-Year Rnurrsnc. Intern1 Flood-2WO Land U.sCondit~on8 

~ s t e o f  
Construstion 

or Mspr 
Reconnrvclion 

- 
-- 

-- 
-- 

8arkvratsrd 
l i sn l  

0.6 
1.1 

NIA 
0.6 
0 7  

0.6 
2.0 

~nwnwro.m 
Suga 
l f a t  

*w m s ~  

851.2 
853.1 
NIA 

860.7 
885.2 

8889 
882.7 

Riwr 
Mle 

0.63 
1.05 
127 
1 50 
1.83 

urntrram 

Stap 
l f m  

s b w  msll 

852.3 
NIA 

870.2 
860.3 
885.0 

lnrtantaneous 
PNk 

~twharg '  
IcfsL 

115 
115 
115 
115 
50 

1W-Year R-rrema Intern1 Flood-XXX) Land Lhr Condition. 

Domtream 

Sz 
s b w  m.11 

851.2 
855.4 
NIA 

860.9 
885.2 

8898 
8826 

lmnnnn-I 
Peak 

DlrharpC 
l a d  

135 
135 
135 
135 
55 

~ezommrndad 
Darngn 

Frmuency 
lvsarsl 

50 
NIA 
NIA 

50 
1W 

NIA 
NIA 

Depth at 
LOW 

tn aredoe 
~ ~ p r o r h  Road 

I f a t ;  

- 2.9 
0.2 

NIA 
- 4 1  
- 6 8  

-2.6 
- 2.0 

~ r k w a t n ~  
l t r t l  

1.1 
2 0  
NIA 
1 4  
? A  

0 9  
2.1 

Strvslvrs 
Tvward 
Hydra~lis 

~89ncfocsn~e~ 

IS 
11 
1s 
IS 
IS 

 owns stream 
Stage 
Ifeat 

above msll 

852.1 
NIA 

8899 
879.3 
8846 

~ d q u a t a  
nydrauli 
Capaelt$ 

Y a  
NIA 
NIA 
Y a  
Y a  

NIA 
NIA 

Depth on 
~ o a d  at 

Csntnllna 
of Bridgs 

Itsst1 

- 3.2 
- 0 . 7  

NIA 
- 4 . 4  
-13.1 

. 2 6  

. 2 0  

& c k m 8 r d  
11-11 

3.9 
0.2 
NIA 
1.4 
1 3  

1.0 
2.3 

I 
Upleeam 

St* 
If- 

sbon mrll 

852.5 
N/A 

870.8 
8809 
885.2 

U ~ l ~ r m m  

St- 
I f m  

sbcm msll 

852.5 
NIA 

8708 
8609 
885.2 

Dspth at 
LOW P08nf 
in 8rnchr 

Awroseh R a d  
[teati 

-2.4 
1 2  

NIA 
. 37  
- 6 4  

-2.2 
-1.5 

Date of 
Comlnustlon 

or Major 
Rnon.frustion 

-- 

8ackwterd 
I f a l l  

0.0 
NIA 
0.0 
0.3 
0.1 

Dspth at 
LOW Pomf 
in 8riche 

Awrosh  R a d  
Ifssf) 

0.5 
NIA 
-2.1 
- 3 9  
-4.6 

Dapth on 
Road at 

Cmtsrline 
of Bridge 

Ilea11 

- 2 . 7  
0.3 

NIA 
- 4 0  
-12.7 

- 2 2  
- 1 . 5  

Dapth st 
Low Pdnl 

in 8nd.e 
Apprwch Road 

11.st1 

0 8  
1.5 

NIA 
.3.6 
-6.2 

-2.0 
-1.4 

Dapth an 
Rwd at 

C.ntsrlint 
of 8rldge 
lknl 

- 2 3  
NIA 
- 2 6  
-4.2 
4 . 6  

~omr t r ssm 

Sz 
abon mdl 

852.2 
NIA 

870.2 
8798 
8858 

Downftr-m 

?,* 
abon mrll 

8522 
NIA 

8703 
8799 
885.1 

Dapth on 
Road at 

~enteriine 
of 8rdge 

l tsn l  

0.5 
0 6  

NIA 
. 39  

- 126  

.2 .0  
- 1 . 4  

Rnommmdsd 
Daign 

Frqvewy 
lyeanl 

10 
NIA 

50 
50 

1W 

Dcmh R 

LOW Point 
on Bridge 

~pproaeh ~ o a d  
l f m l  

0.4 
NIA 
- 2.4 
-4.3 
-4.8 

b k u t n d  
l f a t l  

0.3 
NIA 
0.0 
0.2 
0.1 

Mqva ta  
HY~I~YII 
Cspecilyg 

No 
NIA 
Y s  
Yca 
Yes 

DsplhO" 
R& at 

Centerl~ne 
ot 8ridgs 

l f m l  

- 2.4 
NIA 
- 2.9 
-4.6 
- 4 8  

8 _ k w s r d  
I fa t1  

0.3 
NIA 
0.0 
0.1 
0 0  

Depth at 
Low ~ o m t  
on eridgs 

Ap~roach Road 
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Appendix F 

LARGE-SCALE FLOOD HAZARD MAPS AND AERIAL PHOTOGRAPHS 

INDEX TO LARGESCALE FLOOD HAZARD MAPPING AND TO 
AERIAL PHOTOGRAPHY IN THE MENOMONEE RIVER WATERSHED: 1976 



Table F-1 

SELECTED INFORMATION PERTAINING TO LARGE SCALE FLOOD HAZARD MAPS 
AND AERIAL PHOTOGRAPHY I N  THE MENOMONEE RIVER WATERSHED 

Source: SEWRPC. 

Identification 
Number on 

Map F-1 

1 
2 

3 
4 

5 

6 
7 
8 

9 

Date of 
Photography 

or Field Work 

May 1975 
April 1972 

1960 
April 1966 

April and 
May 1964 
April 1956 
April 1962 
April 1966 

May 1975 

Agency or Community 
From Which Flood 
Hazard Mapping 
Can Be Obtained 

City of Brookfield 
SEWRPC 

City of Mequon 
Village of 
Menornonee Falls 
Village of Germantown 

CityofMilwaukee 
City of Milwaukee 
Wisconsin Department 
of Transportation, 
Division of Highways 
SEWRPC 

Date of Map 
Preparation 

h 

December 1975 
Spring 1974 

1960 
1967 

1964 

April 1958 
September 1962 
1967 

Not 
Applicable 

Civil Division 

Scale 

1 " = 200' 
I"= 200' 

1" = 200' 
1 " = 200' 

1" = 100' 

1 " = 100' 
I"= 100' 
1" = 100' 

1"=400' 

County 

Waukesha 
Waukesha 

Ozaukee 
Waukesha 

Washington 

Milwaukee 
Milwaukee 
Waukesha 

Milwaukee, 
Waukesha 

Contour 
Interval 
(feet) 

2 
4-2 

5 
2 

2 

2 
2 
2 

Not 
Applicable 

City, Village, or Town 

City of Brookfield 
City of Brookfield, 
Village of Elm Grove 
City of Mequon 
Village of 
Menornonee Falls 
Village of Germantown 

City of Milwaukee 
Cityof Milwaukee 
Village of Butler 

Cities of Wauwatosa, 
West Allis, Greenfield, 
Milwaukee, and Brookfield 



Map F-2 

TYPICAL FLOOD HAZARD MAP OF A PORTION OF THE MENOMONEE RIVER WATERSHED 

."YM".E.--- 

WATERSHED 

Source: SEWRPC. 
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Appendix G 

MODEL RESOLUTION FOR ADOPTION OF THE 
COMPREHENSIVE PLAN FOR THE MENOMONEE RIVER WATERSHED 

WHEREAS, the Southeastern Wisconsin Regional Planning Commission, which was duly created by the Governor of the 
State of Wisconsin in accordance with Section 66.945(2) of the Wisconsin Statutes on the 8th day of August 1960, upon 
petition of the Counties of Kenosha, Milwaukee, Ozaukee, Racine, Walworth, Washington, and Waukesha, has the function 
and duty of making and adopting a master plan for the physical development of the Region; and 

WHEREAS, the several county units of government in the Menomonee River watershed, on the 10th day of August 1971, 
entered into contracts with the Southeastern Wisconsin Regional Planning Commission pursuant to the provisions of Sec- 
tions 66.30 and 66.945(12) of the Wisconsin Statutes for the development of a comprehensive plan for the Menomonee 
River watershed leading to recommendations for the development of water-related community facilities in the watershed, 
including integrated proposals for water pollution abatement, water supply, flood control, land and water use, and park 
and public open-space reservation, to generally promote the orderly and economical development of the Menomonee River 
watershed; and 

WHEREAS, such plan has been completed and the Southeastern Wisconsin Regional Planning Commission did on the 
,day of ,197, approve a resolution adopting the comprehensive plan for the Menomonee River watershed 
and has recommended such plan to  the local units of government within the watershed; and 

WHEREAS, such plan contains recommendations for land use development and regulation; environmental corridor land 
acquisition and preservation; park, parkway, and parkway drive and outdoor recreation land acquisition and development; 
channel modification and dike, floodwall, and detention reservoir construction; structure floodproofing and removal; 
bridge replacement or modification; floodway and floodplain regulation; flood insurance and other nonstructural floodland 
management measures; streamflow recordation; pollution abatement facility construction; land management practices; and 
water quality monitoring and is, therefore, a desirable and workable water control and water-related community facility 
plan for the Menomonee River watershed; and 

WHEREAS, the aforementioned recommendations, including all studies, data, maps, figures, charts, and tables, are set 
forth in a published report entitled SEWRPC Planning Report No. 26, A Comprehensive Plan for the Menomonee River 
Watershed, composed of the following volumes: 

Volume 1. Inventory Findings and Forecasts, published in October 1976, and 
Volume 2. Alternative Plans and Recommended Plan, published in October 1976; and 

WHEREAS, the Commission has transmitted certified copies of its resolution adopting such comprehensive plan for the 
Menomonee River watershed, together with the aforementioned SEWRPC Planning Report No. 26, to  the local units of 
government; and 

WHEREAS, the (Name of Local Governing Body) has supported, participated in the financing of, and generally concurred 
in the watershed and other regional planning programs undertaken by the Southeastern Wisconsin Regional Planning Com- 
mission and believes that the comprehensive plan for the Menomonee River watershed prepared by the Commission is 
a valuable guide, not only to  the development of the watershed but also to  the community, and the adoption of such plan 
by the (Name of Local Governing Body) will assure a common understanding by the several governmental levels and agen- 
cies concerned and enable these levels and agencies of government to  program the necessary areawide and local plan 
implementation work. 

NOW, THEREFORE, BE IT RESOLVED that, pursuant to  Section 66.945(12) of the Wisconsin Statutes, the (Name of 
Local Governing Body) on the -day of ,197,, hereby adopts the comprehensive plan for the Menomonee 
River watershed previously adopted by the Commission as set forth in SEWRPC Planning Report No. 26 as a guide for 
watershed and community development. 

BE IT FURTHER HEREBY RESOLVED, that the clerk transmit a certified copy of this resolution to the 
Southeastern Wisconsin Regional Planning Commission. 

ATTESTATION: 

(President, May or, or Chairman 
of the Local Governing Body) 

(Clerk of Local Governing Body) 



 

 

(This page intentionally left blank) 



ERRATA SHEET 

Chapter I11 

Page 57, Map 7, legend, last line, should read: "channel realignment ." 

Chapter I V  

Page 75, Map 9,  legend, line 5, should read: "45 locations." 
Page 77, Map 10, Menomonee River, R.M. 12.52: conditions 1 and 2 are incorrectly plotted. 
Page 92, Map 15: LTMR -1 should be shown as a dashed line. 
Page 127, Table 27, "No Action" alternative near top of table: "Total Annual Cost" should read "73.5" and "Annual 

Benefit Minus Annual Cost" should read "-73.5." "Detention Storage" alternative near top of table should read: 
"Resolve 51 percent . . ." 

Page 157, Map 36, omit: red symbol near Freistadt Road. 

Chapter V 

Page 210, Table 39, right column, fourth line from bottom omit: "exposure." 
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