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SOUTHEASTERN WISCONSIN REGIONAL PLANNIN 
916 NO. EAST A V E N U E  W A U K E S H A ,  WISCONSIN 53186 

Sewing the Counti 

February 22, 1970 

STATEMENT OF THE CHAIRMAN 

In January of 1966 the Commission began a four-year comprehensive study of the Fox River watershed in southeastern 
Wisconsin. Its purpose, as set forth in the Fox River Watershed Prospectus, was to prepare a comprehensive plan 
for the physical development of the watershed designed to assist the federal, state, and local units of government 
concerned in solving the serious problems of flooding, water pollution, and changing land use which exist within 
the watershed. 

In April of 1969 the Commission published the first volume of the two-volume final planning report on the watershed 
study. That first volume presented a summary of the factual findings of the planning and engineering inventories con- 
ducted under the study; identified and, to the extent possible, quantified the land and water resource-related problems 
of the watershed; and presented pertinent forecasts of anticipated growth and change within the watershed. The 
inventories and forecasts set forth in the first volume provided the basis for the preparation of alternative water- 
shed plan elements and for the selection of a recommended comprehensive watershed plan from among these 
alternative elements. 

This, the second and final volume of the planning report, presents the alternative land use, resource conservation, 
park and outdoor recreation, flood control, stream and lake water pollution abatement, and water supply plan elements 
considered; describes the recommended comprehensive plan for the watershed; and sets forth detailed recommenda- 
tions on the means for carrying out the plan. 

The recommended comprehensive Fox River watershed plan, as set forth herein was, after careful review and approval 
by the Fox River Watershed Committee, presented for public review and reaction at a series of seven informational 
meetings and four public hearings held throughout the watershed. These informational meetings and public hearings 
were well attended by over 600 state, county, and local public officials and by concerned citizens from throughout the 
watershed; and the reaction was largely favorable. 

The recommended watershed plan set forth in this volume represents another element in the evolving framework of 
plans prepared by the Commission, pursuant to its statutory charge to prepare a comprehensive plan for the physical 
development of the Southeastern Wisconsin Region. As true of all of the Commission's work, the Fox River watershed 
plan is entirely advisory to the local, state, and federal units of government concerned. The recommended plan ele- 
ments and implementation devices set forth in this report are, therefore, intended to provide an advisory 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 this Commission, an official copy thereof will be transmitted to all 
affected local, state, and federal units and agencies of government concerned, with a request for their consideration 
and formal adoption and appropriate implementing action. Plan implementation must necessarily be through the 
cooperative action of all of the governmental units and agencies operating within the watershed, with heavy emphasis, 
however, upon the role of the county and state levels of government. 

In its continuing role of acting as  a center for the coordination of planning and plan implementation 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 concerned in implementation of the Fox River watershed plan. 

Respectfully submitted, * 
George C. Berteau 
Chairman 
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Chapter I 

INTRODUCTION 

This report is the second in a series of two vol- 
umes, which together present the major findings 
and recommendations of the Southeastern Wiscon- 
sin Regional Planning Commission Fox River 
watershed planning program. The first  volume, 
published in August 1969, sets forth the basic 
principles and concepts underlying the study and 
presents in summary form the basic facts perti- 
nent to the preparation of a comprehensive plan 
for the physical development of the Fox 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 flood control and 
pollution abatement. 

This, the second and final volume of the series,  
sets forth watershed development objectives, prin- 
ciples, and standards ; presents alternative plans 
for land use and water control facility develop- 
ment and for resource preservation and enhance- 
ment within the watershed; and recommends a 
comprehensive watershed development plan de- 
signed to meet the watershed development objec- 
tives under existing and probable future conditions. 
It proposes staging for water control facility 
development 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 water- 
shed by 1990 if present development trends con- 
tinue without redirection in the public interest. 
This alternative is presented not as a plan to be 
used to guide development within the watershed 
but, rather, as a forecast of unplanned develop- 
ment 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 
presented in this volume is the end result of a 
seven-step planning process developed by the 
Commission by which the principal functional 

relationships existing within the watershed can be 
accurately described, both graphically qnd numer- 
ically; the hydrologic and hydraulic cyaracteris- 
tics of the watershed simulated; and the effect of 
different courses of action, with resp$ct to land 
use and water control facility developnbent, eval- 
uated. The seven steps involved in this planning 
process are: 1) study design, 2) formulation of 
objectives and standards, 3) inventory, 4) analysis 
and forecast, 5) plan design, 6) plan tes(t and eval- 
uation, and 7) plan selection and adoption. Volume 
1 of this report dealt with the first,  th i rd ,  and 
fourth steps in this planning process. This vol- 
ume deals with the remaining four steps: formu- 
lation of objectives and standards, plan design, 
plan test and evaluation, and plan selection and 
adoption. Plan implementation, altho$gh beyond 
the initial planning process, has been con- 
sidered throughout the process; an4 this vol- 
ume contains specific recommenda t io~  for plan 
implementation. I I 

A brief description of each of the $even steps 
comprising the planning process is qontained in 
Chapter 11, Volume 1, of this report, together with 
the basic principles and concepts underlying the 
watershed planning process and the watershed as 
a rational planning unit. Reconsideration of, and 
elaboration on, the four steps in t e planning C 
process with which this volume are  cpncerned is 
warranted here. ~ 
FORMULATION OF OBJECTIVES 1 
AND STANDARDS 
It was noted in Volume 1 of this repor I that plan- 
ning is a rational process for fordulating and 
meeting objectives; and, therefore, the formula- 
tion of objectives is an essential task yhich must 
be undertaken before plans can be pre ared. The 
objectives chosen guide the preparati f n of alter- 
native plans and, when converted tq standards, 
provide the criteria for evaluating arid selecting 
from among the alternatives. Since objectives 
provide the logical basis for plan synthesis, the 
formulation of sound objectives is a Crucial step 
in the planning process. Yet, the pro ess  of for- 
mulating objectives has received re1 9 tively little 
attention in most planning operations. 1 The lack of 



a comprehensive and tested approach to the prob- 
lem of formulating objectives, however, provides 
no valid excuse for neglecting this fundamental 
task. 

It is important to recognize that, because the for- 
mulation of objectives involves a formal definition 
of a desirable physical system by listing, in 
effect, the broad needs which the system aims to 
satisfy, the objectives implicitly reflect an under- 
lying value system. Thus, every physical devel- 
opment plan is accompanied by its own unique 
value system. The diverse nature of value sys- 
tems 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 relates, in part, to the lack of a 
clear-cut basis for a choice between value sys- 
tems and, in part, to the reluctance of public 
officials to make an explicit choice of ultimate 
goals. Yet, it is even more important to choose 
the "right" objectives than to choose the "right" 
plan. To choose the wrong objectives is to solve 
the wrong problem; to choose the wrong plan is 
merely to choose a less efficient physical system. 
While, because of differing value systems, there 
may be no single argument to support a given 
choice of objectives, it is possible to state cer- 
tain 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 peo- 
ple 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 the objectives may 
change as a selection is attempted from among 
alternative means or plans. In the process of 
evaluating alternative plans, the various alterna- 
tive 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 eval- 
uation provides the basis for deciding which 
objectives to compromise. The compromises may 
take three forms: certain objectives may be 
dropped because their satisfaction 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 demonstrable and, wherever possible, quanti- 
fiable 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 develop- 
ment objectives, like regional development objec- 
tives, should i&corporate the combined knowledge 
of many people who are informed about the water- 
shed and should be established by duly elected or 
appointed representatives legally assigned this 
responsibility rather than by planning and engi- 
neering technicians. Active participation by duly 
elected or appointed public officials and by citi- 
zen leaders in the regional planning program is 
implicit in the structure and organization of the 
Regional Planning Commission itself. Moreover, 
the Commission has provided for the establish- 
ment of advisory committees to assist it in the 
conduct of the regional planning program, includ- 
ing the necessary watershed planning studies, and 
to broaden the opportunities for active participa- 
tion in the regional planning effort. 

The use of these advisory committees appears to 
be the most practical and effective procedure 
available for involving officials, 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 commit- 
tees, therefore, is to assist the Commission in 
the formulation of development objectives , sup- 
porting principles, and standards. This chapter 
sets forth the watershed planning objectives, prin- 
ciples, and standards which have been adopted by 
the Commission after careful review and recom- 
mendation by the advisory committees concerned. 



PLAN DESIGN 
It was noted in Volume 1 of this report that plan 
synthesis, o r  design, forms the heart of the plan- 
ning 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 com- 
ply with the design standards derived from the 
plan objectives, all at a feasible cost. 

The task of designing two of the major components 
of an environment for life-the land use pattern 
and the water control facility system of a water- 
shed-is a most 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 interac- 
tion between the components is also exceedingly 
complex and constantly changing. The land use 
pattern must enable people to live in close coop- 
eration and yet freely pursue an enormous variety 
of interests. It must minimize conflicts between 
population growth and limited land and water 
resources; maintain an ecological balance of 
human, animal, and plant life; and avoid gross 
public health and welfare problems. The water 
control facilities must be able to carry the flood 
and pollution loadings generated by the land use 
pattern, meeting agreed-upon water use objec- 
tives, while recognizing the use of existing facili- 
ties and minimizing overall costs. 

The magnitude of such a design problem nearly 
reaches an almost insoluble level of complexity; 
yet, no substitute for intuition in plan design has 
so  far  been found, much less developed to a prac- 
tical level. Means do exist, however, for reduc- 
ing the gap between the necessary intuitive and 
integrative grasp of the problem and its growing 
magnitude; and these have been fully applied in the 
Fox River watershed study. These means center 
primarily on the application of systems engineer- 
ing 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 tech- 
niques, while powerful aids to the determination 
of the adequacy of the plan design, are  of strictly 
limited usefulness in actual plan synthesis. Con- 
sequently, it is still necessary to develop both the 
land use and water facility plans by traditional 
graphic and analytical llcut-and-tryll methods, 
then to quantitatively test the resulting design by 

application of simulation model technihues where 
applicable, and then make necessary adjustments 
in the design until a workable p l q  has been 
evolved. I 

Finally, and most importantly, it should be noted 
that, in both land use and water facility plan syn- 
thesis, the Commission had at i ts  disposal far 
more definitive information bearing alp the prob- 
lem than has ever before been availabk; and this 
fact alone has made the traditional pl* synthesis 
techniques applied far  more powerful &d useful. 

PLAN TEST AND EVALUATION I 

It was noted in Volume 1 of this report1that, 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 1 b d  use and 
water control facility system development, some 
measures must be applied to quantit@tively test 
the feasibility of altehative plans i n  advance of 
their adoption and implementation. S e F a l  levels 
of review and evaluation may be involved, includ- 
ing engineering performance, technic/il feasibil- 
ity, economic feasibility, legality, Td reaction. Devices used to test and ev luate alter- 
native plans range from mathemati a1 models 9 
used to simulate river performance thyough inter- 
agency meetings and public hearings, To assist 
in a quantitative analysis of the engineering per- 
formance and the technical and econonpic feasibil- 
ity of alternative plan elements, flobd flow and 
water quality simulation models were developed 
and applied in the study. Test and evaluation, 
beyond the quantitative analyses permitted by the 
model application, involved qualitativf evaluation 
of the degree to which each alternative land use or 
water control facility plan element met develop- 
ment objectives and standards and ?f the legal 
feasibility of the alternatives. I 

PLAN SELECTION AND ADOPTION 
It was also noted in Volume 1 of this( report that 
the general approach contemplated fo+ the selec- 
tion of one plan from among the alter atives con- 
sidered was to proceed through the us ! of the Fox 
River Watershed Committee structhre, inter- 
agency meetings, and hearings to a fipal decision 
and plan adoption by the Commission( in accord- 
ance with the provisions of the state enabling 
legislation. Because plan selection +d adoption 
necessarily involve both technical an@ nontechni- 
cal policy determinations, they must be founded in 
the active involvement throughout the entire plan- 
ning process of the various governmental bodies, 



technical agencies, and private interest groups 
concerned with watershed development. Such 
involvement is particularly important in light of 
the advisory role of the Commission in shaping 
regional development. The use of advisory com- 
mittees and both formal and informal hearings 
appears to be the most practical and effective 
procedure available for involving public officials, 
technicians, 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 Fox River watershed required that a 
selection be made from among the alternative 
elements which together should comprise the 
comprehensive plan, including a land use base and 
necessary supporting water control and pollution 
abatement facilities. 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 water- 
shed development objectives are  satisfied and 
upon the accompanying costs. The selection of the 
plan elements to be included in the final plan must 
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ultimately 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 eval- 
uation of technical considerations. 

In order to facilitate the necessary involvement of 
the responsible public officials, a series of both 
informal informational meetings and formal public 
hearings was held within the watershed before 
the governing bodies and interested elected and 
appointed governmental officials and citizen groups 
for the specific purpose of obtaining the reaction 
of the governing bodies concerned to the alterna- 
tive plan elements and preliminary comprehensive 
plan recommendations. A summary of the inven- 
tory, analysis, and forecast findings; of the water- 
shed development objectives; of the alternative 
land use and water control facilities considered; 
and of the recommended comprehensive watershed 
plan was presented at each of the meetings and 
hearings, together with data on the costs and 
means for implementation of the recommended 
plan. The public hearings were held as  set  forth 
below, and complete minutes of the hearings are 
on file in the Commission Offices. 

Place of Meeting 

City Hall 
Brookfield, Wisconsin 

Burlington Junior High School 
Bur lington, Wisconsin 

Village Hall 
Silver Lake, Wisconsin 

Waukesha County Courthouse 
Waukesha, Wisconsin 

Waterford High School 
Waterford, Wisconsin 

East Troy High School 
East Troy, Wisconsin 

Badger High School 
Lake Geneva, Wisconsin 

Date of Meeting 

January 19, 1970 
7:30 p. m. - 10:30 p. m. 

January 20, 1970 
7:30 p.m. - 10:OO p. m. 

January 21, 1970 
7:30 p. m. - 10:OO p.m. 

January 22, 1970 
7:30 p.m. - 10:OO p. m. 

January 26, 1970 
7:30 p.m. - 10:30 p. m. 

January 27, 1970 
7:30 p. m. - 10:OO p.m. 

January 28, 1970 
7:30 p.m. - 10:30 p.m. 



Public Hearings 

Presiding Agency Place of Meeting 

SEWRPC Fox River Watershed Committee Walworth County Courthouse 
Elkhorn, Wisconsin 

SEWRPC Fox River Watershed Committee Burlington Junior High School 
Burlington, Wisconsin 

SEWRPC Fox River Watershed Committee Waukesha County Courthouse 
Waukesha, Wisconsin 

SEWRPC Fox River Watershed Committee Riverview Elementary School 
Silver Lake, Wisconsin 

Date of ~ e e t i n ~  

February 161, 1970 
7:30 p.m. - 10:30 p. m. 

February 17,, 1970 
7:30 p. m. - 10:30 p. m. 

February 14, 1970 
7:30 p.m. - 10:00 p.m. 

February lg ,  1970 
7:30 p. m. - 10:30 p. m. 

It is important to note here that the reaction to the in any significant way from the preliminary plan 
recommended plan, as herein set  forth at the presented at the hearings and appro ed by the 
hearings, wasgenerallyfavorable. The final plan Advisory Committees after careful leview and 
recommended herein, therefore, does not depart deliberation. 
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Chapter I1 

WATERSHED DEVELOPMENT OBJECTIVES, PRINCIPLES, AND STANPARDS 

BASIC CONCEPTS AND DEFINITIONS 
The term is  subject to a wide range of 
interpretation and application and is closely linked 
to other terms often used in planning work which 
are  equally subject to a wide range of interpreta- 
tion and application. The following definitions 
have, therefore, been adopted by the Commission 
in order to provide a common frame of reference: 

1. Objective; a goal or  end toward the attain- 
ment of which plans and policies are 
directed. 

2. Principle; a fundamental, primary, or  gen- 
erally accepted tenet used to support 
objectives and prepare standards and plans. 

3. Standard; a criterion used as a basis of 
comparison to determine the adequacy of 
plan proposals to attain objectives. 

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

5. Policy; a rule o r  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 only with the first  
three of these terms, an understanding of the 
interrelationship between the foregoing definitions 
and the basic concepts which they represent is 
essential to any consideration of watershed devel- 
opment objectives, principles, and standards. 

WATERSHED DEVELOPMENT OBJECTIVES 
Objectives, in order to be useful in the watershed 
planning process, must not only be sound logically 
and related in a demonstrable and measurable 
way to alternative physical development proposals 
but must also be consistent with, and grow out 
of, region-wide 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 develop- 
ment is to be achieved. 

The Southeastern Wisconsin Regionqll Planning 
Commission has, in its planning effoirts to date, 
adopted, after careful review and recoknmendation 
by various advisory and coordinating chommittees , 
nine general regional development 1 objectives, 
eight specific regional land use development 
objectives, and seven specific region41 transpor- 
tation system development objectives. These, 
together with their supporting principltks and stan- 
dards, are  set forth in SEWRPC p l 4 i n g  Report 
No. 7 ,  Volume 2. Certain of thebe specific 
regional development objectives relaling to land 
use are  directly applicable to the watebshed plan- 
ning effort and are  hereby recommendkd for adop- 
tion as development objectives for the Fox River 
watershed. These are: 

I 

1. A balanced allocation of space do the vari- 
ous land use categories whicq meets the 
social, physical, and economic needs of 

I 
the regional population. I 

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 ~ e ~ i o n - s d i l s ,  inland 
lakes and streams, wetlands,, woodlands, 
and wildlife. 

3. A spatial distribution of the Jarious land 
uses which is properly related t o  the sup- 
porting transportation, utility,( and public 
facility systems in order to I assure the 
economical provision of tr+sportation, 
utility, and public facility services. 

4. The preservation and provision of open 
space to enhance the total quklity of the 
regional environment, maximihe essential 
natural resource availability, give form 
and structure to urban development, and 
facilitate the ultimate attainme$t of a bal- 
anced year-round outdoor recrqational pro- 
gram providing a full range bf facilities 
for all age groups. 

5. The preservation of land areas for agri- 
cultural uses in order to provide for cer- 
tain special types of agriculturv, provide a 



reserve for future needs, and ensure the planning and development, are set forth in Tables 
preservation of those rural areas which 1 and 2 and serve to facilitate quantitative appli- 
provide wildlife habitat and are essential cation of the objectives in plan design, test, and 
to shape and order urban development. evaluation. 

In addition to the foregoing specific regional land 
use development objectives, the following specific 
land use development objective is recommended 
for adoption as an additional development objec- 
tive for the Fox River watershed: 

6. Good soil and water co3servation prac- 
tices to reduce storm water runoff, soil 
erosion, and stream sedimentation and 
pollution. 

The following specific water control facility 
development objectives are also recommended: 

1. An integrated system of drainage and flood 
control facilities which will effectively 
reduce flood damage to existing land uses 
and promote the implementation of the 
watershed land use plan, meeting the antic- 
ipated runoff loadings generated by the 
proposed, as well as by existing, land uses. 

2. An integrated system of land management 
and water quality control facilities and 
pollution abatement devices adequate to 
ensure the quality of stream and lake 
water necessary to permit the water uses 
set forth in Table 1. 

Complementing each of the foregoing specific land 
use and water control facility development objec- 
tives is a planning principle and a set of planning 
standards. These, as they apply to watershed 

It should be noted that the planning standards 
herein adopted fall into two groups: comparative 
and absolute. The comparative standards by their 
very nature can be applied only through a compar- 
ison 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 com- 
munity facility plans and in the development of 
plan implementation policies and programs as 
well. 

The foregoing watershed development objectives 
and their supporting principles and standards nec- 
essarily reflect certain value judgments by expe- 
rienced public officials and technicians within the 
Region and the watershed. In addition, certain 
engineering design criteria were utilized in the 
preparation of the watershed plans; and while 
these are firmly based in present engineering 
practice, it was, nevertheless, felt important to 
document these herein. It should be noted that, 
while these criteria were used in the preparation 
of the watershed plans, they do not comprise 
standards as defined herein in that they relate to 
the methods used in inventory, analysis, and plan 
synthesis and test, rather than to specific devel- 
opment objectives. 

Table I 

WATER CONTROL FAC l L ITY DEVELOPEMENT OBJECT1 VES, PR I NC I PLES, AND STANDARDS 
FOR THE FOX RIVER WATERSHED 

O B J E C T I V E  NO. 1 

An integrated system of drainage and flood control f a c i l i t i e s  which w i l l  e f fec t ive ly  reduce flood damage under 
t h e  ex i s t ing  land use p a t t e r n  of t h e  watershed and promote t h e  implementation of  the  watershed land use plan, 
meeting t h e  an t ic ipa ted  runoff loadings generated by t h e  ex i s t ing  and proposed land uses. 

P R I N C I P L E  

Rel iable  local  municipal storm water drainage f a c i l i t i e s  cannot be properly planned, designed, o r  constructed 
except a s  in tegra l  p a r t s  of an areawide system of floodwater conveyance and s torage f a c i l i t i e s  centered on major 
drainageways and perennial waterways designed so t h a t  t h e  hydraulic capacity of  each waterway opening and channel 
reach abe ts  t h e  common aim of providing f o r  t h e  s torage,  a s  well a s  t h e  movement, of floodwaters. Not only does 
t h e  land use pa t te rn  of t h e  t r i b u t a r y  drainage area a f f e c t  t h e  required hydraulic capacity but t h e  e f fec t iveness  
o f  t h e  floodwater conveyance and s to rage  f a c i l i t i e s  a l so  a f f e c t s  t h e  uses  t o  which land within t h e  t r i b u t a r y  
watershed, and p a r t i c u l a r l y  within t h e  r i v e r i n e  a reas  of  t h e  watershed, may properly be put. 



STANDARDS I ~ 
1. The waterway opening on a l l  exis t ing bridges and cu lver t s  over major drainageways and perennial waterways 
s h a l l  be adequate t o  accommodate t h e  following hydraulic loadings without causing overtopping of t h e  d i r e c t l y  
re la ted  road surface and resu l tan t  disrupt ion of t r a f f i c  by floodwaters: 

a. Minor s t r e e t s  used o r  intended t o  be used primarily fo r  access t o  abut t ing propert ies:  a 10-yea4 recurrence 
in te rva l  flood flow. ~ 

b. Ar te r ia l  s t r e e t s  and highways, o ther  than freeways and expressways, used or  intended t o  be useh primarily 
f o r  f a s t  o r  heavy through t r a f f i c :  a 50-year recurrence in te rva l  flood flow. I 

c. Freeways and expressways: a 100-y-ear recurrence in te rva l  flood flow. ~ 
d. Railroads: a 100-year recurrence interval  flood flow. I 

I 

2 .  The waterway openings on a l l  new bridges and cu lver t s  over major drainageways and perennial waterways s h a l l  
meet the  appl icable  foregoing standards, providing, however, a minimum freeboard between t h e  specifier4 recurrence 
i n t e r v a l  peak floodwater surface elevat ion and t h e  high point of the  waterway opening of the  bridge o r  culvert.  
The maximum headloss f o r  new s t ruc tures  only s h a l l  not exceed 0.5 foot. i 
The replacement of any ex is t ing  s t r u c t u r e  sha l l  be designed i n  such a manner t h a t  t h e  water surfade elevat ion 
through the  replacement s t r u c t u r e  w i l l  not exceed the  water surface elevat ion of the  exis t ing s t ruk ture  while 
passing t h e  100-year recurrence interval  flood flow. 1 

3 .  The s t ruc tura l  type of waterway opening for  a l l  bridges over major drainageways and perennial wateh'ways sha l l  
be  such a s  t o  maximize t h e  passage of i c e  f loes  and o ther  f l o a t i n g  debr i s  of ten associated with s i g n i f i c a n t  
backwater e f f e c t s  and flood damage; and i n  se lec t ion  of  t h e  s t r u c t u r a l  bridge type, it should be r e c o b i z e d  t h a t  
c l e a r  spans and rectangular  openings a r e  more e f f i c i e n t  than interrupted spans and curv i l inear  opening6 in allow- 
ing passage of i c e  f loes  and debris.  1 

4. Channel improvements, levees, and floodwalls should be r e s t r i c t e d  t o  t h e  minimum number and extent absolutely 
necessary f o r  t h e  protect ion of ex i s t ing  and proposed land use development, which development is con l s t e n t  with is' . t h e  land use element of t h e  comprehensive watershed plan, and any such improvements which may a lgn l f ican t ly  
increase upstream o r  downstream peak f lood discharges should be used only i n  conjunction with qomplementary 
f a c i l i t i e s  f o r  t h e  s torage and movement of t h e  incremental floodwaters through downstream reaches. 'I$e height of  
l evees  and floodwalls sha l l  be based on t h e  high water surface p r o f i l e s  f o r  t h e  100-year recurrence initerval flood 
prepared under t h e  comprehensive watershed study and sha l l  be capable of passing t h e  100-year recurrebnce in te rva l  
f lood with a freeboard of two feet .  Channel improvements, levees, o r  floodwalls s h a l l  not increase t h e  height 
o f  t h e  100-year recurrence in te rva l  flood by more than one-half foot in  any unprotected upstream dr downstream 
stream reaches. Increases i n  flood s tages i n  excess of one-half foot  resu l t ing  from any channel, levde, o r  flood- 
wall improvement sha l l  be contained within t h e  upstream o r  downstream extent of  t h e  channel, levee, o r  floodwall 
improvement. 

The construction of  channel improvements, levees, o r  floodwalls sha l l  be deemed t o  change t h e  l i m i t b  and extent 
o f  t h e  associated floodways and floodplains. However, no such change i n  t h e  extent of t h e  
and floodplains sha l l  become e f fec t ive  f o r  t h e  purposes of land use regulat ion u n t i l  such time 
improvements, levees,  o r  floodwalls a r e  actual ly constructed and operative. Any development 
o r  floodplain located t o  t h e  landward s ide  of  any levee o r  floodwall sha l l  be provided with 
a s  t o  avoid ponding and associated damages. 

5. A l l  water control f a c i l i t i e s  on major drainageways and perennial waterways o ther  than bridges abd cu lver t s ,  
such a s  dams and diversion channels, s h a l l  be adequate to  accommodate t h e  hydraulic loadings resuhting from a 
100-year recurrence in te rva l  flood. Any reduced regulatory flood protect ion elevat ions and a c c o m p a ~ i n g  reduced 
floodway o r  floodplain a reas  resu l t ing  from any proposed dams o r  diversion channels s h a l l  not become e f f e c t i v e  
f o r  t h e  purposes of  land use regulat ion un t i l  t h e  rese rvo i r  o r  channels a r e  ac tua l ly  constructed aad operative. 
For dams i n  which t h e  product of  t h e  height i n  f e e t  and t h e  s torage i n  acre-feet  a t  t h e  flood pqol elevat ion 
exceeds 3,000, t h e  following modifications t o  t h e  hydraulic design loadings a r e  recommended: ~ 

a. For s t ruc tures  located i n  r u r a l  o r  agr icu l tu ra l  areas ,  where f a i l u r e  w i l l  damage only farm buil~dings, agri-  
cu l tu ra l  land, and rura l  roads, t h e  s t r u c t u r e  sha l l  be adequate t o  accommodate the  hydrau~lic loadings 
resu l t ing  from a design r a i n f a l l  equal to  t h e  100-year recurrence r a i n f a l l  p lus  0.1 (pro 
r a i n f a l l a  minus t h e  100-year recurrence r a i n f a l l ) .  



b. For s t ruc tures  located i n  predominantly rural  o r  agr icu l tu ra l  areas ,  where f a i l u r e  w i l l  damage i so la ted  
homes, main highways, o r  minor ra i l roads  o r  cause in te r rup t ion  of use o r  se rv ice  of  r e l a t i v e l y  important 
publ ic  u t i l i t i e s ,  t h e  s t ruc ture  sha l l  be adequate t o  accommodate t h e  hydraulic loadings r e s u l t i n g  from a 
design r a i n f a l l  equal t o  t h e  100-year r a i n f a l l  p lus  0.4 (probable maximum r a i n f a l l  minus the  100-year recur- 
rence r a i n f a l l  ). 

c. For s t r u c t u r e s  located where f a i l u r e  w i l l  cause l o s s  of l i f e ,  se r ious  damage t o  homes, i n d u s t r i a l  and com- 
mercial buildings, important publ ic  u t i l i t i e s ,  main highways, o r  ra i l roads ,  t h e  s t r u c t u r e  sha l l  be adequate 
t o  accommodate t h e  hydraulic loadings resu l t ing  from a design r a i n f a l l  equal t o  t h e  probable maximum r a i n f a l l .  

6.  A l l  publ ic  land acquis i t ions  intended t o  el iminate  the  need f o r  water control  f a c i l i t i e s  sha l l  encompass a t  
l e a s t  a l l  of t h e  r iver ine  a r e a s  lying within t h e  100-year recurrence interval  f lood inundation l ine.  

OBJECTIVE NO. 2 

An integrated system of land management and water qua l i ty  control  f a c i l i t i e s  and pol lut ion abatement devices 
adequate t o  ensure a  qua l i ty  of stream water permit t ing t h e  following beneficial  water uses i n  each of t h e  fo l -  
lowing reaches of the stream system: 

The Fox River from a point  f i v e  miles downstream from the  Waukesha Sewage Treatment Plant  o u t f a l l  l i n e  t o  t h e  
I l l i n o i s  S t a t e  l i n e  s h a l l  have a  level  of water qua l i ty  s u i t a b l e  f o r  t h e  following uses: 

a. Minimum standards 

b. Fish and other  aquat ic  l i f e  

c. Recreational use 

d. Industr ia l  and cooling water use 

The Fox River from a point f i v e  miles  downstream from t h e  Waukesha Sewage Treatment Plant  o u t f a l l  l i n e  t o  t h e  
Barstow S t r e e t  Dam i n  t h e  City of Waukesha: 

a. Minimum standards 

b. Indus t r ia l  and cooling water use 

The Fox River upstream from t h e  Barstow S t r e e t  Dam i n  t h e  City of Waukesha: 

a. Minimum standards 

b. Fish and o ther  aquat ic  l i f e  

c. Recreational use--partial-body-contact recreat ional  uses only 

The following major t r i b u t a r i e s  of t h e  Fox River s h a l l  have a  level  of water qua l i ty  s u i t a b l e  f o r  t h e  following 
water uses: 

Bassett Creek 
Beulah Lake Out1 e t  
Brandy Brook 
Como Creek 
Deer Creek 
Eagle Creek 
Genesee Creek 
Hoosier Creek 
Jer icho Creek 
Kee Nong Go Mong Lake Canal 
M i l l  Creek 
Mukwonago River 

Ore Creek 
Pebble Brook 
Pebble Creek 
Peterson Creek 
Poplar Creek 
S i l v e r  Lake Outlet  
Spring Lake Outlet 
Sugar Creek 
Waubeesee Drainage Canal 
White River 
Wind Lake Canal 

a. Minimum standards 



b. Recreational use 

c. Fish and o ther  aquat ic  l i f e  

The following major t r i b u t a r i e s  o f  t h e  Fox River: Nippersink Creek, Muskego Canal, and Pewaultee Rive 
a l eve l  of water q u a l i t y  s u i t a b l e  f o r  t h e  following water uses: 

a. Minimum standards 

b. Recreational use- - p a r t i a l  -body-contact recreat ional  uses  

c. Fish and o ther  aquat ic  l i f e  

The remaining two streams t r i b u t a r y  t o  t h e  Fox River s h a l l  have a l eve l  of water q u a l i t y  s u i t a b l e  for 
ing water uses: 

1. Honey Creek 

a. Minimum standards 

b. Fish and o ther  aquat ic  l i f e  

c. Recreational use 

d. Industr ia l  and cooling use 

2. Sussex Creek 

a. Minimum standards 

b. Recreational use--partial-body-contact only 

PRINCIPLE 

Surface water i s  one of t h e  most valuable resources of southeastern Wisconsin; and even under 1 
increasing population and economic a c t i v i t y  l eve l s ,  t h e  po ten t ia l  of natural  stream waters t o  serve 
var ie ty  of  beneficial  uses, i n  addi t ion t o  t h e  single-purpose function of waste t ransport  and assimil 
be protected and preserved. 

1. Water qua l i ty  l e v e l s  i n  a stream reach sha l l  be adequate t o  meet t h e  S t a t e  of Wis 
qna l i ty  standardsC for  a l l  water uses designated f o r  t h a t  reach. 

2. Regardless of the  water uses designated f o r  a stream reach, a l l  reaches of  a l l  streams s h a l l  
the  minimum stream water qual i ty  standards s e t  fo r th  i n  t h e  S t a t e  of Wisconsin water qua l i ty  standards 

3.  A l l  urban res iden t ia l  development, except single-family residences on l o t s  of f i v e  acres  o r  morl 
loca ted  on s o i l s  ra ted  in  t h e  regional de ta i led  operational s o i l  survey a s  s u i t a b l e  f o r  use of so 
sewage disposal systems, s h a l l  be served by pub1 i c  sani tary sewerage f a c i l i t i e s  conveying l iqu id  
sewage treatment plant  t h a t  provides a degree of  treatment before discharge adequate t o  meet t h e  
use  ob jec t ives  f o r  the  stream reach involved. 

OBJECTIVE NO. 3 

An integrated system of land management and water control f a c i l i t i e s  and po l lu t ion  abatement dev 
t o  ensure a qua l i ty  of lake water necessary t o  permit the  following beneficial  water uses  i n  each of  
1 akes: 

For Echo, Long, North, S i l v e r  (Walworth County), and Pe te rs  ~ a k e s : ~  

a. Minimum standards 
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b. Recreational use--partial-body-contact recreat ional  uses  only 

c. Fish and aquat ic  l i f e  

d. Wildl i fe  watering 

For Eagle, Tichigan, Wind, Eagle Spring, and Big Muskego Lakes: 

a. Minimum standards 

b. Recreational use--ful l -  o r  partial-body-contact recreat ional  uses 

c. Fish and aquat ic  l i f e  

d. Wildl i fe  watering 

The use of these  lakes f o r  full-body-contact recreation i s  subject  t o  t h e  f inancial  f e a s i b i l i t y  of  a t t a in ing  the  
higher level  of water qual i ty  required. 

For a l l  35 o ther  lakes within the watershed having a surface a rea  of 50 acres  o r  more: 

a. Minimum standards 

b. Recreational use--ful I-body-contact recreat ional  uses 

c. Fish and aquat ic  l i f e  

d. Wildl i fe  watering 

PRINCIPLE 

Lakes a re  an invaluable and i rreplaceable surface water resource of southeastern Wisconsin. The recreat ional  
opportuni t ies  and a e s t h e t i c  value t h a t  t h e  lakes o f f e r  t h e  population of t h e  Region f a r  outweigh the  value t o  
t h e  Region of  any o ther  po ten t ia l  use of t h e  lakes and should be protected and preserved. 

STANDARDS 
1. An8y lake water use other  than recreat ion,  f i sh ing ,  and a e s t h e t i c  enjoyment s h a l l  be considered an accessory 
use  which is permissible only i f  it is compatible with recreat ion,  f i sh ing ,  and a e s t h e t i c  enjoyment uses  and i s  
necessary o r  des i rab le  from t h e  standpoint of meeting watershed development object ives.  

2. Lake water uses which s h a l l  not be permitted under any circumstances include indus t r ia l  and cooling water 
use, d i r e c t  l ivestock watering, i r r i g a t i o n ,  and waste assimilat ion.  

3. Water qua l i ty  l e v e l s  i n  a l ake  s h a l l  be adequate t o  meet the  S t a t e  of Wisconsin equivalent stream water qual- 
ity standards f o r  a l l  equivalent,  designated water uses. 

4. Algae and aquat ic  weeds sha l l  not be present i n  numbers s u f f i c i e n t  t o  c rea te  an a e s t h e t i c  nuisance o r  t o  
i n t e r f e r e  with recreat ional  use. 

a 
The probable maximum r a i n f a l l  used f o r  design purposes f o r  watersheds throughout southeastern Wisconsin is 24.5 
inches f o r  a 6-hour duration and 30 inches f o r  a 24-hour duration. 

b ~ e e  Chapter I X ,  Volume 1, ' 'Surface Water Quality and Pollution. " 

 bid., footnote b. 

dThe highest water qua l i ty  ob jec t ive  f o r  these  lakes  is l imi ted  partial-body-contact recreat ional  use because 
the  physical c h a r a c t e r i s t i c s  o f  these lakes o ther  than water qua l i ty ,  p a r t i c u l a r l y  t h e i r  shallow depths and small 
s ize ,  l i m i t  t h e i r  p rac t ica l  u t i l i t y  f o r  swimming ( see  Table 72 ,  Volume 1) .  



LAND USE DEVELOPMENT OBJECT1 YES, PR I NC I PLES, AND STANDARDS 
FOR THE FOX RIVER WATERSHED 

OBJECTIVE NO. 1 

A balanced a l loca t ion  of space t o  the  various land use categories  which meets the  s o c i a l ,  physical,  
needs of the  res iden ts  of the  watershed, a s  well a s  t h e  needs of short-term v i s i t o r s  t o  t h e  watershed. 

PRINCIPLE 

The planned supply of land s e t  as ide  f o r  any given use should approximate the  known and ant icipat t  
t h a t  use. 

STANDARDS 

1. For each addi t ional  1,000 persons expected t o  reside within the  watershed a t  each densi ty,  t 
minimum amounts of land should be s e t  aside: 

Residential Land 

Low Density 
Medium Density 
High Density 

Governmental and I n s t i t u t i o n a l  Land 

~ e g i o n a l ~  
Locale 

Park and Recreation   and^ 
~ e g i o n a l ~  
~ o c a l i  

Net ~ r e a ~  

250 acres/ l ,  000 persons 
70 acres/1,000 persons 
25 acres/1.000 persons 

Gross 

312 acres / l ,  0 
98 acres/l.O 
38 acres/l ,O 

Gross 

3 acres/l ,O 
6 acres/l,O 

Gross 

4 ac res / l ,  0 
10 acres/ l .  0 

2. For the  d a i l y  use of  short-term v i s i t o r s  t o  t h e  watershed, the  following amounts of land should 
and developed f o r  each an t ic ipa ted  100 p a r t i c i p a n t s j  i n  each of t h e  f ive  major outdoor r e c r e a t i o ~  
which require  intensive land development within the  watershed: 

Major Activity Total Acres 

Principal  
Development 

Acres 

Backup 
o r  Secor 

Devel opmen 

3. For each addi t ional  100 commercial and indus t r ia l  employees t o  be accommodated within the  wa. 
following minimum amounts of land should be s e t  aside:  

Gross 

Commercial  and^ 5 acres/100 
Indus t r ia l   and^ 7 acres/100 

OBJECTIVE NO. 2 

A s p a t i a l  d i s t r i b u t i o n  of  the various land uses which wi l l  r e s u l t  i n  the  protect ion,  wise use, and 
of t h e  natural  resources. 

~ n d  economic 

: demand f o r  

e following 

,reab 
0 persons 
0 persons 
0 persons 

.reaC - 
0 persons 
D persons 

,reag - 
0 persons 
0 persons 

be acquired 
a c t i v i t i e s  

and 
ary 
Acres 

!rshed, t h e  

,reap - 
employees 
employees 

development 



PRINCIPLE 

The proper al locat ion of uses t o  land can a s s i s t  in  maintaining an ecological balance between t h e  a c t i v i t i e s  
of man and t h e  natural  environment which supports him. 

A. S o i l s  

Pr inc ip le  

The proper r e l a t i o n  of urban and rura l  land use development t o  s o i l s  can serve t o  avoid m a y  environmental prob- 
lems, a i d  i n  t h e  establishment of b e t t e r  regional settlement pa t te rns ,  and promote t h e  wise use of an i r rep lace-  
a b l e  resource. 

STANDARDS 

1. Urban development, p a r t i c u l a r l y  f o r  res iden t ia l  use, s h a l l  be located only i n  those a reas  which do not contain 
s i g n i f i c a n t  concentrations of s o i l s  rated in  the  regional de ta i led  operational s o i l  survey a s  poor, questionable, 
o r  very poor f o r  such d e ~ e l o p m e n t . ~  S ign i f ican t  concentrations a r e  defined a s  follows: 

a. In areast  t o  be developed f o r  low-density res iden t ia l  use, no more than 2.5 percent of the  gross  a rea  should 
be covered by s o i l s  rated in  the  regional de ta i led  operational s o i l  survey a s  poor, questionable, o r  very 
poor f o r  such development. 

b. In areas  t o  be developed f o r  medium-density res iden t ia l  use, no more than 3.5 percent o f  t h e  gross a rea  
should be covered by s o i l s  ra ted  i n  t h e  regional de ta i led  operational s o i l  survey a s  poor, questionable, o r  
very poor f o r  such development. 

c. In areas  t o  be developed f o r  high-density res iden t ia l  use, no more than 5.0 percent of the  gross a r e a  should 
be covered by s o i l s  rated i n  the  regional de ta i led  operational so i l  survey a s  poor, questionable, o r  very 
poor f o r  such development. 

2. Rural development, p r inc ipa l ly  agr icu l tu ra l  land uses, s h a l l  be a l loca ted  primarily t o  those a reas  covered 
by s o i l s  ra ted  i n  the  regional de ta i led  operational s o i l  survey a s  very good, good, o r  f a i r  f o r  such uses. 

3. Land developed o r  proposed t o  be developed f o r  urban use without publ ic  san i ta ry  sewer se rv ice  should be 
located only on a reas  covered by s o i l s  ra ted  i n  the regional detai led operational s o i l  survey a s  very good, good, 
o r  f a i r  f o r  such development. 

B. Inland Lakes and Streams 

Principle  

Inland lakes and streams contr ibute  t o  the  atmospheric water supply through evaporation; provide a s u i t a b l e  
environment f o r  desirable  and sometimes unique plant  and animal l i f e ;  provide the  population with opportuni t ies  
f o r  ce r ta in  s c i e n t i f i c ,  c u l t u r a l ,  and educational pursu i t s ;  cons t i tu te  prime recreat ional  areas;  provide a 
des i rab le  a e s t h e t i c  s e t t i n g  f o r  ce r ta in  types of land use development; serve t o  s t o r e  and convey floodwaters; 
and provide cer ta in  water withdrawal requirements. 

STANDARDS 

1 .  Urban development, except f o r  park and outdoor recreat ional  use, should not be al located t o  more than 50 
percent of the  length of t h e  shorel ine of inland lakes having a surface a r e a  i n  excess of  50 acres  and of a l l  
perennial streams. 

2. In  addition, it is des i rab le  t h a t  25 percent of the  shorel ine of  each inland lake having a surface area l e s s  
than 50 acres  be maintained i n  e i t h e r  a na tura l  s t a t e  o r  some low-intensi ty  publ ic  use, such a s  park land. 

3 .  Floodplain landsU should not be a l loca ted  t o  a w  urban developmentV which would cause o r  be subject  t o  flood 
damage. 

4. No unauthorized s t r u c t u r e  o r  f i l l  should be allowed t o  encroach upon, and obstruct  t h e  flow of ,  water i n  t h e  
perennial stream channelsW and floodways. 

C. Wetlands 



P r i n c i p l e  ~ 
i 

Wetlands suppor t  a wide v a r i e t y  o f  d e s i r a b l e  and sometimes unique p l a n t  and animal l i f e ;  a s s i s t  i n  tNe s t a b i l i z a -  
t i o n  of l ake  l e v e l s  and streamflows; t r a p ,  s t o r e ,  and r e l e a s e  p l a n t  n u t r i e n t s  i n  runoff with a ned improvement 
i n  t h e  q u a l i t y  o f  runoff ,  t hus  reducing enrichment o f  s u r f a c e  waters and obnoxious weed and a l g a e  growth; con- 
t r i b u t e  t o  t h e  atmospheric oxygen supply; reduce storm water  runoff by providing a r e a  f o r  f  loodwate: impoundment 
and s to rage ;  reduce stream sedimenta t ion;  and provide  t h e  popula t ion with o p p o r t u n i t i e s  f o r  cer ta in ,  s c i e n t i f i c ,  
educa t iona l ,  and r e c r e a t i o n a l  p u r s u i t s .  

STANDARD I i 

A l l  wetland a reasY ad jacen t  t o  s t reams o r  l akes ,  a l l  w i th in  a r e a s  having s p e c i a l  w i l d l i f e  values ,  and 
having an a r e a  i n  excess  of  50 a c r e s  should no t  be a l l o c a t e d  t o  any urban development except l i m i t  

c u l t u r e  o r  l imi t ed  r ec rea t ion .  
and should not  be d ra ined  o r  f i l l e d ,  Adjacent surrounding a r e a s  should be kept  i n  open-space use.  

P r i n c i p l e  

Woodlands a s s i s t  i n  mainta ining unique n a t u r a l  r e l a t i o n s h i p s  between p l a n t s  and animals;  reduce(  storm water  
runof f ;  c o n t r i b u t e  t o  t h e  atmospheric oxygen supply; c o n t r i b u t e  t o  t h e  atmospheric water  supply t rough t r a n s -  
p i r a t i o n ;  a i d  i n  reducing s o i l  e ros ion  and stream sedimenta t ion;  provide  t h e  r e source  base f o r  t h e  f  ! r e s t  product 
i n d u s t r i e s ;  p rov ide  t h e  popula t ion with o p p o r t u n i t i e s  f o r  c e r t a i n  s c i e n t i f i c ,  educat ional ,  and ) r e c r e a t i o n a l  
p u r s u i t s ;  and provide  a d e s i r a b l e  a e s t h e t i c  s e t t i n g  f o r  c e r t a i n  types  of  land u s e  development. I 

STANDARDS i 
I 

1. A minimum of  10 percent  of t he  land a r e a  of each watershedaa wi th in  t h e  Region should be devoted t h  woodlands. 

2. For demonstration and educat ional  purposes,  t h e  woodland cover wi th in  each county should inc ldde  a minimum 
o f  40 a c r e s  devoted t o  each major f o r e s t  type: oak-hickory, nor thern  hardwood, p ine  spec ie s ,  and lokland f o r e s t .  

3 .  A minimum regional  aggregate of f ive  acres of woodland p e r  1,000 popula t ion should  be maintained f o r  r e c r e a t i o n a l  
p u r s u i t s .  I 

I 

P r i n c i p l e  

W i l d l i f e ,  when provided with a s u i t a b l e  h a b i t a t ,  w i l l  p rovide  t h e  popula t ion with oppor tun i t i ed  f o r  c e r t a i n  
s c i e n t i f i c ,  educa i iona l ,  and r e c r e a t i o n a l  p u r s u i t s ;  provide  a food source; a i d  s i g n i f i c a n t l y  i d  c o n t r o l l i n g  
harmful i n s e c t s  and o t h e r  noxious pes t s ;  and provide  an economic resource  f o r  t h e  f u r  and f i s h i n g  i n d b s t r i e s .  

STANDARD 

The most s u i t a b l e  h a b i t a t  f o r  w i l d l i f e ,  t h a t  i s ,  t h e  a r e a  wherein f i s h  and game can bes t  be fed ,  sheltered, and 
reproduced, is a n a t u r a l  h a b i t a t .  S ince  t h e  n a t u r a l  h a b i t a t  f o r  f i s h  and game can b e s t  be  obta ined by p rese rv ing  
o r  mainta ining o t h e r  resources ,  such a s  s o i l ,  a i r ,  water,  wetlands,  and woodlands, i n  a wholesohe s t a t e ,  t h e  
s t anda rds  f o r  each o f  t h e s e  o t h e r  resources ,  i f  met, would ensure  t h e  p rese rva t ion  o f  a s u i t a b l e  w i l p l i f e  h a b i t a t  
and popul a t ion .  i 

OBJECTIVE NO. 3 I 
I 

A s p a t i a l  d i s t r i b u t i o n  o f  t h e  var ious  land uses  which is proper ly  r e l a t e d  t o  t h e  suppor t ing t r a n  
p u b l i c  u t i l i t y  systems t o  a s s u r e  t h e  economical p rov i s ion  o f  u t i l i t y  and municipal s e rv ices .  

PRINCIPLE 1 
I 

i 
The t r a n s p o r t a t i o n  and p u b l i c  u t i l i t y  f a c i l i t i e s  and t h e  land u s e  p a t t e r n  which t h e s e  f a c i l i t i e s  s e rve  and 
suppor t  a r e  mutual ly  in terdependent  i n  t h a t  t h e  land use  p a t t e r n  determines t h e  demand f o r ,  and l~oadings  upon, 
t r a n s p o r t a t i o n  and u t i l i t y  f a c i l i t i e s ;  and t h e s e  f a c i l i t i e s ,  i n  t u r n ,  a r e  e s s e n t i a l  t o ,  and form a bqs i c  framework 
f o r ,  land use  development. I 



STANDARDS 

1. The t ransportat ion system should be located and designed t o  avoid t h e  penetrat ion of prime natural  resource 
areas  by through t r a f f i c .  

2. The t ransportat ion system should be located and designed t o  provide access not only t o  a l l  land present ly 
devoted t o  urban development but a l so  t o  a l l  land well sui ted for  urban development. 

3 .  Land developed or  proposed t o  be developed f o r  medium- and high-density res iden t ia l  use should be located i n  a 
gravi ty drainage a rea  t r i b u t a r y  to an existing or  proposed public  san i ta ry  sewerage system. 

4. Land developed o r  proposed t o  be developed f o r  medium- and high-density res iden t ia l  use should be located i n  
a reas  serviceable by an ex is t ing  o r  proposed public  water supply system. 

5. Urban development should be located so  a s  t o  maximize t h e  use of ex i s t ing  t ransportat ion and u t i l i t y  systems. 

OBJECTIVE NO. 4 

The preservation and provision of open spacecc t o  enhance the  t o t a l  qua l i ty  of t h e  regional environment, maximize 
e s s e n t i a l  natural  resource a v a i l a b i l i t y ,  give form and s t ruc ture  t o  urban development, and provide the  bas i s  f o r  
t h e  ul t imate attainment of a balanced year-round outdoor recreat ional  program providing a f u l l  range of f a c i l i t i e s  
f o r  a l l  age groups. 

PRINCIPLE 

Open space i s  t h e  fundamental element required f o r  the  preservation, wise use, and development of such natural  
resources a s  s o i l ,  water, woodlands, wetlands, and wi ld l i fe ;  it provides t h e  opportunity t o  add t o  the  physical ,  
i n t e l l e c t u a l ,  and s p i r i t u a l  growth of  t h e  population; it enhances t h e  economic and a e s t h e t i c  value of  ce r ta in  
types of development; and it is essen t ia l  t o  outdoor recreat ional  pursui ts .  

1. Local park and recreat ion open spaces should be provided within a maximum service radius of one-half mile of 
every dwelling un i t  i n  an urban area,  and each s i t e  should be of s u f f i c i e n t  s i z e  t o  acconnnodate t h e  maximum t r i b -  
u ta ry  se rv ice  a rea  population a t  a use in tens i ty  of 675 persons per  acre. 

2. Regional park and recreat ion open spaces should be provided within an approximately one hour t rave l  time of 
every dwelling un i t  i n  the  Region and should have a minimum s i t e  area of 250 acres. 

3. Areas having unique s c i e n t i f i c ,  c u l t u r a l ,  scenic ,  o r  educational value should not  be a l loca ted  t o  any urban o r  
a g r i c u l t u r a l  land uses; and adjacent surrounding areas  should be retained i n  open-space use, such a s  agr icu l tu re  
o r  l imited recreation. 

OBJECTIVE NO. 5 

The preservation of land areas  f o r  agr icu l tu ra l  uses i n  order  t o  provide f o r  c e r t a i n  special  types of  agr icu l tu re ,  
provide a reserve f o r  future needs, and ensure t h e  preservat ion of those unique rura l  areas  which provide w i l d l i f e  
h a b i t a t  and which a r e  essen t ia l  t o  shape and order urban development. 

PRINCIPLE 

Agricul tural  areas ,  i n  addi t ion t o  providing food and f i b r e ,  contr ibute  s i g n i f i c a n t l y  t o  maintaining the  eco- 
log ica l  balance between p l a n t s  and animals; provide locat ions proximal t o  urban centers  f o r  the  production of  
c e r t a i n  food commodities which may require  nearby population concentrations f o r  an e f f i c i e n t  product ion-dis tr ibu-  
t i o n  relat ionship;  and provide open spaces which give form and s t r u c t u r e  t o  urban development. 

STANDARDS 

1. A l l  prime agr icu l tu ra l  areasee should be preserved. 

2. A l l  ag r icu l tu ra l  lands surrounding adjacent high-value s c i e n t i f i c ,  educational,  o r  recreat ional  resources and 
covered by s o i l s  rated i n  the  regional de ta i led  operational s o i l  survey a s  very good, good, o r  f a i r  f o r  agricul-  
t u r a l  use should be preserved. 



In  addition t o  the above, attempts should be made t o  preserve agr icu l tu ra l  a reas  which a r e  covered bd 
i n  the regional de ta i led  operational s o i l  survey a s  f a i r  i f  these s o i l s :  a )  occur i n  concentrations ~ 
f i v e  square miles and surround o r  l i e  adjacent t o  a reas  which qual i fy under e i t h e r  of t h e  above s 
b) occur i n  areas which may be designated as desirable  open spaces f o r  shaping urban development. 

OBJECTIVE NO. 6 

Good s o i l  and water conservation f a c i l i t i e s  and prac t ices  t o  reduce storm water runoff,  s o i l  erosio 
sedimentation and pollution. 

PRINCIPLE 

Good s o i l  and water conservation prac t ices ,  including contour s t r ipcropping,  t e r rac ing ,  su i tab le  c 
and grassed waterways i n  ru ra l  areas;  seeding; sodding; erosion control s t ruc tures  f o r  drainagewws; 
t r o l  s t ruc tures  a t  storm sewer o u t l e t s ;  and proper land development and construction methods and 
urban areas  can a s s i s t  i n  reducing storm water runoff,  s o i l  erosion, and stream s i l t a t i o n  and p o l l u t i  

STANDARDS 

1. A minimum of  50 percent of t h e  area of the  watershed i n  agr icu l tu ra l  use should be under d i s t r i c  
s o i l  and water conservation agreements and planned conservation treatment. 

2.  A minimum of 25 percent of the  a rea  of the  watershed i n  agr icu l tu ra l  use should be under adequate 
treatment. 

a 
Net land use area is defined as  t h e  actual  s i t e  a rea  devoted t o  a given use and cons i s t s  of the 
s i t e  a rea  occupied by any buildings plus  t h e  required yards and open spaces. 

b ~ r o s s  res iden t ia l  land use a r e a  is  defined a s  t h e  ne t  area devoted t o  t h i s  use plus  t h e  area devoted 
port ing land uses, including s t r e e t s ,  neighborhood parks and playgrounds, elementary schools, and 
i n s t i t u t i o n a l  and commercial uses, but not including freeways and expressways. 

C -. 
Gross governmental and i n s t i t u t i o n a l  a rea  is defined a s  t h e  net  area devoted t o  t h i s  use plus  the 
t o  supporting land uses, including s t r e e t s  and o f f - s t r e e t  parking. 

d ~ n c l u d e s  federal ,  s t a t e ,  and county governmental uses; hosp i ta l s ;  cemeteries; col leges and univ~ 
la rge  region-serving, semipublic i n s t i t u t i o n a l  uses, such a s  cen t ra l  YMCA f a c i l i t i e s .  Present ly a 
ac res  per  1,000 persons. 

e 
Includes schools and churches. Approximately one-half of t h i s  standard is met impl ic i t ly  i f  t h e  
standard f o r  res iden t ia l  use is met. Present ly approximates 6 ac res  per 1,000 persons. 

f 
This  category does not include regional o r  local  open spaces o ther  than those ac t ive ly  used f o r  p 
outdoor recreat ional  purposes; t h a t  i s ,  such uses as boulevards, parkways, s t a d i a ,  environment, 
arboreta ,  zoological gardens, and botanical gardens a r e  not included unless  they a r e  a par t  o f ,  o r  
an ac t ive  recreat ion area. 

g ~ r o s s  park and recreat ion area is defined a s  equal t o  net  area. 

h ~ r e s e n t l y  (1967) includes 23 ex is t ing  parks (developed and undeveloped) within t h e  Region c lass i l  
o f  regional s ignif icance,  which combined contain 6,741 acres  o r  3 . 7  acres  per 1,000 persons. TI 
Brighton Dale Park, Fox River Park, Pe t r i fy ing  Springs Park i n  Kenosha County; seven o f  the  M i l  
Park Commission Metropolitan Parks--Brown Deer Park, Grant Park, Greenfield Park, Lake-Juneau I 
Park, Oakwood Park, and Whitnall Park; Hawthorne H i l l s  Park and Harrington Beach Park in  Ozaukee Coun 
Park and Johnson Park i n  Racine County; Big Foot Park and Whitewater Lake Recreation Area i n  Wal 
Pike Lake Recreation Area and Ridge Run Park in  Washington County; and Menomonee Park, Minooka Pa 
Park, Nagawaukee Park, and Ottawa Lake Recreation Area i n  Waukesha County. 
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i 
Present ly (1963) includes 379 neighborhood and community parks, which combined contain 5,698 acres  o r  3.4 acres  
p e r  1,000 persons. A portion of t h i s  standard is met impl ic i t ly  i f  the  gross acreage standard f o r  res iden t ia l  use 
i s  met. This implici t  port ion t o t a l s :  1.3 ac res  per  1,000 persons i n  a one-half mile square high-density neighbor- 
hood; 2.5 acres  per 1,000 persons i n  a one mile square medium-density neighborhood; and 4.5 acres  per 1,000 
persons i n  a two mile square low-density neighborhood. 

J~ par t ic ipan t  is defined a s  a person 1 2  years  of age o r  o lder  who ac t ive ly  p a r t i c i p a t e s  in  a p a r t i c u l a r  recrea- 
t iona l  a c t i v i t y  on a given day. 

k .  Swimming--One acre of  developed beach area can accommodate approximately 370 people a t  any one time. With a da i ly  
turnover r a t e  of 3.0, t h e  maximum capacity of one acre of developed beach is  1,110 people per  ac re  per  day. In 
addi t ion,  f o r  every one acre of developed beach area,  four (4)  acres  of backup lands a r e  required t o  provide 
necessary parking area (approximately 1 1/2 acres ) ,  concession services ,  dressing room area (approximately 1 
acre ) ,  and o ther  a c t i v i t y  area, such a s  p icn ic  a r e a  (approximately 1 1/2 acres).  

'picnicking--One acre of developed p icn ic  a rea  with a maximum of 16 t a b l e s  can accommodate approximately 50 people 
a t  any one time. With a da i ly  turnover r a t e  of 1.6, t h e  maximum capacity of one acre of developed p icn ic  area is 
8 0  people per  acre per  day. In addition, f o r  every one acre of developed p icn ic  area,  nine ac res  of backup land 
a r e  required t o  provide necessary parking a rea  and addi t ional  secondary f a c i l i t i e s .  

m 
Golfing--A minimum of 10 acres  of land per  hole  is  required t o  develop a regulat ion nine o r  18 hole golf  course, 
including a rea  f o r  clubhouse and parking and w i l l  accommodate approximately one golfer  per  ac re  a t  any one time. 
With a da i ly  turnover r a t e  of 3.0, the  maximum capacity of each golf course is 3.0 go l fe rs  per ac re  per  day o r  
30 go l fe rs  per  acre per  day. 

"camping--one acre of developed camp a r e a  with a maximum of f i v e  camp u n i t s  can accommodate approximately 14 
people per  day. There is no da i ly  turnover r a t e  f o r  camping. In addition, f o r  every one acre of developed camp 
area,  19 acres  of backup land is required t o  provide necessary supporting a c t i v i t i e s  o r  f a c i l i t i e s ,  such a s  
cen t ra l  convenience f a c i l i t i e s ,  hiking and nature t r a i l s ,  picnic  areas, boat and canoe launching s i t e s ,  and 
horseback t r a i l s .  

'skiing--one acre of developed s k i  s lope can accommodate approximately 10 people a t  any one time. With a da i ly  
turnover r a t e  of 3.0, t h e  maximum capacity of one acre of developed s k i  slope is 30 people per ac re  per  day. In  
addi t ion,  f o r  every 10 acres  of developed s k i  slope, one acre  of backup land is  required t o  provide parking and 
concession f a c i l i t i e s .  The recommended minimum s i t e  a r e a  is 100 acres. 

' ~ r o s s  commercial and i n d u s t r i a l  a rea  is defined a s  the  ne t  a r e a  devoted t o  t h i s  use plus  the  a rea  devoted t o  
supporting land uses, including s t r e e t s  and o f f - s t r e e t  parking. 

'~nc ludes  a l l  regional ,  l o c a l ,  and highway-oriented commercial a c t i v i t i e s  plus  adjacent s t r e e t s  and on-s i t e  
parking. Present ly approximates 3.4 acres  per  100 employees. 

r 
Includes a l l  manufacturing and wholesaling a c t i v i t i e s  plus  adjacent s t r e e t s  and on-s i t e  parking. Present ly 
approximates 4.1 acres  per  100 employees. 

S 
See SEWRPC Planning Report No. 8 ,  S o i l s  of Southeastern Wisconsin, June 1966. 

t a reas ,  a s  used i n  t h i s  context,  r e f e r  t o  any land u n i t ,  160 acres  or more i n  areal  extent ,  which is subject  t o  
development. 

U ~ l o o d p l a i n  lands are  herein defined a s  those floodlands, excluding t h e  floodway, subject  t o  inundation by t h e  
100-year recurrence in te rva l  flood o r ,  where such da ta  is not avai lable ,  by the  maximum flood of record. 

v 
Urban development, a s  used herein,  r e f e r s  t o  a l l  land uses except agr icu l tu re ,  water, woodlands, wetlands, and 
open lands. 

W 
A stream channel is herein defined a s  t h a t  port ion of t h e  floodlands lying e i t h e r  within lega l ly  establ ished 
bulkhead l i n e s  o r  within sharp and pronounced banks marked by an i d e n t i f i a b l e  change i n  f l o r a  and normally 
occupied by the  stream under average annual high-flow conditions. 

X Floodway lands a r e  herein defined as those floodlands, including t h e  channel, required t o  carry and discharge t h e  
100-year recurrence in te rva l  flood. I f  development and f i l l  a r e  t o  be prohibi ted in  t h e  floodplain, t h e  floodway 
may be del ineated a s  t h a t  area subject  t o  inundation by the  10-year recurrence interval  flood. 



'wetland areas  a r e  defined a s  those lands which a r e  p a r t i a l l y  covered by marshland f l o r a  and gene+lly covered 
with shallow standing water, open lands in te rmi t ten t ly  covered with water, o r  lands which a r e  wet afld spongy due 
t o  a high water t a b l e  o r  character  of  the  so i l .  I 

 he term woodlands, a s  used herein,  i s  defined a s  a dense, concentrated s tand of t r e e s  and underbrbsh covering 
a minimum area of 20 acres. ~ 

a a 
A watershed, a s  used herein,  is defined a s  a port ion of t h e  surface of  the  ear th occupied by a surdace drainage 
system discharging a l l  surface water runoff t o  a common o u t l e t  and which is 25 square miles o r  ladger i n  a r e a l  
extent.  

i 
b b ~ n c l u d e s  a l l  f i s h  and game. 1 
C C  I 

Open space is defined a s  land o r  water areas  which a r e  generally undeveloped f o r  r e s i d e n t i a l ,  
i n d u s t r i a l  uses and a r e  o r  can be considered r e l a t i v e l y  permanent i n  character; it includes area copercia1S devoted Or t o  
park and recreat ion uses and t o  l a rge  land-consuming i n s t i t u t i o n a l  uses, a s  well a s  a reas  devoted t o  Lgricul tural  
use and t o  resource conservation whether publ icly o r  p r iva te ly  owned. 

I 

d d ~ t  was thought impractical t o  e s t a b l i s h  s p a t i a l  d i s t r i b u t i o n  standards f o r  open space p e r  s e ;  thef-efore, only 
t h e  park and recreat ion component of t h e  open-space land use category is l i s t e d  i n  t h e  standards iaccording t o  
i ts loca l  o r  regional or ientat ion.  These loca l  park and recreat ion spaces may include p lay lo t s ,  $laygrounds, 
p layf ie lds ,  and neighborhood parks. Regional park and recreat ion spaces include l a r g e  county o r  s t a t e  parks. 
Other open spaces which a r e  not included i n  t h i s  s p a t i a l  d i s t r i b u t i o n  standard are: fo res t  preserves and arboreta;  
major r i v e r  val leys;  lakes; zoological and botanical gardens; s tad ia ;  woodland, wetland, and wilfllife areas;  
s c i e n t i f i c  a reas ;  and agr icu l tu ra l  lands whose locat ion must be re la ted  t o ,  and determined by, the  na tura l  
resource base. 

I 
e e 

Prime agr icu l tu ra l  areas  a r e  defined a s  those areas  which a) contain s o i l s  rated in  the  regional detlailed opera- 
t ional  s o i l  survey a s  very good or  good f o r  agr icu l tu re ,  and b) occur i n  concentrated areas  over f i v e  square miles  
i n  extent which have been designated a s  exceptionally good for  agr icu l tu ra l  production by a g r i c u l t u r a l  s p e c i a l i s t s .  

ENGINEERING DESIGN CRITERIA FOR 
THE FOX RIVER WATERSHED 

Rainfall- Frequency Relationships 
If local storm water drainage and main river 
flood-control measures are to be compatible and 
function in a coordinated manner, plans for both 
must be based on consistent engineering design 
criteria. A fundamental criterion for both local 
and watershed drainage planning is the rainfall 
intensity-duration-frequency relationship repre- 
sentative of the watershed area. Intensity-dura- 
tion-frequency curves based on a 64-year record 
at Milwaukee Weather Bureau Station are shown in 
Appendix C. The curves in Figures C-1 and C-2 
are directly applicable to urban storm water 
drainage system design using the rational for- 
mula, while the equivalent curves in Figure C-3 
are expressed in a form more convenient for use 
in hydrologic simulation. These curves are appli- 
cable to the Southeastern Wisconsin Region and to 
the Fox River watershed. The variation of rainfall 

depth with area of consideration and the seasonal 
variation of rainfall probability are described in 
Figures C-4 and C-5, respectively. ~ 
Storm Sewer Design Criteria 
Revised rainfall criteria and newly auailable soil 
survey data made possible more detailed consid- 
eration of rainfall-runoff relationsdips in the 
design of storm sewers for urban apeas in the 
Southeastern Wisconsin Region and i14 the water- 
shed. Recommended values for the cbefficient of 
runoff, C, which are based on land use) land slope, 
and soil type, are presented in Appendix C, Table 
C-1. Soils which occur in the watershpd are cate- 
gorized in hydrologic groups according to their 
infiltration capability in Appendix I of Volume 1 of 
this report. 

Rainfall-Runoff Relationships I 
I 

The rainfall-runoff criteria adopted for storm 
sewer design are not adequate for hydeologic sim- 
ulation of basin-wide floods. For this purpose 



U. S. Soil Conservation Service rainfall-runoff 
relationships were adopted. These relationships, 
and adjustments made to them for the specific 
conditions existing in the Fox River watershed, 
are  described in Chapter VIII, llRiver Perfor- 
mance Simulation," Volume 1,  of this report. 

Channel Capacity 
Channel capacities were calculated using the 
Manning formula and a standard step method of 
backwater computation for open-channel flow. The 
Manning formula is used almost universally and 
has the advantage that values for the empirical 
coefficient used to represent the hydraulic friction 
are  based on extensive field tests. The methods 
used in applying the Manning formula and the pro- 
cedure for determining appropriate values for the 
friction factor, lln,lt a re  described in detail in 
Chapter VIII, "River Per fo rman~e ,~ '  Volume 1, of 
this report. 

Water Surface Elevation-Discharge Relationshins - --- A - 

and Flood Routing 
Water surface elevation-discharge relationships 
were established using a standard step method of 
backwater computations for open-channel flow. 
The method used combines the relationships 
established in the Manning formula with the con- 
servation of energy principle in order to deter- 
mine the depth of flow at a given point. Backwater 
at bridges and culverts 'was calculated using a 
procedure developed by the U. S. Geological Sur- 
vey. This procedure is described and referenced 
in Chapter Vm, Volume 1,  of this report. Water 
surface elevation-discharge relationships were 
established at water control structures by the 
application of standard weir, orifice, and pipe 
flow formulas. Descriptions of these formulas 
mav be found in standard engineering. references. " - - - 
such as: Handbook of Hydraulics, by Horace W. 
King and Ernest F. Brater, McGraw-Hill Book 
Company, New York, N. Y., 1963. 

The convex method of flood routing was selected 
as  the most suitable for application in the Fox 
River watershed study. This method, which is 
based upon inf low-outflow hydrograph relation- 
ships, was used on all channel routings performed 
in the analysis of the watershed. The determina- 
tion of the effects of water control structures on 
flood crests was made using the storage-indication 
method of reservoir routing. Explanations of both 
routing procedures and appropriate references 
are  given in Chapter Vm, "River Performance 
Simulation," Volume 1, of this report. 

Flood Frequency 
Flood frequency relationships were developed at 
various locations in the watershed using two 
methods of analysis. At the Wilmot gaging sta- 
tion, records of discharge have been obtained 
since 1940. These actual, measured discharges 
were analyzed statistically to establish a flood 
frequency relationship at this location. The flood 
frequency line developed for the Wilmot gage was 
used to establish flood frequency relationships on 
the main stem of the Fox River between Wilmot 
and Burlington. 

In the remainder of the watershed, flood frequency 
lines were established synthetically by assigning 
the frequency of the rainfall amount or  the snow- 
melt volume used as an input to the flood simula- 
tion model to the flood event itself. This method 
was judged to be the best procedure for use in the 
Fox River watershed study, considering the lim- 
ited number of stream gaging stations in the 
watershed and the relatively short period of 
record at these stations. As streamflow data 
collection continues within the watershed, flood 
frequency relationships should be reviewed and 
revised if necessary. On the basis of the analy- 
ses  made, it was concluded that the peak flood 
flow recorded in April 1960 at the Wilmot Dam of 
7,520 cfs was equivalent to a 37-year recurrence 
interval flood flow, while at Waukesha the same 
flood peak was equivalent to a 50-year recurrence 
interval flood flow. A 100-year recurrence inter- 
val flood was selected as  the plan design flood and 
was used to delineate the outer limits of the flood- 
plains of the watershed. Analysis indicates that 
urbanization within the watershed will not appre- 
ciably change the peak discharge of this design 
flood. 

OVERRIDING CONSIDERATIONS 
In the application of the watershed development 
objectives, principles, and standards in the prep- 
aration, test, and evaluation of the watershed 
plans, several overriding considerations must be 
recognized. First,  it must be recognized that any 
proposed water control facility plan must consti- 
tute an integrated system. It is not possible from 
an application of the standards alone, however, to 
assure such a system since the standards cannot 
be used to determine the effect of individual facil- 
ities on each other or  on the system as a whole. 
This requires the application of the hydrologic 
simulation model to quantitatively test the pro- 
posed system, thereby permitting adjustment of 
the spatial distribution and capacities of the sys- 



tem to the existing and future runoff loadings as 
derived from the land use plan. Second, i t  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 recog- 
nized that certain objectives and standards may be 
in conflict and require resolution - through com- 
promise. Finally, it must be recognized that an 
overall evaluation of each combination of land and 
water control facility plans must be made on the 
basis of cost. This concept is so important that i t  
warrants special attention herein. 

Economic Criteria 
The concepts of economic analysis and economic 
selection 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 expenditures, 
either private or  public, are  based on an evalua- 
tion of benefits and costs. This is not to imply 
that a formal economic analysis is made before 
every expenditure. 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 benefit is 
worth to the purchaser at least the amount spent. 

In addition to the consideration involved in decid- 
ing that a potential benefit is worth its cost, con- 
sideration is also given to possible alternative 
benefits that could be received for alternative 
expenditures within the limits of available re-  
sources. 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 evaluation of which alternative is 
considered to be worth the most. When considera- 
tion 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 o r  objective evaluation of mon- 
etary benefits and costs. Public offi~ials,  how- 
ever, have a responsibility to evaluate objectively 
and explicitly the monetary benefits d costs of 
alternative investments to assure tha the public 
will receive the greatest possible be efits from 
limited monetary resources. 

1 I 

It is then a fundamental principle that very public 
expenditure should return to the publi i a value at 
least equal to the amount expended plu$ the inter- 
es t  income foregone from the ever-prqsent alter- 
native of private investment. This principle may 
also be stated that the public should receive a 
value return from its tax investment a t  least equal 
to what i t  could receive from private linvestment, 
since government exists, presumably, solely to 
serve its citizens. , 

Therefore, economic analysis is a fundamental 
requirement of responsible public pl 
all plans should promise a return to t a""'g! e public and at 
least equal to the expenditure plus intqrest. It is 
emphasized that public expenditures shbuld not be 
expected to I1make money" but that the$ should be 
expected to return a value in goods a d  services 
which is worth to the public the arnouht expended 
plus interest. I 

Benefit-Cost Analysis 
The benefit-cost analysis method of evaluating 
government investments in public worlqs came into 
general use after the adoption of e Federal T Flood Control Act of 1936. The Act stated that 
waterways should be improved I1if the benefits to 
whomsoever they may accrue are  in eqcess of the 
estimated costs.11 Monetary value of denefits has 
since been defined as the amount of doney which 
an individual would pay for that benefit if he were 
given the market choice of purchase1 Monetary 
costs are taken as the total value of resources 
used in the construction of the project. ~ 
Benefits must exceed costs in order for a project 
to be justified, but this criterion alond is not suf- 
ficient to justify the investment. Althqugh a pro- 
ject may have a benefit-cost ratio &eater than 
1 .0 ,  the ratio may be less than the benefit-cost 
ratio of an alternative project which would accom- 
plish the same objectives. Therefore, in order to 
assure that public funds are  invested most profit- 



ably, alternative plans or projects should be 
investigated and analyzed. 

Implementation of comprehensive plans for the 
Fox River watershed could include benefits of 
flood control, recreation, efficient community 
utilities and facilities, enhancement of property 
values, and an aesthetically pleasing community 
environment. Costs which could be incurred in 
implementation of watershed plans include con- 
struction, land acquisition, and income foregone 
as a result of regulation of land use. 

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 varying 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. Con- 
versely, 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 rea- 
soning, 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 mathe- 
matics of compound interest. 

Use of an interest rate automatically incorporates 
consideration of the ever-present possibility of 
private investment as an alternative. A project, 
to be economical, should return to the public at 
least as great a benefit as it might obtain through 
private investment. Money invested privately is 
expected to return generally from 6 to 10 percent 
interest. Since implementation of the watershed 
plan should return benefits to the public equal to, 
or greater than could be attained through, private 
investment, an interest rate of 6 percent is rec- 
ommended for use in the economic evaluation of 

plans. It should be noted that certain govern- 
ment agencies use a lower interest rate in such 
evaluation. Therefore, benefit-cost analyses of 
the watershed plans were also made using a 3 1/4 
percent interest rate in order to allow evaluation 
by the criteria of other agencies. 

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 pro- 
ject. Most of the improvements proposed in the 
Fox River watershed plans, however, will con- 
tinue to furnish benefits for an indefinite time, 
particularly 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 analysis; and this 
period is recommended for the Fox River water- 
shed plan. 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 1 through year 50 
would, however, 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 
direct, or measurable in monetary terms, and as 
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 Fox River 
watershed planning studies, direct benefits include 
flood-damage reduction, enhancement of property 
values, and that part of recreation to which a 
monetary value can be assigned. Intangible bene- 
fits include aesthetic factors deriving from natu- 
ra l  beauty and a pleasant environment. Intangibles 
also include benefits, such as improved efficien- 
cies in community utilities and facilities, that have 
monetary values but which are impracticable to 
calculate. 

Direct benefits attributable to flood control were 
calculated by subtracting annual flood-damage 
risk for each plan alternative from annual flood- 



damage risk in an unplanned situation. Annual 
flood-damage risk was calculated for each alter- 
native by means of the damage-frequency curves 
prepared for the study as described in Chapter 
VII, "Flood Characteristics and Damage," Vol- 
ume 1, of this report. 

The direct benefits from land use controls and 
from the provision of recreational opportunities 
a re  more difficult to establish. A partial account 
of the benefits resulting from the implementation 
of sound land use plans was made in terms of 
increased land values for housing sites adjacent to 
attractive natural environments. The remainder 
of the benefits of the land use plans were con- 
sidered to be intangible. These intangibles include 
benefits from the provision of a more attrac- 
tive and pleasant environment for living and 
working and benefits to communities and individ- 
uals because community facilities, such as drain- 
age, water supply, roads, schools, and waste 
disposal, cost less per capita in a well-planned 
land use situation. 

Project Costs 
The direct costs of water resource development 
include the construction costs of physical ele- 
ments of the plan and the cost of acquiring land. 
Costs of structural facilities were calculated 
using unit prices which reflect the magnitude of 
work, the location in urban areas, and regional 
labor costs. 

The cost of land acquisition was based on present 
market prices for urban improved, urban unim- 
proved, and rural  agricultural land in the Fox 
River watershed. The cost of land use controls, 
such as  would occur in a zoning-only plan, was 
taken as the difference in present market price 
between urban unimproved land and rura l  agri- 
cultural land. This is based upon the assumption 
that the present market price of land is equivalent 
to the present worth of the future income expected 
to be derived from that land. Under floodplain 
zoning the principal profitable land use would 
remain agriculture. 

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 charac- 
teristics 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 pro- 
ject. The financial analysis determiqes whether 
or  not the prospective available funqs are  ade- 
quate to cover all of the costs. I 

On the other hand, an economic analysis by a gov- 
ernment body determines if the projecd benefits to 
whomsoever they accrue exceed th costs to 
whomsoever they accrue. Since one o i" the legiti- 
mate objectives of government is to bromote 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 the Income and 
expenditures of a particular agency. The eco- 
nomic valuation of the benefits and costs may 
differ considerably from the actual income and 
expenditures of a government agency. The pres- 
ent market value of publicly owned ut uncom- b 
mitted land, such as the undeveloped holdings of a 
park commission, is counted on the host side of 
the economic analysis. Under the ecbnomic cri- 
terion of benefits and costs to who4oever  they 
accrue, this land must be considered to have an 
economic value for alternative uses  which are 
foregone when the land is committed to another 
use, such as open space or  recreation, The costs 
of public lands already developed wqth facilities 
for recreation are considered as  su k costs and 9 not included in the economic analysis because 
alternative uses of the land can nd longer be 
reasonably considered. The costs of land under 
public ownership, undeveloped or  devieloped, are  
not considered in the financial analyqis since no 
monetary outlay is required. I I 

Staged Development I 
An attractive feature of many water resource 
developments is their divisibility 'nto several 
individual projects which may be f napced and 1 built at different times. Staged ponstruction 
requires lesser initial capital investments, re-  
duces interest costs, and allows for flexibility of 
continued planning. Staging developments may 
also allow deferring an element untql increased 
demands raise its benefit-cost ratio. In planning 
for staged development, however, cbnsideration 
must be given to possibilities of higper costs in 
the future and the possible unavailability of land. 
In any development staging also serdes to lower 
r isks incurred through inavailabil ty of data 

initial plans. 

i during preparation and partial imple entation of 4" ~ 



SUMMARY 
The process of formulating objectives and stan- 
dards to be used in plan design and evaluation is a 
difficult but necessary part of the planning pro- 
cess. It is readily conceded that regional and 
watershed development plans must advance devel- 
opment proposals which are physically feasible, 
economically sound, aesthetically pleasing, and 
conducive to the promotion of public health and 
safety. Agreement on development objectives 
beyond such generalities, however, becomes more 
difficult to achieve because the definition of 
specific development objectives and supporting 
standards inevitably involves value judgments. 
Nevertheless, it is  essential to state such objec- 
tives for watershed development and to quantify 

them insofar as possible through standards in 
order to provide 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 develop- 
ment objectives must be compatible with, and 
dependent upon, regional development objectives, 
while meeting the primary water development 
objectives. Therefore, the watershed develop- 
ment objectives and supporting principles and 
standards set forth herein are based upon, and 
incorporated in, previously adopted regional de- 
velopment objectives , supplementing these only as 
required to meet the specific needs of the Fox 
River watershed planning program. 



Chapter 111 I I 

INTRODUCTION 
The economic and demographic base and the 
existing land use pattern of the Fox River water- 
shed were described in Chapter 111, Volume 1,  of 
this report. Forecasts of probable future popula- 
tion and economic activity levels and accom- 
panying demands for various land uses within the 
watershed were set forth in Chapter VI, Volume 1,  
of this report. The population of the watershed 
was forecast to increase from its  present (1963) 
level of 159,500 to a 1990 level of 359,000 per- 
sons, an increase of 125 percent in approximately 
27 years. Employment within the watershed was 
forecast to increase from the present (1963) total 
of 33,500 jobs to a 1990 total of 96, 800 jobs, an 
increase of 189 percent. 

In the face of this rapid growth in population and 
employment, the amount of land devoted to urban 
land uses within the watershed was forecast to 
almost double, increasing from a total of 105 
square miles, or  about 11 percent of the total area 
of the watershed, in 1963 to 201 square miles, or  
about 21 percent of the total area of the water- 
shed, by 1990. This demand for urban land will 
have to be satisfied primarily through the conver- 
sion from rural  to urban uses of the remaining 
agricultural lands, woodlands, and wetlands of the 
watershed; and such rura l  land uses may be 
expected to decline collectively from 833 square 
miles in 1963 to 737 square miles in 1990, a 
decrease of about 12 percent. If existing develop- 
ment trends continue, much of this new urban 
development will not be related sensibly to soil 
capabilities; to long-established utility systems; 
to the floodlands of the Fox River system; or 
to the wetlands, woodlands, and surface water 
resources of the watershed; and the already seri- 
ous developmental and environmental 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 envi- 
ronmental problems is to be avoided and the 
serious problems of flooding and water pollution 
already existing within the watershed are to be 
abated, new urban development within the water- 
shed will have to 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 
constitute a major element of 
plan for the development of the Fox ~ i v e r  water- 
shed. This land use plan elemen , although 
emphasizing the protection of riverin areas and ! of the recreational resource base of I the water- 
shed, must cover the entire watersheld and must 
represent the major basic approach to /the resolu- 
tion of the growing problems of the I watershed. 
Structural water control facility plan elements for 
flood control and pollution abatemeht must be 
subordinate to, and support, 
element in that the structural 
ity plan elements do not affect the 
shed and cannot alone offer sound 

watershed. 
developmental and environmental pro lems of the 4 
This chapter presents a brief description of the 
necessary basic land use plan element, with par- 
ticular attention to the alternatives bailable in 
terms of preservation of the natur+l resource 
base and of recreational land use Tevelopment 
both in the riverine areas of the wateqshed and in 
the watershed as a whole. 

LAND USE BASE ~ 
Design Methodology ~ 
The land use plan element, which forms the basis 
for the comprehensive watershed dlan, is set 
within the context of the adopted regiobal land use 
plan. The regional land use plan was designed to 
meet regional development objectives and stan- 
dards and was selected after careful c b nsideration 
of, three alternative regional land dse plans-a 
corridor, a satellite city, and a controhled existing 
trend plan-and after comparing these three alter- 
native plans to an unplanned alterdative. The 
unplanned alternative is described in &hapter VIII 
of this volume. I I 

The methodology applied in the prep4ation of the 
regional land use plan has been +scribed in 
SEWRPC Planning Report No. 7, Volu@e 2, Fore- 
casts and Alternative Plans-1990, q d  consisted 



of a combination of design-oriented mapping 
activities concerned primarily with the spatial 
distribution of the various land uses, relating 
these to existing development and to the natural 
resource and public utility base through applica- 
tion of physical planning and engineering princi- 
ples and a socio-economic oriented land use 
demand projection and allocation process employ- 
ing both traditional and mathematical simulation 
model techniques. 

Thus, the general land use base for the Fox River 
watershed plan was established through the prep- 
aration of a regional land use plan, a plan adopted 
by the Regional Planning Commission, a s  well a s  
by all six counties in the Southeastern Wisconsin 
Region within which the Fox River watershed lies; 
namely, Kenosha, Milwaukee, Racine, Walworth, 
Washington, and Waukesha Counties. The regional 
land use development objectives, which the re-  
gional land use plan is designed to meet, a s  se t  
forth in Chapter I1 of Volume 2, SEWRPC Planning 
Report No. 7, Forecasts and Alternative Plans- 
1990, remain valid and can be readily attained - 
within the context of the more detailed watershed 
development plan. Therefore, these regional 
development objectives and their supporting prin- 
ciples and standards were made the basis of the 
watershed land use development objectives, prin- 
ciples, and standards set forth in Chapter 11 of 
this volume. 

The adopted regional land use plan set  forth broad 
recommendations for areawide land use develop- 
ment designed to meet the social, physical, and 
economic needs of the Region while protecting and 
enhancing the natural resource base. The resolu- 
tion of the specific natural resource-related prob- 
lems existing within the Fox River watershed, 
a s  set forth in Chapter XI1 of Volume 1 of this 
report, however, requires more intensive land 
use investigation, more detailed land use plan 
design, and more specific land use plan imple- 
mentation recommendations, particularly with 
respect to the riverine areas of the watershed, in 
order that these problems may be abated through 
appropriate private, a s  well as local, state, and 
federal governmental, actions. Therefore, this 
chapter, in addition to describing the already 
adopted regional land use plan as i t  applies to the 
Fox River watershed, sets forth detailed alterna- 
tive proposals for the protection and wise use of 
the natural resources of the watershed in order 
to achieve a favorable natural environment and 
alternative proposals for the preservation and 
proper development of the recreation-related 

resource base of the watershed in order to meet 
the growing demand for outdoor recreation within 
the watershed. Two important and interrelated 
elements of the natural resource base requiring 
protection through sound land use development and 
management have been identified in the inven- 
tories and analyses made as a part of the water- 
shed study: the primary environmental corridors 
and the remaining prime outdoor recreation and 
related open-space sites within the watershed. 
Specific alternatives for the preservation of these 
two elements are explored in this chapter, with 
specific attention to preservation of the following 
subelements of the primary environmental cor- 
ridors: lakes and streams and the associated 
shorelands and floodlands, wetlands, woodlands, 
and wildlife habitat areas. 

Land Use Base 
As already noted, the adopted regional land use 
plan forms the recommended land use base for the 
Fox River watershed plan. The 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 adopted 
land use plan design standards. The allocation of 
the future land uses within each county of the 
watershed is such as to meet the demand for land 
which may be expected to be created by the fore- 
cast population growth within each county through 
the plan design year 1990. To the extent possible, 
the proposals contained in existing community 
development plans and ordinances are accommo- 
dated in the land use base. The land use base 
seeks to protect and enhance the natural resource 
base of the watershed and allocates new urban 
development only to those areas of the 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 
upon the effects of the urban land market in deter- 
mining the location, intensity, and character of 
future development within the Region and the 
watershed for residential, commercial, and indus- 
tr ial  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 1 and is more 
specifically described in the following paragraphs 
and subsequent sections of this chapter. 

The land use base proposes the conversion of 
approximately 39 square miles of land within the 
watershed from rural  to urban use over the next 
two decades, or  about 57 square miles less than 
the forecast conversion of 96 square miles of land 
noted earlier in this chapter. This forecast con- 
version was based upon forecast population levels 
and recent trends in land development. The 
planned conversion of 39 square miles of land in 
the land use base would also be about 126 square 
miles less than would be converted under recent 
land development trends as fostered by adopted 
local land use plans and zoning ordinances, a s  
discussed later in this volume in Chapter VIII, 
?'The Unplanned Alternative. " 

It i s  important to note that the land use base, a s  
shown on Map 1, represents a refinement of the 
adopted regional land use plan in the riverine 
areas of the watershed. This plan refinement was 
primarily directed at delineation of the boundaries 
of the primary environmental corridors within the 
watersbnd and was made possible by the hydro- 
logic investigations and floodland delineations car-  
ried out as a part of the Fox River watershed 
study. Because floodlands are an important deter- 
minant of environmental corridor boundaries, the 
floodland information provided by the Fox River 
study affected and was used to refine the corridor 
boundaries as  those boundaries were originally 
delineated in the adopted regional land use plan. 
It i s  also important to note that the major public 
outdoor recreation site designated on the land use 
base in the Racine County portion of the watershed 
has been located approximately 4 miles down- 
stream on the Fox River from the location origi- 
nally designated on the adopted regional land use 
plan. This change in location was made at the 
specific request of the Racine County Highway 
and Parks Committee. The newly designated site 
was, along with the original site, ranked as  one of 
the ten best Racine County sites in the regional 
potential park site inventory. The new site has 
adequate size and the equivalent multiple-use 
development potential of the original site and, 
therefore, warrants i ts  designation as the pro- 
posed major outdoor recreation site in western 
Racine County. 

Residential Land Use: As indicated in Table 3, the 
land use base proposes to add 13,468 acres to the 
existing stock of residential land within the water- 
shed in order to supply land to meet the housing 
needs of the anticipated population increase. 
Approximately 1,578 acres, or about 12 percent 
of this new residential land, are  proposed to be 
developed at low population densities, with lot 
sizes ranging from approximately one-half acre 
to five acres per dwelling unit and with gross 
residential population densities ranging from 350 
to 3,499 persons per square mile. About 11,862 
acres, o r  about 88 percent of this new residential 
land, are proposed to be developed at medium 
population densities, with lot sizes ranging from 
approximately 6,000 square feet to approximately 
one-half acre per dwelling unit and with gross 
residential population densities ranging from 
3,500 to 9,999 persons per square mile. The 
remaining 28 acres, or less than 1 percent of this 
new residential land, are  proposed to be developed 
at high population densities, with lot sizes ranging 
from approximately 2,400 to 6,000 square feet 
per dwelling unit and with gross residential popu- 
lation densities ranging from 10,000 to 25,000 
persons per square mile. 

All of the new medium- and high-density residen- 
tial development is proposed to be served by 
public sanitary sewer and public water supply 
facilities, so that by 1990, 82 percent of the total 
urban area within the watershed and 93 percent of 
the total watershed population would be served 
by such facilities, as compared to only 32 and 
41 percent, respectively, in 1964. 

Retail and Service Land Use: Four major multi- 
purpose commercial centers are proposed in the 
land use base for 1990, including the two existing 
centers in the Cities of Waukesha and Burlington 
and two new centers, one in the City of Brookfield 
and the other in the City of New Berlin. The two 
new major commercial centers would add approx- 
imately 150 acres of retail and service land to 
the existing 1,324 acres of retail and service 
land in the watershed. In addition, approximately 
565 acres of new community and local retai l  and 
service land would be added during the plan design 
period. As ellown in Table 3, these additions to 
the existing stock of retail and service land in the 
watershed would total 715 acres, or an increase 
of 54 percent over the existing supply. 

Industrial Land Use: Based on the employment 
forecasts, three major industrial centers are 
proposed in the land use base, including the 





Table 3 

EXISTING AND PROPOSED LAND USE IN THE FOX RIVER WATERSHED: 
1963 AND 1990 RECOMMENDED LAND USE PLAN 

U r p  Land Use 
Reridenti al. . . . . . . . . . . . . . . . . .  

Low-Denri ty . . . . . . . . . . . . . . . .  
Yedim-Densi  t y  . . . . . . . . . . . . . .  
H~gh-Dens ,  t y  . . . . . . . . . . . . . . .  

Comerci a1 . . . . . . . . . . . . . . . . . .  
Industr ia l  . . . . . . . . . . . . . . . . . .  
M i n i n g .  . . . . . . . . . . . . . . . . . . .  
Transportation . . . . . . . . . . . . . . . .  
Governmental . . . . . . . . . . . . . . . . .  
Recreational . . . . . . . . . . . . . . . . .  

Total Urban Land Ure . . . . . . . . . . . . . .  

- 

Includes  121 acre. o f  o n - s i t e  parking 

Land Use 

Category 

Rural Land Use 

Agr icul tura l  and Open Land . . . . . . . . . .  
Total  Rural Land Use . . . . . . . . . . . . . .  
Total . . . . . . . . . . . . . . . . . . . . . .  

Includes  ~ t i l i t i e s ;  exc lude .  484 acres o f  o f f - s t r e e t  parking 

Total (1990) 

Includes  i n s t l t u f l ~ a l  uses end 121 acre, o f  on- . i te  parking 

source SmWC. 

Acres 

a E a t ~ m a f e d  from 1963 l a d  use inventory  d a t a .  

Includes 242 acre. o f  o n - u t e  parking. 

533.142 

533. IU2 

600.779 

existing center in the City of Waukesha and two 
proposed centers, one in the City of Burlington 
and the other in the City of New Berlin. The two 
major industrial centers would add approximately 
740 acres to the existing 1,297 acres of industrial 
land in the watershed. In addition, approximately 
300 acres of new industrial land not located in the 
two new major industrial centers would be added 
during the plan design period. As shown in Table 
3, these additions to the existing stock of indus- 
tr ial  land would total 1,038 acres, o r  an increase 
of 80 percent over the existing supply. 

Exist ing (1963) 

Transportation, Communication, and Utility Facil- 
ity Land Use: As indicated in Table 3, the land use 
base proposes to add approximately 5,880 acres 
of transportation, communication, and utility facil- 
ity land use to the existing stock of such land uses 

Square 
M i l e s  

Planned Incrsment ( 1963-1990) 

Acres 

833.04 

833.DV 

938.73 

within the watershed, for an increase of about 
26 percent. 

Governmental and Institutional Land Use: As also 
indicated in Table 3, the land use base would add 
approximately 1,467 acres of governmental and 
institutional land use to the existing stock of such 
land uses within the watershed, for an increase of 
about 67 percent. 

Agricultural Land Use: The previously described 
increases in urban land uses in the watershed by 
1990 would result in a corresponding decrease in 
agricultural and other rura l  and related open- 

Percent o f  
Major 

Citts@ry 

space uses. The existing stock of rura l  land 
within the watershed could, therefore, be expected 
to decrease from 533,142 acres in 1968 to 
508,256 acres in 1990, a decrease of nearly 
5 percent. Of this agricultural and related open- 
space land which is proposed to be converted 
to urban uses, 982 acres, o r  slightly less than 
4 percent, would, under the land use base, be 
prime agricultural land; that i s ,  land which has 
a relatively high potential crop yield capability, 
which has consistently produced higher than 
average yields, and is which the farm sizes and 

Percent 

Change 

Square 

Ml las Acres 

100.0 

100.0 

-- 

capital investments in agricultural improvements 
are relatively large. The majority of this prime 
agricultural land would be lost to urban develop- 
ment in the rapidly urbanizing headwater areas of 
the watershed in Waukesha County. 

Percent o f  
Major 

Category 

Square 

M i l e r  

Other Land Uses: The land use base also includes 
proposals for the reservation and development of 

-24.886 

-24,886 

-- 

outdoor recreation and related open-space land 
uses and for preservation of the primary environ- 
mental corridors. These land uses will be des- 
cribed in greater detail in the following sections 
of this chapter. 

ALTERNATIVE NATURAL RESOURCE 
PROTECTION PLAN ELEMENTS 
The concept of the environmental corridor was set 
forth in Chapters IV and XII of Volume 1 of this 
report. In addition, these chapters discussed the 

-38.88 

-38.68 

-- 

-4. 7  
- 5 7  

-- 

508,256 

508.256 

600.779 

7 9 5  16 

794. 16 

938.73 

100.0 

100.0 

-- 



Source: Wisconsin Depar h e n  t  o f  Natural Resources and S-C. 

importance of the preservation of the primary remaining wetlands, 40 percent of all remaining 
environmental corridors to the protection of the woodlands, 28 percent of al l  unused lands, 56 per- 
best remaining elements of the natur a1 resource cent of all remaining wildlife habitat area, and 
base, including the surface waters and associated 50 percent of all potential park and related open- 
shorelands and floodlands; woodlands; wetlands; space sites remaining within the watershed (see 
and wildlife habitat areas, as well as the best Table 4). Any plan for the preservation, protec- 
remaining potential park and related open-space tion, and wise use of the natural resource base 
sites, including high-value historic, scientific, within the watershed must, therefore, be centered 
and scenic sites within the watershed. The pri- on the preservation and protection of primary 
mary environmental corridors encompass about environmental corridors. 
198 square miles, or approximately 21 percent of 
the total watershed area of 939 square miles. The complex of resource elements contained 
These primary environmental corridors, however, within the primary environmental corridors in- 
contain 92 percent of the perennial stream channel cludes 22,405 acres of water area, 36,638 acres 
length, 66 percent of the shoreline of the 45 major of wetland area, 26,851 acres of woodland area, 
lakes within the watershed, 69 percent of all 3,061 acres of unused land area, and 37,740 acres 

Table 4 

D l  STRl BUTION OF SELECTED NATURAL RESOURCE ELEMENTS IN THE 
FOX RIVER WATERSHED AND IN THE PRIMARY ENVIRONMENTAL 

the  
watershed s ince  these elements a r e  n o t  mutual ly  e x c l u s i v e  i n  na ture :  that  i s ,  such elements a s  w o d l a n d s  and 
wet1 a d s  a1 so const i  t u t e  area  de l inea t ed  a s  w i l d l i  fe  habi t a t  and po t en t ia l  outdoor r ec rea t iona l  s i t e s .  

Percent  i n  

C o r r i d o r  

9 2 

9 1 

76 

69 

40 
52 

28 

37 

9 

2 8 

56 

58 

63 

2 1 

t o t a l  t o  the area o f  

CORNDOR IN 

Resource El emen t 

Streams (M i l es ) .  . . . . . . . . . . . . . .  
(Acres).  . . . . . . . . . . . . . .  

Lakes (Acres).  . . . . . . . . . . . . . .  
Wetlands (Acres). . . . . . . . . . . . . . .  
Woodl ands (Acres)  . . . . . . . . . . . . . .  

High- Value . . . . . . . . . . . . . . .  
Medium- Value. . . . . . . . . . . . . . .  
Low- Value . . . . . . . . . . . . . . . .  

Agri  cu l  t u  r a l  and re1 a ted 

Land (Acres) . . . . . . . . . . . . . . .  
Unused land (Acres) . . . . . . . . . . . . .  
W i l d l i f e  h a b i t a t  (Acres).  . . . . . . . . . .  
Ex i s t i  ng outdoor  r e c r e a t i o n a l  

s i t e s  (Acres) . . . . . . . . . . . . . .  
P o t e n t i a l  ou tdoor  rec rea t i ona l  

s i t e s  (Acres) . . . . . . . . . . . . . .  
To ta l  area (Acres) . . . . . . . . . . . . .  

a ~ h e  areas  ind i ca t ed  fo r  the  natural  resource  

T H U T E B H E D :  1 9 6 6 ~  

Acres o r  

I n  Watershed 

300 

6,083 

22,349 

53,226 

67,270 
30,420 

28,870 

7.980 

388,848 

11,055 

119,539 

36,312 

36,860 

600, 779 

elements  s e t  f o r t h  i n  

M i l e s  

I n  C o r r i d o r  

277 

5,5 10 

16,895 

36,638 

26,877 
15,858 

8.063 

2,956 

37,740 

3,061 

66,550 

21,044 

23,206 

126,695 

t h i s  tab1 e w i l l  n o t  



of agricultural and agricultural-related land area. 
Any plan for the preservation, protection, and 
wise use of the primary environmental  corridor,^ 

of the Fox River watershed must, in turn, consist 
of a carefully selected mosaic of proposals for th~e 
protection of the complex of individual resourc~e 
elements comprising these corridors. 

Three alternative natural resource protection plan 
elements were developed in the process of detail- 
ing and refining the regional land use plan for the 
Fox River watershed. Each of these three alter- 
native plan elements was designed to provide for 
the preservation, protection, and wise use of the 
best remaining elements of the natural resource 
base, with emphasis on protecting and- preserving 
the regenerative qualities of that base, including 
the soils, surface and ground water, wetlands;, 
woodlands, and wildlife. All of the alternatives 
are centered on the preservation of the primary 
environmental corridors, with each alternative 
including all of the elements of the preceding 
alternative, thereby more completely attaining the 
watershed land use development objectives as 
these objectives relate to the protection and en- 
hancement of the natural resource base. Detailed 
studies supporting each of these alternative plans 
are contained in technical memoranda retained in 
the files of the Commission. 

Minimum Alternative Natural Resource Protection - 
Plan Element 
The first alternative natural resource protection 
plan element considered was a minimum design 
intended to protect through public acquisitio~n, 
zoning, and management the primary environmen- 
tal corridors of the watershed as delineated in 
the adopted regional land use plan. This alter- 
native plan element consists of seven specific 
subelements: 

1. Public acquisition of all undeveloped pri- 
mary environmental corridor lands lying 
within those areas of the watershed ex- 
pected to be in urban use by 1990. Theise 
lands total 14,472 acres, or 2.4 percent of 
the total watershed area. 

2. Public acquisition of the undeveloped pri- 
mary environmental corridor lands con- 
stituting the Vernon Marsh and associated 
potential flood control and water supply 
reservoir area. This area proposed to be 
acquired totals 2,651 acres, or 0.4 per- 
cent of the total watershed area. 

3. Public acquisition of the undeveloped pri- 
mary environmental corridor lands consti- 
tuting the proposed Sugar Creek multiple- 
purpose reservoir area. This area totals 
3,424 acres, or 0.5 percent of the total 
watershed area. 

4. Public acquisition of selected remaining 
high-value wetlands located in the primary 
environmental corridors adjacent to exist- 
ing publicly owned and leased woodland, 
wetland, and wildlife areas. These areas 
total 4,549 acres, or 0.7 percent of the 
total watershed area. 

5. Public acquisition of selected remaining 
high-value woodlands located in the pri- 
mary environmental corridors adjacent to 
existing publicly owned woodland, wetland, 
and wildlife areas. These areas total 
4,369 acres, or 0.7 percent of the total 
watershed area. 

6. Protection of all remaining environmental 
corridor areas in rural portions of the 
watershed through appropriate agricul- 
tural, floodland, shoreland, conservancy, 
and low-density residential zoning. These 
areas total 65,441 acres, or 10.8 percent 
of the total watershed area. 

7. Promotion of good management of all re- 
maining woodland and wetland resources of 
the watershed. 

Urban Environmental Corridor Acquisition: This 
proposal consists of the acquisition for public use 
of all remaining undeveloped primary environ- 
mental corridors lying in areas of the watershed 
expected to be in urban use in 1990 (see Map 2). 
This would require the staged acquisition of a 
total of 14,472 acres of urban environmental cor- 
ridor lands within the watershed, in addition to the 
656 acres presently in public ownership (see 
Table 5). Waukesha County would have the largest 
share, 6,179 acres, of the primary environmental 
corridor area to be acquired under this proposal. 
The acquisition of these urban environmental cor- 
ridor lands would permanently protect 6,065 acres 
of wetland, 3,718 acres of woodland, and 4,376 
acres of potential park site within the watershed. 
These urban environmental corridor lands also 
comprise 14.5 percent of the total environmental 
corridor acreage proposed to be utilized for park 
and open-space uses in the 1990 regional land use 





T a b l e  5 

EXISTING AND PROPOSED PUBLIC OWNERSHIP OF SELECTED ENVIRONMENTAL CORRIWR LANDS BY COUNTY: 
1967 AND 1990 ALTERNATIVE NATURAL RESOURCE PROTECTION PLAN ELEMENTS~ 

plan. The total cost of acquiring the urban envi- 
ronmental corridors i s  estimated at $28,944,000. 

Vernon Marsh Environmental Corridor Acquisi- 
m. This proposal consists of che 3oquisirion of 
the entire Vernon Marsh area in Waukesha County 
for its natural resource conservation value. Such 
acquisition would also serve to protect the area 
for potential use as a surface water storage area 
for flood control and water supply purposes 
beyond the design year of the watershed plan (see 
Map 2). These potential uses are discussed in 
Chapters IV and VI of this volume, respectively. 
This proposal would require the staged acquisition 
of a total of 2,651 acres of environmental cor- 
ridor lands within the watershed in addition to the 
3,896 acres presently owned by the Wisconsin 
Department of Natural Resources. Included within 
the area of proposed acquisition are 876 acres of 
wetland and 222 acres of woodland, which would 
be permanently protected by acquisition of this 
area. The total cost of acquiring the remaining 
Vernon Marsh acreage is estimated at $1,417,700. 

Sugar Creek Multiple-Purpose Reservoir Area 
Acquisition: This proposal consists of the acquisi- 
tion of the lands required for development of a 

multiple-purpose reservoir on Sugar Creek in the 
Towns of LaFayette and Sugar Creek, Walworth 
County, to be used for floodwater storage, recre- 
ational development, and low-f low augmentation 
(see Map 2). The floodwater storage plan element 
is discussed in Chapter N of this volume. The 
total area proposed to be acquired i s  3,424 acres. 
Included within this total are 936 acres of wood- 
land, 518 acres of wetland, and 1,820 acres of 
potential park site available for outdoor recrea- 
tion use. The total cost of acquiring this site is 
estimated at $2,396,800. 

High-Value Wetland Acquisition: Continued acqui- 
sition of selected high-resource-value wetlands 
within the primary environmental corridors of 
the watershed is proposed in this plan element 
in order lo protect and enhance existing public 
ownership (see Map 2). Additional wetland acre- 
age proposed to be acquired includes the best 
remaining wetlands within the watershed adjacent 
to the existing wildlife-wetland conservancy areas 
of the watershed. Acquisition of these areas would 
total 4,549 acres, which includes 2,413 acres of 
wetland (see Table 5). The proposed acquisition 
represents 4.9 percent of the wetlands within the 
watershed. Areas proposed for additional high- 



value wetland acquisition are  the Tichigan Wildlife 
Area, the Honey Creek Wildlife Area, and the 
Karcher Marsh Wildlife Area in Racine County; 
the New Munster Wildlife Area in Kenosha County; 
and scattered wetland parcels in Kenosha, Racine, 
and Walworth Counties. The total cost of acquir- 
ing these high-value wetlands is estimated at 
$909,800. 

High-Value Woodland Acquisition: The continued 
acquisition of selected high-resource-value wood- 
lands within the primary environmental corridors 
of the watershed is also recommended to meet 
woodland preservation objectives (see Map 2). 
Acquisition of high-value woodlands within the 
watershed should be continued in order to com- 
plete acquisition of the Kettle Moraine State 
Forest. It is extremely important that certain 
areas of the watershed, such as  the Kettle 
Moraine area, remain in open space and woodland 
cover for all time. The Kettle Moraine is the 
major ground water recharge area for the deep 
sandstone aquifer, which serves and must continue 
to serve as the major source of municipal and 
industrial water supply for all that part of the 
seven-county Region lying west of the subconti- 
nental divide, including the upper Fox River 
watershed. The existing woodlands in this re- 
charge area should be preserved and managed in 
order to protect both the quality and quantity of 
this important water resource. 

In addition to continued acquisition in the Kettle 
Moraine area, it is recommended that selected 
high-value woodlands adjacent to existing parks o r  
recreation areas in the watershed be acquired for 
public use. Acquisition of buffer zones or  "backup 
area1? for these parks can supply much needed 
woodland and open-space reserve for the water- 
shed. The total such woodland area  recommended 
for acquisition is 4,369 acres, in addition to the 
2,457 acres presently in public ownership (see 
Table 5). These 4,369 acres include 2,072 acres 
of high-value woodland, or  47 percent of the total 
selected high-value woodland acquisition. This 
figure also represents 3.7 percent of the wood- 
lands in the watershed. The total cost of acquir- 
ing these high-value woodlands is estimated at 
$3,058,300. 

Primary Environmental Corridor Zoning: Public 
acquisition of the primary environmental corridor 
lands within the watershed is the best means of 
protecting and enhancing the natural resource 
base of the watershed, providing needed park and 

open space, protecting f loodlands from incom- 
patible urban uses, and lending form and structure 
to urban development. Those areas of the primary 
environmental corridors which are not actually 
acquired for public use, however, should be kept 
in compatible, essentially natural open uses. This 
can largely be achieved through the use of agri- 
cultural, floodland, shoreland, conservancy, and 
very low-density residential zoning within the 
watershed. This zoning should, at minimum, 
encompass all of the riverine areas of the water- 
shed lying within the 100-year recurrence flood 
hazard line and all areas within 1,000 feet of the 
shoreline of the 45 major lakes within the water- 
shed. Such zoning will assist in protecting the 
remaining woodlands, wetlands, and wildlife habi- 
tat areas, a s  well as water quality, within the 
watershed from continued deterioration and de- 
struction by fragmented urban development. These 
zoning measures would also serve to prevent 
intensification of flood problems within the water- 
shed, constituting the major flood control element 
in the watershed plan. It is proposed that 66,441 
acres, or  51.6 percent, of primary environmental 
corridors within the watershed be zoned in a man- 
ner appropriate to the preservation of the natural 
resource element (see Map 2). Those areas of the 
corridors proposed to be acquired for public use 
should be initially zoned as  exclusive agricultural, 
floodland, park land, or  conservancy districts in 
order to achieve immediate protection from urban 
encroachment pending public acquisition. 

Wetland and Woodland Resource Management: In 
addition to the foregoing environmental corridor 
acquisition and zoning proposals, it is recom- 
mended that adequate management practices be 
instituted for all remaining natural resource base 
elements within the watershed. These manage- 
ment practices should be extended to the 40,419 
acres of woodlands and 16,546 acres of wetlands 
in the watershed which lie outside the environ- 
mental corridor boundaries, as well a s  to the 
corridor areas themselves. The continued func- 
tion of these areas in sustaining a varied biota, 
including the production of wildlife; in the pro- 
tection and enhancement of water quality; and 
in the maintenance of a natural well-regulated 
flow regimen within the watershed can only be 
ensured by applying good forestry and wetland 
management measures. 

The woodlands should be protected and managed 
to meet the watershed area standard regarding 
woodland cover. This standard requires that a 



minimum of 10 percent, or 60,078 acres, of the 
total watershed area be devoted to woodland 
cover. There are presently 67,270 acres of 
woodlands in the watershed. The total area of 
woodlands recommended to be preserved through 
existing and proposed public ownership, however, 
totals only 9,549 acres, or 1. 6 percent of the total 
area of the watershed. There remain a minimum 
50,529 acres of woodlands, including 33,227 acres 
outside the primary environmentalcorridor areas, 
which will have to be protected by management 
practices to ensure that the woodland standard 
is met. 

To ensure complete protection for all wetlands of 
50 acres or more in size, management procedures 
must be established throughout the watershed out- 
side, as well as within, the primary environmental 
corridors. There is presently a total of 53,184 
acres of wetlands in the watershed. The total 
area of wetlands proposed to be protected by 
existing and proposed public ownership is 14,597 
acres, leaving 38,587 acres of wetlands, including 
16,546 acres lying outside the primary environ- 
mental corridors, to be protected by good man- 
agement practices. 

Concluding Remarks-Minimum Alternative Nat- 
ural.Resource Protection Plan Element: The total 
primary environmental corridor acreage to be 
acquired for public use under this alternative plan 
element is 29,465 acres, including 14,472 acres of 
urban environmental corridor lands, 6,075 acres 
of land in proposed reservoir areas, and 8,918 
acres of additional high-value woodland and wet- 
land acquisitions for environmental protection and 
preservation of wildlife, open space, recreation, 
and natural biotic functions (see Table 5). The 
total cost of acquiring this corridor land is esti- 
mated at $36,726,600. Including the 9,384 acres 
of the primary environmental corridor presently 
in public ownership, a total of 38,849 acres of 
corridor lands would be held in public trust. This 
total area of 38,849 acres constitutes 30.6 percent 
of the primary environmental corridor area delin- 
eated within the Fox River watershed and 6.5 per- 
cent of the total area of the watershed. Also 
under this alternative, a total of 65,441 acres of 
primary environmental corridor land would be 
protected by appropriate agricultural, floodland, 
shoreland, conservancy, and low-density residen- 
tial zoning. 

This natural resource protection plan alternative 
would provide a minimum program for preserva- 

tion of the resource base of the watershed through 
public acquisition of selected primary environ- 
mental corridor areas subject to urbanization, 
zoning of the remaining environmental corridor 
area, and application of good management prac- 
tices to all woodlands and wetlands lying both 
within and outside the primary environmental 
corridors. It would result in an integrated sys- 
tem of public greenways and resource protection 
districts within the watershed which would ensure 
the provision of needed park and related open- 
space lands within the rapidly urbanizing Region, 
lend form and structure to urban development, and 
prevent intensification of flooding and water pollu- 
tion within the watershed. Less than 31 percent 
of the primary environmental corridors in the 
watershed, however, would be permanently pro- 
tected from urban encroachment through public 
acquisition. 

Intermediate Alternative Natural Resource 
Protection Plan Element 
The second alternative natural resource protec- 
tion plan element considered included all of the 
subelements proposed in the first alternative 
natural resource protection plan element, and, in 
addition, public acquisition of all other unde- 
veloped primary environmental corridor lands 
remaining along the main stem of the Fox River 
in southeastern Wisconsin. This proposal would 
entail the acquisition of the remaining 7,446 acres 
of primary environmental corridor along the main 
stem of the Fox River not previously proposed for 
acquisition under the first alternative natural 
resource protection plan element and not already 
in public ownership (see Map 3). Such acquisition 
would include the preservation and protection of 
an additional 2,311 acres of wetland and 1,733 
acres of woodland encompassed within the pri- 
mary environmental corridors of the watershed 
(see Table 6). The total cost of acquiring this 
additional environmental corridor land is esti- 
mated at $5,212,200. 

Public acquisition of all of the primary environ- 
mental corridor lands along the main stem of the 
Fox River would not only assure preservation of 
the singularly most important environmental cor- 
ridor within the watershed but would also facili- 
tate the establishment of a continuous scenic 
parkway drive along the main stem of the Fox 
River, as shown on Map 3. The proposed scenic 
parkway drive would utilize existing street and 
highway facilities for its total length of 63 miles. 
The route as proposed would begin with a con- 





Table  6 

EX1 STING AND PROPOSED PUBLIC OWNERSH lP OF ADDITIONAL 
FOX RIVER MAIN STEM ENVIRONMENTAL CORRIDOR LANDS BY COUNTY: 

1967 AND 1990 I NTERMED I ATE ALTERNATI YE NATURAL RESOURCE 
PROTECTION PLAN ELEMENT 

a ~ o e s  no t  include environmental corridor lands along the main stem o f  the  Fox River  proposed for  publ ic  acqu i s i t ion  
a s  urban environmental corridor ,  Vernon Marsh environmental corridor ,  o r  high-value wetland areas i n  Table 5. 

County 

Kenosha 

Rac i ne 

Wal worth 

Waukesha 

Watershed Tota l  

b ~ h e  percent change i s  i n f i n i t y  and cannot be determined. 

Source: Wisconsin Department o f  Natural Resources and SEWWC. 

nection to STH 173 in Illinois near the Illinois- 
Wisconsin State line and extend along the main 
stem of the Fox River through all of the cities and 
villages located along the Fox River to a point just 
north of the City of Waukesha where i t  would 
follow the Pewaukee River to a connection just 
outside the watershed with STH 83, a part of the 
Kettle Moraine Scenic Drive. 

Fox River  Main Stem Envi ronmental Corr idora  

The proposed Fox River scenic parkway drive 
would not be developed as  are the urban parkway 
drives along many of the watercourses in Milwau- 
kee County. Rather, the proposal envisions a 
scenic drive which would have along most of i ts  
length expansive areas of agricultural land uses; 
natural conservancy and wildlife habitat areas, in 
both public and private ownership; and very low- 
density residential areas. Areas or  sites of his- 
torical and cultural significance located adjacent 
to or  near the proposed parkway drive would 
serve to enhance its value for pleasure driving 
and sightseeing. There have been identified 176 
such sites within the watershed and of this total, 
42 sites, or  23.9 percent, lie on or  in proximity 
to the proposed parkway drive, as shown on 
Map 3. Urban-type parkway development would, 

however, be appropriate in selected, intermittent 
urban areas along the route. This scenic drive 
would thus provide an interesting contrast in 
environmental quality. The entire Fox River 
scenic parkway drive could be established, through 
appropriate roadway markings, over existing 
streets and highways; and no additional costs have 
been assigned for implementation of this plan sub- 
element. The drive could, however, be expected 
to be well utilized since pleasure driving and 
sightseeing constitute two of the major outdoor 
recreation activities in terms of total demand. 

The adoption and implementation of this second 
alternative natural resource protection plan ele- 
ment would place a total of 46,295 acres, o r  
36.5 percent of the primary environmental corri- 
dor lands within the watershed and 7.7 percent of 
the total area of the watershed, in public owner- 
ship. Of the total acreage recommended for public 
ownership, 9,384 acres, or  20.2 percent, are  
presently publicly owned. A total of 11,299 
acres of woodlands, or  16. 8 percent of the re-  
maining woodlands and 1.9 percent of the total 
watershed area, and 16,942 acres of wetlands, 
or  21.9 percent of the remaining wetlands and 

T o t a l  

( 1990) 

E x i s t i n g  Publ i c  

Ownership 

- ( 19 67) 

Acres 

1 ,  309 

2 ,  166 
- - 

4,036 

7,51 1 

Proposed Pu bl i c 

Acquis i t ion  

Acres 

6 5 
- - 
-- 
- - 
65 

Percent o f  
Watershed 

17. 4 

28.8 
-- 

53. 8 
100.0 

Acres 

1,244 

2, 166 
- - 

4,036 

7 , 4 4 6  

Percent o f  

Watershed 

100.0 
- - 
- - 
- - 

100.0 

Percent 

Change 

1,913.8 
-- b 
-- 
- - b 

11,455.3 



O~timum Alternative Natural Resource 2.8 percent of the total watershed area, would 
be protected through public ownership under this 
plan alternative. 

The second alternative natural resource protec- 
tion plan differs from the first  alternative only in 
proposing public acquisition of additional primary 
environmental corridor lands along the main stem 
of the Fox River from its  source in Waukesha 
County to the Wisconsin-Illinois State line and in 
the provision of a scenic parkway drive along the 
main stem of the Fox River. Thus, through exist- 
ing public ownership, proposed public acquisition, 
zoning, and management, a total of 126,695 acres 
of primary environmental corridor area  within the 
watershed would be protected. In addition, a total 
of 27,373 acres of high-value wetlands and wood- 
lands would be protected through existing public 
ownership a ld  proposed zoning and management 
outside of the primary environmental corridors. 
This second alternative would better meet the nat- 
ural resource-related development objectives and 
standards set forth in this volume than would the 
f i rs t  alternative resource protection plan element, 
since more high-value environmental corridor 
land would be permanently protected and pre- 
served through public acquisition. It would also 
assist in carrying out parkway acquisition and 
development proposals along the main stem of the 
Fox River as expressed in the county park and 
parkway plan adopted by the Waukesha County 
Park and Planning commission1 and the environ- 
mental corridor preservation proposals contained 
in the county park plans prepared by the Kenosha 
County Park commission2 and the Racine County 
Highway and Parks Cornmis~ion.~ It should be 
noted in this respect that proposals for the devel- 
opment of a continuous Fox River parkway from 
the headwater are a to the Wisconsin-Illinois State 
line date back as far  as 1939.~ 

' p a r k  and Parkway P lan ,  Waukesha County,  Wisconsin ,  
Waukesha County Park and Planning Commission, August 
6 ,  1964. 

2 
Kenosha County Outdoor Recreat ion Plan,  Kenosha, 
Wisconsin,  Kenosha County Park Commission, March 1 ,  

3~omprehens i ve  Park and Recreat ion Plan fo r  Racine 
County,  Racine County Highway and Park Commission , 
1969. 

c isc cons in S t a t e  Planning Board and Conservat ion 
Commission B u l l e t i n  No. 8, A Park,  Parkway, and 
Recreat ional  Area Plan,  January 1939, Madison, 
Wisconsin.  

Protection Plan Element 
The third alternative natural resource protection 
plan element considered included all of the sub- 
elements proposed in the first  and second alter- 
native plan elements with the addition of the 
following three major subelements: 

1. Public acquisition of additional selected 
undeveloped primary environmental corri- 
dor areas. These areas total 5,506 acres, 
or 0.9 percent of the total watershed area. 

2. Public acquisition of additional selected 
high-value lake-oriented woodlands and 
wetlands within the primary environmental 
corridor areas. These areas total 5,689 
acres, or  0.9 percent of the total water- 
shed area. 

3. Conservancy zoning of all remaining wood- 
lands, wetlands, and lakeshore areas 
within the watershed, both within and with- 
out the primary environmental corridor 
areas. These areas total 44,341 acres, or  
7.3 percent of the total watershed area. 

Selected Additional Primary Environmental Cor- 
ridor Acquisition: This subelement proposes the 
acquisition of additional primary environmental 
corridor lands for the purpose of expanding urban 
parkways, increasing lake and stream protection, 
and enlarging the potential for public park and 
related open-space areas within the watershed. 
Additional environmental corridor areas recom- 
mended for acquisition include the Pebble Brook 
corridor in the Town of Waukesha; the Spring 
Lake Creek corridor in the Town of Genesee; the 
Mukwonago River corridor in the Town of Muk- 
wonago, all in Waukesha County; the Wind Lake 
Canal corridor in the Towns of Dover, Norway, 
and Rochester and the Long Lake corridor in the 
Town of Burlington, both in Racine County; the 
Bassett Creek corridor in the Town of Randall in 
Kenosha County; and the White River corridor in 
the Town of Lyons and the east branch of the 
Nippersink Creek corridor in the Town of Bloom- 
field, both in Walworth County (see Map 4). These 
additional primary environmental corridor acqui- 
sitions would encompass a total of 5,506 acres 
and account for 4.34 percent of the total primary 
environmental corridor in the watershed (see 
Table 7). Included in these additional acres would 
be 2,070 acres of wetland and 1,004 acres of 
woodland. The total cost of acquiring this addi- 





Source: Wisconsin Department of Natural Resources and SEWRPC. 
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E X I S T I N G  AND PROPOSED P U B L I C  OWNERSHIP OF A D D I T I O N A L  SELECTED 
E N V l  RONMENTAL CORRIDOR LANDS BY COUNTY: 1 9 6 7  AND 1 9 9 0  OPTIMUM 

ALTERNATIVE NATURAL RESOURCE PROTECTION PLAN ELEMENT 

tional environmental corridor land is estimated 
at $3,539,200. 

Selected Additional High-Value Lake-Oriented 
Woodland and Wetland Acquisition: This subele- 
ment proposes public acquisition of additional 
selected high-value wetlands and woodlands within 
the primary environmental corridors and in prox- 
imity to major lakes within the watershed for 
the purpose of lake water quality enhancement, 
wildlife habitat protection, and general open-space 
preservation. Selected woodlands and wetlands 
recommended for acquisition include areas around 
Spring Lake, Eagle Spring Lake, and Big Muskego 
Lake in Waukesha County; Wind Lake in Racine 
County; Camp Lake and Silver Lake in Kenosha 
County; and Lulu Lake in Walworth County (see 
Map 4). This additional acquisition of high-value 
woodlands and wetlands adjacent or  in close prox- 
imity to these seven major lakes would encompass 
a total of 5,689 acres and account for 5.23 percent 
of the total woodlands and wetlands within the 
watershed (see Table 7). In addition, all of these 
seven major lake areas lie within primary envir- 
onmental corridors; and such acquisition would, 
therefore, have multiple open-space and resource 
protection benefits. Detailed lake use reports 
have been prepared under the Fox River water- 
shed study for all of the 45 major lakes in the 
watershed, and these reports delineate the lake- 
related resource areas requiring some level of 

County 

Kenosha 

servancy zoning to all remaining high-value 
woodlands, wetlands, and all  undeveloped lake 
shoreland areas lying outside the primary envi- 
ronmental corridors within the watershed. Such 
recommended zoning would serve to protect 
28,260 acres of woodlands, 16,081 acres of 
wetlands, and six miles of as yet undeveloped 
lake shoreline lying outside the primary environ- 
mental corridors of the watershed. 

Rmlne 5.9 2 480 11,809.5 2 501 42.6 594 a 594 10.3 21 4.6 3.071) 11) 838. i 3 095 28.6 1 Walwrth 1 :d 1 16.8 I : ~ W  1 2,900.0 I:MO 1 30 .7  1 1: I :: 1.735 1 11'1 1.735 M.O 60 1 13.2 3.475 15:791.7  13:535 30.3 1 

Total 

Concluding Remarks-Optimum Alternative 
Natural Resource Protection Plan Element 
This alternative plan element would provide opti- 
mum protection of not only the primary envi- 
ronmental corridors but all other high-value 
woodlands, wetlands, and undeveloped lake shore- 
land areas remaining within the Fox River water- 
shed. Through existing public ownership, proposed 
public acquisition, zoning, and management, a total 
of 154,068 acres of primary environmental corri- 
dor area  and related high-value woodlands and 
wetlands within the watershed would be protected. 
Of this total, 58,282 acres, or  38.3 percent, would 
be permanently preserved through public owner- 
ship. This total includes 57,481 acres, which 
represent 45.4 percent of the total primary envi- 
ronmental corridor area within the watershed. 
The total cost of acquiring all of the additional 
environmental corridor and related land proposed 
in this alternative is estimated at $7,521,500. 

- 
protection. The total cost of acquiring these concludin ~ ~ ~ ~ k ~ - ~ l t ~ ~ ~ ~ t i ~ ~  ~ ~ t ~ ~ ~ l  
additional lake-oriented woodland and wetland R, 
areas is estimated at $3,982,300. The relative effectiveness of the three alternative 

Selected Primary Environmental Carridot 

Exist ing Pvbl lc  
Ovnerrh ip  

(1961) 

natural resource protection plan elements in 
Woodland, Wetland, and Lakeshore Area Zoning: meeting the watershed development objectives and 
This subelement proposes the extension of con- standards relating to lakes and streams, wood- 

Selected High-value take-oriented 
W d l a n d  and Wetland Areas 
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Change 
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17.6 



lands, wetlands, and wildlife habitat area is sum- 
marized in Table 8. All three plan elements 
perform well with respect to these standards. The 
second alternative would better meet the natural 
resource development objectives and standards 
than the first  alternative because more woodland 
and wetland area would be publicly acquired, thus 
providing greater assurance of permanent protec- 
tion and preservation of a larger amount of such 
area. Similarly, the third alternative would better 
meet the objectives and standards than either the 
f irst  o r  second alternative because, again, there 
would be greater public acquisition of primary 
environmental corridor lands. All three alterna- 
tive plan elements require the use of sound 
floodland, shoreland, and conservancy zoning 
techniques to supplement public land acquisition. 

It is apparent that the adoption and implementa- 
tion of any one of the three alternative natural 
resource protection plan elements would have a 
far-reaching effect on the quality of life within the 
Fox River watershed, particularly in those areas 
of the watershed which will be urbanized by 1990. 

The basic difference between the three alterna- 
tives is the amount of public land acquisition, and 
hence the degree of assurance of the permanent 
protection and preservation of the primary envi- 
ronmental corridor areas of the watershed. 

It is recommended that the second alternative nat- 
ural  resource protection plan element be included 
in the recommended comprehensive plan. This 
second alternative plan element would provide 
permanent preservation of the primary riverine 
areas of the watershed-along the main stem of 
the Fox River-where potential flood damages 
would be greatest if urban development were 
allowed to encroach and where many of the high- 
value resources are  concentrated. The incremen- 
tal cost of the second alternative plan element 
over the f irst  alternative plan element is $5.2 
million. The incremental cost of the third alter- 
native plan element over the second is $7.5 mil- 
lion. The third alternative was not recommended 
for inclusion in the comprehensive watershed plan 
primarily because the additional resource areas 
protected by this plan element would not be highly 

Tabl  e 8 

COMPAR l SON OF THE RELATIVE AB l LlTY OF THE ALTERNATIVE NATURAL RESOURCE PROTECT1 ON PLAN 

ELEMENTS TO MEET WATERSHED DEVELOPMENT STANDARDS 

natura l  Resources Related Standardsa 

Inland Lakes and Streams 

I. Large in land lakes over 50 acres (US l ake r )  

a. 25% o f  shore i n  natura l  s t a t e  . . . . . . . . . . . .  
b 10% o f  shore i n  pub1 i c  uae . . . . . . . . . . . . . .  
G 50% o f  shore in  nonvrban ureo . . . . . . . . . . . .  

2. Small ln land lakes--under W acres (31 lakes) 

a. 25% shore i n  natura l  s ta teb . . . . . . . . . . . . . .  
3. Perennial streams (a s t r e a s )  

a. 25% o f  shore i n  natura l  r t s t e c  . . . . . . . . . . . . .  
b. 50% o f  shore i n  nonurban usesC . . . . . . . . . . . .  
c. Res t r i c t  urban user i n  f l m d p l a i n s d  . . . . . . . . . .  
d. Res t r i c t  development i n  channels and floodwayrd. . . . .  

wet1 u lds 

I. Protect  wetlands over  54 acres and thore wi th  h igh resource 
valuead. . . . . . . . . . . . . . . . . . . . . . . . . . .  

Minimum A l t e r n a t ~ v e  natura l  Resource 

Pmtec t i on  Plan Element 

Met f o r  28 o f  95 Iaker  

Met for 6 o f  95 l s ke r  

Met f o r  16 o f  US Iaker  

Could be mat. 

Met f o r  25 o f  30 r t reana 

Met for  25 o f  30 r t r e m r  

Met 

Met 

Met 

Wi 1 d l  i fs 

I. Mainta in  a wholesome hab i t a t  . . . . . . . . . . . . . . .  

modlands 

I. 10% of the waterrhedc. . . . . . . . . . . . . . . . . . . .  
2. 40 %re. o f  each f o res t  typeb. . . . . . . . . . . . . . . .  
3. 5 acres/l,OW populat ion far recreat ional  pu r su i t se  . . . .  

Intermediate A l t e rna t i ve  Natura l  

Resource Protect ion Plan Element 

Met 

Could be met 

75 acres/ 1,000 population 

Met f o r  28 of 95 l ake r  

Met f o r  9 o f  45 lakes 

Met f o r  19 of W lakes 

Could be met 

Met f o r  25 of  30 streams 

Met f o r  25 o f  30 r t r e m r  

ue t 
Mat 

Net  

W u l d  be mat 

75  scres/1.000 populat ion 

Could be met 

Optimum Al t e rna t i v s  Natural 

Resource Pmtec t i on  Plan E l a e n t  

Met for  28 o f  45 lsker  

Met for 13 o f  US laker  

Net f o r  23 of U5 l ake r  

Could be n e t  

Met fo r  25 o f  30 s t r s m r  

Met f o r  25 o f  M r t r e n s  

net 
Met 

Met 

Mat 

Could be n e t  

75 acrerl1,OW populat ion 

Could be met 

 he indicated standards w d  the development ohject&vep which they support are set  forth in ful l  i n  Chapter I1 o f  thi* v o l m e .  

b n j a  standard could be met by local  canunity a e t m n .  

'Thi. standard i s  met under each a l t e r n a t i v e  plan element because a l l  o f  the p r i m r y  rnvironnental c o r r i m r s  are proposed to  & protected t h r o v e  p v b l l c  a c w i s i t l o n  or  e f f e c t i v e  local  * m i n e .  

d ~ h i a  s f w d a r d  i s  m t  "rider each a l t e r n a t i v e  plan elanent because i t  served as an input t o  the plan design process. 

e ~ n l y  that wedland wi thin the primary e n v i r o m m t a i  corr idors  was as-d to  be preserved. 

Source: SMWC. 



susceptible to extensive urban encroachment dur- 
ing the plan design period; and, hence, the addi- 
tional expenditure of $7 .5  million could not be 
justified at this time. 

ALTERNATIVE OUTDOOR RECREATION AND 
RELATED OPEN-SPACE PLAN ELEMENTS 
Three alternative outdoor recreation and related 
open-space plan elements were prepared under 
the Fox River watershed planning program, all 
based upon and constituting refinements of the 
adopted regional land use plan. Each of these 
three alternative plan elements was designed 
to provide areas for the expansion of existing 
outdoor recreation facilities, as well as to pro- 
vide areas for the development of new out- 
door recreation facilities, while, at the same 
time, protecting and preserving selected high- 
value elements of the natural resource base 
encompassed by each of the specific outdoor rec- 
reation sites under consideration. As was true of 
the three alternative resource protection plan 
elements considered, the three alternative rec- 
reation plan elements are cumulative in nature; 
that is ,  the second plan element includes all sub- 
elements of the first,  and the third includes all 
subelements of the f irst  and second. The three 
alternative plan elements differ only in their rela- 
tive ability to meet, through public acquisition and 
development of park and outdoor recreation sites, 
the forecast 1990 demand for recreational land for 
each of the major outdoor recreation activities. 

Outdoor Recreation Demand 
The rapidly increasing demand within the Fox 
River watershed for land and water for outdoor 
recreation activities was described in Chapter 
XIII of Volume 1 of this report. A total of 16 out- 
door recreation activities were examined in terms 
of existing (1967) and forecast (1990) participant 
demand.' These 16 outdoor recreation activities 
were grouped into five classifications based on the 
type or  degree of site development required in 
order to meet demands of participants in each 
activity. 

The first  group contains the five major outdoor 
recreational activities-swimming, golfing, pic- 
nicking, camping, and skiing-that require specific 
intensive site development. Specific forecasts 
were made of 1990 demand for land for each of 
these five major activities. The second group 
contains only one activity-hunting-which can 
generally be accommodated on both publicly and 
privately owned recreational and resource con- 
servancy lands and on lands in other uses, such as  
agriculture. Thus, no specific 1990 land demand 
forecast was made for this activity. The third 
group contains four w ater-based activities-boat- 
ing, fishing, water skiing, and canoeing-which 
require extensive areas of surface water with only 
a minimal amount of intensive land development, 
such as boat-launching sites. Since such develop- 
ment is usually undertaken in conjunction with 
other land- and water-based outdoor recreation 
activities, no specific 1990 land demand forecasts 
were made for these activities. The fourth group 
contains three activities-hiking, horseback riding, 
and nature walking-the participant demand for 
which, i t  was assumed, could be met on existing 
public recreation and conservancy lands, a s  well 
as on nonpublic recreation, agricultural, or other 
open-space lands. The fifth group contains three 
activities-pleasure driving, bicycling, and sight- 
seeing-the participant demand for which, i t  was 
assumed, could be met on existing and future 
public highway rights-of -way. Thus, no specific 
1990 land demand forecasts were made for any of 
the activities in the fourth and fifth groups. 

Based on the foregoing assumptions, i t  was deter- 
mined that a total of 24,102 acres of land in the 
Fox River watershed would be needed in 1990 to 
meet the forecast demand for the five major out- 
door recreational activities. Existing land area 
in the watershed, both public and private, devoted 
to the five major activities totals 7,089 acres. 
This amount was subtracted from the forecast 
total demand, resulting in a forecast need of 
17,071 acres of additional outdoor recreation land 
in the watershed. This forecast of additional out- 
door recreation land demand became the basis for 
the preparation of the alternative outdoor recrea- 
tion and related open-space plan elements. 

5 
These 16 a c t i v i t i e s ,  by rank order  o f  fo recas t  
demand, a re :  swimming, p leasure  d r i v i n g ,  s i g h t s e e i n g ,  
boa t ing ,  f i s h i n g ,  p i cn i ck ing ,  go1 f i n g ,  camping, 
nature  walking,  water  s k i i n g ,  hunt ing,  b i c y c l i n g ,  
s k i i n g ,  h i k i n g ,  canoeing, and horseback r i d i n g .  

Potential Park and Related Open-Space Sites 
As indicated in Chapter IV of Volume 1 of this 
report, an inventory of potential park sites con- 
ducted by the Commission revealed that there are 
a large number of potential park and related out- 



door recreation sites in the Fox River watershed. 
Of the 255 potential park sites found in the water- 
shed, totaling 36,860 acres, 77 sites, totaling 
19,559 acres, were classified as high-value sites.6 
This represents over 40 percent of the total 
number of, and over 42 percent of the area repre- 
sented by, such high-value sites in the South- 
eastern Wisconsin Region. Thus, the Fox River 
watershed serves as an important recreational 
resource base, not only for watershed residents 
but also for residents of the entire Region. These 
high-value potential park sites, whether developed 
publicly or privately, can best serve as the basis 
for the satisfaction of the forecast 1990 recrea- 
tional land use demand in the watershed. It should 
be pointed out, however, that rapid urbanization 
within the watershed may destroy many of these 
potential park sites for outdoor recreation and 
related open-space use unless measures are taken 
to preserve these sites for such use. 

Recreational Land Standards 
in the Regional Land Use Plan 
As discussed in Chapter 11 of this volume, the 
Commission has, in its planning efforts to date, 
adopted regional land use development objectives 
with supporting principles and standards. One 
of these objectives and two of these standards 
deal with recreational land and are of particular 
importance in the designed alternative outdoor 
recreation plans for the Fox River watershed. 
These two standards, as set forth in Chapter 11, 
specify that, for each additional 1,000 persons 
expected to reside within the Region, 4 acres of 
land should be se t  aside for regional public park 
development and 10 acres should be set  aside for 
local public park development. These standards 
were used in the design of the adopted regional 
land use plan and, therefore, are  fully met in 
that plan. 

Minimum Alternative Outdoor 
Recreation Plan Element 
The first  alternative outdoor recreation and 
related open-space plan element considered was 
based primarily upon application of the afore- 
mentioned recreational land use standards to the 
forecast resident population of the watershed. In 
an effort to eliminate existing deficits-a feasible 

6 0 f  the 255 po t en t ia l  park s i t e s  i d e n t i f i e d  i n  the 
watershed.  144 s i t e s ,  t o t a l i n g  2 3 , W 6  a c r e s ,  o r  56 
percent  o f  the  t o t a l  s i t e s  and 6 3  percent o f  the 
acreage ,  l i e  w i t h i n ,  o r  are adjacent  t o ,  the primary 
environmental c o r r i d o r .  

objective within the recreational resource-rich 
and relatively undeveloped Fox River watershed 
but not in the Region as  a whole-the standards 
were applied to the total forecast watershed popu- 
lation rather than to the incremental population 
growth, a s  was done in the preparation of the 
regional land use plan. The existing (1963) popu- 
lation of the watershed was estimated at 159,500 
persons; and the 1990 population of the watershed 
was estimated at 359,000 persons, an increase of 
199,500 persons over the 1963 level. Applying 
the standard of 4 acres of regional park land to 
the 1990 resident population of the watershed 
results in the need for a total of 1,436 acres of 
regional park land within the watershed. Applying 
the standard of 10 acres of local park land to the 
1990 resident population of the watershed results 
in the need for a total of 3,590 acres of local park 
land within the watershed. Thus, the estimated 
total park land need within the watershed under 
this alternative is 5,026 acres. 

There are four existing regional outdoor recrea- 
tion sites in the Fox River watershed, totaling 
8717 acres in area (see Map 5). These four 
sites are: 

1. Menomonee County Park in the Village of 
Menomonee Falls, Waukesha County, with 
a total existing site area of 233 acres. 

2. Mukwonago County Park in the Town of 
Mukwonago, Waukesha County, with a total 
existing site area of 169 acres. 

3. Naga-Waukee County Park in the Town and 
City of Delafield, Waukesha County, with a 
total existing site area  of 211 acres. 

4. Big Foot Beach State Park on Geneva Lake 
in the Town of Linn, Walworth County, with 
a total existing site area of 138 acres. 

The first  alternative outdoor recreation plan ele- 
ment includes the maintenance and further devel- 
opment of these four regional park sites. These 
four park sites presently encompass 185 acres 
of woodland and wetland, and all four sites lie 
within, or adjacent to, primary environmental 
corridors. 

7 
Thi s  t o t a l  i n c l u d e s ,  i n  add i t i on  to the 4 enumerated 
s i t e s ,  120 acre s  o f  e x i s t i n g  park land i n  the Fox 
R iver  County Park i n  Kenosha County, a park proposed 
t o  be  expanded to  regional s t a t u s .  





An additional 565 acres of regional park land i s  
needed within the watershed to meet the afore- 
mentioned standard of 4 acres per 1,000 resident 
population, or  a total of 1,436 acres. Because 
the Fox River watershed, however, contains a 
high proportion of the total remaining potential 
high-value park sites within the Region and be- 
cause park sites should be developed around high- 
value recreational resources as these resources 
occur in nature, the Fox River watershed serves 
as a valuable recreational resource, in terms of 
needed potential multi-purpose regional park 
sites, for the entire Region of which i t  is an inte- 
gral  part. The first  alternative outdoor recreation 
plan element, therefore, includes proposals for 
the acquisition and development within the water- 
shed of three entirely new regional outdoor recre- 
ation sites and a major expansion of an existing 
local park site to meet regional park standards. 
These four sites, which are the best remaining 
potential park sites within the watershed, are: 

1. The Minooka Park site in the Town of 
Waukesha, Waukesha CountyY8 with a total 
proposed site area of 297 acres. 

2. The Sugar Creek park site in the Town of 
LaFayette, Walworth County, proposed to 
be developed in conjunction with a multi- 
purpose reservoir a s  described in Chapter 
IV of this volume, with a total proposed 
site area of 1,820 acres. 

3. A western Racine County park site on the 
Fox River in the Town of Rochester, with 
a total proposed site area of 250 acres. 

4. The existing Fox River Park site in the 
Town of Salem, Kenosha County, proposed 
to be expanded in area by 250 acres to 
regional status, with a total proposed site 
area of 370 acres. 

One of these four, the Sugar Creek site, was rated 
as  one of the eight best remaining potential park 
sites within the entire seven-county Region. These 
four proposed regional outdoor recreation sites 
would encompass a total area of 2,617 acres and 
would bring the total regional park area within the 
watershed to 3,488 acres, 2,052 acres in excess 
of the regional park standard as  applied to the 

8 
Thi s  s i t e  has  a lready  been purchased and i s  under 
development by Waukesha County . 

forecast total 1990 Fox River resident watershed 
population (see Map 5 and Table 9). Of the 2,617 
acres proposed to be acquired for regional park 
sites, 1,820 acres would be acquired under the 
primary environmental corridor land acquisition 
recommended in the natural resource protection 
plan element at an estimated cost of $1,264,000. 
The cost of acquiring the remaining 797 acres of 
regional park site land is $557,900. The esti- 
mated cost of developing the entire 2,617 acres 
is $3,925,500. 

Existing local park lands in the Fox River water- 
shed total 1,207 acres. The first alternative 
outdoor recreation plan element includes the 
maintenance and further development as  neces- 
sary of this existing local park acreage. In 
addition, the plan proposes the acquisition and 
development as community and neighborhood parks 
of an additional 2,383 acres of land in order to 
meet fully the standard of 10 acres of local park 
land per 1,000 resident population. It is estimated 
that up to one-fourth of this additional local park 
land could be acquired through dedication during 
land subdivision development in expanding urban 
areas of the watershed. The remaining acreage 
could be provided within the primary environmen- 
tal corridors in urban areas. Therefore, acqui- 
sition of the primary environmental corridors 
lying within urban areas of the watershed, as pro- 
posed earlier in this chapter, would provide all of 
the land needed for three-fourths of the required 
additional local park land development. The 
estimated cost of developing these sites is 
$16,145,000, the acquisition cost of $3,694,000 
having been included in the recommended natural 
resource protection plan element. 

The total outdoor recreation land proposed to be 
acquired and developed under the f irst  alternative 
plan element is 5,000 acres, or about 29 percent 
of the 17,071 acres of land required to meet the 
total recreation demand which can be expected to 
be exerted on the watershed by 1990 from both 
rksident and nonresident and in-Region and out- 
of-Region populations. It is assumed under this 
alternative that the demand not met through public 
action will be met through private recreational 
development. If such private development is not 
forthcoming, the excess demand will result in 
overcrowding and overuse of the available public 
park and recreation areas and in the deteriora- 
tion and destruction of the recreation-related 
resource base. 



Table 9 

EXISTING AND PROPOSED LOCAL AND REGIONAL PARKS IN THE FOX RIVER WATERSHED 
BY COUNTY: 1967 AND 1990 ALTERNATIVE OUTDOOR RECREATION PLAN ELEMENTS~ 

 he p l s m e d  increment i n  local  n d  regional parks se t  forth in t h i s  t a b l e  i s  included i n  the m i n i m .  ~ n l e n n e d i a t e .  n d  opt i -  a l t e r n a t i v e  o u t m o r  recreat ion and related open-spmce p l m  elements an 
described i n  t h i s  chapter. 

County 

Kaosha 

Racine 
Waluorth 

Wukerha 

WatenhedTotal 

bme percent chenge I s  i n f i n i t y  pld c a m t  be determined. 

Source: Wiaconain Department o f  Natural Resources m d  SRWC 

Intermediate Alternative Outdoor Recreation 
Plan Element 
As noted earlier in this section, the three alterna- 
tive outdoor recreation and related open-space 
plan elements prepared for the Fox River water- 
shed are cumulative in nature. Thus, the second 
alternative plan includes all of the elements of the 
first alternative plan (see Table 9). In addition, 
the second alternative plan element proposes pub- 
lic acquisition and development of an additional 
23 high-value potential park sites within the 
watershed (see Map 6 and Table 10). These 
23 sites are primarily located,near, or adjacent 
to, bodies of water. Public development of such 
sites would provide a greater recognition of the 
need to meet through public action the increas- 
ing demand for water-based outdoor recreational 
activities. The total amount of land proposed to 

be acquired for these 23 high-value sites is 7,227 
acres. Of this total, 3,283 acres, or 45 percent, 
lying within the environmental corridors would 
be acquired at an estimated cost of $2,298,100 
for public use under the recommended natural 
resource protection plan element. The cost of 
acquiring the remaining 3,944 acres i s  estimated 
at $2,760,800. The estimated cost of developing 
the entire 7,227 acres is $7,227,000. 

Local Parks Total 

The total outdoor recreation land proposed to be 
acquired under the second alternative plan ele- 
ment is 12,227 acres, or 76 percent of the 17,071 
acres of land required to meet fully the forecast 
recreation demand. Like the first alternative, 
this second alternative assumes that the demand 
not met through public action will be met through 
private recreational development. If such pri- 

Regional Parks 

Table 10 

PROPOSED ADDITIONAL PARKS AT SELECTED POTENTIAL HIGH-VALUE PARK SITES 
IN THE FOX RIVER WATERSHED BY COUNTY: 

1990 INTERMEDIATE ALTERNATIVE OUTDOOR RECREATION PLAN ELEMENT 

Exist ing 
(1967) 

Exist ing 
(1967) 

Acres 

33 

19 1 
461 

522 

1,207 

Acres 

153 

191 

599 

1.135 

2,078 

Exist ing 
( 1987) 

Source: Wisconsin Department o f  Natural Resources and SEWZPC. 
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Percan t 
of 

watershed 

2.7 

15.8 

38.2 

'43.3 

100.0 

PI ansd  
Incremant 

P e r ~ a n t  

o f  

Watsmhed 

7.4 

9.2 

28.8 

54.6 

100.0 

Acres 

120 -- 
138 

613 

871 

P laned  
Increment 

County 

Kenosha 

Racine 

Walworth 

Waukesha 

Watershed To ta l  

Acres 

90 
2U7 -- 

2,OW 

2.383 

Total 
(1990) 

Percent 

of 

watershed 

13.8 
-- 

15.8 

70.U 

100.0 

Planned 
Increment 

Acres 

3W 

W7 

1,820 

2.3U3 

5.000 

Total 
( 1990) 

Percent 

Change 

272.7 

129.3 
-- 

S1.9 

197.4 

Acres 

123 

438 

VBi 

2,88 

3,590 

Acres 

250 

250 

1,820 

297 

2.617 

Total 
(1990) 

P e r o a t  

Change 

222.2 

260.2 

303.8 

206.U 

240.6 

Acrsr 

W3 

688 

2.419 

3.478 

7,078 

- 

Add i t i ona l  Parks 

Percent 
o f  

Watershed 

3.4 

12.2 

12.9 

71.5 

100.0 

Psrccnt 

Chage 

208.3 
--b 

1,318.8 

48.4 

300.4 

Acres 

370 

250 

1.958 

910 

3.W8 

Percent 
o f  

Wata rrhsd 

7.0 

9.7 

34.2 

49.1 

100.0 

Percent 
o f  

watershed 

10.6 

7.2 

58.1 

26.1 

100.0 

Percent o f  
To ta l  
Acres 

11.5 

26.7 

42. 4 

19. 4 

100.0 

Number 

4 

7 

7 

5 

23 

Acres 

834 

1,927 

3,065 

1,401 

7,227 





vate development is not forthcoming, the excess recreational development would provide additional 
demand will result in overcrowding and overuse of land to meet the forecast demands and would 
the public park and recreation areas and in the serve, in effect, to increase the minimum stan- 
deterioration and destruction of the recreation- dards utilized in preparing the recreational activ- 
related resource base. ity demand forecasts. 

Optimum Alternative Outdoor Recreation 
Plan Element 
The third alternative outdoor recreation and 
related open-space plan element prepared for the 
Fox River watershed included all of the elements 
proposed in the first  two alternative plan ele- 
ments. In addition, the third alternative plan 
element proposes public acquisition and develop- 
ment of an additional 16 high-value potential park 
sites within the watershed (see Map 7 and Table 
11). The total amount of land proposed to be 
acquired for these 16 sites is 5,379 acres. Of 
this total, 2,798 acres, or  52 percent, lying within 
the environmental corridors would be acquired at 
an estimated cost of $1,958,600 for public use 
under the recommended natural resource protec- 
tion plan element. The cost of acquiring the 
remaining 2,581 acres is estimated at $1,806,700. 
The estimated cost of developing the entire 5,379 
acres if $5,379,000. 

Total outdoor recreation lands proposed to be 
acquired under the third alternative plan is 17,606 
acres. Thus, the third alternative plan would 
meet and, indeed, slightly exceed, the 17,071 
acres of land needed to meet the forecast recrea- 
tional demand. Of the required 17,071 acres, 
9,981 acres, or  58.4 percent, are estimated to be 
needed to meet the forecast recreational demand 
generated by out-of -state residents. Any private 

Concluding Remarks-Alternative Outdoor Rec- 
reation and Related Open-Space Plan Elements 
The three alternative outdoor recreation develop- 
ment plan elements meet to varying degrees, 
through public acquisition and development, the 
forecast 1990 land use demand for recreation land 
for major outdoor recreational activities. The 
first  alternative considered would meet about 29 
percent of the total land use demand. The second 
alternative would meet about 76 percent of the 
total land use demand. The third alternative would 
meet the entire anticipated land use demand 
through public acquisition and development. The 
forecast demand includes expected use of the 
watershed recreation-related resource base by 
watershed residents; by residents in the remain- 
der of the Southeastern Wisconsin Region; and by 
residents outside the Region, primarily residents 
of the populous northeastern Illinois metropolitan 
region. The relative effectiveness of the three 
alternative outdoor recreation plan elements in 
meeting the watershed development objectives and 
standards relating to park and recreation lands is 
summarized in Table 12. 

It is not anticipated that the forecast 1990 recrea- 
tional demand will be lessened to any significant 
degree by any failure to provide the necessary 
outdoor recreation land within the watershed. 
Instead, such failure would result in overcrowding 

Tab1 e I I 

PROPOSED ADDITIONAL PARKS AT SELECTED POTENTIAL HIGH-VALUE PARK SITES 
IN THE FOX RIVER WATERSHED BY COUNTY: 

1990 OPTIMUM ALTERHATI VE OUTDOOR RECREATION PLAN ELEMENT 

Source: Wisconsin Department o f  Natural Resources and SEWRF'C. 
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T a b l e  12 

COMPARISON OF THE RELATIVE AB lL  ITY OF THE ALTERNATIVE OUTDOOR RECREATION PLAN ELEMENTS TO MEET ADOPTED 
DEVELOPMENT STANDARDS 

1 Park and Recreation-Related Standards' I I 1 
Park and Recreation Land Allocation 

a. Local-- 1.00 s c r e l l m  added population . . . . . . . . . 
b Regional--0.W acrellO0 added population . . . . . . . 
c. Swimming--0.W acre11W p a r t i c i p a n t s  . . . . . . . . . 
d. Picnicking-- 12.50 acres1100 p a r t l c l p a n t l .  . . . . . . . 
a. Golfing--32.73 acres1 100 part ic ipants  . . . . . . . . . 

ODtim~m Al ternat ive Outdoor 
Recreation Plan E l m e n t  Objective 

1. 19 acrcsI l00  

1.31 acrerllOO 

P a r t i a l l y  met 

P a r t i a l l y  met 

P a r t i a l l y  met 

1 f. Cangin(-- 133.33 a c r a a l l ~  part ic ipants  . . . . . . . . . ~ a r t i a l l y  met d 

Minimum Al ternat ive Outdoor 
Recreation Plan E l m n t  

1 q. Skiing--3.70 a e r e r l l w  part ic ipant*  . . . . . . . . . . ~ e t  on exist ingf  acres 

Internedi ate  Al ternat ive Outdoor 
Recreation Plan Element 

1. 19 acrer l100 

1.31 acres/ 100 

Could be met 

could be n e t  ' 

P a r t i a l l y  met d 

P a r t i a l l y  n e t  d 

llDt a e x i r t i n g f  aersa 

a ~ h e  i n d ~ c a t e d  s f s l d a r d s  are set for th in f u l l  ln Chapter I I  o f  this  v o l m e .  

b ~ d d i t i o n a l  local  acres assigned to  make up d e f i c i t  b e t v e m  existing local park acre. m d  e x i s t i n g  populatxon. 

d ~ E t r v i t y  needs l a v l d  be p a r t i a l l y  met by local and regions1 d e t a i l e d  parY development. 

e ~ c t i v i t y  meeds could be met  by p l w  design which focuses on w a t e r - o r i m r c d p a r k  a i l e s :  d e t a i l e d  &ri@ o f  theae park sites could provide these a c t r v i t i e s  

' ~ k z i n g  demami current ly  being met by exis trng c o m e r c i s ~ ~ y  operated rki area.. 

Source: SLYWC 

and overuse of the facilities provided, in serious 
conflicts between user demands, and in the dete- 
rioration and destruction of the recreation-related 
natural resources where the outdoor recreation 
areas are located and upon which they depend 
for their value. It is ,  therefore, recommended 
that the third alternative outdoor recreation and 
related open-space plan element, as described 
above, be included as an integral part of the rec- 
ommended comprehensive Fox River watershed 
plan. This plan element would provide an addi- 
tional 17,606 acres of public outdoor recreation 
land in the watershed and would meet fully the 
forecast recreational demand. Of the total of 
17,606 acres of additional outdoor recreation land 
recommended to be acquired, 9,748 acres, or 
about 55 percent, would be acquired at an esti- 
mated cost of $9,214,700 under the recommended 
natural resource protection plan element. An 
additional 536 acres would be acquired at no cost 
through subdivision development. The cost of 
acquiring the remaining 7,322 acres is estimated 
at $5,125,400. The estimated cost of developing 
the entire 17,606 acres is $35,426,500. 

In making this recommendation, it i s  fully recog- 
nized that private recreational development has 
been and will continue to play an important role in 
meeting outdoor recreation demands within the 
watershed. The future extent of such private out- 

1. 19 acra,/100 

1.31 acres11W 

Wet 

n e t  

Wet 

Wet 

Y e t  m exist ingf  acres 

door recreation development cannot, however, be 
reliably forecast. It is  known that at the present 
time about one-half of the developed recreation 
land in the watershed devoted to the five major 
outdoor recreational activities upon which the 
1990 forecast demand is based is in private 
ownership and operation. This level of private 
activity may continue in the future. To the extent 
that it does, it will reduce the need to publicly 
acquire and develop the needed land. Thus, in a 
very real sense, the outdoor recreation plan ele- 
ment recommendation is conservative in nature 
because it represents the maximum necessary 
public involvement, assuming very little additional 
private recreation land development. It should 
also be pointed out that initial public implementa- 
tion of the recommended plan through acquisi- 
tion programs and through land reservation by 
sound zoning and official mapping measures will 
ensure that the recommended outdoor recreation 
sites are preserved for recreational development, 
whether ultimately that development is accom- 
plished through public or  private investment. 

SUMMARY 
The recommended land use plan element of the 
comprehensive Fox River watershed plan is set 
within the context of the adopted regional land use 
plan. Under this plan the adopted regional and 
watershed development objectives and standards 



serve, in effect, to control the 1990 spatial dis- 
tribution of land uses within the Region and the 
watershed in order to achieve a safer, more 
healthful, pleasant, and efficient land use pattern, 
while meeting the gross land use demand require- 
ments of the forecast ,population and employment 
levels. The land use plan element emphasizes 
efficient utility services, cohesive urban develop- 
ment on suitable soils, preservation of prime 
agricultural lands, preservation of unique re- 
source areas, protection of floodplain areas, and 
the eventual removal of incompatible uses from 
these floodplain areas. 

Under the land use plan element, residential 
development within the watershed would be chan- 
neled into low-, medium-, and high-density resi- 
dential areas developed as  planned neighborhood 
units providing the necessary supporting commun- 
ity facilities; and prime agricultural lands, envi- 
ronmental corridor areas, and potential park sites 
would be protected from incompatible develop- 
ment. Specific regulations would govern the use 
of surface waters and of shorelands and flood- 
lands. Existing land uses and structures not 
developed in conformance with these proposals 
would be considered nonconforming, and regula- 
tions would provide for their eventual discontinu- 
ance or  removal. The attainment of a sound land 
use pattern throughout the watershed, as well as 
within the riverine areas, is thus made a basic 
objective of the comprehensive watershed plan. 

In the adaptation, refinement, and detailing of the 
adopted regional land use plan for the Fox River 
watershed, three alternative natural resource 
protection plan elements and three alternative 
outdoor recreation and related open-space plan 
elements were considered. The resource protec- 
tion plan element recommended for incorporation 
into the comprehensive watershed plan is the 
second such alternative presented in this chapter. 
This alternative recommends the public acquisi- 
tion for resource conservation, recreation, and 
related open-space purposes of all of the remain- 
ing, undeveloped primary environmental corridors 
of the watershed lying within those areas of the 
watershed expected to be in urban use by 1990 and 
of all of the remaining undeveloped environmental 
corridor along the main stem of the Fox River. 
Included in the public acquisition of the primary 
environmental corridor lands along the main stem 
of the Fox River are 2,651 acres of land in, 
and adjacent to, the Vernon Marsh in Waukesha 

County. These lands are recommended to be 
acquired for conservancy purposes and would pro- 
vide the land reservation for potential use as  a 
flood control and water supply reservoir site 
beyond the design year of the plan. The recom- 
mended alternative further proposes the acquisi- 
tion of 3,424 acres of land located in the Sugar 
Creek environmental corridor for the construction 
of a multi-purpose flood control, recreation, and 
low-flow augmentation reservoir. 

This plan element would serve to permanently 
protect through public acquisition 11,299 acres of 
woodlands, or 16.8 percent of the remaining 
woodlands of the watershed, covering 1.9 percent 
of the total watershed area, and 16,942 acres of 
wetlands, or 31.9 percent of the remaining wet- 
lands in the watershed, covering 2.8 percent of 
the total watershed area. This plan element would 
also serve to permanently protect through public 
acquisition a total of 46,295 acres, or 36.5 per- 
cent of the primary environmental corridors of 
the watershed, covering 7.7 percent of the total 
watershed area, of which 14,472 acres would be 
within areas expected to be in urban use by 1990. 
The remaining primary environmental corridors 
of the watershed lying in areas expected to 
remain in. rura l  use through 1990 would be pro- 
tected through appropriate agricultural, shore- 
land, floodland, conservancy, and low-density 
residential zoning. 

The outdoor recreation and related open-space 
plan alternative recommended for incorporation 
into the comprehensive watershed development 
plan is the third alternative presented in this 
chapter. It recommends the acquisition of 17,606 
acres of park and related open-space land for  
public use to fully meet the total 1990 forecast 
outdoor recreational demand within the watershed. 
Of this total, 9,748 acres, or  about 55 percent, 
are located within primary environmental corri- 
dor areas proposed to be acquired for public 
use under the recommended natural resource 
protection plan element. Consequently, imple- 
mentation of the natural resource protection plan 
element would serve to significantly implement 
the recommended outdoor recreation plan ele- 
ment. Encompassed within this total land area 
are  2,617 acres for the development of four new 
regional parks in the watershed and 2,383 acres 
for the development of neighborhood and com- 
munity parks as urban development proceeds 
within the watershed. 



Under the recommended outdoor recreation and the Region and the watershed be provided with 
related open-space plan, the total recreational sufficient recreation areas to meet their day-to- 
user demand in the watershed would be met and day needs, but such needs would be met without 
damaging overuse of the facilities and the con- extensive conflict between recreation users  in 
comitant damaging effects on the resource base the watershed. 
thereby avoided. Not only will the residents of 



Chapter IV 

ALTERNATIVE FLOOD CONTROL PLAN E LEMENTS 

INTRODUCTION 
As urban development within the Fox River water- 
shed continues, the problems and monetary losses 
associated with flooding can, in the absence of a 
sound flood abatement program, be expected to 
increase. Because of the relatively large amount 
of lake, wetland, and floodplain storage area still  
present in the watershed, the Fox River system, 
as it exists today, does not generate the very 
high-peak flood flows that have occurred on the 
river systems of other watersheds in Wisconsin. 
Watersheds of similar size within the state have 
recorded peak flood flows five times as large as 
the flood that occurred in 1960 on the Fox River. 
Although flood peaks on the Fox River may never 
approach this size, the continued loss of wetland 
and floodplain storage, which can be expected to 
accompany continued development of floodlands 
within the watershed, and the increased runoff 
potential resulting from areawide urban develop- 
ment may be expected to combine to increase both 
the size of, and the damage produced by, floods. 
Because urbanization increases storm water run- 
off, because floodplain 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 prevention of 
flood damage, the basic flood control element in 
any comprehensive plan for the watershed must 
consist of proposals for sound land use develop- 
ment, not only in the riverine areas but also in 
the watershed as  a whole. 

This chapter describes the structural flood con- 
trol plan elements that were considered in the Fox 
River watershed study as possible adjuncts to the 
basic land use development proposals advanced to 
facilitate the attainment of regional and watershed 
development objectives. These structural ele- 
ments are  considered subordinate to the basin- 
wide land use plan element, and their incremental 
benefits and costs can be separated from those of 
the basin-wide land use plan element. All of the 
structural flood control facility plan elements 
could be incorporated into any of the land use plan 
alternatives considered, although some are  unnec- 
essary with certain land use plan alternatives. 

Three types of structural measures-levee con- 
struction and channel improvement; reservoir 
construction; and lake level control facility con- 
struction-were considered as possible methods 
of controlling floods. These three basic types of 
structural measures were used to develop eight 
alternative structural flood control plan elements. 
Analysis indicated that four of these alternatives 
would provide both urban and agricultural flood 
damage reduction along relatively long channel 
reaches. Two of the alternatives would provide 
urban flood damage reduction along short channel 
reaches. The remaining two alternatives were 
concerned solely with reducing agricultural flood 
damage and improving agricultural drainage in 
specific rural locations. 

A physical description of each structural plan ele- 
ment is presented in this chapter, along with a 
discussion of anticipated performance, an evalua- 
tion of the attendant costs and benefits, and an 
evaluation of the effect of the proposal on water- 
shed development objectives and standards. Cer- 
tain alternative accessory plan elements are also 
discussed, including the provision of adequate 
bridge waterway openings, the removal of cer- 
tain existing residences from the floodlands, and 
floodproofing of residences and other structures 
located in the floodlands. 

In calculating the benefits associated with the 
alternative structural flood control measures, i t  
was assumed that existing land use development 
trends within the watershed would continue. The 
benefits attendant to each alternative were then 
calculated as the reduction of flood damages asso- 
ciated with the resulting 1990 uncontrolled land 
use pattern within the watershed. Implementation 
of the recommended watershed land use plan could 
be expected to reduce these calculated benefits 
somewhat. Any such reduction would be slight, 
however, since the major benefits are derived 
from the protection of existing development in 
the floodplains. 

The quantitative hydrologic and hydraulic analyses 
necessary to evaluate the effectiveness of each 
alternative involved the preparation of a forecast 



of the amount of water to be carried by the exist- 
ing and proposed water control facilities. This 
forecast was based upon the assumption that the 
regional land use plan element recommended for 
adoption would be implemented as a part of this 
watershed program. Departures from the rec- 
ommended land use plan could be expected to 
increase the hydraulic loadings on the water con- 
trol facilities only to the extent that such depar- 
tures encroach on existing f loodways or eliminate 
existing floodplain storage. The alternative water 
control facility plan elements are t-hus subordinate 
to the land use plan element. Each of the water 
control facility elements affects only a portion of 
the entire watershed and alone offers only a par- 
tial solution to flood problems of the watershed. 

ALTERNATIVE STRUCTURAL FLOOD 
CONTROL FACILITY PLAN ELEMENTS 

Levee Construction and Channel Improvements 
Within the City of Waukesha 
One of the alternative structural water control 
facility plan elements considered was the con- 
struction of a system of intermittent dikes and 
floodwalls in the City of Waukesha. This alterna- 
tive was developed as a method of protecting those 
portions of the city that experienced heavy dam- 
ages in the 1960 flood and which may, in the 
absence of the provision of flood control works, 
be expected to experience even heavier damages 
in the future. The proposal consists of a series 
of sections of earth dike and concrete floodwall 
and of minor amounts of channel clearing and 
shaping. 

Earth dikes are an economical means of providing 
flood protection to a developed area where suffi- 
cient space is available between the river and the 
land uses to be protected to permit such construc- 
tion. The dikes would be constructed of com- 
pacted earth fill, with a minimum top width of 
eight feet and three-on-one side slopes. The tops 
and slopes would be vegetated. In confined areas 
the earth dikes would have to be replaced by 
concrete floodwalls or by specially reinforced 
variations of the earth dike. Floodwall dimen- 
sions and design would vary with side conditions 
and location (see Figure 1 ). 

The dike and floodwall improvements, as pro- 
posed, would originate between the Moreland 
Boulevard Bridge and the Barstow Street Dam. 
Above the Barstow Street Dam, the dike and flood- 
wall development would be continuous. Down- 

Figure I 
TYPICAL FLOODWALL CROSS-SECTION 
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stream from the dam, the diking would be 
intermittent. At road crossings the diking would 
be tied into either the road embankments or 
bridge abutments. The height of the dikes or flood- 
walls above the natural ground would vary with the 
topography but would average about four feet. The 
elevation of the top of the dikes or floodwalls 
would also vary, depending on location, but would 
be constructed to an elevation at least two feet 
above the high water surface elevation produced 
by a 100-year recurrence interval flood. The 
dikes would be built as far back from the river as 
practical in order to keep both the height of the 
dike and the loss of floodplain storage area to 
a minimum. 

It is also proposed under this alternative that 
some channel clearing and shaping be done below 
the Barstow Street Dam to improve the hydraulic 
capacity of this channel reach. This would involve 
clearing and debrushing and some shaping of the 
banks, but not deepening of the channel, a typical 
cross section of which is shown in Figure 2 .  
Automatic drainage gates would be installed on 
17  storm sewer outlets to prevent storm sewer 
backup. A storm sewer would be constructed from 
the low point in St. Paul Avenue, located between 
Wisconsin Avenue and Fuller Street, to the river 
in order to alleviate flooding in this area. 

The essential features of this alternative plan ele- 
ment are shown on Map 8. Estimated quantities 
of materials and estimated unit costs for the 
major work items are: 5,600 lineal feet of earth 
and stone diking, requiring approximately 25,000 
cubic yards of embankment at $9 per lineal foot; 



Figure 2 
TYPICAL CHANNEL CROSS-SECTION 
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1,800 lineal feet of concrete floodwall at $90 per 
lineal foot; 2,900 lineal feet of channel clearing at 
$8 per lineal foot; the construction of 200 lineal 
feet of approximately 48-inch diameter storm 
sewer at $40 per foot and the installation of 
17 automatic drainage gates on storm sewer out- 
falls, similar to those shown in Figure 3,  at an 
average cost of $240 each. Miscellaneous costs 
are estimated to total $119,400: including engi- 
neering and administrative services, various 
small construction items, and contingencies. 

Benefits: The average annual monetary benefit, 
which could be attributed to this alternative 
through the reduction of flood damage in the City 
of Waukesha, i s  estimated at $16,850. This bene- 
fit would be achieved not by lowering the hydraulic 
grade line (high water surface elevation) of the 
100-year recurrence interval flood but by pro- 
tecting existing land uses from inundation by 
such a flood. 

C C !  The total installation cost of the proposed 
flood control works is estimated at $367,000, 
- 
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to engineering and adhinistrat ive  serv ices ,  to land 
acqui s i t ion  and land easements i n  some cases, and to 
various smal l  construction items. 

FEET RlOWT OF CENTER LlNE LOOKINQ DOWNSTREAM 
em"" at,.., Drl4.a in city ot W."*..h., but i. Il.lC.4 *th. P'OPO..d ere-- 

including construction, engineering and adminis- 
trative services, and the cost of obtaining land 
easements. Amortized at 3 1/4 and 6 percent 
interest, over a 50-year period, average annual 
costs would be $14,950 and $23,280, respectively. 
Annual operation and maintenance costs are esti- 
mated at $500. 

Benefit-Cost Ratio: The benefit-cost ratio of the 
proposal, calculated at 3 1/4 percent interest, 
would be 1.09 to 1. 0. 

Average Annual Benefit 
Flood-damage alleviation $16,850 

Average Annual Cost 
Installation $14,950 
Operation and maintenance - 500 
Total $15,450 

16,850 = Benefit-Cost Ratio = 15,450 

16,850 
At 6 percent interest = - - - 0.71 23,780 ., 

Permanent pumping stations, located at the outlets 
of the storm sewers serving the area to be pro- 
tected, have not been included in this alternative 



Map 8 
PROPOSED LEVEE CONSTRUCTION 
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Map 8 (Continued) 

PROPOSED LEVEE CONSTRUCTION 
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since the chance of a major rainfall occurring 
over the local storm sewer drainage area at the 
same time as the peak of a major flood event on 
the main channel would be remote. Such pumping 
stations were, therefore, considered to be unec- 
onomical. Standby portable pumping equipment 
with intakes ranging in size from 2- to 6-inch 
diameter could be rented during emergencies o r  
borrowed from City Departments which already 
own such equipment for other purposes. Even the 
purchase of such portable equipment could not be 
justified solely on a standby basis for flood pro- 
tection. Portable pumps with intakes larger than 
6 inches in diameter would be more effective but 
are  more difficult to handle and place into opera- 
tion and would, therefore, have to be trailer 
o r  truck mounted. 

This alternative flood control plan element would 
serve to virtually eliminate flood damages within 
the City of Waukesha, including those caused by 
overland flow, and would serve to reduce, but not 
eliminate, the damages resulting from storm 
sewer backup. The proposal would have no sig- 
nificant effect on flood peaks o r  flood damages 
beyond the confines of the City of Waukesha 

Levee Construction and Channel Improvements 
Within the City of Burlington 
A reduction in flood damages could also be 
obtained in the City of*Burlington through the con- 
struction of a system of earth dikes and flood- 
walls. As in Waukesha, compacted earth dikes 
would be used where the space available between 
the river bank and the land uses to be protected 
permits this type of construction. In restricted 
areas concrete floodwalls would be used. Minor 
amounts of channel clearing and the installation of 
automatic drainage gates on 22 storm sewer out- 
lets are  also recommended as  an integral part of 
this alternative. 

The earth dikes would be constructed of com- 
pacted earth fill, with a minimum top width of 
eight feet and three-on-one side slopes. The tops 
and slopes would be vegetated. Floodwall dimen- 
sions and design would vary with site conditions 
and location. In areas of the city where flood- 
walls presently exist, it may be possible to add to 
the existing walls and eliminate the need to con- 
struct new walls. The elevation of the top of the 
dikes and floodwalls would vary with location, but 
would be at least two feet above the high water 
surface elevation produced by a 100-year recur- 
rence interval flood. 

Figure 3 

TYPICAL AUTOMATIC DRAINAGE GATE 
FOR STORM SEWER OUTLET 

FRONT VIEW SIDE VIEW 

Source: U. S. Soil Conservation Service and SEWRPC. 

The dikes would begin near the upstream city lim- 
i ts  and be required along both sides of the Fox 
River-throughout most of the city. Portions of both 
sides of the White River, between the Echo Lake 
Dam and the junction with the Fox River, would 
also require protection. The stream banks would 
be debrushed, with all heavy vegetation removed, 
as well as clearing of any stream bed obstruc- 
tions. No widening or  deepening of the channel is 
anticipated, however. 

The essential features of this alternative plan ele- 
ment are shown on Map 9. Estimated quantities 
of materials and estimated unit costs for the 
major work items are: 12,500 lineal feet of earth 
diking, requiring approximately 43,000 cubic 
yards of embankment at $3.50 per lineal foot; 
2,100 lineal feet of concrete floodwall at $90 per 
lineal foot; and the installation of 22 automatic 
drainage gates on existing storm sewer ouffalls, 
similar to those shown in Figure 3, at an average 
cost of $150 each. Miscellaneous costs are esti- 
mated to total $115,900. 

Benefits: The average annual monetary benefit, 
which could be attributed to the reduction of flood 
damage in the City of Burlington, is estimated 
at $9,000. 

Costs: The total installation cost .of the proposed 
flood control works is estimated at $350,000, 
including construction, engineering and adminis- 
trative services, and the cost of obtaining land 
easements. Amortized at 3 1/4 and 6 percent 
interest, over a 50-year period, average annual 
costs would be $14,260 and $22,220, respectively. 
Annual operation and maintenance costs are esti- 
mated at $500. 



Map 9 

PROPOSED L E V E E  CONSTRUCTION 
CITY OF BURLINGTON 



Map 9 (Continued) 
PROPOSED LEVEE CONSTRUCTION 
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A system o f  e a r t h  dikes and concrete floodwal l s in  the  C i t y  o f  Burl ington i s  proposed t o  serve in  abat iag  f lood 
damages i n  those areas o f  the  C i t y  o f  Bur l ington subject  t o  inundation by t h e  400-year recurrence i n t e r v g l  f lood. 
As shown, concrete  floodwal I s  would on1 y be used where the  space a v a i l  a b l e  between t h e  r i v e r  bank and t h e  land 
uses to  be protected does n o t  permi t  construct ion o f  e a r t h  dikes. Minor amounts o f  channel c l e a r i n g  a r e  a lso  
proposed in t h i s  p lan a l t e r n a t i v e .  

Source: U. S. Conservation Service and SEWGV. 

Benefit-Cost Ratio: The benefit-cost ratio of this 
plan element, calculated at 3 1/4 percent interest, 
would be 0.62 to 1.0. 

Average Annual Benefit 
Flood-damage alleviation 

the City of Burlington, including those caused by 
overland flow, and would serve to reduce, but not 
totally eliminate, the damages that result from 
storm sewer backup. The proposal would have no 
significant effect on flood peaks or flood damage 

$ 9,000 beyond the confines of the City of Burlington. 

Average Annual Cost 
Inst allation $14,260 

Channel Improvements on Sugar Creek 

500 and Honey Creek Operation and maintenance 
Total $14,760 

Agricultural flood damages and the adverse effects 
of inadequate drainage in the upper reaches of 
Sugar Creek and Honey Creek could be substan- 

9 y  OoO 0.62 Benefit-Cost Ratio = - = 
14,760 

tially reduced if the hydraulic capacity of the 
stream channel in these areas were increased. 
Improving the channel would provide protection 

9,000 for flood-vulnerable cropland and would also pro- 
At 6 percent interest = - = 0.40 

22,720 vide an improved outlet for those agricultural 
areas that are damaged as a result of a lack of 

This alternative flood control plan element would adequate drainage facilities. Inadequate drainage 
serve to virtually eliminate flood damages within in this area in the past has often caused delays in 



planting and harvesting, prevented tillage opera- 
tions, and reduced crop growth and crop yields. 

Approximately seven miles of channel improve- 
ment would be required on Sugar Creek to pro- 
vide the necessary flood damage reduction and 
drainage improvement; and about five miles of 
improvement, on Honey Creek. Channelization of 
Honey Creek would include portions of the stream 
between the Village of East Troy and the Lauder- 
dale Lakes. Improvements on Sugar Creek would 
include portions of the main creek above Abells 
Corners and portions of a tributary stream join- 
ing Sugar Creek about 2,000 feet above Abells 
Corners. 

The hydraulic capacity of the improved channel 
would vary, the channel being designed to carry 
floods within i ts  banks up to the 10-year recur- 
rence interval event in size. The elevation of the 
channel bottom would be established at a depth 
that would assure adequate outlets for agricultur a1 
drainage facilities in the tributary drainage area. 
Construction of the improvements would include 
excavating material from the present channel, 
spreading the excavated material, seeding the 
channel and the areas over which spoil is spread, 
and installing necessary surface water drainage 
inlets to the channel. 

This alternative plan element would provide flood 
protection to approximately 2,000 acres of flood- 
vulnerable cropland and would provide improved 
drainage for a total of approximately 3,000 acres 
of cropland that are  damaged because of a lack of 
proper drainage facilities. The benefited areas 
are  delineated on Figure 4,  which also shows the 
location and type of channel improvements pro- 
posed. Estimated quantities of materials and 
estimated unit costs for the major work items 
are: 63,000 lineal feet of channel improvement, 
requiring approximately 324,000 cubic yards of 
excavation at $1.50 per lineal foot; 90 acres of 
seeding at $185 per acre; and the construction of 
85 surface water outlets, similar to those shown 
in Figure 5, at an average cost of $230 each. 

Benefits: The average annual monetary benefit, 
which could be attributed to this plan element, is 
estimated at $29,300, including both the benefits 
from flood prevention and improved drainage. 
These benefits would be achieved not by lowering 
the hydraulic grade line of the 100-year recur- 
rence interval flood on Sugar and Honey Creeks 

but by protecting existing land uses from inunda- 
tion by such flood and by improving agricultural 
drainage. 

Costs: The total installation cost of this proposed 
plan element is estimated at $183,900, including 
construction, engineering and administrative ser-  
vices, and the cost of obtaining the necessary land 
easements. Amortized at 3 1/4 and 6 percent 
interest, over a 50-year period, average annual 
costs would be $7,490 and $11,670, respectively. 
Average annual operating and maintenance costs 
are estimated at $2,400. 

Benefit-Cost Ratio: The benefit-cost ratio, calcu- 
lated at 3 1/4 percent interest, would be 2.96 
to 1.0. 

Average Annual Benefit 
Flood-damage alleviation 
and improved agricultural 
water management $29,300 

Average Annual Cost 
Channel installation $ 7,490 
Operation and maintenance 2,400 
Total $ 9,890 

29y 300 - 2-96 Benefit-Cost Ratio = ------ - 
9,890 

29,300 
At 6 percent interest = - - - 2.08 

14,070 

Channel Improvements on Hoosier Creek 
A reduction in agricultural damages could also be 
obtained in the Hoosier Creek area by increasing 
the hydraulic capacity of the present channel 
system, by constructing dikes to protect flood- 
vulnerable cropland, and by establishing improved 
outlets for areas that have inadequate drainage. 
The size and depth of approximately 9.3 miles of 
the Hoosier Creek channel would have to be 
increased, approximately 8 miles of tributary 
channel would have to be improved, and approxi- 
mately 3.9 miles of earth dike would have to be 
constructed to effect the improvements. 

The improved channel would be enlarged to carry 
up to the 10-year recurrence interval floods 
within i ts  banks as caused by runoff from the 
Hoosier Creek drainage basin and would be 
deepened to provide an improved outlet for areas 



Figure 4 

PROPOSED CHANNEL AND AGRICULTURAL DRAINAGE IMPROVEMENTS ON SUGAR AND HONEY CREEKS 
TOWNS OF LAFAYETTE, TROY, AND SUGAR CREEK. WALWORTH COUNTY 
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---- ---- PROWSED CHANNEL IMPROVEMENT 
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A g r i c u l t u r a l  f l o o d i n g  and drainage problems i n  the  upper reaches o f  Sugar and Honey Creeks cou ld  be s u b s t a n t i a l l y  
reduced by i nc reas ing  the  h y d r a u l i c  capac i t y  o f  t he  stream channels d r a i n i n g  these areas. The a l t e r n a t i v e  p lan  
element shown above proposes t o  widen and deepen about 7 m i l e s  o f  channel on Sugar Creek and 5 m i l e s  o f  channel 
on Honey Creek i n  o rde r  t o  p rov ide  f l o o d  p r o t e c t i o n  t o  approximately 2,000 acres o f  f lood-vu l  nerabl  e crop1 and. I n  
add i t i on ,  about 10,650 acres would be p o t e n t i  a l l y  bene f i t ed  through a g r i c u l t u r a l  dra inage improvements pe rm i t t ed  
by the  proposed channel improvements. 

Source: U. S. Soil Conservation Service and SEWRE. 

that need subsurf ace agricultural drainage f acili- flood protection could be provided by enlarging the 
ties. Earth dikes would be constructed in the channel. Installation of the dikes would require 
lower reaches of Hoosier Creek and along the that Brever Road be raised to an elevation level 
Hoosier Branch Canal to prevent backwater from with or above the elevation of the top of the pro- 
the Fox River from damaging the flood-vulnerable tective dikes. 
lands adjacent to these channels. The dikes would 
begin at the right-of-way of the Soo Line Railroad Surface runoff would be carried through the dikes 
and continue upstream to a point where adequate by a drop inlet structure similar to that shown on 



Figure 5 
T Y P I C A L  SURFACE W A T E R  O U T L E T  FOR USE W I T H  

A G R I C U L T U R A L  D R A I N A G E  JMPROVEMENTS 

- - - -  - - ".-.. . . , 

PROTECTION OF O U T L E T  

Source: U. S. Soil Conservation Service and .WVRFC. 

Figure 6. The outlet structure would be equipped 
with an automatic drainage gate and could also 
serve as an outlet for subsurface agricultural 
drainage facilities. In the extreme lower reaches 
of the benefited area, surface and subsurface run- 
off would have to be pumped over the dike, utiliz- 
ing portable pumping equipment, when river 
stages do not permit a gravity flow outlet. In 
these instances, the inlet structure could be 
modified to function as a wet well for the pump 
intakes. 

This alternative plan element would protect an 
estimated 1,200 acres of cropland subject to flood 
damage and would provide improved drainage for 
a total of approximately 3,000 acres of inade- 
quately drained cropland. The benefited areas are 
shown on Figure 6. 

The suggested location and type of improvements 
are  shown on Figure 6. Estimated quantities of 
materials and estimated unit costs for the several 
major items of work are: 49,000 lineal feet of 



Figure 6 
PROPOSED CHANNEL AND AGRICULTURAL DRAINAGE IMPROVEMENT ON HOOSIER CREEK 

TOWNS OF DOVER. BRIGHTON. AND BURLINGTON; KENOSHA AND RACINE COUNTIES 

TYPICAL CROSS-SECTION OF IMPROVED CHANNEL WITH DIKE 
PL- VARIES 
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The hydrau l  i c  capac i t y  / o f  t h e  p resen t  Hoos ier  Creek channel system i s  proposed t o  be increased i n  o r d e r  t o  reduce 
a g r i c u l t u r a l  f l o o d  damages i n  t he  Hoos ier  Creek area. The channel would be enlarged t o  ca r r y  up t o  t he  10-year 
recur rence i n t e r v a l  f l o o d s  w i t h i n  i t s  banks and deepened t o  p rov ide  an improved out1 e t  f o r  areas need ing subsur- 
f ace  a g r i c u l t u r a l  drainage f a c i l  i t i es .  I n  a d d i t i o n ,  ea r th  d i kes  woul d be cons t ruc ted  t o  p r o t e c t  f lood-vu l  nerabl  e  
cropland. Near ly  1,200 acres o f  f l ood -vu lne rab le  c rop land would be p r o t e c t e d  by t h i s  p l a n  a l t e r n a t i v e ,  w i t b  a  
t o t a l  o f  5,800 acres p o t e n t i  a l l y  b e n e f i t e d  through a g r i c u l  t u r a l  drainage improvements permi t t e d  by t h e  proposed 
channel improvements. 

Source: U. S. Soil Conservation Service and SEWRPC. 

channel improvement, requiring approximately $0.80 per lineal foot; 112 acres of seeding at 
243,000 cubic yards of excavation at $1.50 per $185 per acre; and the construction of 15 surface 
lineal foot; 20,600 lineal feet of dike, requiring water inlets similar to those shown in Figure 6 
approximately 16,500 cubic yards of earth f i l l  at at $500 each and 51 water inlets, similar to 



those shown in Figure 5, at an average cost of 
$230 each. Miscellaneous costs are estimated 
to total $111,800. 

Benefits: The average annual monetary benefits, 
which could be attributed to this plan element, are 
estimated at $37,700, including both the benefits 
from flood prevention and improved drainage. 
These benefits would be achieved not by lowering 
the hydraulic grade line of the 100-year recur- 
rence interval flood on the Fox River but by 
protecting the existing land uses from inunda- 
tion by such a flood and by improving agricul- 
tur a1 drainage. 

Costs: The total installation cost of this proposed 
plan element is estimated at $240,700, including 
construction, engineering and administrative ser-  
vices, and the cost of obtaining the necessary land 
easements. Amortized at 3 1/4 and 6 percent 
interest, over a 50-year period, average annual 
costs would be $9,810 and $15,270, respectively. 
Average annual operation and maintenance costs 
are  estimated at $2,790. 

Benefit-Cost Ratio: The benefit-cost ratio, cal- 
culated at 3 1/4 percent interest, would be 2.99 
to 1.0. 

Aver age Annual Benefit 
Flood-damage alleviation 
and improved agricultural 
water management $37,700 

Average Annual Cost 
Channel installation $ 9,810 
Operation and maintenance 2,790 
Total $12,600 

37,700 
Benefit-Cost Ratio = - = 2.99 

12,600 

37,700 
At 6 percent interest = - - 

18,060 
- 2.09 

Channel Improvements and Dam Construction 
on Hoosier Creek 
An alternative means of reducing agricultural 
flood damages in the Hoosier Creek area was also 
investigated. This alternative would require the 
same channel improvements as  the alternative 
described above, along with the reconstruction of 
Brever Road. Dikes, however, would be required 
only from the Soo Line Railroad tracks to a dam 
which would be constructed across Hoosier Creek 

just above the Brever Road Bridge. This dam 
would be equipped with a backwater gate and a low 
head pumping station. The dikes and gate would 
prevent the Fox River from backing up Hoosier 
Creek during floods having a recurrence interval 
of up to 100 years, while the pumping facilities 
could be used to draw down the level of Hoosier 
Creek immediately after a heavy rainfall, thereby 
permitting the tributary farm drainage tile outlets 
to function properly. 

This proposal would benefit the same agricultural 
land uses as  the alternative described above. It 
would require the following estimated quantities of 
materials and estimated unit costs for the several 
major items of work: 49,000 lineal feet of channel 
improvement, requiring approximately 243,000 
cubic yards of excavation a t  $1.50 per lineal foot; 
3,000 lineal feet of dike, requiring approximately 
12,000 cubic yards of earth fill at $2.50 per lineal 
foot; 112 acres of seeding at $185 per acre; the 
construction of 16 water inlets at a cost of, 
$500 each; and the construction of a low head 
pumping station and gate structure at a cost of 
$33,800. Miscellaneous costs are estimated to 
total $95,900. 

Benefits and Costs: The average annual monetary 
benefits, which could be attributed to this plan 
element, would be the same as  for the alternative 
for Hoosier Creek described above, while the 
estimated installation costs would total $240,400, 
including construction, engineering and adrninis- 
trative services, and the costs of obtaining land 
easements. Amortized at 3 1/4 and 6 percent 
interest, over a 50-year period, average annual 
costs would be $9,792 and $15,251, respectively. 
Average annual operation and maintenance costs 
are  estimated at $5,790. 

Benefit-Cost Ratio: The benefit-cost ratio, cal- 
culated at 3 1/4 percent interest, would be 2.42 
to 1.0. 

Average Annual Benefit 
Flood-damage alleviation 
and improved agricultural 
water management $37,700 

Channel improvements 
and structures $ 9,792 
Operation and maintenance 5,790 
Total $15,582 



Benefit-Cost Ratio 

37,700 
At 6 percent interest = - - - 1.79 

21,041 

Neither the cost estimate for this alternative nor 
for the f i rs t  alternative presented for Hoosier 
Creek includes costs for road or  bridge replace- 
ment. Because of the poor condition of the 
existing road land bridge, i t  is assumed that 
replacement would be necessary in any event 
during the planning period. 

Multiple-F'urpose Reservoir on Sugar Creek 
Another of the alternative structural flood control 
facility plan elements considered was a multiple- 
purpose reservoir on Sugar Creek. This reser-  
voir would provide for both the permanent storage 
of water for recreational use and the temporary 
storage of floodwater. The proposed structure 
would create an artificial lake with a surface area 
of approximately 1,300 acres and a maximum 
depth of about 20 feet. The volume between the 
normal recreational pool level and the spillway 
crest  would be utilized for floodwater storage. 
This volume, totaling 9,200 acre-feet, could be 
released in a nine-day period and would provide 
storage for the equivalent of a 4.4 inch runoff 
from the tributary drainage area of 38.9 square 
miles. A 4.4 inch runoff could, under normal 
summer conditions, be expected to result from 
an 8.2 inch rainfall over the tributary water- 
shed area. 

The reservoir would be created by constructing an 
earth embankment across Sugar Creek near the 
center of Section 15, Town 3 North, Range 17 
East, in the Town of Lafayette, Walworth County. 
In addition to the primary embankment on Sugar 
Creek, the construction of a smaller earth 
embankment in Section 5, Town 3 North, Range 17 
East, would be required several miles upstream 
from this dam in order to prevent the proposed 
reservoir from discharging into Honey Creek. 
The primary embankment would have a maximum 
height of 34 feet and an estimated length of 1,450 
feet. The secondary embankment would have a 
maximum height of 11 feet and an estimated length 
of 2,000 feet. 

A reinforced concrete box spillway, with an inlet 
opening at elevation 865.0 feet above mean sea  
level datum, would control the outflow from the 
impoundment. A secondary 350-foot wide vege- 

tated spillway would be provided in the south abut- 
ment of the embankment. The crest elevation of 
this secondary spillway would be set at elevation 
871.2 feet and the spillway would operate only if 
the 100-year flood were exceeded. The elevation 
of the top of the embankment would be set at 
878.3 feet. 

The proposed location of the structure and of the 
reservoir area is shown on Figure 7. Estimated 
quantities of materials and unit costs for the 
major work items are: 279,200 cubic yards of 
embankment at $0.55 per cubic yard; 96,000 cubic 
yards of common excavation at $2 per cubic yard; 
220 cubic yards of reinforced structural concrete 
at $150 per cubic yard; and 900 cubic yards of r ip  
rap at $12 per cubic yard. Miscellaneous costs 
are estimated at $199,900; and land costs are 
estimated at $1,514,000. 

Benefits : Construction of the multiple-purpose 
reservoir could be expected to reduce average 
annual flood damages by an amount estimated at 
$7,220 and to provide an estimated $2,102,950 in 
annual recreational benefits. Recreational bene- 
fits would accrue as a result of the use of recrea- 
tional facilities proposed in conjunction with the 
reservoir. The flood control benefits would be 
achieved by lowering the hydraulic grade line 
(high water surface elevation) of the flood flows on 
Sugar Creek and Honey Creek and on the White 
River below the proposed reservoir. The pro- 
posed reservoirs may be expected to lower the 
high water elevation of the 100-year recurrence 
interval flood approximately two feet at Brever 
Road, one foot and Hargraves Road, and 0.5 foot 
at Potter Road. 

Costs: The total installation cost of the proposed 
reservoir is estimated at $2,420,000, including 
~ ~ d ~ t r ~ ~ t i ~ n ,  engineering and administrative ser-  
vices, and the cost of obtaining land easements and 
road relocations. Amortized at 3 1/4 and 6 per- 
cent interest, over a 50-year period, the average 
annual cost would be $98,570 and $153,525, 
respectively. Average annual operation and main- 
tenance costs are estimated at $900. The total 
installation cost of the recreational facilities is 
estimated at $5,600,000. Amortized at 3 1/4 and 
6 percent, the average annual cost of recrea- 
tion facilities would be $228,110 and $355,300, 
respectively. 





Benefit-Cost Ratio: The benefit-cost ratio of the 
Sugar Creek multiple-purpose reservoir, calcu- 
lated at 3 1/4 percent interest, would be 2.26 
to 1.0. 

Average Annual Benefit 
Flood-damage alleviation $ 7,220 
Recreational benefits 2,102,950 
Total $2,110,170 

Average Annual Cost 
Structure installation $ 98,570 
Structure operation 
and maintenance 900 
Recreation facilities 
installation 228,110 
Recreation facilities, 
operation, maintenance, 
and replacement 606,180 
Total $ 933,760 

Benefit-Cost Ratio = 
2,110, 170 = 2.  26 

933,7 60 

2,110,170 
At 6 percent interest = = 1.89 

1,115,900 

This plan element would serve the watershed land 
use development objectives, including those relat- 
ing to recreational uses, as well as the watershed 
flood control facility construction development 
objectives. As already noted, flood peaks and 
associated flood damages would be substantially 
reduced on Sugar Creek from the structure to 
Honey Lake. Below Honey Lake the reduction in 
damage would be less marked, and below Echo 
Lake only minor reductions would be effected. 
The structure would eliminate the need to replace 
the bridge on Hargraves Road, which replacement 
would otherwise be required solely for the pur- 
pose of providing an adequate waterway opening. 
A benefit could also be realized at the location of 
the proposed STH 15 crossing of Sugar Creek. 
Here the size of bridge that would be required 
could be reduced substantially with the dam in 
place. 

Flood Control Reservoir on the Fox River 
A reduction in flood peaks and an associated 
reduction in flood damage could be obtained on 
portions of the Fox River if a floodwater retarding 
structure were constructed near the outlet of the 
Vernon Marsh. The proposed structure would 
consist of an earth embankment, with a concrete 
box outlet as  a primary spillway and a vegetated 

channel as a secondary spillway. The structure 
would be located across the Fox River in' Section 
24, Town 5 North, Range 18 East, in the Town of 
Mukwonago, Waukesha County. The embankment 
would have a maximum height of 20 feet and a 
length of approximately 650 feet. The drainage 
area tributary to the proposed structure i s  220 
square miles in extent. 

Spillways set at three elevations would regulate 
outflow from the structure. An orifice with its 
bottom set at elevation 780.5 feet above mean sea 
level datum would be used to reduce the magnitude 
of the smaller, more frequent flood peaks; a 
reinforced concrete box spillway with an inlet 
opening set at elevation 786. 0 feet would regulate 
the outflow from floods up to the 100-year recur- 
rence interval in size; a 400-foot vegetated spill- 
way, designed to operate only when the 1 percent 
chance flood is exceeded, would be provided with 
a spillway crest set at elevation 788.5 feet. The 
elevation of the top of dam would be set at 795.0 
feet. Storage in the pool area up to elevation 
780.5 feet would be allocated to sediment, and 
drawdown pipes would be provided to remove 
water completely from behind the dam after 
periods of flood flow. 

The maximum water surface area created by the 
temporary storage of floodwater would be about 
5,400 acres. The reservoir would be completely 
emptied between flood events because the land- 
based recreational and wildlife conservancy value 
of the marsh are deemed to outweigh the water- 
based recreational benefits associated with the 
permanent storage of water in the area. The full 
5,400-acre temporary lake would be produced 
only by the occurrence of a 100-year recurrence 
interval flood; and the entire lake volume, totaling 
31,000 acre-feet, could be released in a 30-day 
period and would provide storage for the equiva- 
lent of a 2.8 inch runoff from the tributary drain- 
age area of 220 square miles. A 2.8 inch runoff 
could, under normal summer conditions, be 
expected to result from a 5.4 inch rainfall over 
the tributary watershed area. 

The proposed location of the structure and the 
reservoir area is shown on Figure 8. Estimated 
quantities of materials and unit prices for the 
major work items are: 31,000 cubic yards of 
embankment at $0.55 per cubic yard; 23,000 cubic 
yards of common excavation at $2 per cubic yard; 
215 cubic yards of reinforced structural concrete 
at $150 per cubic yard, and 3,000 cubic yards of 



F i g u r e  8 
PROPOSED FOX RIVER FLOOD CONTROL RESERVOIR AND STRUCTURE 

VERNON MARSH AREA. WAUKESHA COUNTY, WISCONSIN 

S I T E  MAP PLAN VIEW 

TYPICAL CROSS-SECTION OF 
EARTH EMBANKMENT AND CONDUIT 

OUT-OFF TRENCH RLHOVL UNSUITABLE 

LEGEND 

DENOTES LIMITS OF FLOOD POOL 

DENOTES EARTH EMBANKMENT 

DENOTES VEGETATED SPILLWAY 

One a l t e r n a t i v e  f l ood  c o n t r o l  p lan  element considered f o r  t h e  Fox R ive r  i nvo l ves  t h e  cons t ruc t i on  o f  a  f lood-  
water  r e t a r d i n g  s t r u c t u r e  near t h e  o u t l e t  o f  the Vernon Marsh i n  Waukesha County. Only temporary storage o f  
f l oodwa te r  i s  proposed under t h i s  a l t e r n a t i v e ,  w i t h  the  reservo i  r being completely emptied between f l o o d  events, 
i n  o rde r  t o  preserve the land-based rec rea t i ona l  and w i l d1  i f e  conservancy va lue  o f  t he  marsh. Whi le  t h i s  p lan 
a l t e r n a t i v e  would serve t o  reduce f l o o d  damages downstream from the Marsh, i t  would n o t  e l  iminate  t h e  need t o  
c o n s t r u c t  d ikes i n  t he  C i t y  o f  B u r l i n g t o n  no r  would i t  p r o v i d e  adequate p r o t e c t i o n  t o  t h e  S i l v e r  Lake area. 

Source: U. S. Soil Conservation Service and SEICIZPC. 

rip rap at $10 per cubic yard. Miscellaneous Benefits: Construction of the floodwater retarding 
construction costs are estimated at $105,700, with reservoir could be expected to reduce average 
land and easement costs estimated at $819,000. annual flood damages by $12,800. These benefits 



would be achieved by lowering the hydraulic grade 
line of the flood flows on the Fox River below the 
proposed reservoir. The proposed reservoir may 
be expected to lower the high water elevation of 
the 100-year recurrence interval flood on the Fox 
River approximately 4 feet at STH 15, 2.2 feet at 
Big Bend, 1. 5 feet at Waterford, 0. 8 foot at Bur- 
lington, and 0.2 foot at Wilmot. 

Costs: The total installation cost of the proposed 
structure is estimated at $1,050,000, including 
construction, engineering and administrative ser- 
vices, the cost of road relocation, and the cost of 
obtaining land easements. Amortized at 3 1/4 and 
6 percent, over a 50-year period, average annual 
costs would be $42,770 and $66,600, respectively. 
Average annual operation and maintenance costs 
are estimated at $350. 

Benefit-Cost Ratio: The benefit-cost ratio for the 
Vernon Marsh floodwater retarding reservoir, 
calculated at 3 1/4 percent, would be 0.30 to 1.0. 

Aver age Annual Benefit 
Flood-damage alleviation $12,800 

Average Annual Cost 
Structure installation 
Structure operation 
and maintenance 350 
Total $43,120 

Benefit-Cost Ratio 

12,800 = 0.19 At 6 percent interest = - 
66,950 

This proposal would provide a degree of protec- 
tion to flood-vulnerable urban and agricultural 
areas along the main stem of the Fox River below 
the Vernon Marsh. This proposal would not elim- 
inate the need to construct dikes in Burlington nor 
would it provide an acceptable level of protection 
in the Silver Lake area, where 100-year recur- 
rence interval high water surface elevations would 
be reduced only 0.8 foot and 0.2 foot, respec- 
tively. Installation of the structure would elimi- 
nate the need to replace the bridges on Center 
Drive, STH 24, Tichigan Drive, and CTH F solely 
for the purpose of providing adequate waterway 
openings. The foregoing evaluation of this plan 
element is based upon the construction of only a 
single-purpose reservoir. The use of the reser- 
voir for an additional purpose, municipal water 

supply for the City of Waukesha, is discussed in 
Chapter VI, Volume 2, of this report. 

MANAGEMENT OF EXISTING WATER 
CONTROL FACILITIES 
The structural flood control facilities described 
in the preceding sections would begin to function 
as soon as construction was completed and the 
facilities placed in service. The facilities, if 
designed as proposed, would require nothing other 
than normal maintenance to continue to provide 
protection throughout the physical life of the 
facilities. The following two alternative flood 
abatement proposals would require both struc- 
tural improvements and the management of these 
improvements in order to perform flood control 
functions. The management requirements attend- 
ant to these two proposals consist of temporarily 
lowering existing lake levels in order to establish 
storage volumes for floodwaters. This would 
require relatively minor modifications to existing 
lake outlet control structures. It would also 
require approval from the Wisconsin Department 
of Natural Resources to alter legally established 
lake levels and the assignment of the management 
responsibilities to some unit or agency of govern- 
ment. Proper regulation of the lake levels for 
flood control purposes would not detract from the 
recreational value of the existing lakes. 

Management of the Impoundment at Waterford 
A degree of flood control could be established on 
the Fox River downstream from Waterford by 
operating the Waterford impoundment so as to 
provide stor age for floodwater. Such operation 
for flood control would require that a system of 
gates be installed in the existing dam at Water- 
ford. The gates would provide a means for 
removing water held in storage below the crest of 
the dam. The volume so vacated by drawing down 
the level of the impoundment would become avail- 
able for the storage of floodwater. An estimated 
1,000 acre-feet of potential floodwater storage 
could be obtained for each foot of depth that the 
impoundment was lowered. 

Ideally, the impoundment would be managed so 
that maximum storage would be available just 
prior to the occurrence of a flood. As the flood 
passed through the impoundment, it would return 
the water surface of the impoundment to its nor- 
mal level. Only the timing of snowmelt floods, 
however, can be readily anticipated. Therefore, 
operation of the impoundment would, as a practi- 



cal matter, be limited to the control of spring 
runoff. 

Streamflow records indicate that about 80 percent 
of the snowmelt floods on the Fox River occur in 
the four-week period beginning in the second week 
of March. Therefore, drawdown of the impound- 
ment would have to be initiated around the first  of 
March; and the impoundment could remain lowered 
for periods of time up to six weeks from that date. 

The impoundment at Waterford was originally 
created by constructing a low dam across the Fox 
River. This dam has two concrete weir spill- 
ways and at one time also contained a sluiceway 
controlled by five wooden slide gates. The area 
originally occupied by the gates has since been 
filled with concrete, and the channel -- leading - away 
from the gates has been filled with earth so that 
the gate is no longer operable (see Figures 9 and 
10. In order to operate the structure for flood 
control purposes, the exit channel below the orig- 
inal sluiceway would have to be reconstructed and 
modified to permit installation of three radial 
gates, each four feet by ten feet in cross section. 
The gates, when opened, would allow the water 
level in the impoundment to be lowered four feet 
in a period of 10 to 14 days. Approximately 4,200 
acre-feet of floodwater storage would be obtained 
in this way, equivalent to 0.2 inch of runoff from 
the tributary watershed area  of 360 square miles. 
A 0.2 inch runoff could, under normal summer 
conditions, be expected to result from a 1.8 inch 
rainfall oGer the tributary watershed area. 

Details of the proposed modifications to the exist- 
ing dam are shown in Figure 11. Estimated quan- 
tities of materials and unit costs for the major 
work items are: clearance of existing sluiceway 
and channel, lump sum $7,000; 120 cubic yards of 
reinforced structural concrete at $150 per cubic 
yard; and installation of three radial gates at 
$2,400 each. Miscellaneous costs are estimated 
at $28,100. 

Benefits: Modification of the dam at Waterford and 
its proper operation for flood control purposes 
would reduce average annual flood damages by an 
estimated $4,550. This benefit was calculated by 
assuming that snowmelt floods will account for 
50 percent of the average annual damages which 
the dam could abate and that the management 
could be used effectively on 50 percent of the 
snowmelt floods. This assumes that 50 percent 

of the snowmelt floods will occur after the reser-  
voir is drawn down. 

Costs: The total cost of effecting the necessary 
modifications to the existing dam is estimated at 
$61,100, including construction and engineering 
and administrative services. Annual maintenance 
costs are estimated at $130. The costs do not 
include an estimate of the cost of the attendant 
management services, i t  being assumed that these 
would be minor and could be absorbed by whatever 
unit or agency of government is assigned the 
operational responsibilities. Amortized at 3 1/4 
and 6 percent interest, over a 50-year period, 
average annual cost would be $2,580 and $3,870, 
respectively. 

Benefit-Cost Ratio: The benefit-cost ratio of this 
proposal calculated at 3 1/4 percent would be 

Average Annual Benefit 
Flood-dam age alleviation $4,550 

Average Annual Cost 
Installation 
Maintenance 
Total 

4,550 - 1-70 Benefit-Cost Ratio = - - 
2,710 

4 9  550 = 1.14 At 6 percent interest = - 
4,000 

The effects of this proposal would be most notice- 
able on the smaller, more frequent spring snow- 
melt flood events, because in these events the 
storage volume available will accommodate a 
larger proportion of the total runoff, and a larger 
reduction in flood peaks will consequently be 
achieved. Flood stages generated by the five-year 
recurrence interval flood would be reduced by an 
estimated one foot in the City of Burlington and'in 
the Silver Lake area. Implementation of this flood 
control proposal would not eliminate the need for 
the construction of dikes in Burlington nor would 
i t  provide a substantial reduction in damage at 
Silver Lake,due to the more severe floods. 

In addition to the downstream effects, upstream 
benefits could also accrue as  a result of this pro- 
posal. Gates could be partially opened after flood 
peaks had passed in order to return the impound- 
ment to i ts  normal level as rapidly a s  possible. 



Figure 9  

WATERFORD DAM SLUICEWAY PRIOR TO FILLING OPERATIONS 

The Waterford impoundment on the  Fox R ive r  was o r i g -  
i n a l l y  c reated by c o n s t r u c t i n g  a  low dam across the  
r i v e r  having two concrete wei r  sp i l lways  and a 
sluiceway con t ro l  l e d  by f i v e  wooden s l i d e  gates. The 
sluiceway w i t h  i t s  at tendant e x i t  channel i s  shown 
i n  t h i s  photo taken i n  the summer o f  1966. The 
sluiceway prov ided f l o o d  con t ro l  c a p a b i l i t i e s  a t  the 
Waterford impoundment. The sluiceway and gates were, 
however, abandoned i n  1967 and the channel f i l l e d  
by the  V i l l a g e  of  Waterford, which owns the  dm, 
upon t h e  issuance o f  a  p e n n i t  by t h e  Wisconsin 
P u b l i c  Serv ice Commission, so t h a t  the  dam now has no 
water management o r  f l o o d  c o n t r o l  c a p a b i l i t i e s .  

Source: SEWRPC. 

F igu re  10 
WATERFORD DAD SLUICEWAY MEh W W  TO 

FILLING WERATIORS 

The o r l g l n a l  s l u i c e w a y  and e x l t  chennel a t  the 
Waterford impoundment were Bbandensd a d  f i l l e d  i n  
l a t e  lS67, t h u r  ranovlngl any wake? mmpsement 
capab i l i t y .  I n  o r d e r  to be ab le  to operate  t h l s  
s t r u s t u r e  for f l o o d  w n t r o l  Qurpsaea, the es i  t ohan- 
nel  below t h e  o r l g l n a l  alaicswey w a l d  hms to be 
r e ~ t l n s t r u o t s d  and gates r e i m t a l l e d  I n  a r w n -  
s t r u c t e d  sluiceway. 

source: SmRK. 

For ex%mpIs, o & h v  frw the straohw. coald be 
doubled by qwnhg gate% oae foot when the pool 
level was ws-half £oat above the spillway creet or 
by opmillg, gates two fast wiQ the pool level one 
foot &me tha spillway -st. The ability to lower 
the im-ent level more rapidly could reduos 
flood dam- antd improve drainage in upstream 
areas, ~ ~ l y  those areas around Tiohigan 
Lake, The pool could a h  be maintained at spill- 
way crsat instead of overfh&g. 

Management of APajor h k s  
A degree of flood control ansld &o k e ed 
in tbe Fox River ws tersbd  improviag tha 
flmdwatm storm af 10 of the 
major lakes within the mWmIaed, SgCh improve- 
ment w d  be m m W 6  &T @r bath & 
the f0UWiag me*&: 



Figure II 
PROPOSED WATERFORD IMPOUNDMENT 

MANAGEMENT FACILITIES 
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T Y P I C A L  F L O O D  G A T E  

An a l t e r n a t i v e  f l o o d  c o n t r o l  p l a n  element considered f o r  t h e  Fax R i ve r  wa te rshed  i nvo l ves  t h e  reestab l ishment  
o f  management c a p a b i l i t i e s  a t  the  Water ford  impoundment. Gates w u l d  be i n s t a l l e d  i n  t h e  e x i s t i n g  dam to  p r o v i d e  
a means f o r  removing water h e l d  i n  s to rage  below the c r e s t  o f  t h e  d m .  Floodwater s to rage  capac i t y  c o u l d  t hus  be 
c rea ted  by drawing down the l e v e l  o f  t h e  impoundment p r i o r  t o  a n t i c i p a t e d  f l ood  events. Implementat ion o f  t h i s  
f l o o d  c o n t r o l  proposal  would not ,  however, e l i m i n a t e  the need f o r  t h e  c o n s t r u c t i o n  o f  d i kes  i n  B u r l i n g t o n  n o r  
would i t  p r o v i d e  a  s u b s t a n t i a l  reduct ion  i n  f l o o d  damage from severe f l o o d s  i n  the  S i l v e r  Lake area. 

Source: U. S. Conse rva t i on  S e r v i c e  a n d  SEVRFC. 

rence of a flood. This method would be and Silver (Kenosha County). Various levels of 
applicable only to spring snowmelt floods, management could be applied on all of these 
which can be readily anticipated. 10 lakes. 

2. Floodwater storage could be increased 
by making provisions for the temporary 
storage of floodwater above normal lake 
levels. This method would require that 
existing lake outlet structures be altered. 

The 10 lakes considered for such management 
were Pewaukee, Eagle Spring, Beulah, Big Mus- 
kego, Eagle, Lauderdale, Como, Geneva, Browns, 

Outlet structures on four of the lakes-Pewaukee, 
Eagle Spring, Big Muskego, and Geneva-are now 
equipped with control facilities by which the lake 
level can be lowered. Therefore, the level of 
these lakes could be readily managed to provide 
some storage prior to the arrival of spring runoff. 
Flashboards could be added at the outlet struc- 
tures of the other six lakes, at approximately the 
same time of year, to provide for the storage of 



floodwater above the normal lake levels. The 
water stored above the existing spillway crest  
could be released when the risk of flood damage 
had passed by removal of the flashboards or  could 
be retained in the lake for longer periods and 
used to augment streamflow and improve stream 
water quality. 

This basic approach, while the most inexpensive, 
would have several disadvantages: 1) the installa- 
tion of flashboards and attendant raising of lake 
levels could induce property damages around 
some lakes; 2) the lowering of lake levels would 
have to be done in a conservative manner in order 
to assure that the lakes would return to normal 
levels when floods had passed; and 3) the control 
would usually be effective only for the spring 
snowmelt flood. 

More effective flood control could be realized if 
more extensive structural alterations were made 
in the existing lake outlet control structures and 
if integrated operation of the structures were 
based upon detailed study of anticipated runoff. In 
some areas of the state, forecasts of spring 
runoff volumes are  prepared from snow surveys; 
and the preparation of such forecasts could be 
made the responbility of the managing agency. 

A discussion of how each of the 10 major lake 
outlets could be most effectively altered and the 
lake level managed follows: 

1. Geneva Lake 

The lake level could be readily managed 
for flood control purposes using the gates 
presently provided in the existing outlet 
control structure. Lowering the lake level 
1 foot would take about 13 days and would 
provide approximately 5,000 acre-feet of 
floodwater stor age, equivalent to 3.2 inches 
of runoff from the 28. 8 square mile tribu- 
tary drainage area. A 3.2 inch runoff 
could, under normal summer conditions, 
be expected to result from a 5.5 inch rain- 
fall over the tributary watershed area. 
The only cost involved would be the cost of 
the management services. 

2. Eagle Lake 

The existing outlet control structure would 
have to be structurally modified or  re-  
placed with a box inlet structure similar to 

the one shown in Figure 12. The modified 
existing structure or  the proposed struc- 
ture would have i ts  spillway crest  set  at 
the normal lake level and would contain 
facilities for lowering the lake level. Low- 
ering the lake level 2 feet below the nor- 
mal level would require about 9 days and 
would provide approximately 1,000 acre- 
feet of floodwater storage, equivalent to 
2.6 inches of runoff from the 7.2 square 
mile tributary drainage area. A 2. 6 inch 
runoff could, under normal summer condi- 
tions, be expected to result from a 4.8 inch 
rainfall over the tributary watershed area. 
The estimated total installation cost of the 
modified structure proposal is $7,000. 

3. Browns Lake 

The existing outlet control structure would 
have to be removed and replaced with a 
box inlet structure similar to that shown in 
Figure 12. The proposed structure would 
have i ts  spillway crest  set  0.5 foot above 
the normal lake level and would contain 
facilities for lowering the lake level. Low- 
ering the lake level 1 foot below the spill- 
way crest  (0.5 foot below the present nor- 
mal level) would take about 13 days and 
would provide approximately 400 acre-feet 
of floodwater storage, equivalent to 4.5 
inches of runoff from the 1.6 square mile 
tributary watershed area. A 4.5 inch run- 
off could, under normal summer condi- 
tions, be expected to result from a 6.8 inch 
rainfall over the tributary watershed area. 
The estimated total installation cost of the 
proposed structure is $6,100. 

4. Lauderdale Lakes 

The existing outlet control structure would 
have to be structurally modified or  re- 
placed with a box inlet structure similar to 
that shown in Figure 12. The proposed 
structure would have its spillway crest  set  
0.5 foot above the normal lake level and 
would contain facilities for lowering the 
lake level. Lowering the lake level 2 feet 
(1.5 feet below the present normal level) 
would require about 13 days and would 
provide approximately 1,500 acre-feet of 
floodwater storage, equivalent to 1.2 inches 
of runoff from the 24.1 square mile tribu- 
tary drainage area. A 1.2 inch runoff 



Figure 12 
TYPICAL BOX-INLET DROP SPILLWAY 

S T R U C T U R E  PROPOSED FOR INSTALLATION AT LAKE OUTLETS 
/ 

LAKE 

REMOVABLE 

WATER 

/ ' 

\ CHANNEL OUTLET 
\ 
\ 

NOTE: THIS TYPE OF STRUCTURE COULD BE: 

I. USED T O  REPLACE EXISTING OUTLET STRUCTURE. 

2. ATTACHED TO THE EXISTING O U T L E T  STRUCTURE TO 
PERMIT LAKE LEVEL MANAGEMENT. 

3. INSTALLED IN THE EMBANKMENT OF THE EXISTING 
STRUCTURE TO PERMIT LAKE L E V E L  MANAGEMENT. 

Source: U. S. Soil Conservation Service and SEWMC. 

could, under normal summer conditions, 
be expected to result from a 4.9 inch rain- 
fall over the tributary watershed area. 
The total installation cost of the modified 
structure proposal is estimated at $7,000. 

5. Eagle Spring Lake 

The lake level could be readily managed 
for flood control purposes using the facili- 
ties presently provided in the existing 
outlet control structure. These facilities 
would allow the lake level to be drawn 
down 2 feet or  more. Lowering the level 
of the lake 2 feet would require about 
4 days and would provide approximately 
500 acre-feet of floodwater storage, equiv- 

alent to a runoff of 0.25 inch from the 35.5 
square mile tributary drainage area. A 
0.25 inch runoff could, under normal con- 
ditions, be expected to result frdm a 2.7 
inch rainfall over the tributary watershed 
area. The only cost involved would be the 
cost of the management services. 

6. Silver Lake 

The existing outlet control structure would 
have to be removed and replaced with a 
box inlet structure similar to that shown in 
Figure 12. The proposed structure would 
have its spillway crest  se t  0.5 foot above 
the normal lake level and would contain 
facilities for lowering lake levels. Low- 



ering the lake level 1 foot (0.5 foot below 
the present normal level) would require 
about 15 days and would provide approxi- 
mately 450 acre-feet of floodwater stor- 
age, equivalent to a runoff of 1.4 inches 
from the 5.9 square mile tributary water- 
shed area. A 1.4 inch runoff could, under 
normal summer conditions, be expected to 
result from a 3.4 inch rainfall over the 
tributary watershed area. The total instal- 
lation cost is estimated at $6,100. 

7. Big Muskego Lake 

The existing outlet control structure would 
have to be structurally modified or  re-  
placed with a box inlet structure similar to 
that shown in Figure 12. The proposed 
structure would have i ts  spillway crest se t  
0.5 foot above normal lake level and would 
contain facilities for lowering the lake 
level. Lowering the lake level 1.5 feet 
(1.0 foot below the present normal level) 
would require about 20 days and would 
provide approximately 3,000 acre-feet of 
floodwater storage, equivalent to a runoff 
of 2.0 inches from the 28 square mile 
tributary watershed area. A 2.0 inch run- 
off could, under normal summer condi- 
tions, be expected to result from a 3.8 inch 
rainfall over the tributary watershed area. 
The total installation cost of the modified 
structure proposal is estimated at $7,500. 

8. Pewaukee Lake 

The existing outlet control structure would 
have to be removed and replaced with a 
box inlet structure similar to that shown in 
~ i g u r e  12 .' The proposed structure would 
have its spillway crest  0.5 foot above the 
normal lake level and would contain facili- 
ties for lowering lake levels. Lowering 
the lake level 1.5 feet (1.0 foot below 
present normal lake level) would require 
about 21 days and would provide approxi- 

2 ~ h e  Pewaukee Lake Dam should be replaced because the 
present  s t r u c t u r e  permi t s  o n l y  an approximate one- 
foo t  drawdown, which i s  no t  enough control  for  l a k e  
water  management purposes.  To r a i s e  the l ake  l e v e l  
s i x  inches ,  a broader weir  would a l s o  be  needed to  
avo id  inducing f lood damages around the l ake  when 
rap id  water  re1 ease s  a re  needed.  

mately 4,700 acre-feet of floodwater stor- 
age, equivalent to a runoff of 3.2 inches 
from the 27. 6 square mile tributary drain- 
age area. A 3.2 inch runoff could, under 
normal summer conditions, be expected to 
result from a 5.7 inch rainfall over the 
tributary watershed area. The tota.1 instal- 
lation cost is estimated at $11,500. 

9. Beulah Lake 

The existing outlet control structure would 
have to be structurally modified or  re- 
placed by a box inlet structure similar to 
that shown in Figure 12. The proposed 
structure would have its spillway crest  set 
0.5 foot above normal lake level and would 
contain facilities for lowering the lake 
level. Lowering lake levels 2 feet (1.5 feet 
below present normal level) would require 
about 13 days and would provide approxi- 
mately 1,500 acre-feet of floodwater stor- 
age, equivalent to 2.2 inches of runoff from 
the 12.8 square mile tributary drainage 
area. A 2.2 inch runoff could, under nor- 
mal summer conditions, be expected to 
result from a 5.7 inch rainfall over the 
tributary watershed area. The total instal- 
lation cost of the modified structure pro- 
posal is estimated at $7,000. 

10. Como Lake 

The existing structure would have to be 
removed and replaced with a box inlet 
structure similar to that shown in Figure 
12. The proposed structure would have its 
spillway crest  0.5 foot above the normal 
lake level and would contain facilities for 
lowering lake levels. Lowering the lake 
level 1 foot (0.5 foot below present normal 
lake level) would require about 18 days and 
would provide approximately 1,350 acre- 
feet of floodwater storage, equivalent to 
3.1 inches of runoff from the 8.1 square 
mile tributary drainage area. A 3.1 inch 
runoff could, under normal summer con- 
ditions, be expected to result from a 5.9 
inch rainfall over the tributary watershed 
area. The total installation cost is esti- 
mated at $13,300. 

The amount that each lake would be lowered would 
be based on estimates of the expected runoff and, 



in many instances, would not need to be as  great 
a s  even the very modest values indicated in the 
preceding discussion, which values can be con- 
sidered to be probable maximums. On those 
structures for which raising of the spillway crest  
has been suggested, the proposed structure would 
have an overflow length greater than the overflow 
length of the existing structure in order to ensure 
that serious damages are  not induced on lake 
properties as  a result of raising the spillway 
crest. 

Approximately 19,400 acre-feet of storage could 
be created by using all of these 10 lake manage- 
ment proposals. This is equivalent to 0.4 inch of 
runoff from the entire tributary watershed above 
Wilmot. As noted, the period required to lower 
the lake levels would vary from 4 to 21 days. This 
factor would restrict the management practices 
to spring runoff events and would require that 
the lowering procedure be started in the middle 
of February. 

Benefits: Installation and operation of the lake 
management plan element would reduce average 
annual flood damages by $3,900. This benefit 
was calculated by assuming that snowmelt floods 
will account for 50 percent of the average annual 
damages. 

Costs: The total cost of the proposed flood control 
element is estimated at $65,500, including con- 
struction and engineering and administrative ser-  
vices. Annual maintenance costs are estimated 
at $350. These costs do 'not include the cost of 
management services, i t  being assumed that these 
would be minor and would be absorbed by what- 
ever unit o r  agency of government is assigned the 
operational responsibilities. Amortized at 3 1/4 
and 6 percent interest, over a 50-year period, 
average annual costs would be $2,670 and $4,155, 
respectively. 

Benefit-Cost Ratio: The benefit-cost ratio of this 
proposal calculated at 3 1/4 percent would be 
1.3 to 1.0. 

Average Annual Benefit 
Flood-damage alleviation $3,900 

Average Annual Cost 
Installation 
Maintenance 
Total 

Benefit-Cost Ratio 

At 6 percent interest = 4,505 - 3y  = 0.86 

The reduction in damage that could be attributed 
to this plan element would be essentially confined 
to the main stem of the Fox River. Only minor 
reductions in stage would be realized along most 
of the river in Wisconsin; however, the storage of 
large volumes of water, up to a total of 19,400 
acre-feet, a s  already noted, would assist in 
abating flood problems below the state line. 

ALTERNATIVE ACCESSORY 
FLOOD CONTROL PLAN ELEMENTS 

Adequate Waterway Openings of Bridges 
The water control facility standards set  forth in 
Chapter I1 of this volume recommended that 
bridge waterway openings be considered as  an 
integral part of any comprehensive watershed plan 
in order to achieve an integrated and effective 
drainage system within the watershed. Application 
of the hydrologic and hydraulic information set 
forth in Appendices D and E, together with an 
analysis of data on the hydraulic performance of 
bridge openings, provides a basis for recommend- 
ing bridge -- - removal and replacement within the 
watershed. Seventy-five existing bridges will have 
substandard waterway openings under 1990 land 
use conditions; and when replaced by the local or  
state highway agencies concerned as a part of the 
highway improvement program, these bridges 
should have adequate waterway openings provided 
in order to achieve an effective drainage system 
within the watershed. These bridges are  listed in 
Table 13. Additional related information pre- 
senting pertinent hydraulic data is presented in 
Appendix E. Benefit-cost analyses were not con- 
sidered as  a valid factor in evaluating bridge 
replacement because the structures requiring 
replacement have, with few exceptions, served 
their useful life and will, in any case, require 
replacement for transportation system construc- 
tion, operation, and maintenance purposes. 

Floodland Evacuation 
The structural flood control plan elements dis- 
cussed in the preceding sections of this report 
would singly or  in combination serve to abate 
flooding and reduce flood damages in two of the 
three areas of the watershed which experienced 



major damages in the 1960 flood: the Waukesha 
and Burlington areas. No economically sound 
means exist for the abatement of potential flood 
damages by the construction of flood control 
works in the third major damage area of the 
watershed, the Silver Lake area, since the cost of 
any practical flood control works to protect exist- 
ing development in this area would exceed the 
flood abatement benefits. The removal of certain 
residences in the floodlands of the Fox River 
located in Sections 1 and 12, Town 1 North, Range 
19 East, Town of Wheatland, Kenosha County, and 
in Sections 7 and 18, Town 1 North, Range 20 
East, Village of Silver Lake and Town of Salem, 
would, however, accomplish flood damage abate- 
ment, reduce the public health and safety hazards 
attendant to flooding in this area, and provide 
additional land for park and related open-space 
use. Evacuation of the floodlands in the Silver 
Lake area of the watershed must, therefore, 
be considered as a possible adjunct to any com- 
prehensive watershed plan for the Fox River 
watershed. 

Criteria relating to the removal of residences 
located within floodlands are largely economic. 
Flood damages mount rapidly per unit depth of 
flooding as first floors of dwellings are inundated. 
It is also generally difficult to floodproof resi- 
dences when floodwaters rise above the first 
floor level. 

Benefits and Costs: As shown in Figure 13, there 
are 160 residences located within the 10-year 
recurrence interval flood hazard lines in that 
reach of the Fox River watershed extending from 
Section 1 in the Town of Wheatland through Sec- 
tion 18 in the Town of Salem, Kenosha County. 
These 160 residences have a present (1968) esti- 
mated combined property value of $1,235,115. 
Amortized at 3 1/4 and 6 percent interest, over a 
50-year period, average annual costs of acquiring 
these residences would be $50,330 and $78,360, 
respectively. The average annual monetary bene- 
fit which could be attributed to this plan element 
is estimated at $44,500 all of which is attribut- 
able to flood damage alleviation. 

Benefit-Cost Ratio: Assuming that the salvage 
value of the residences at the time of public acqui- 
sition and removal would be sufficient to cover 
demolition costs and subsequent landscaping of 
the vacated sites, the benefit-cost ratio, calculated 
at 3 1/4 percent interest, would be 0. 88 to 1.0. 

Average Annual Benefit 
Flood-damage alleviation $44,500 

Average Annual Cost 
Property acquisition 

44 500 - 0. 88 Benefit-Cost Ratio = - 50,330 

44,500 - 0.57 At 6 percent interest = - - 
78,360 

It should be noted that the above benefit-cost ratio 
is very conservative in that no benefits have been 
assigned for the ultimate use of the land to be 
evacuated as an integral part of the recommended 
Fox River parkway. 

As noted earlier in this section, no economically 
sound means exist for the abatement of potential 
flood damages in the Silver Lake area through the 
construction of flood control works. Not only 
would the cost of any practical flood control 
works, such as earth levees and concrete flood- 
walls to protect existing development in this area, 
greatly excked the flood abatement benefits but 
the construction, for example, of earth levees 
would in many instances require the removal of 
the very residences the levees were designed to 
protect in order to provide room to construct the 
levees, which would necessarily be up to 80 feet 
in width at the base. The construction of concrete 
floodwalls nearly six miles in length and up to 
eight feet in height would not only destroy the 
aesthetic value of the river sought by the shore- 
lime residents to be protected but by the general 
public as well and would be prohibitively expen- 
sive, greatly exceeding the cost of acquiring the 
residences themselves. Thus, it should be noted 
that, while the above benefit-&& ratios for flood- 
plain evacuation are less than 1.0, they are net- 

-- -- 

essarily greater than any potential-corresponding 
ratio for the construction of flood control works 
in this area. 

Floodproofing of Residences 
It is possible and generally practicable for 
homeowners, as individuals, to make certain 
structural adjustments or to impose certain use 
restrictions on private properties in order to 
reduce flood damage. These structural measures 
and use restrictions applied to buildings and con- 
tents are known as ''floodproofing." The flood 
damage survey revealed that many private indi- 



Table 13 

PUBLIC HIGHWAY BRIDGES IN THE FOX RIVER WATERSHED 
HAVING SUBSTANDARD HYDRAULIC CAPACITIESa 

B r i dge  Loca t i on  

CTH HI, Waukesha County 
Center Dr ive ,  Waukesha County 
STH 24, Waukesha County 
T i ch igan  Dr ive ,  Racine County 
STH I I, Racine County 
CTH J, Kenosha and Racine Count iesC 
STH 83 and 50, Kenosha County 
CTH F, Kenosha County 

CTH B, Kenosha County 

CTH X ( S a y l e s v i l l e  ~ o a d ) ,  Waukesha County 
CTH XI ( ~ o l c o m b  Road), Waukesha County 

Hahn Road, Kenosha County 
R i c h t e r  Road, Kenosha County 
CTH W, Kenosha County 

D a r l i n g  Road, Walworth County 
CTH B (Main s t r e e t ) ,  Wal worth County 

CTH A, Racine County 
CTH J, Racine County 

CTH F, Kenosha County 
L il l y Lake Road, Kenosha County 
Fox R ive r  Road, Kenosha County 

STH 43, Racine County 
Brever Road, Racine County 
CTH B, Kenosha County 
CTH J, Kenosha and Racine Count ies  
Mt. Tom Road, Racine County 

S. Church S t ree t ,  Walworth County 
Yahnke Road, Walworth County 
STH I I, Walworth County 

CTH H, Walworth County 
CTH D, Walworth County 
Hodges Road, Wal worth County 
CTH D, Wal worth County 
Hargraves Road, Walworth County 

Marsh Road, Walworth County 
Carver Road, Walworth County 
B e l l  School Road, Walworth County 
Hel bach Road, Walworth County 
STH 20, Racine County 
CTH D, Walworth County 
Sp r i ng  P r a i r i e  Road, Raclne County 

CTH Y, Waukesha County 
Woods Road, Waukesha County 
Muskego Dam Road, Waukesha County 

S t r u c t u r e  
  umber^ 

98 
1 39 
140 
141 
2 46 
2 59 
265 
269 

272 

106 
107 

26 1 
262 
26 4 

27 5 
278 

168 
169 

266 
267 
268 

2 56 
2 57 
253 
254 
255 

235 
238 
2 40 

19 1 
193 
195 
196 
200 

177 
182 
185 
186 
1 87 
188 
20 6 

1 47 
148 
150 

T r i b u t a r y  

Lower Fox 
Lower Fox 
Lower Fox 
Lower Fox 
Lower Fox 
Lower Fox 
Lower Fox 
Lower Fox 

S i l v e r  Lake 

Spr ing  Creek 
Sp r i ng  Creek 

Peterson Creek 
Peterson Creek 
Peterson Creek 

Nippers ink  Creek 
Nippers ink  Creek 

Eagle Creek 
Eagle Creek 

Basset t  Creek 
Basset t  Creek 
Basset t  Creek 

Hoosier Creek 
Hoosier Creek 
Hoos ier  Creek (Hoosier Creek Canal) 
Hoos ier  Creek (Hoosier Creek Canal) 
Hoosier Creek ( ~ o o s i e r  Creek Canal) 

White R iver  (o re  Creek) 
White R i v e r  
White R i ve r  

Sugar Creek 
Sugar Creek 
Sugar Creek 
Sugar Creek 
Sugar Creek 

Honey Creek 
Honey Creek 
Honey Creek 
Honey Creek 
Honey Creek 
Honey Creek 
Honey Creek 

Wind Lake 
Wind Lake 
Wind Lake 



Table  13 ( con t i nued )  

a ~ h i s  t ab l e  i n d i c a t e s  those b r i d g e s  which have substandard hydrau l i c  c a p a c i t i e s  causing over topping o f  the 
b r idge  deck o r  the br idge  approach road s e c t i o n s  ( s e e  Appendix E ) . 

Br idge  Locat ion  

CTH X, Waukesha County 
CTH NN, Waukesha County 
CTH E, Waukesha County 
CTH E, Waukesha County 
Beulah Road, Waukesha County 
CTH J, Walworth County 
CTH I, Waukesha County 

CTH K, Waukesha County 
CTH JF, Waukesha County 

L i n c o l n  Road, Waukesha County 
STH 59, Waukesha County 
CTH SS, Waukesha County 
CTH Y, Waukesha County 

CTH TT ( M e r r i l l  H i l l s  Road), Waukesha County 
CTH D (sunset  h i v e ) ,  Waukesha County 

CTH I (Lawnsdale Road), Waukesha County 
CTH U ( G u t h r i e  ~ o a d ) ,  Waukesha County 
Glenda1 e Road, Waukesha County 

Joanne Dr ive ,  Waukesha County 
CTH KX ( ~ a l  houn ~ o a d ) ,  Waukesha County 
B r o o k f i e l d  Road, Waukesha County 

Custer Lane, Waukesha County 
CTH W, Waukesha County 
M i l l  Road, Waukesha County 
CTH Y, Waukesha County 
CTH VV,  Waukesha County 
R i v e r  Road, Waukesha County 
CTH M, Waukesha County 
Barker Road, Waukesha County 
Town L i n e  Road; Waukesha County 
CTH SS, Waukesha County 

b ~ e e  Map 33 i n  Volume 1 o f  t h i s  r e p o r t .  

C 
In 1969 t h i s  b r idge  was replaced w i t h  a  new s t ruc ture  des igned i n  accordance w i t h  the  hydrau l i c  recom- 
mendations s e t  f o r t h  i n  Appendix E . 

S t ruc tu re  
 umber 

1 22 
124 
I27 
1 28 
1 30 
130A 
131 

2 1 
22 

46 
50 
5 1 
56 

9 3 
96 

l I0  
I II 
114 

42 

*< 43 
YY 

4 
5 
9 
I I 
12 
28 
3 1 
32 
59 
60 

Source: U.S. So i l  Conservation S e r v i c e .  

T r i b u t a r y  

Mukwonago R ive r  
Mu kwon ago R i ve r 
Mukwonago R i ve r 
Mu kwonago Ri ver  
Mukwonago R ive r  
Mukwonago R ive r  
Mukwonago R ive r  

Upper Fox (sussex creek)  
Upper Fox (sussex creek)  

Upper Fox (Pop lar  c reek)  
Upper Fox (Popl a r  c reek)  
Upper Fox (pop la r  Creek) 
Upper Fox (Pop lar  c reek)  

Pebble Creek 
Pebble Creek 

Pebble Brook 
Pebble Brook 
Pebble Brook 

Upper Fox (Deer creek) 
Upper Fox ( ~ e e r  Creek) 
Upper Fox ( ~ e e r  c reek)  

Upper Fox (Main Stem) 
Upper Fox (Main stem) 
Upper Fox (blain stem) 
Upper Fox (Main stem) 
Upper Fox ( ~ a i n  Stem) 
Upper Fox (Main stem) 
Upper Fox (Main stem) 
Upper Fox (Main Stem) 
Upper Fox (Main stem) 
Upper Fox (Main stem) 

viduals have practiced and may be expected to 
continue to practice various kinds of floodproofing 
measures , and these f loodproofing measures have 
undoubtedly contributed substantially to a reduc- 
tion of historic flood damages. The calculation of 
future flood damages in this report (see Chapter 
VII, Volume 1) is based, in part, upon the implied. 
assumption that private floodproofing measures 
will continue to be applied to reduce future dam- 

ages in a proportion equivalent to the reduction of 
historic damages. A review of the technical lit- 
erature and of the reports of the flood damage 
survey of the Fox River watershed supports the 
following presentation of f loodproofing elements 
which can be applied by private individuals. 

It should be noted that selection of the specific 
floodproofing elements to be applied to a partic- 
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Figure 13 

PROPOSED FLOODLAND EVACUATION IN THE SILVER LAKE AREA. 
KENOSHA COUNTY 

SW 1/4. Sec. I ,  T. I N.:R. 19 E. SE 1/4. Sec. I .  T. I N..R. 19 E. 



Figure I3 (continued) 
PROPOSED FLOODLAND EVACUATION IN THE SILVER LAKE AREA, 

KENOSHA COUNTY 



Figure I 3  (continued) 
PROPOSED FLOODLAND EVACUATION IN THE SILVER LAKE AREA, 

KENOSHA COUNTY 

S E  114, Sec. 18. T. I N..R.20E. 

LEGEND 

DENOTES HOUSES RECOMMED FOR 
EVENTUAL REMOVAL 

DENOTES I 0 0  YEAR 
FLOOD INUNDATION 

RECURRENCE INTERVAL 
LlNE 

-*-- DENOTES IOYEAR RECURRENCE INTERVAL 
FLOOD INUNDATION LlNE 

No f e a s i b l e  means e x i s t  f o r  the  abatement o f  p o t e n t i a l  f l o o d  damages through t h e  c o n s t r u c t i o n  o f  f l o o d  c o n t r o l  
works i n  t h e  S i l v e r  Lake area, one o f  t h e  t h r e e  ma jo r  f l o o d  damage areas o f  t he  watershed. I t  i s  proposed i n  t h i s  
a l t e r n a t i v e  p lan  element, there fore ,  t o  even tua l l y  remove 160 residences l o c a t e d  i n  the  f loodway and hav ing  
f i r s t - f l o o r  f l o o d i n g  by a  100-year recurrence i n t e r v a l  f lood.  These 160 res idences would be purchased f o r  removal 
gradual1 y  o v e r  t ime as they came on to  t h e  rea l  e s t a t e  market. 

Source: SFlYRPC. 

ular structure depends upon the features of the 
individual house, such as the kind of structural 
material, age of structure, substructure condi- 
tions, nature of the exposure to floodwaters, 
height of water table, sewerage facilities, and 
uses demanded of the structure. Extensive flood- 
proofing should be applied only under the guidance 
of a registered professional engineer who has 
carefully inspected the building and its contents. 

Categorized according to function, floodproofing 
elements are of four types: 1) general floodproof- 
ing independent of the type of flooding, 2) seepage 

control, 3) relief from sewer backup, and 4) pro- 
tection from overland flow. 

Gener a1 Measures : A number of f loodproofing 
measures apply to flood-damage prevention re- 
gardless of the manner of flooding. These include 
the following: 1) keeping valuable items away from 
areas which could be flooded; 2) using waterproof 
cement in laying tile or linoleum; 3) having ade- 
quate electrical fuse protection in all homes; 
4) unplugging, disconnecting, or removing from 
f lood-vulner able areas all electrical appliances ; 
and 5) anchoring all fuel tanks securely so that the 



force of buoyancy of floodwater will not cause 
floating and spillage. 

Some flood damages can be avoided by removing 
electric motors from furnaces and appliances and 
by removing perishable items from basements. 
Severe flood damages can be caused by fuel oil 
storage tanks floating loose from anchorage, rup- 
turing, and spilling oil over the contents and 
interior of homes. Other instances of high flood 
damages can be caused by unsuitable uses of 
basements o r  by impractical designs of floodland 
homes. Use of floodland basements as bedrooms, 
kitchens, or  living rooms can result in high 
flood damages. 

Seepage Control: During periods of flooding and 
accompanying high water tables, basements situ- 
ated in floodlands on permeable soils are par- 
ticularly susceptible to seepage through walls. 
Experience has shown that basements can be 
severely flooded by seepage within a few hours. 
Where structures are sound and hydrostatic pres- 
sure from ground water is low, basements may be 
waterproofed against seepage by sealing walls 
with either asphalt or  quick-setting hydraulic 
compounds. In many instances, however, because 
i t  is not practical to exclude all seepage water, it 
becomes necessary to operate a sump pump. As 
a safeguard against power failure, some home- 
owners have installed an auxiliary gasoline-fueled 
pump. As a general principle, all homes con- 
structed in floodlands where the water table is 
high should have basement walls sealed for max- 
imum waterproofing and should be equipped with 
a sump pit and with a sump pump that is actuated 
automatically as  waters rise. 

Relief From Sewer Backup: Because of flat topo- 
graphy, high water tables, and surface overflow 
into manholes, f loodland homes often experience 
flood damage problems from the backing up of 
floodwaters and sewage through a basement floor 
drain connected to the sanitary sewerage system. 
It would, therefore, be advisable for floodland 
homeowners to guard against sewer backup. 

A number of relatively inexpensive standard de- 
vices can be installed in sewer lines to prevent 
reverse flow of water. These include standard 
backwater valves, horizontal swing check valves, 
and a closed end pipe threaded into a floor drain. 
It is important to note that, in order for these 
devices to accomplish flood damage relief, the 

floor drain must be of adequate strength to resist  
the hydrostatic pressure without rupturing and 
thus introducing floodwaters. 

Under certain conditions of rapidly rising flood- 
waters, more flood damage prevention may be 
accomplished by letting a basement flood than 
by trying to exclude the inflow of floodwater 
through sewer lines or in other ways. Severe 
damage can be caused by the differential pressure 
between floodwaters and empty basements. Base- 
ment floors can be uplifted by hydrostatic pres- 
sure and ruptured, and basement walls can be 
collapsed by the differential pressure. Basement 
floors, walls, and floor drains should not be flood- 
proofed without consideration of the probable 
forces which the structure must withstand. 

Protection From Overland Flow: Generally, i t  is 
not practicable to floodproof residences when 
floodwaters r ise  above first  floor levels. Excep- 
tions are offered by particularly sturdy struc- 
tures, such as well-constructed brick buildings; 
but most frame structures are difficult to flood- 
proof at f i rs t  floor levels. Below first  floor 
levels, overland flow can sometimes be excluded 
from homes by the installation of seal-tight, wire- 
reinforced glass on all basement windows. An 
alternative measure is to seal  all exterior open- 
ings to basements and depend entirely on artificial 
light and air  conditioning for light and air  in the 
basement area. 

Floodland Regulations 
The hydraulic function of the floodplain portion of 
a r iver valley is to provide storage area for 
floodwaters. Major reductions in the storage 
potential of the floodplain caused by land filling o r  
the construction of substantial structures will 
result in increased peak flood discharges down- 
stream. If such filling and urban development is 
allowed to continue to preempt the natural flood- 
plains of the stream system of the watershed, 
flood hazards and concomitant dangers to prop- 
erty, health, and life may be expected to increase 
sharply. This will, in turn, lead to increasing 
demands for the construction of structural flood 
control measures, such as retention reservoirs, 
channel improvements, dikes, f loodwalls, and 
cutoff channels. As urban development proceeds 
on an areawide basis over the watershed, such an 
approach can only become self-defeating since the 
number of persons and value of property in the 
path of floodwaters will increase a t  a more rapid 
rate than that at which protection through public 



works construction can be afforded. Moreover, 
the actions of upstream communities to prevent 
damage to land uses located in the natural flood- 
plains may commit the downstream communities 
to the construction of extensive and expensive 
flood control works. The intelligent exercise of 
floodland use regulations is, therefore, required 
in conjunction with the development of any struc- 
tural flood control measures. 

Prohibition and regulation of flood-vulnerable 
uses in the floodlands under local police powers 
are two of the most efficient, economical, and 
logical methods of preventing flood damage. Gen- 
erally, the use of the floodplain should be re- 
stricted to open uses; and any filling of the 
floodplains should be avoided. The structural 
flood control measures considered in this volume 
are designed to protect development which has 
already been allowed to occur in the floodlands of 
the Fox River system. The costs and benefits 
associated with these works are, therefore, pred- 
icated on a sound associated public policy of pre- 
venting further flood-prone development in the 
floodlands of the Fox River watershed. 
SUMMARY 
Based upon the analyses presented in this chapter, 
the following flood control elements are recom- 
mended for inclusion in the comprehensive Fox 
River watershed plan: 

1. The construction of dikes and floodwalls in 
the City of Wmkesha to protect the exist- 
ing flood-vulnerable land uses and abate 
the high flood damages in this channel 
reach. 

2. The construction of dikes and floodwalls in 
the City of Burlington to protect the exist- 
ing flood-vulnerable land uses and abate 
the high flood damages in this channel 
reach. 

3. The construction of channel improvements 
in the headwater areas of Sugar and Honey 
Creeks to protect flood-vulnerable agri- 
cultural areas and improve agricultural 
production by providing better drainage. 

4. The construction of a multi-purpose res- 
ervoir on Sugar Creek to provide flood 
protection, low-flow augmentation, and 
recreational benefits. 

5. The construction of dikes and channel 
improvements along the lower reaches of 
Hoosier Creek to protect flood-vulnerable 
agricultural areas. 

6. The protection of floodland areas along the 
perennial stream channels from further 
flood-prone urban development in order to 
avoid intensification of the flood damage 
problem within the watershed, to pro- 
vide for maintenance of the necessary 
floodwater storage, and to assist in the 
protection of the primary environmental 
corridors of the watershed and their main- 

. tenance in primarily natural, open uses. 

7. The removal of 160 existing residences 
lying within the 10-year recurrence inter- 
val flood hazard lines of the main stem of 
the Fox River in the Towns of Wheatland 
and Salem, Kenosha County, in order to 
abate the serious flood problems existing 
within this area. 

The foregoing structural flood control and flood- 
land evacuation elements not only support both 
the watershed land use and water facility con- 
trol development objectives but also provide the 
least costly and most effective method for reduc- 
ing major flood damage potentials within the 
watershed. These flood control elements and the 
related multiple-purpose reservoir and agricul- 
tural water management elements would together 
provide an average annual flood damage reduction 
benefit of $144,550 and an average annual recrea- 
tional benefit of $2,102,950. Together these ele- 
ments would have an annual average cost of 
$1,036,790 and would have a combined benefit- 
cost ratio of 2.27 to 1.0 at a 3 1/4 percent interest 
rate and of 1.76 to 1.0 at a 6 percent interest rate. 
The nonstructural element, floodland protection, 
is absolutely essential if the need for future 
structural flood control works beyond those rec- 
ommended herein is to be avoided, with the 
attendant necessary expenditures of large amounts 
of public monies. 

The construction of the dikes and floodwalls in 
Burlington would eliminate the need for the man- 
agement proposals associated with operation of 
the Waterford impoundment for flood control pur- 
poses and with the control of the levels of the 
10 lakes within the watershed, as well as the need 
for the Vernon Marsh reservoir. Therefore, these 



other alternative structural flood control mea- sought by the Federal Government, it is recom- 
sures are not recommended for inclusion in the mended that only the management of the Waterford 
final comprehensive plan for the Wisconsin por- impoundment, the Vernon Marsh reservoir, and 
tion of the Fox River watershed. If, however, the lake level control alternatives be explored 
additional flood control benefits for the Illinois insofar as the Wisconsin portion of the Fox River 
portion of the Fox River watershed are to be watershed is concerned. 



Chapter  V 

ALTERNATIVE SURFACE WATER POLLUTION CONTROL PLAN ELEMENTS 

mTRODUCTION 
Chapter M, Volume 1, of this report described 
the existing surface water quality conditions 
within the Fox River watershed; set forth the 
water use objectives and standards established by 
the state for the streams within the watershed; 
and described the factors affecting existing and 
probable future levels of surf ace water quality, 
including an identification of major sources of 
pollution within the watershed. Dissolved oxygen, 
coliform bacteria, and temperature were identi- 
fied as the most significant water quality indica- 
tors because of their direct relationship to the 
established water use objectives and standards. 

Existing stream water quality conditions were 
generally found to be poor in the headwater 
reaches, mediocre in the middle reaches, and 
reasonably good in the lower reaches of the water- 
shed. Specific problems requiring resolution with 
respect to stream water quality were found to 
include: low dissolved oxygen levels in those 
reaches of the Fox River above Mukwonago and in 
the Pewaukee River and Poplar Creek; very high 
coliform counts in those reaches of the Fox River 
above Mukwonago and from the state line to 
Waterford and in those reaches of the major tri- 
butaries below sewage treatment plant outfalls; 
and overfertilization, with accompanying exces- 
sive growths of algae and other aquatic plants, in 
certain reaches of the Fox River itself and of i ts  
major tributaries. Of the 13 streams within the 
waterhsed, pollution was found to have rendered 
four unsuitable for the preservation and enhance- 
ment of aquatic life and nine unsuitable for any 
recreational activity, either in some significant 
reaches of the stream or  throughout the entire 
stream length. 

Forecasts of future water quality conditions indi- 
cate that, in the absence of a sound surface water 
management plan and plan implementation pro- 
gram, pollution may be expected to cause water 
quality levels in six of the 13 streams within the 
watershed to become unsuitable for the preserva- 
tion of aquatic life and three of the 13 streams to 
become unsuitable for any recreational use o r  for 
even minimal aesthetic enjoyment. These stream 

water quality forecasts were based upon the 
assumption that by the forecast year of 1990 all of 
the sewage treatment plants within the watershed 
would be providing secondary treatment and ade- 
quate disinfection of the effluent. If disinfection is 
not provided, the forecasts indicate that 11 of the 
13 streams may be expected to become unsuitable 
for any recreational use, either in significant 
reaches or  throughout the entire stream lengths. 
The continued discharge of large amounts of 
nutrients to the streams may be expected to stim- 
ulate the growth of algae and other aquatic plants 
and further limit the use of the streams for rec- 
reational and even minimal aesthetic enjoyment. 

The lakes of the Fox River watershed were gener- 
ally found to be in an advanced state of eutrophi- 
cation as exhibited by high phosphorus content, 
dissolved oxygen depletion, and heavy growths of 
algae and aquatic weeds. Coliform levels were 
found to be high in certain lakes, indicative of 
pollution from domestic sewage and the possible 
existence of a public health hazard. Most lakes, 
acting as the natural sediment traps of the water- 
way system of the watershed, were found to be 
polluted by urban and agricultural runoff and by 
septic tank overflow, containing nutrients that 
stimulate algae and aquatic weed growth. Fore- 
casts indicate that eutrop,hication, the natural 
aging of lakes which causes lakes eventually to fill 
with sediment and organic matter and become 
marshes choked with aquatic plants, may be 
expected to occur at an accelerating rate and 
become more intense and widespread. Unless 
appropriate action is taken, the number *of lakes 
suitable for various types of recreational activi- 
ties may be expected to decrease in the future. 

Because the surface water drainage system of a 
watershed is made up of a network of streams and 
watercourses, some of which begin at or  flow 
through lakes, and because pollution sources at 
individual locations have varying effects on down- 
stream water quality levels, water quality man- 
agement within a watershed is a most complex 
problem. Many alternative management possibili- 
ties exist, each with a different performance level 
and attendant cost. In order to select the best 



scheme from among these alternatives, i t  is nec- 
essary to evaluate the potential measures in 
terms of both cost and performance. Accordingly, 
this chapter describes the alternative plans for 
water quality management considered in the Fox 
River watershed study, together with an evaluation 
of each alternative's cost and performance and of 
its ability to meet the recommended water use 
objectives and water quality standards set forth in 
Chapter I1 of this report. 

Five alternative stream water quality management 
plans, which would provide a level of stream 
water quality in the Fox River and i ts  12 major 
tributaries' adequate to meet the recommended 
watershed development objectives and standards 
and which would, therefore, be in compliance with 
the state water use objectives and concomitant 
water quality standards established pursuant to 
the State Water Resources Act of 1965, were 
investigated. Eleven alternative means of lake 
water quality management were also investigated, 
and alternative plans for maintaining or  improving 
water quality were prepared for 22 of the major 
lakes within the watershed. 

There are a total of 45 major lakes within the 
watershed, a major lake being defined as one 
having a water surface area of 50 acres or  more. 
The 22 major lakes for which alternative lake 
water quality management plans were prepared 
included the 15 largest and most important lakes 
within the ~ a t e r s h e d . ~  Plans were prepared for 
four other major lakes-Marie, Center, Upper 
Phantom, and Benedict-each of which is inter- 
connected with one of the 15 largest lakes. In 
addition, plans were prepared for three major 
lakes-Bohner, Pell, and Echo-as examples typi- 
cal of the remaining smaller lakes within the 
watershed, in order to estimate the magnitude of 
the costs attendant to the restoration and protec- 
tion of lake water quality. In general, the 22 major 
lakes selected for consideration include the larg- 
es t  lakes; the most important recreational lakes; 

1 
The 12 major t r i b u t a r i e s  are: Sussex Creek, Poplar 
Creek, Pewaukee River ,  Pebble Creek, Genesee Crekk, 

Mukwonago River ,  Wind Lake Drainage Canal, Honey 
Creek, Sugar Creek, White River ,  Basset t Creek, and 
Nippersink Creek. 

' ~ h e s e  l a k e s ,  i n  order o f  s i z e ,  are: Geneva, Pewaukee, 
Big Muskego, Como, Wind, Tichigan, Beulah, E l i zabe th ,  
Eagle, L i t t l e  Muskego, S i l v e r  (Kenosha County).  Camp, 
Powers, Lower Phantom, and Browns. 

the most highly urbanized lakes; and the lakeswith 
the most severe water quality problems within 
the watershed. 

ALTERNATIVE STREAM WATER QUALITY 
MANAGEMENT PLAN ELEMENTS 
All of the major waste discharges in thc5 Fox 
River watershed are  now receiving or  will, in the 
near future, receive secondary treatment.' Even 
at present, however, this level of treatment is not 
sufficient to prevent degraded water quality condi- 
tions in the upper portion of the Fox River and in 
the Pewaukee River. Anticipated population growth 
and urbanization in the watershed, with continued 
reliance on secondary treatment alone, may 
be expected to cause further deterioration of 
water quality conditions throughout the watershed. 
Future waste discharges from sewage treatment 
plants serving the Cities of Brookfield and Wau- 
kesha; the Villages of Pewaukee, Sussex, and 

7- 

'Sewage treatment may be de f ined  as any a r t i f i c i a l  
process t o  which sewage i s  subjected i n  order to  
remove or  so a l t e r  i t s  object ionable  cons t i tuen t s  
a s  t o  render i t  l e s s  o f f e n s i v e  and dangerous and 
1 ess  damaging to  the  receiving environment. Sewage 
treatment may be c l a s s i f i e d  as primary. secondary, 
t e r t i a r y .  and advanced. 

Primary sewage treatment may be de f ined  as treatment 
i n  which untreated sewage i s  the i n f l u e n t  and i n  
which coarser f loa t ing  and s e t t l e a b l e  s o l i d s  ( s u s -  
pended mat ter )  are removed by screening and sedi- 
mentation. Primary treatment provides 50 t o  60  
percent reduction o f  the  i n  f luen t  suspended matter  
and 25 to  35 percent reduction o f  the  i n f l u e n t  

biochemical oxygen demanding organic mat ter  (BOD) . 
I t  removes l i t t l e  or  no co l lo ida l  and d i s so lved  
matter .  

Secondary sewage treatment may be de f ined  as biolog- 
i c a l  treatment o f  the  e f f l u e n t  from primary t rea t -  
ment by  means o f  t r i c k l i n g  f i l t e r s  o r  ac t i va ted  
sludge tanks and addi t ional  sedimentation. Secondary 
treatment provides up to  90 percent overal l  removal 
o f  t h e  suspended matter  and 75 t o  95 percent overa l l  
removal o f  &OD. 

T e r t i a r y  sewage treatment may be de f ined  as addi- 
t ional  so l ids  and BOD removal following secondary 
treatment.  Processes include de ten t ion  o f  secondary 
e f f l u e n t  i n  shallow ponds t o  provide addi t ional  
biochemical treatment and s e t t l i n g  o f  sol i d s  or  
f i l t r a t i o n  e i  ther by sand or  mechanical fil t e r s .  
Ponding may provide overal l  removal o f  up t o  99 
percent o f  the  suspended mat ter  and 95 to  97 percent 
o f  the  BDD. 

Advanced treatment may be de f ined  a s  addi t ional  
t reatmen t processes,  following secondary treatment 



o r  combined wi th  t e r t i a r y  treatment,  to provide 
removal o f  additional cons t i  tuen t s ,  par t i cu lar ly  
phosphorus and ni trogen compounds, by such means as 
chemical coagulation, sedimentation, charcoal 
f i l  t r a t i o n ,  and aeration. 

Advanced treatment may remove up t o  90 percent o f  
the  ni trogen and 9 5  percent o f  the  phosphorus i n  
the  i n f l u e n t  sewage. The expression "advanced 
treatment" ord inar i l y  i s  understood to encompass 
t e r t i a r y  treatment,  but the  expression " t e r t i a r y  
treatment" does no t  include advsnced treatment.  

An aux i l iary  treatment which may be used i n  combina- 
t i o n  wi th  a l l  treatment methods i s  d i s i n f e c t i o n  by 

ch lor ina t ion  o r  other  chemical treatment.  The com- 
bina t ions  o f  the various u n i t  operat ions  usual l y  
provided to  e f f e c t  the  various 1 eve l s  o f  treatment 
are shown i n  Figure 1 4 .  

Lannon; and the Poplar Creek subwatershed may 
be expected to render Sussex Creek, the Pewaukee 
River, and the Fox River, from its  headwaters to 
Mukwonago, grossly polluted and unable to meet 
established water use objectives and standards. 
In the lower portion of the watershed, waste dis- 
charge from the Villages of East Troy, Lake 
Geneva, and Twin Lakes may be expected to 
render portions of Honey Creek, the White River, 
and Bassett Creek, respectively, polluted and 
unable to meet established water use objectives 
and standards. 

It is anticipated that the State of Wisconsin will, 
in the near future, require disinfection of the 
treated effluent, in addition to secondary treat- 
ment, for all major waste discharges in the 
watershed. If the established water use objectives 
and standards are to be met, however, i t  will be 
necessary to provide a higher degree of treatment 
for major waste discharges in the Fox River 
watershed. This higher degree of treatment could 
be in the form of advanced waste treatment to 
remove more biochemical oxygen demand (BOD) 
and nutrients from the wastes before discharge; in 
the form of in-stream treatment, such as low-flow 
augmentation, to provide more dilution of the 
wastes and chemical treatment of the stream to 
reduce excessive algae and weed growths; or  in 
the form of a combination of advanced waste 
treatment and in-stream treatment. 

The effects on water quality of discharging vari- 
ous amounts of BOD to a stream can be predicted 
with a fair degree of certainty. The effects of 
discharging various amounts of nutrients, contri- 
buting to weed and algae growth in streams, cannot 

be accurately predicted at present, however, due 
to the limitations of existing knowledge about the 
interactions among nutrients, growth of aquatic 
life, and the stream environment. It is reasonable 
to expect, however, that the large amounts of 
nitrogen and phosphorus which will be discharged 
to surface waters in the effluent from secondary 
sewage treatment plants will cause excessive 
growths of algae and aquatic weeds, which will, in 
turn, severely interfere with recreational and 
aesthetic uses of the Fox River and several of its 
major tributaries. Excessive daily fluctuations in 
the dissolved oxygen content of the stream suffi- 
cient to render the stream unsuitable for fish life 
may be expected to occur as a result of algal res-  
piration and weed growths. Such fluctuations 
already occur frequently in the reach of the Fox 
River immediately downstream from the City of 
Waukesha sewage treatment plant. Unless cor- 
rective measures are  taken, the nitrogen and 
phosphorus being discharged to the Fox River by 
1990 may be expected to be more than double the 
present amounts. Approximately 75 percent of the 
nitrogen and 90 percent of the phosphorus added to 
the river above Waterford may be expected to be 
contributed by municipal sewage treatment plants 
if such plants continue to provide only secondary 
treatment. In the Wisconsin portion of the Fox 
River watershed as a whole, about 55 percent of 
the nitrogen and 80 percent of the phosphorus are 
presently contributed by municipal sewage treat- 
ment plants. Thus, by removing nitrogen and 
phosphorus from the treated municipal wastes, the 
amount present in the streams can be greatly 
reduced, effecting a significant improvement in 
water quality conditions. 

Seven alternative stream water quality manage- 
ment plan elements were investigated, of which 
five were found to meet the established water use 
objectives. In addition, three variations of one of 
the basic seven alternatives were explored. The 
sizes of the facilities needed to accommodate the 
hydraulic and biological loading for each alterna- 
tive were based upon the forecast future (1990) 
population levels as derived from the land use 
plan base element, design waste flows developed 
in the study for this purpose, and upon accepted 
engineering design criteria. 

Plan design sewage flow rates for the year 1990 
were derived from the data presented in SEWRPC 
Technical Report No. 4, Water Quality and Flow 
of Streams in Southeastern Wisconsin. The aver- 
age flow rates used for plan design were: 120 gal- 
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lons per capita per day (gpcd) for communities 
having a resident population under 5,000 persons, 
and 180 gpcd for communities having a resident 
population over 5,000 persons. These average 
per capita sewage flow rates were used to size the 
required sewage treatment plants and estimate 
their cost. Trunk sewers were sized to carry a 
peak hourly flow of two times the average sewage 
flow rate, or 240 gpcd and 360 gpcd, respectively. 
The selection of this ratio of peak hourly flow to 
average flow was based on recommendations con- 
tained in the American Society of Civil Engineers 
Manual of Engineering Practice No. 37, Design - 
and Construction of Sanitary and Storm Sewers. 
The values selected for the average daily and 
peak hourly design flows compare favorably with 
the minimum average trunk sewer design flow 
requirement of 100 gpcd and the minimum peak 
hourly design flow requirement of 250 gpcd 

recommended in the 1968 Edition of Recom- 
mended Standards for Sewage Works, Great 
Lakes-Upper Mississippi River Board of State 
Sanitary Engineers. 

The peak flow rates used in the alternative plan 
design were compared to design flow rates cur- 
rently used by the Metropolitan Sewerage Com- 
mission of the County of Milwaukee. The latter 
are expressed in terms of cubic feet per second 
of sewage contribution per acre of tributary ser- 
vice area and range from 0.015 cfs per acre to 
0.020 cfs per acre for population densities ranging 
from 14 to 20 persons per gross acre. This popu- 
lation density range used, however, is not com- 
patible with either the adopted regional land use 
plan medium-density range of 5.6 to 15.6 persons 
per gross acre or the high-density range of 15.7 
to 39.1 persons per gross acre. The peak flow 
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rate of 360 gpcd used in the alternative plan 
design is equivalent to a flow rate of 0.004 cfs per 
acre for an average population density of approxi- 
mately 7 persons per gross acre, which falls 
within the regional land use plan medium-density 
population range and is thus about one-half of the 
design flow rate used by the Metropolitan Sewer- 
age Commission. 

As a further check on the design flow rates 
selected, flow records obtained at the Waukesha 
sewage treatment plant were analyzed to deter- 
mine actual current average and peak rates of 
sewage flow. These records, for the year 1968, 
indicate average daily flows ranging from 150 to 
220 gpcd, with peak flow rates ranging from 200 to 
330 gpcd for an estimated connected population of 
38,300 persons and a tributary drainage area of 
6,245 acres. Ratios of peak daily to average daily 
flows ranged from 1.1 to 1.5. Assuming a peak- 
to-average daily flow ratio of 1.35, a flow rate of 
0.0043 cfs per acre of service area was computed 
for an average population density of 8.5 persons 
per gross acre, again falling within the regional 
plan mediurn-density population range. 

Consideration was also given in the analysis to the 
possibility that peak inflows to the sewage treat- 
ment plant may be limited by in-plant or up- 
system hydraulic capacity. Under such conditions 
bypassing of sewage at the treatment plant or  at 
locations up-system from the plant would have 
occurred. Such bypassing, however, was reported 
only at times of power failure. The examination of 
the Waukesha data indicated that the average per 
capita flow at Waukesha may be somewhat higher 
than that assumed for the alternative plan design 
purposes but that the peak flows are somewhat 
lower. The flow charts from the Waukesha sewage 
treatment plant indicate a relatively high average 
rate of flow, with relatively low fluctuations in the 
rate of flow, a condition which may be ascribed to 
the presence of relatively large quantities of 
industrial waste waters in the sewer system. 
Future urban development in the upper watershed 
should not contribute as much industrial inflow 
and thus may be expected to produce a somewhat 
lower per capita flow. 

Factors that may explain the difference in per 
acre flow rates between the Milwaukee area and 
the Waukesha area are the higher population 



densities in the Milwaukee area, the higher pro- 
portion of industrial contribution, the general 
condition of the sewer systems, and the effect of 
roof and footing drain connections on flows in 
the systems. 

In addition to the flow rates, the following salient 
design criteria were used in determining the size 
and cost of necessary trunk sewer facilities: all 
sewers were designed to flow full using the Man- 
ning Formula with an "n" value of 0. 013; the 
minimum design velocity was set  at 2.0 feet per 
second; and the minimum depth of cover to the top 
of the sewer was set at 7.0 feet. 

Ground surface elevations along the proposed 
trunk sewer alignments were obtained from U. S. 
Geological Survey 7.5 minute quadrangle topo- 
graphic maps or,  where available, from Waukesha 
County 1'' = 200' scale, 5 foot contour interval 
maps, or SEWRPC 1" = 200' scale, 4 foot-2 foot 
contour interval maps. Only generalized soil and 
geologic investigations were carried out along 
the proposed trunk sewer alignments since the 
designs were of a preliminary nature, intended 
to be used only as a basis for the selection 
between alternative plan proposals. 

Construction and maintenance costs were devel- 
oped for each of the alternative plans utilizing 
appropriate unit prices. The cost of each alterna- 
tive so  developed did not include the costs of the 
expansion of the community sewer systems to 
serve future areas of urban development nor land 
costs, unless otherwise noted. If per capita water 
consumption and sewage flows should, contrary to 
the forecasts, decrease in the future rather than 
increase, the associated costs for each alternative 
plan would also decrease slightly; but the relative 
desirability of one alternative versus another 
could be expected to remain the same. 

Alternative 1-Advanced Waste Treatment 
(Three Variations) 
The first  alternative stream water quality man- 
agement plan element considered consisted of the 
provision of advanced waste treatment at all 
major municipal sewage treatment plants within 
the watershed. This alternative would provide 
water quality levels suitable to meet the estab- 
lished water use objectives and standards by pro- 
viding a high level of advanced waste treatment 
before discharge at all treatment plants serving 
the following areas of the watershed: Lannon, 
Sussex, Brookfield, Poplar Creek, Pewaukee, 

Waukesha, Mukwonago, East Troy, Lake Ge- 
neva, waterford-~ochester ,4 Bur lington, and Twin 
~ a k e s . ~  The waste treatment provided at each 
plant would consist of standard secondary treat- 
ment and disinfection plus advanced treatment to 
remove 95 to 99 percent of the BOD, 95 to 99 per- 
cent of the phosphorus, and 95 percent of the 
nitrogen. 

It was concluded in Chapter IX of Volume 1 of this 
report that industrial and resort  waste discharges 
represent a relatively minor contribution to the 
surface water quality problems of the Fox River 
watershed. Nineteen major industrial and four 
major resort  waste discharges were found to exist 
within the Fox River watershed, of which six were 
found to have a particularly serious adverse effect 
upon local water quality conditions. Since the 
completion of the inventory of the sources of pol- 
lution within the watershed in 1967, several of 

4 ~ a n i  tary  sewerage serv ice  for the  Waterford-Rochester 
area o f  the watershed i s  now provided by the  Western 
Racine County Sewerage D i s t r i c t .  A new sewage t r e a t -  
ment plant  located south o f  Rochester and providing 
secondary treatment was placed i n t o  operation during 

1969.  The o l d  primary treatment plant  located a t  
Waterford has been abandoned. A l l  re ferences  i n  
Volume 2 o f  t h i s  report  t o  municipal sewage t r e a t -  
ment a t  Waterford and Rochester r e f e r  to  the new 
p lan t  operated by the  Western Racine Coun t y  Sewerage 
D i s t r i c t .  

'sewage treatment p lan t s  are curren t l y  i n  opera t ion  
a t  a l l  o f  the  ind ica ted  loca t ions  except Lannon and 
t h e  Poplar Creek area i n  Brook f i e ld .  Plans for a 
municipal sewerage sys  tern and treatment p lan t  have 
been prepared and approved by the  Wisconsin Depart- 

ment o f  Natural Resources for  the Lannon area. A 
temporary sewage treatment f a c i l i t y  cons i s t ing  o f  a 
s e r i e s  o f  s t a b i l i z a t i o n  ponds i s  i n  operation i n  
t h e  Poplar Creek area, wi th  plans prepared and 
approved by the  Wisconsin Department o f  Natural 
Resources for  a permanent plant  providing secondary 
treatment .  I t  should be noted a l so  that  the  Wisconsin 
Department o f  Natural Resources on August 4 ,  1969,  
ordered the  creat ion o f  a san i tary  d i s t r i c t  i n  the  
area known as the  unincorporated V i l l a g e  o f  Lyons 
i n  the  Town o f  Lyons, Walworth County, and further  
ordered the planning, design,  and construct ion o f  a 
sewage co l l ec t ion  system and treatment f a c i l i t y  t o  
serve  the san i tary  d i s t r i c t .  While t h i s  development 
came too l a t e  to  be included i n  a meaningful way i n  
the  Fox River watershed s tudy ,  the  regional sani tary  

sewerage system planning program now being conducted 
by the Commission w i l l  explore a l t e r n a t i v e  methods 
o f providing sani tary  sewerage serv ice  t o  the  unin- 
corpora ted V i l l a g e  o f  Lyons and provide a recommended 
plan for such serv ice .  



the industries cited as polluters have taken 
action toward compliance with orders issued by 
the Wisconsin Department of Natural Resources 
directing these industries to improve in-plant 
pre-treatment of wastes; to connect with central- 
ized municipal sanitary sewerage systems; or  
to provide improved industrial waste treatment 
facilities. Wherever possible, all remaining major 
industrial and resort  waste discharges in the 
watershed should be eliminated as sources of sur- 
face water pollution through connection to central- 
ized public sanitary sewerage systems if such 
discharges lie within the existing or proposed 
service area of a municipal sewerage system. 
Sixteen of the 19 industrial waste sources and one 
of the four waste sources would be eliminated in 
this way. Of these, 14 of the industrial waste 
sources would be provided with advanced waste 
treatment facilities through connection with the 
centralized sewerage system. In addition, all 
other industrial and resort  waste discharges not 
connected to centralized public sanitary service 
systems would be given a level of treatment 
equivalent to secondary treatment and disinfection. 

By substantially reducing the amounts of BOD and 
nutrients being discharged to streams in the Fox 
River watershed through higher degrees of sewage 
treatment, this alternative plan element would 
provide dissolved oxygen levels suitable for the 
preservation of fish and aquatic life in all stream 
reaches and would serve to improve the suitability 
of the streams for recreational and aesthetic 
uses. In addition, adequate disinfection of all 
effluent before discharge to the stream system 
would reduce coliform counts in the streams and 
should provide a water safe for all contemplated 
recreational uses. 

The following process could be used to accomplish 
the required advanced treatment for nutrient 
removal: 1) standard secondary treatment by 
trickling filter or activated sludge, 2) phosphorus 
and additional BOD removal by lime coagulation 
and precipitation followed by filtration, 3) ammo- 
nia nitrogen removal by ammonia-stripping tow- 
e r s ,  and 4) disinfection by chlorination. Sludge 
disposal from the various treatment steps could 
be by any suitable method that would not result in 
pollution of air ,  land, or  water, such as digestion 
and land fill, incineration, or land reclamation. 
Cost and performance information utilized in the 
evaluation of this alternative are based on the 
foregoing process of nutrient removal, rather than 
other potential methods, since this process is the 

only one that has been fully tested and proved 
feasible of achieving the required degree of treat- 
ment. Nutrient removal by this process is pres- 
ently being practiced at the Lake Tahoe, Cali- 
fornia, sewage treatment plant. Other methods 
are  being developed, however, that may be capa- 
ble of achieving the same results at a lower cost. 

The costs for this alternative plan element are 
based upon the assumption that the facilities 
required would include the necessary expansion of 
existing secondary treatment plants to provide 
sufficient capacity for treating future waste flows, 
provision of facilities for disinfection of the efflu- 
ent at all plants, filtration beds for BOD and phos- 
phorus removal, and ammonia-stripping towers. 
Three alternative subsystem plan elements were 
considered for the provision of advanced waste 
treatment in the watershed: 1A-the installation of 
advanced waste treatment facilities at each of the 
existing and locally proposed plants in the water- 
shed; 1B-the provision of one new large plant to 
serve the area above Waukesha and the retention 
of the existing plant at Waukesha, both of which 
would include advanced waste treatment facilities, 
along with the installation of advanced waste 
treatment facilities at the existing plants in the 
lower watershed; and 1C-the provision of one 
large advanced waste treatment plant to serve the 
entire upper watershed, along with the installation 
of advanced waste treatment facilities at the 
existing plants in the lower watershed. 

Alternative 1 A- Advanced Waste Treatment at 
Individual Plants: The first  alternative subsvstem 
plan element considered would provide separate 
sewage treatment plants at each of the following 
12 locations within the watershed: Lannon, Sussex, 
Brookfield, Poplar Creek, Pewaukee, Waukesha, 
Mukwonago, Waterford-Rochester, East Troy, Lake 
Geneva, Burlington, and Twin Lakes (see Map 10). 
Implementation of this plan for the entire water- 
shed would entail an estimated initial capital cost 
of $22,305,000, with total annual costs, including 
operation and maintenance, over a 50-year period 
estimated to be $3,646,700, or  $25 per capita per 
year. The present worth of this alternative for 
50 years at 6 percent interest is $57,478,700. 
These estimates include the costs of all required 
plant improvements and additions, including sec- 
ondary treatment, disinfection, and advanced waste 
treatment facilities. Cost estimates for each 
major element comprising this alternative are  
summarized in Appendix G. 





Alternative 1B-Advanced Waste Treatment at 
Two Large Plants in Upper Watershed and at 
Individual Plants in Lower Watershed: The second 
alternative subsystem plan considered would pro- 
vide a large treatment plant to serve all of that 
portion of the upper watershed area that would 
otherwise be served by separate plants at Lannon, 
Sussex, Brookfield, Pewaukee, and Poplar Creek, 
along with a system of trunk sewers to convey the 
wastes to this plant; a separate plant to serve the 
Waukesha area; and individual plants in the lower 
watershed at Mukwonago, Waterford-Rochester , 
East Troy, Lake Geneva, Burlington, and Twin 
Lakes (see Map 11). The treatment plant serving 
the area above Waukesha would be located near 
the confluence of Poplar Creek and the Fox River. 
The plant serving the Waukesha area would be an 
expanded facility at the present treatment plant 
site. The trunk sewer system serving the plant at 
Poplar Creek would extend from the plant to 
Lannon with extensions to Sussex and Pewaukee. 
The layout of the trunk sewer system would be the 
same as  that for the third alternative subsystem 
plan (Alternative 1C) discussed below and shown 
in Figure 15, except that the trunk sewer through 
Waukesha would be eliminated and the trunk 
sewer extending from Section 24, Town 7 North, 
Range 19 East, to the Poplar Creek plant in Sec- 
tion 19, Town 7 North, Range 20 East, would 
become a 30-inch diameter line, laid at a slope of 
0.0008, to convey wastes from the Pewaukee area 
to the plant site. All of the existing sewage treat- 
ment plants above the Poplar Creek site-Sussex, 
Brookfield, and Pewaukee-would be abandoned 
upon completion of the proposed system. The 
initial capital cost entailed in implementation of 
this plan for the entire watershed, including con- 
struction of the necessary trunk sewers and the 
required secondary and advanced waste treatment 
facilities, is estimated at $24, 897,000. Total 
annual costs over a 50-year period, including 
operation and maintenance costs, are estimated a t  
$3,482,000, or  $24 per capita. The present worth 
of this alternative for 50 years at 6 percent inter- 
e s t  is estimated at $54, 909,700. Cost estimates 
of each major element comprising this alternative 
are summarized in Appendix F. 

Alternative 1C-Advanced Waste Treatment at One 
Large Plant in Upper Watershed and at Individual 
Plants in Lower Watershed: The third subsystem 
plan considered would provide a single large sew- 
age treatment plant to serve all of the upper 
watershed area, a system of trunk sewers to con- 
vey the wastes to this plant, and individual sewage 

treatment plants in the lower watershed at Muk- 
wonago, Waterford-Rochester, East Troy, Lake 
Geneva, Burlington, and Twin Lakes (see Map 12). 
The sewage treatment plant for the upper water- 
shed would be located downstream from the site of 
the existing Waukesha sewage treatment plant. 
The trunk sewer system would extend from the 
plant site below Waukesha to Lannon with the 
sewers generally following the course of the Fox 
River and with extensions to Pewaukee and Sussex 
to provide service to these areas. The recom- 
mended location of the trunk sewers would permit 
gravity flow throughout the system, as indicated 
by the profiles in Figure 15. All of the existing 
sewage treatment plants above Waukesha would be 
abandoned upon completion of the proposed sys- 
tem. Implementation of this plan, including con- 
struction of the necessary trunk sewers and the 
required secondary and advanced waste treatment 
facilities for the entire watershed, would entail an 
estimated initial capital cost of $29,600,000, 
with total annual costs, over a 50-year period, 
including operation and maintenance, estimated at 
$3,614,700, or  $25 per capita. The present worth 
of this alternative for 50 years at 6 percent inter- 
es t  is estimated at $56,960,700. Cost estimates 
of each major element comprising this alternative 
are summarized in Appendix G. 

Comparison of the Three Variations to Alterna- 
tive 1: Although Table 14 indicates an apparent .., - - 
cost advantage, in terms of present. worth, for 
Alternative pian lB, the difference in cost between 
the highest cost alternative plan, Plan lA, and the 
lowest cost alternative, Plan lB, is only 5 per- 
cent, well within the range of precision with which 
the costs of each of these three alternative plans 
could be estimated. The economic analysis con- 
cept of present worth cost is discussed in Chap- 
ter  I1 of this volume. It is clear that the cost 
differentials are  not large enough to be significant 
and thereby do not alone provide a sound basis for 
selection from among the alternatives. Other 
features of each of these three alternative plans 
must, therefore, be considered in the selection of 
the best alternative. 

-4lternative Plan 1A has the advantage of augment- 
ing streamflows in the upper reaches of the Fox 
River watershed during periods of dry weather. It 
has the disadvantage of continuing the discharge of 
sewage treatment plant effluent to the Pewaukee 
River, Sussex Creek, and the Fox River above 
Waukesha; i t  has the disadvantage of being con- 
t rary  to the state's policy of discouraging the 

















proliferation of small sewage treatment plants, a 
policy which recognizes not only the economies of 
scale inherent in the operation of larger plants, as 
opposed to smaller plants, but also the difficulties 
involved in obtaining the same level of treatment 
and of avoiding the bypassing of raw or  partially 
treated sewage in smaller as opposed to larger 
plants; and i t  has the disadvantage of relying on 
the action of individual municipalities for the pro- 
vision of costly advanced waste treatment facili- 
ties at each of the individual treatment plants 
involved. Failure of each of the individual com- 
munities to act in a timely manner in this respect 
would seriously jeopardize attainment of the rec- 
ommended water use objectives. 

Alternative Plan 1B has the advantages of elimi- 
nating the discharge of all sewage treatment plant 
effluent to the Pewaukee River, Sussex Creek, and 
those reaches of the Fox River above Poplar 
Creek, while augmenting the low flow of the Fox 
River through the City of Waukesha and the Wau- 
kesha impoundment, and of achieving some of the 
economies of scale inherent in the elimination of 
four of the five smaller plants otherwise required 
in the headwater reaches of the Fox River water- 
shed. Presently about 25,000 pounds of phospho- 
rus  are  discharged annually in sewage treatment 
plant effluent to the Fox River above Waukesha. If 
the large treatment plant proposed for construc- 
tion at Poplar Creek removed 95 percent of the 
phosphorus as proposed, the annual discharge of 
phosphorus in sewage treatment plant effluent to 
the Fox River above Waukesha could be expected 
to be reduced to 12,000 pounds per year by 1990, 
or  to less than one-half of the present loading, 
which loading represents approximately 55 per- 
cent of the total phosphorus loading on the entire 
river system. If the amounts of phosphorus added 
to the rivei. system from sources other than 
treatment plant effluent can be held to their pres- 
ent levels, the effect of the proposed Poplar Creek 
treatment plant would be a 30 percent reduction in 
the phosphorus load on the river. The disadvan- 
the phosphorus load on the river. The disadvan- 
tages of Alternative Plan 1B include the necessity 
of constructing one new large treatment plant 
and expanding on a limited site the existing Wau- 
kesha treatment plant, both plants providing 
advanced waste treatment facilities in the head- 
water reaches of the Fox River watershed, with 
attendant duplication of staff and equipment; the 
continued discharge of treated wastes to the river 
above Waukesha; and, because of this, possible 
difficulty of implementation. It is important to 

note that the difference in the costs between the 
one-plant (Plan 1C) and the two-plant (Plan 1B) 
alternative lies primarily in the cost of construct- 
ing a trunk sewer from Poplar Creek to the pro- 
posed single plant located downstream from 
Waukesha, the annual cost of this large-diameter 
pipeline exceeding the annual savings in the oper- 
ation and maintenance costs of the one plant as 
opposed to the two plants. 

Alternative Plan 1C has the advantages of elimi- 
nating the discharge of all sewage treatment plant 
effluent to the stream system of the watershed 
above the City of Waukesha; of providing for the 
conveyance of sewage to a single large sewage 
treatment plant providing advanced waste treat- 
ment facilities, located on a new site below the 
City of Waukesha; of realizing the economies of 
scale inherent in the operation of a large plant and 
of avoiding needless duplication of staff and equip- 
ment; and of requiring the allocation of the costs 
involved in the provision of the costly advanced 
waste treatment facilities on a larger area- 
wide basis, with an attendant better correlation 
between needs and available financial resources. 
Its disadvantages include a reduction of stream- 
flow in the upper reaches of the Fox River and 
particularly through the Waukesha impoundment. 
If this alternative plan is implemented, the aver- 
age dry weather flow through the impoundment 
could be expected to be decreased by the year 
1990 from about 25 cfs under either Alternative 
Plans 1A or 1B to about 5 cfs, almost the same as 
the present average dry weather flow of 6 cfs, 
through the impoundment. A second disadvantage 
is the need to create a new institutional structure 
for the implementation of this alternative, since 
no agency presently exists in the watershed which 
can provide areawide sewerage services. 

The foregoing discussion of the intangible consid- 
erations involved in the three alternatives indi- 
cates that Alternatives 1B and 1C are both 
preferable to Alternative Plan 1A. The choice 
between Alternative Plans 1B and 1C is a more 
difficult one. The relatively high cost of advanced 
treatment facilities, however, would favor plan 
implementation through the cooperative action of 
all of the local units of government concerned 
through the creation of a common institutional 
structure, such as a single central sewerage dis- 
trict; and this consideration, together with the 
desirability of eliminating the discharge of all 
sewage treatment plant effluent to the Fox River 
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COST ESTIMATES OF THE ALTERNATIVE STREAM WATER QUALITY MANAGEMENT PLAN ELEMENTS 
FOR THE FOX RIVER WATERSHED 

A l t e r n a t i v e  P lan  Element 

I 
Number 1 Des igna t ion  I 

I 

I A 

IB 

I C 

2 

3 

1 

5 

6 

7 

Source .  H s r  

Advanced waste t rea tment  f o r  a d d i t i o n a l  removal 
o f  oxygen-demanding mate r ia l s ,  and n u t r i e n t r .  

Meets S ta te -Er tab ioshed  
Water Use O b j e c t i v e s  

and Standards 

Es t imated  Cost 

1 Advanced waste t rea tment  a t  i n d i v i d u a l  p l a n t s .  

C a p i t a l  

Advanced waste t rea tment  a t  two l a r g e  p l a n t r  
i n  upper watershed and a t  i nd ivodus i  p l a n t r  
i n  lower  watershed. 

Advanced waste t rea tment  a t  one l a r g e  p l a n t  
i n  upper watershed and a t  ~ n d i v a d u a l  p l a n t s  
i n  lower  watershed. 

Upper watershed sewage d ~ v e r s l o n  t o  Milwaukee 
M e t ~ o p o l  i t a n  Sewerage System; advanced waste 
t r e a t m e n t  for a d d i t i o n a l  r e m v a i  o f  oxygen-demanding 
m a t e r l a l r  and n u t r i e n t s  an l ower  watershed. 

Annual o p e r a t ~ o n  
and Maantenanse 

(1970-2020) 

stream t rea tment ;  t e r t i a r y  t rea tment  f o r  a d d i t i o n a l  
r m o v a l  o f  oxygen-demanding m a t e r ~ a l s  b u t  n o t  f o r  
n u t r i e n t  removal:  chemical sp ray ing  t o  c o n t r o l  
weeds and algae. 

T o t a l  
Annual 

(1970-m20)  

Presen t  worth 
(50 Years - 

6 Percen t )  

Secondary t rea tment  vmth low- f low augmentat ion f r o m  
Lake U ich lgan :  chemlsai sp ray ing  t o  c o n t r o l  weeds 
and algae. 

Annuel 
Per C a p i t a  
( 1970-820) 

1 Secondary t rea tment  and ch lo r ina toon .  

T e r t i a r y  t r e a t t e n t  f o r  a d d i t i o n a l  removal o f  oxygen- 
demanding m a t e r ~ a l s  bu t  n o t  for  n u t r l e n t  r e m v a l .  

ra Eng lneer lng  Comoany n d  SEIIWC. 

above Waukesha, would appear to favor the adop- 
tion of Alternative Plan 1cO6 

Alternative 2-Upper Watershed Diversion 
The second alternative stream water quality man- 
agement plan element considered would eliminate 
all major waste discharges to the streams in the 
upper watershed by diversion of the raw sewage to 
the treatment facilities of the Metropolitan Sewer- 
age Commission of the County of Milwaukee, with 
final disposal of treated effluent to Lake Michigan. 
Advanced waste treatment for additional BOD and 

6 ~ t  should be emphasized a t  t h i s  point that  n e i t h e r  
A1 t e rna t i ve  IA nor A l t erna t i ve  1B provides for  
re loca t ion  o f  the e x i s t i n g  Waukesha sewage treatment 
p l a n t ,  as proposed i n  A1 t e rna t i ve  IC. I t  i s  recog- 
n i z e d ,  however, tha t  expansion p o s s i b i l i t i e s  a t  the  
e x i s t i n g  Waukesha s i t e  are l imi ted  because o f  s i t e  
s i z e .  I n  add i t ion ,  recent growth trends i n  the  

Waukesha area have tended t o  ex tend urban development 
downstream from the e x i s t i n g  treatment f a c i l i t y ,  
necess i ta t ing  considerable pumping o f  sewage t o  the  
p l a n t ,  Should such considerations lead t o  a local  
dec i s ion  to  re1 ocate the  Waukesha treatment f a c i l i t y  

even i n  the absence o f  any agreement t o  t r e a t  a l l  
upper watershed sewage be1 ow Waukesha as  recommended 
i n  A l t erna t i ve  1C, i t  i s  c lear  t h a t ,  due t o  the  
increased cos t s  that  would be incurred i n  relocat ing 
t h e  Waukesha treatment f a c i l  i ty .  A1 t e rna t i ve  1C 
would become the pre ferred  a1 t e rna t i ve .  

nutrient removal would be provided in the lower 
watershed to meet the established water use 
objectives in a manner identical to that proposed 
under the first alternative. 

This alternative plan element, by eliminating all 
BOD and nutrient loading discharged from the 
existing sewage treatment plants to the streams, 
would increase the potential use of the waterways 
by supporting a wider variety of fish life and by 
reducing excessive growths, of algae and aquatic 
weeds. In addition, coliform counts could be 
expected to decrease and the streams become 
more suitable for recreational uses. Streamflows 
would be reduced in the upper part of the Fox 
River, however, by the elimination of waste 
discharges. 

The facilities required for this plan include a 
trunk sewer system to serve the upper watershed 
and to convey the wastes to the treatment facili- 
ties in Milwaukee County; expansion of the Mil- 
waukee metropolitan sewage treatment facilities 
to provide adequate capacity for secondary and 
advanced treatment, sludge disposal, and disin- 
fection for the added wastes; and the necessary 
expansion of secondary and disinfection facilities, 
together with the addition of advanced waste treat- 
ment facilities for additional BOD and nutrient 



removal at all major plants in the lower water- 
shed. All of the existing sewage treatment plants 
in the upper watershed would be abandoned upon 
completion of the trunk sewer system. The con- 
figuration of the required trunk sewer system is 
shown in Figure 16. This system, which would 
include four pumping stations, would convey raw 
sewage to the Puetz Road sewage treatment plant 
located on the Lake Michigan shore in the City of 
Oak Creek. This plant would be enlarged to pro- 
vide secondary treatment, nutrient removal, and 
disinfection of the wastes before discharge to 
Lake Michigan. This level of treatment would 
be necessary to meet the standards established 
for discharge to Lake Michigan. The facilities 
required in the lower watershed would be the 
same a s  those required for the f irst  alternative. 

The initial capital cost entailed in implementation 
of the second alternative plan for the entire 
watershed is estimated as $47 million, including 
the trunk sewer system and appurtenant pumping 
station construction, the required expansions and 
additions to the Puetz Road sewage treatment 
plant, the required expansions of secondary and 
disinfection facilities, and the addition of advanced 
waste treatment facilities in the lower watershed. 
Total annual costs, including operation and main- 
tenance, for this plan element are estimated at 
$4,408,700, or  $30 per capita. The present worth 
of this alternative for 50 years at a 6 percent 
interest rate is estimated' as $69 million. The 
costs of each major element of this alternative 
plan are  summarized in Appendix G. 

The major advantage of this alternative plan is 
that i t  eliminates all waste discharges in the 
upper watershed. There are several significant 
disadvantages to the plan, however. The cost of 
this plan is substantially greater than the cost of 
providing advanced waste treatment within the 
watershed. Also, streamflow in the Fox River 
would be reduced due to the elimination of existing 
waste discharges to the river and Lake Michigan, 
an already endangered resource would receive a 
significantly increased waste loading. Moreover, 
implementation of this plan would require a 
change in present legal constraints to permit 
maj or  inter-basin diversion of water from the 
Mississippi River drainage basin to the Lake 
Michigan drainage basin. If a balance of water 
were required through the return of equal amounts 
of Lake Michigan water to the Fox River basin to 
compensate for the amounts of sewage diverted 
into the Lake Michigan watershed, the capital cost 

of the entire plan would be increased by an esti- 
mated additional $8.3 million; the annual costs, 
including operation and maintenance, by an addi- 
tional $660,000, or  $3 per capita; and the present 
worth, by an additional $10,400,000. 

Alternative 3-Effluent Disposal by 
Land Irrigation 
Water quality suitable for all desirable stream 
uses in-the F o x  River watershed could also be 
maintained by eliminating all major waste dis- 
charges to streams throughout the watershed 
through effluent disposal by land irrigation. Under 
the third alternative considered, secondary treat- 
ment and disinfection of all wastes would be pro- 
vided; and the resulting effluent used for irrigating 
agricultural lands. This would provide for ulti- 
mate disposal of the wastes without polluting the 
surface waters of the watershed. 

The feasibility of using secondary treatment plant 
effluent for land irrigation has been studied at 
Pennsylvania State University since 1962. These 
investigations indicate that effluent could be 
applied on agricultural land at the rate of at least 
one inch per week during the growing season 
without harmful effects. Passage of the effluent 
through several feet of soil may be expected to 
remove essentially all of the phosphorus, BOD, 
coliform bacteria, and viruses. In addition, the 
nutrients in the treated waste water are made 
available for plant growth. The removal of most 
contaminants in the f irst  few feet of soil would 
prevent the pollution of ground and surface 
waters, although there could be an accumulation 
of inorganic minerals, such as nitrates and chlo- 
rides, in the shallow ground water supply. Utili- 
zation of the effluent on agricultural land would 
result in increased crop yields due to the supple- 
mental irrigation and additional nutrients being 
applied to the land. 

The facilities required for this plan include a 
trunk sewer system, with a configuration as shown 
in Figure 15, to serve the entire upper watershed 
and to convey the wastes to a single large treat- 
ment plant located downstream from Waukesha, 
with secondary treatment, sludge disposal, and 
disinfection facilities at this plant; expansion 
of secondary treatment, sludge disposal, and 
disinfection facilities at all plants in the lower 
watershed; and a complete irrigation system. 
Utilization of the effluent for irrigation would 
require suitable agricultural land areas, neces- 
sary  pipelines and pumping stations to convey the 
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effluent to these areas, irrigation distribution 
systems, and drainage facilities for the agricul- 
tural land. 

For the upper watershed, preliminary investiga- 
tions indicate that agricultural lands lying west 
and southwest of Waukesha could be utilized. The 
total agricultural land requirements to dispose of 
the wastes from the 1990 population of the upper 
watershed are estimated as 12,000 acres. A 
pumping station and about 10 miles of pipeline 
would be required to convey the effluent from the 
treatment plant below Waukesha to these areas. 

In the lower watershed, agricultural land lying 
close to each treatment plant would be utilized. 
Total agricultural land required in the lower 
watershed is estimated to be 3,000 acres. Pipe- 
lines would be required to convey wastes from 
each treatment plant to the irrigation areas. 

The land areas required for this plan would prob- 
ably have to be purchased for public use since it 
is desirable to have complete control over the 
irrigation operation to assure that the effluent can 
be disposed of continuously. The land could also 
be obtained by long-term lease arrangements, but 
this would require assurance that the effluent 
could be applied whenever necessary. Initial cap- 
ital cost for implementation of this alternative 
plan for the entire watershed, including addition 
and expansion of secondary treatment and disin- 
fection facilities, a trunk sewer system in the 
upper watershed, and all required irrigation 
facilities, with the associated necessary lands, is 
estimated to be '$44 million. Net annual costs, 
including an offset for estimated benefits derived 
from increased crop yields, are estimated to be 
$5 million, or $33 per person served by the facil- 
ities. The present worth of this plan for 50 years 
at 6 percent interest is $76 million. Costs of the 
major elements of this alternative plan are sum- 
marized in Appendix G. 

Although this plan may be expected to provide a 
high level of stream water quality by elimination 
of all major waste discharges to streams in the 
watershed without diversion to Lake Michigan, it 
has several serious disadvantages. The most 
significant limitation would be the necessity of 
purchasing or leasing about 15,000 acres of land. 
This is an area almost three and one-half times 
larger than that presently occupied by the entire 
City of Waukesha. Other limitations include the 
problems that would be involved in continuous 

operation of the irrigation system, particularly 
during wet weather and during the winter months. 
A reduction in streamflow would occur as a 
result of removing the waste discharges from the 
streams; and ground water may be contaminated 
by inorganic minerals, such as nitrates and chlo- 
rides, which are not completely removed in pas- 
sage through the soil complex. 

Alternative 4-Stream Treatment 
A fourth alternative stream water quality man- 
agement plan element considered would achieve 
the established water use objectives by providing 
secondary treatment and disinfection for all major 
waste discharges, additional BOD removal where 
necessary, and algae and weed control through the 
use of algicides and herbicides in the streams. 
No specific nutrient removal measures would be 
employed under this alternative. 

Higher degrees of treatment would be needed in 
the following areas : the entire upper watershed, 
95 to 98 percent overall BOD removal; the Lake 
Geneva and Twin Lakes areas in Walworth and 
Kenosha Counties, 95 to 98 percent overall BOD 
removal; and East Troy in Walworth County, 90 to 
95 percent overall BOD removal. These levels of 
treatment would be required to prevent the munic- 
ipal organic waste discharges from reducing the 
dissolved oxygen content of the streams below 
5.0 mg/l, the amount required for the preserva- 
tion of fish life. In order to maintain oxygen 
levels above 5.0 mg/l under this alternative, it 
may also be necessary to operate the treatment 
plants to achieve a high degree of nitrification 
or to provide facilities for ammonia nitrogen 
removal to reduce the nitrogenous oxygen demand 
of the effluent. It would also be desirable to elim- 
inate the discharge of treated effluent in the upper 
watershed above Waukesha since nutrients in the 
effluent would cause extensive algae growths that 
could not easily be treated by algicide spraying 
because the streams are not navigable and aerial 
spraying would not appear to be safe in the 
urban and suburban development occupying the 
upper portions of the watershed. Thus, a trunk 
sewer system would be necessary with treatment 
facilities and outfall located downstream from 
Waukesha. 

Sufficient organic matter would be removed from 
the waste discharges to maintain average dis- 
solved oxygen levels above 5.0 mg/l. The large 
amounts of nutrients remaining in the waste 
discharges, however, could be expected to stimu- 



late extensive growths of algae and aquatic weeds 
that would, if uncontrolled, interfere with recrea- 
tional and aesthetic uses of the streams and cause 
a diurnal fluctuation in dissolved oxygen leve 1s 
that may harm fish and other aquatic life. These 
algae and weed growths could be controlled by 
weekly applications of suitable algicides and her- 
bicides to the Fox River in the reach extending 
from the state line to Waukesha, to the White 
River, and to Honey Creek below East Troy 
during the spring, summer, and fall seasons. 
Great care would have to be used in applying these 
chemicals to prevent possible harm to anyone 
coming in contact with the streams and to fish and 
other aquatic life in the stream. 

The facilities required for this plan would include 
the following: a trunk sewer system to serve the 
upper watershed, a s  shown in Figure 15; secondary 
treatment, sludge disposal, and disinfection facil- 
ities for the plant serving the upper watershed 
area and for all plants serving the lower \water- 
shed area; coagulation and filtration facilities to 
accomplish the required BOD removal at the plant 
serving the upper watershed and at the East Troy, 
Lake Geneva, and Twin Lakes plants; and the 
equipment required to carry on a program of 
chemical spraying for algae and weed control. 

The initial capital cost of implementation of this 
plan, including the cost of all of the facilities 
required, is estimated as $26 million. Total 
annual costs a re  estimated to be $2,948,760, or  
$20 per person. Present worth of this alternative 
for 50 years at 6 percent interest is $46 million. 
Estimates of the costs of the major elements of 
this alternative are summarized in Appendix G. 

There are  several disadvantages to this plan, 
which, in effect, would suppress the symptoms 
rather than solve the basic pollution problem, 
passing that problem on into Illinois. The long- 
term effects of the application of toxic chemicals 
on the aquatic life and stream biota are not known. 
It is known, however, that various types of algae 
build up resistance to specific algicides over a 
period of time. Thus, it may become necessary 
to increase the amounts being used or  use dif - 
ferent chemicals to adequately control future 
growths. Since nutrients would not be removed 
from the stream, any areas not sprayed could be 
expected to develop profuse growths of algae 
and weeds. Under this alternative eutrophication 
problems would be intensified in the Illinois sec- 
tion of the Fox River and in the Fox Chain of 

Lakes as a result of the increasing quantity of nu- 
trients being discharged to the river in Wisconsin. 

Alternative 5-Low-Flow Augmentation 
A fifth alternative stream water quality manage- 
ment plan element considered would seek to meet 
the established water use objectives by requiring 
secondary treatment and disinfection of all waste 
discharges, low -f low augmentation, additional BOD 
removal where necessary, and algae and weed 
control through the use of algicides and herbicides 
in the streams. 

High degrees of BOD removal would be needed in 
the following areas : Lake Geneva and Twin Lakes, 
95 to 98 percent overall BOD removal, and East 
Troy, 90 to 95 percent overall BOD removal. 
Low-f low augmentation would be substituted for 
high treatment levels in the upper watershed area. 
The amount of water needed for augmentation pur- 
poses in order to maintain suitable water qual- 
ity levels while providing secondary treatment 
(85 percent BOD removal) in the upper watershed 
would be dependent upon the amount of waste dis- 
charged and the natural flow in the stream. For 
1990 forecast waste loadings, i t  would be neces- 
sary  to have capacity sufficient to supply 50 cfs of 
augmentation water during drought conditions. 
During average flow conditions, the amount of 
augmentation water required would vary from 
zero during the months of March, April, and May 
to an average of 32 cfs during the months of 
August and September. The average annual aug- 
mentation requirement with 1990 waste discharges 
is estimated at about 7,000 acre-feet. 

Several potential sources for providing the re-  
quired augmentation water were investigated, 
including lakes, reservoirs, and ground water 
supplies. No suitable reservoir sites exist in the 
upper watershed that could supply the amount of 
water needed. Use of ground water is not desir- 
able because of the extremely large number of 
wells that would be needed and the substantial 
interference these wells could be expected to have 
on the numerous public and private wells in 
the upper watershed. The only potential source 
located that could provide sufficient quantities of 
water without seriously interfering with other 
water uses is Lake Michigan. Water could be 
pumped from Lake Michigan to the Fox River and 
discharged to the river above Waukesha for pur- 
poses of flow augmentation. 



The secondary treatment and low-f low augmenta- 
tion in the upper watershed, together with second- 
ary treatment plus additional BOD removal where 
needed in the lower watershed, would be sufficient 
to prevent the anticipated organic waste dis- 
charges from reducing dissolved oxygen levels 
below 5.0 mg/l. The nutrients remaining in the 
waste discharges, however, could be expected to 
cause large growths of algae and aquatic weeds. 
It would be necessary to control these growths 
through the use of suitable algicides and herbi- 
cides in the same manner as described under 
Alternative 6. 

The facilities required for this plan include: 1) a 
trunk sewer system, as shown in Figure 15, and 
combined secondary treatment, sludge disposal, 
and disinfection facilities at a plant serving the 
entire upper watershed area; 2) a pipeline, as 
shown in Figure 17,  including necessary control 
facilities, and required pumping stations to divert 
water from Lake Michigan to the Fox River; 
3) expansion of secondary treatment facilities 
and addition of disinfection facilities at all plants 
in the lower watershed; 4) coagulation and filtra- 
tion facilities to accomplish the required addi- 
tional BOD removal at plants serving East Troy, 
Lake Geneva, and Twin Lakes; and 5) the equip- 
ment required to carry on a program of chemical 
spraying for algae and weed control. 

The initial capital cost entailed in implementation 
of this plan is estimated as $33 million. Total 
annual costs over a 50-year period are  estimated 
to be $3,355,460, or  $23 per capita. The present 
worth of this alternative for 50 years at a 6 per- 
cent interest rate is $53 million. Cost estimates 
for each major element of this plan are  summa- 
rized in Appendix G. 

The major advantages of this plan are  its lower 
cost and the increase in streamflow that would be 
provided by diverting Lake Michigan water into 
the Fox River. There are  several significant 
disadvantages, however. The most serious limi- 
tations are  the same as those discussed under 
Alternative 6 and include the possibility of envi- 
ronmental contamination from the chemical spray- 
ing operations, the unknown long-term effects of 
frequent applications of toxic chemicals to a 
stream, and the potential weed and algae problems 
in any areas not being sprayed. 

This plan would also require a change in present 
legal constraints to permit substantial diversion 

of water from the Lake Michigan drainage basin to 
the Mississippi River drainage basin. An alter- 
native to accomplishing the necessary changes 
would be the return of equal amounts of water 
from the Fox River to Lake Michigan. This might 
be accomplished by diverting water from the Fox 
River near Big Bend into the Root River system, 
which flows into Lake Michigan. Since the water 
being diverted, however, would include treatment 
plant effluent discharged upstream, it would be 
necessary to provide nutrient removal at the 
upstream treatment plants to meet state and fed- 
era l  regulations for effluent discharged to Lake 
Michigan. This diversion scheme and the re-  
quired nutrient removal would increase the capital 
cost of the entire plan by an estimated additional 
$4.6 million; the annual costs, including operation 
and maintenance, by an additional $510,000, or 
$4 per capita; and the present worth, by an addi- 
tional $8 million. Together with the aforemen- 
tioned legal constraints, this additional cost would 
make this plan undesirable. 

Alternatives 6 and 7-Other Plan Elements 
Two additional alternative stream water quality 
management plan elements were investigated, but 
neither was found to provide a level of water 
quality suitable for the established water use 
objectives. These plan elements are briefly dis- 
cussed be low. 

The first  such plan would provide secondary 
treatment and disinfection of all major waste dis- 
charges in the watershed. Essentially this pro- 
gram would be a continuation of the present 
practice of providing secondary treatment. By 
1990 under this plan, water quality in the Pewau- 
kee River, Sussex Creek, and the Fox River above 
Mukwonago could be expected to be generally 
unsuitable for most uses of these streams. Water 
quality in the White River below Lake Geneva and 
in Honey Creek below East Troy could be expected 
to be unsuitable for the preservation of fish and 
other aquatic life. In addition, large growths of 
algae over most of the length of the Fox River 
could be expected to interfere with recreational 
and aesthetic uses of the stream. Detailed des- 
criptions of the water quality that would prevail 
under this plan are provided in that section of 
Chapter M of Volume 1 of this report which deals 
with present and future water quality character- 
istics of individual streams in the watershed. 

Facilities needed for this plan would include 
expansion of existing treatment facilities to serve 
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the forecast increased population levels, addition 
of disinfection facilities at all plants, and con- 
struction of two new plants to serve the Lannon 
area and the Poplar Creek area. Estimated costs 
of this plan for the entire watershed are: capital 
cost, $16 million; total annual costs, including 
operation and maintenance, $2 million, or $14 per 
capita; and present worth at 6 percent, $33 million. 

The second such plan investigated would provide 
secondary treatment and disinfection of all major 
waste discharges plus additional BOD removal at 
the following plants: Lannon, Sussex, Brookfield, 
Pewaukee, Poplar Creek, Waukesha, East Troy, 
Lake Geneva, and Twin Lakes. Sufficient organic 
matter would be removed under this plan to main- 
tain average daily oxygen levels in the streams 
above 5.0 mg/l. Large amounts of nutrients in 
the waste discharges, however, could be expected 
to stimulate nuisance growths of algae and aquatic 
weeds, which would interfere with recreational 
and aesthetic uses of the streams and would cause 
daily fluctuations in oxygen levels that may inter- 
fere with fish life and also may result in oxygen 
levels that, for several hours each day, are lower 
than 4.0 mg/l, the minimum value according to 
state standards for most of the Fox River. 

Facilities needed for this plan include the addition 
and expansion of secondary treatment and disin- 
fection facilities throughout the watershed, con- 
struction of two new plants for the Lannon area 
and the Poplar Creek area, and the addition of 
coagulation and filtration facilities for achieving 
overall BOD removals of about 95 percent at all 
the plants listed above. Capital cost of this plan 
for the entire watershed is estimated to be 
$18 million, with total annual costs, including 
operation and maintenance, of $2,659,600, or 
$18 per capita. Present worth of this plan at 
6 percent interest is $42 million. 

Concluding Remarks-Alternative Stream Water 
Quality Management Plan Elements 
Seven alternative stream water quality manage- 
ment plans for the Fox River watershed were 
investigated, of which five may be expected to 
provide water quality conditions able to meet the 
established water use objectives for the Fox River 
and its major tributaries. A summary description 
of each alternative considered, together with the 
estimated costs and the ability of the alternative 
to meet the water use objectives, is provided in 
Tables 14 and 15. 

Although Alternatives 6 and 7 represent low-cost 
plans, these two plans are  actually the least 
desirable alternatives because the established 
water use objectives would not be met even with 
chemical spraying for algae control. All the pos- 
sible side e f f e z o f  spraying toxic chemicals for 
algae and weed control a re  not known; and, there- 
fore, there is a possibility of producing serious 
environmental pollution in such a program. Also, 
eutrophication problems would be intensified in 
the Illinois section of the Fox River and in the Fox 
Chain of Lakes because of the nutrients being dis- 
charged to the river in Wisconsin and carried 
downstream. 

The remaining alternative plans, Nos. 1, 2, 3, 4, 
and 5, may all be expected to achieve satisfactory 
levels of water quality without the r isks and haz- 
ards associated with Alternatives 6 and 7. Alter- 
native 1 would produce the desired levels of water 
quality by removing, through advanced waste 
treatment, almost all of the organic matter and 
nutrients contained in the effluents discharged to 
the streams. The cost of this alternative is sub- 
stantially less than that of Alternatives 2 and 3. 

Alternatives 2 and 3 would be expected to produce 
the desired levels of water quality by eliminating 
all major waste discharges to streams in the Fox 
River watershed. Alternative 3 would dispose of 
all secondarily treated and disinfected effluent by 
using i t  to irrigate agricultural lands. A major 
disadvantage of this plan is the large amount of 
land that would be needed. Alternative 2 would 
eliminate all waste discharges in the upper water- 
shed by diverting the sewage into the Milwaukee 
metropolitan sewerage system for treatment at 
the facilities in Milwaukee. Waste discharges in 
the lower watershed would be given advanced 
treatment to remove additional BOD and nutrients 
before discharge. 

Based on the cost, performance, and limitations 
of each alternative considered, it is recommended 
that Alternative Plan 1, advanced waste treatment 
for BOD and nutrient removal, be adopted as the 
recommended stream water quality management 
plan for the Fox River watershed. The recom- 
mended plan includes the provision of waste treat- 
ment facilities to remove 95 to 99 percent of the 
BOD, 95 to 99 percent of the phosphorus, and 
95 percent of the nitrogen from the wastes before 
they are discharged to streams in the watershed. 
The recommended plan could be realized in any 
one of three ways: by providing advanced waste 
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this way a most effective pollution abatement 
operation could be achieved. Finally, one central 
sanitary sewerage district would be better able to 
finance and coordinate the construction of the nec- 
essary areawide sewerage system. Although a 
two-plant system could be operated by one sani- 
tary district, it is doubtful whether such a single 
district could actually be formed around a plan 
which would continue to discharge sewage treat- 
ment plant effluent to the Fox River system 
above Waukesha. 

ALTERNATIVE LAKE WATER QUALITY 
MANAGEMENT PLAN ELEMENTS 

Degradation of lake water quality in the Fox River 
watershed, as evidenced by increased weed and 
algae growth, has occurred over the last half 
century and has accelerated in recent years. 
Some lakes, such as Geneva Lake and Powers 
Lake, evidence little change, while others, such 
as Como Lake and Pewaukee Lake, exhibit evi- 
dence of a sharp decline in water quality. The 
problems of eutrophication, the natural aging 
process of lakes, are caused by a complex series 
of actions and reactions between the lake itself, 
additives to the lake, and aquatic life. Although 
the process is not well understood, sunlight, basin 
hydrology, and the physical, chemical, and bio- 
logical characteristics of the lake all affect the 
rate of eutrophication, as do human activities in 
the tributary drainage basins. 

Phosphorus and nitrogen, the two elements gen- 
erally considered as limiting weed and algae 
growth in lake waters, are supplied primarily by 
domestic sewage, either as septic tank seepage or 
as sewage treatment plant effluent, and by runoff 
containing fertilizers, either commercial types 
applied to urban lawns and agricultural lands or 
animal manure spread over agricultural lands. 
The spring runoff from frozen farmland receiving 
manure throughout the winter usually contributes 
a major part of the annual phosphorus input to the 
lakes. Progress in reducing the rate of weed and 
algae growth can be achieved either by preventing 
the discharge of phosphorus to a lake or by 
removing it from the lake. Although action to 
limit the input of phosphorus has retarded eutro- 
phication in some lakes across the nation, such as 
Lake Washington near Seattle, Lake Waubesa near 
Madison, and Zoar Lake in Connecticut, results 
have not been consistent. Unit1 such time that 
additional knowledge about this complex problem 
becomes available through more basic research, 

however, phosphorus reduction will have to con- 
tinue to be the primary focus of any action to 
retard eutrophication. 

A number of different methods have been con- 
sidered in this study for phosphorus limitation or 
reduction. Some may be more appropriate for a 
particular lake than others. A description of each 
alternative plan element considered, including 
comments on cost and effectiveness, as set 

forth below, is followed by a description of alter- 
native plans for improving lake water quality at 
22 of the largest and most important lakes in the 
basin. Cost estimates for the alternative plans 
are included for each of the 22 lakes; however, the 
degree of improvement which may be expected 
from these investments cannot, given the present 
state of technology, be accurately nor quantita- 
tive ly predicted. Evaluation of the effectiveness 
of alternative plans, therefore, must be limited to 
a general assessment of probable performance 
expressed in qualitative terms. 

Alternative Plan Elements 
A s  already noted, a number of plan elements 
were investigated for lake water quality manage- 
ment in the Fox River watershed. These ele- 
ments, either singly or in combination, formed 
the basis for the alternative plans considered for 
each lake. The plan elements cover a wide range 
of costs and anticipated effectiveness. Costs vary 
from almost no initial capital investment with high 
operating expenses, an extreme which provides 
flexibility to adapt and change the procedures as 
knowledge of lakes and the technology to manage 
lake water quality increase, to a very large initial 
capital investment with low operating costs, an 
extreme which restricts flexibility because of 
the large sums of money initially committed 
under that particular plan. Effectiveness of the 
plan elements varies from removing substantial 
amounts of nutrients either entering or in the lake 
waters to removing no nutrients from the lake 
water but controlling the nuisances that result 
from overfertilization of the lakes. Each of the 
alternative plan elements considered is discussed 
in the following sections. 

Installation of Sanitary Sewerage Systems: Pro- 
vision of a sanitary sewerage system and treat- 
ment facilities to serve the developed areas 
around a lake would serve to eliminate the sani- 
tary hazards and reduce nutrient inputs resulting 
from inoperative and malfunctioning septic tank 
sewage disposal systems. Discharge of the treated 



and disinfected effluent should be downstream 
from the lake outlet. Provision of a sewerage 
system is indicated for those lakes which have 
relatively large areas of intensely developed 
urban type land uses that are  dependent upon soil 
absorption systems for waste disposal and are 
situated on soils having very severe to severe 
limitations for the use of such systems. It is in 
such areas that pollution of the lake will most 
probably cause serious public health hazards. In 
areas situated on soils suitable for waste disposal 
by soil absorption systems, these systems should 
not cause a public health hazard if they are  prop- 
erly constructed and maintained, although they 
may under certain ground water conditions con- 
tribute nutrients to the lake. 

The provision of a sewerage system and treatment 
plant discharging to a stream below the lake outlet 
may be expected to reduce the phosphorus input 
by 5 to 60 percent and the nitrogen input by 5 to 
65 percent, depending upon the particular lake 
being considered. The amount of nutrients pre- 
vented from entering the lake could be expected to 
increase in the future as further urbanization 
occurs around the lake. 

Since the discharge from these sewage treatment 
plants would generally be to streams with little 
flow, a high degree of treatment would be neces- 
sary. Secondary treatment and disinfection, fol- 
lowed by effluent discharge to a seepage lagoon, 
would reduce the possibility of stream pollution 
and would eliminate the need for higher degrees of 
treatment. This type of treatment is presently 
being used within the watershed at Williams Bay 
and Fontana in Walworth County. Further inves- 
tigations would be required at each lake to 
determine the size of seepage pond needed or  
the degree of treatment required if no pond were 
provided and the effluent were discharged to 
a stream. 

Cost estimates for this plan element are  based 
on present and anticipated future (1990) popu- 
lation levels around each lake and preliminary 
system plans showing the configuration of the 
required sewerage system, including the approxi- 
mate length, size, and depth of sewers and 
the size of treatment and disinfection facilities 
needed. Design criteria used were based on 
the Recommended Standards for Sewage Works, 
adopted by the Great Lakes-Upper Mississippi 
River Board of State Sanitary Engineers, of which 
Wisconsin is a member state. Estimates of dry 
weather sewage flow are based on a per capita 

contribution of 100 gallons per day. Cost esti- 
mates include costs of lateral and sub-main 
sewers, main and trunk sewers, all required 
pumping stations, and waste treatment facilities 
providing advanced waste treatment. This plan 
element involves a large initial investment for 
construction of the required facilities, as well as 
substantial annual costs for operation and main- 
tenance of the sewerage system and treatment 
facilities. 

Agricultural Runoff Control: The nutrient budgets 
prepared for lakes in the Fox River watershed 
indicate that more than half of the phosphorus 
input to lakes results from agricultural lands 
fertilized with animal manure or inorganic fertil- 
izers. It has been generally concluded that phos- 
phorus movement from agricultural areas is 
almost exclusively by surface runoff. Much of the 
phosphorus is contributed by spring snowmelt and 
rainfall runoff carrying manure spread on frozen 
ground. Summer rainfall runoff may carry ma- 
nure and phosphorus adsorbed on eroded soil 
particles. The phosphates are adsorbed by soil 
colloids and move from farmlands into lakes 
and streams through erosion of the surface soil. 
Thus, elimination of the practice of spreading 
manure on frozen ground and good soil conserva- 
tion practices that prevent erosion are the most 
effective means of controlling pollution by agri- 
cultur a1 phosphorus. 

Two approaches for control of agricultural nutri- 
ent flows to lakes and streams have been con- 
sidered. One is the storage of manure produced 
during the frozen-ground season, and the other is 
erosion control by means of bench terracing' with 
tile or blind outlets. 

Provision of tanks in which manure could be 
stored during the months that the ground is frozen 
and then removed and applied to the ground after 
the spring runoff would eliminate much of the 
phosphorus input to the lakes from this source. 
In addition, more of the nutrients would be 
retained in the soil where they would be available 
as additional fertilizer for plant growth during the 
summer months. 

 h he term bench terraces i s  herein de f ined  as a  small 
earth f i l l  constructed across a  f i e l d  s lope t o  s tore  
r u n o f f  and re lease  i t  slowly through underground 
drainage t i l e s .  Such bench terraces  are a l so  known 
as t i l e  o u t l e t  t e r races .  



Cost estimates for this plan element are based on 
providing concrete tanks with sufficient volume to 
store five to six months' production of manure at 
all farms within the watershed area tributary to 
the lake under consideration. The cost of con- 
struction and installation of each tank is estimated 
to be $4,600 for an average size farm in the 
watershed. This element would involve a rela- 
tively large initial capital investment for con- 
struction of the tanks, but there would be little 
annual cost involved in maintaining the tanks. The 
cost of spreading the manure would be incurred 
both with or  without the holding tanks, although 
methods would differ. However, there are  certain 
problems to be considered. The period of time 
available for spreading manure when the ground is  
not frozen coincides with the time of maximum 
demand for farm labor. Consequently, the adop- 
tion of this system of phosphorus control on a 
voluntary basis by farmers can be expected to be 
limited. Furthermore, this is not a completely 
satisfactory type of controI since i t  does not 
prevent erosion and consequent movement of 
phosphorus from sloping lands. For complete 
elimination of agricultural phosphorus contribu- 
tion to lakes, erosion must be controlled. 

Construction of bench terraces on land subject to 
erosion will furnish almost complete erosion con- 
trol  and provide highly effective retention of 
nutrients on the agricultural lands. Bench ter- 
races would be capable of' trapping over 95 per- 
cent of the sediment runoff from cultivated fields 
and essentially all of the phosphorus associated 
with that sediment. Bench terraces would elimi- 
nate the need for grassed waterways, permit 
parallel terraces with relatively straight align- 
ments, put more water into the soil, retain the 
nutrients on the land to improve crop production, 
and eliminate the need for manure holding tanks. 
Therefore, the use of bench terraces is recom- 
mended for control of nutrients derived from 
agricultural lands having slopes in excess of 
2 percent. 

To be acceptable to farmers,  erosion and runoff 
control measures must maintain or improve the 
"farmabilityl1 of the land. Vegetative and mechan- 
ical measures, such as stripcropping, contouring, 
grassed waterways, and conventional terracing 
have had limited acceptance in modern farming. 
Bench terracing provides a system of erosion and 
runoff control that is finding acceptance by farm- 
e r s  because only minimal land areas are lost to 

cultivation and conventional cultivation methods 
and machinery can be used. 

On slopes of 6 percent o r  less, permanently main- 
tained rows lead runoff water to storage areas 
constructed by placing earth fills across natural 
draws and drainageways. These fills are  con- 
structed so as to provide storage for about two 
inches of runoff from the contributing area. On 
steeper slopes runoff would overtop the rows 
so that a fill must be made continuous across 
the slopes. 

The fills are  constructed by pushing up earth 
borrowed from the downhill side. The downhill 
sides of the fill slopes are usually constructed at 
a slope of one foot vertical to two feet horizontal 
and are  seeded to grass. The uphill slope of the 
earth fill i s  proportioned to fit modern farming 
equipment. A typical cross section of a bench 
terraced slope is shown in Figure 18. Spacings 
recommended for various land slopes are  given 
in Table 16. It should be noted that the Technical 
Guide used by the U. S. Soil Conservation Service 
recommends somewhat narrower spacing for tile 
outlet bench terraces. The width used will deter- 
mine the number of terraces required for any 
given application and, theref ore, the cost. 

Originally this type of control was used only in 
deep soils where exposure of subsoils in the con- 
struction of the terraces was not a problem. The 
earth fill provides a barrier  for collecting the 
eroded soil so that the combination of soil pushed 
into the earth fill and the collected soil produces a 
flattened slope-thus, the name "Bench Terrace." 

Farmers working with shallower soils, a s  in north 
central Iowa and New Brunswick, Canada, realized 
the advantages of the more nearly straight rows 
and wider terrace spacing offered by the bench 
terrace system. * Here, where exposed subsoil 
might seriously depress yields, a system of con- 
struction is being used which provides for the 
replacement of topsoil on nearly all borrow areas. 
A 40 to 50 foot section of a terrace is constructed 
by pushing up earth from the downhill side. This 
procedure leaves the subsoil exposed in the bor- 
row area. Before constructing the adjacent 40 to 
50 foot section of the same bench terrace, the 

8 ~ a ~ i  Jacobson, E .  A .  O l a f s o n ,  and J .  A .  Rober ts ,  
"Erosion Control  i n  New Brunswick, Canada," ASAE 

Paper No. 69-226. 



Figure 18 
T Y P I C A L  BENCH TERRACE CROSS-SECTION 
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Figure 19 
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Source: U. S. Soil Conservation Service and SFWRPC. 

topsoil from the adjacent area is removed and 
spread over the borrow area for the previously 
constructed section of the terrace. The subsoil in 
the second area is then pushed up to construct the 
terrace in the adjacent area. This procedure is 
continued for adjacent areas until the entire length 
of the terrace i s  completed. In this way the ter- 
race is built primarily by pushing up subsoil, with 
topsoil being replaced on all borrow areas hut the 
very last 40 to 50 foot length of the terrace. 

The water stored on the bench terraces is re- 
leased into underground conduits usually made of 
field drain tile, as shown in Figure 18.  The water 
enters the underground tile conduits through sur- 
face intakes along each terrace made of slotted, 
corrugated pipes. The pipe i s  attached vertically 
to the underground tile conduits, as  shown in 
Figure 19. The slotted, corrugated nature of the 
tile inlets has a normal capacity of one inch of 
runoff in 24 hours, thus retarding peak inflows. 



Tab1 e 16 
RECOMMENDED TERRACE SPACl NG 

a ~ h e s e  spacings  should be increased  i f  s o i l s  w i l l  permit benching the l and .  

Source: Harza Engineering Company. 

F i n a l  Bench Width 

( I n  Feet )  
- 

240 

290 

2 40 

160 

120 

120 

Slope 

Percent  

2 

9 

6 

8 

10 

This retardation allows sediment to settle or  drop 
out and, in so  doing, traps about 95 percent of the 
sediment in the storage area while providing good 
agricultural drainage. 

If the movement of phosphorus must be even more 
closely controlled, blind inlets can be installed to 
trap all of the sediment. With a blind inlet, the 
stored water percolates through the soil into the 
drain, allowing adsorption of organic phosphates. 
Research on blind inlets has been carried out by 
Iowa State University in the Clarion-Webster Soil 
Association of north central Iowa. This soil 
association, of predominantly glacial origin, is 
similar to soils in the Fox River watershed. The 
general conclusion of these tests was that corncob 
backfill of the trench produced higher average 
discharge rates than backfill with soil or sand. 
The inlets filled with corncobs discharged a mini- 
mum flow of about 0. 055 cfs per 100 feet of tile, 
therefore requiring about 100 feet of blind inlet 
per acre of drainage area to release one inch of 
runoff in 24 hours. 

Spacing 

( I n  Feet )  

2 45 

2 97 

250 

17 1 

1 32a 

13Qa 

The storage fills or  terraces are  normally con- 
structed with a bulldozer, although a carryall 
scraper is more efficient where extensive, long- 
distance, lateral movement of earth is required. 
Tile can be installed with conventional agricul- 
tur a1 drainage equipment. 

9 ~ .  P. Johnson and D .  B .  Palmer, " F i e l d  Evaluation o f  
Flow Through B l ind  I n l e t s ,  ' ' Transact ions  o f  American 
S o c i e t y  o f  Agr i cu l tura l  Engineering,  1962. 

I n i t i a l  

Number o f  

40- Inch 

Rows 

7 2 

72 

72 

48 

36 

36 

Terracing costs increase with slope since the 
steeper slopes require higher earth fills for stor- 
age and the terraces must be spaced closer 
together. The cost of constructing the bench 
terraces may vary from $10 per acre on 2 percent 
slopes to $100 per acre on 12 percent slopes. The 
cost of installing drain tiles may vary from $10 to 
$50 per acre normally, depending upon the amount 
of existing tile and distance to outlets. As with 
all practices, initial construction costs may run 
10 percent to 15 percent higher until construction 
operators become proficient. Based on the aver- 
age slope of land and the probable amount of 
existing tile in the Fox River watershed, the 
average cost of constructing bench terraces and 
drain tiles is estimated at $60 per acre. 

The cost of the bench terrace system with tile 
outlets is usually justified by the improvements in 
farm operations and the more intensive cropping 
allowed by maintaining soil loss within permis- 
sible limits. Additional benefits accrue due to the 
erosion and runoff controlling features. Off -f arm 

-- 

Number o f  Rows 
A f t e r  Benching 

sediment and pollution damages are  reduced, 
a s  are flood peaks. Manure can be spread in 
normal practice, and no manure holding tanks 
are required. 

It should be emphasized that the foregoing dis- 
cussion of the use of bench terraces with tile 
outlets to reduce lake nutrients by controlling 
agricultural runoff is not intended to preclude 
consideration of other farm management and soil 
conservation practices throughout all of the lake 

20- l nch 

1 44 

149 

144 

9 6 

72 

72  

40- Inch 

7 2 

72 

72  

48 

36 

36 

30- l nch 

96 

96 

9 6  

6 4 

48 

48 



subwatersheds. In some cases bench terrace sys- 
tems would not be appropriate or feasible because 
of landscape, soil, and cost considerations. Nutri- 
ent input to lakes can be reduced through the 
application of a variety of farm management and 
soil conservation practices. In the app.lication of 
any soil and water conservation practices, expert 
technical advice should be sought by landowners 
from the U. S. Soil Conservation Service. 

Weed Harvesting: Aquatic weed harvesting ma- 
chines exist which can cut aqiiatic weeds to a 
maximum depth of seven feet and load them onto 
a barge for disposal on suitable land areas 
nearby. Cutting and removal eliminate the nui- 
sance caused by excessive weed growths in a lake 
and remove from the lake a small amount of 
nutrients fixed in the plant tissues. The weed 
cutting must be done selectively at each lake to 
preserve major fish spawning areas. Although 
weed harvesting will do little to reduce the rapid 
rate of eutrophication in some of the lakes within 
the watershed, it would serve to reduce one of the 
nuisances accompanying this eutrophication. 

Cost estimates for weed harvesting are  based on 
two harvesting operations per lake per year, 
removal of weeds up to a depth of seven feet, and 
disposal of the weeds on suitable nearby land 
areas. The initial cost of a large weed harvesting 
machine is approximately $60,000, and operation 
and maintenance costs are estimated to be $150 
per day. The harvesting machines could be rented 
from the manufacturer, or  a regional harvesting 
program could be organized in which each lake 
community contributes a proportionate share of 
the cost of purchasing and operating the machines. 
Both initial investment cost and annual operation 
and maintenance costs for this plan element are 
relatively low. 

Algae Control: Nuisance blooms of algae can be 
eliminated or controlled by the application of 
algicides. Several algicides are available for this 
purpose, but the one most commonly used is 
copper sulfate. It can be applied to a lake either 
by the addition of crystals o r  by spraying of solu- 
tion from a boat or  a barge. The use of an algi- 
cide will control the nuisance caused by excessive 
growths of algae, but i t  will not result in any 
nutrient removal from the lake since the decaying 
algae release their nutrients back into the water. 
Copper sulfate, if applied infrequently and in 
dosages just sufficient to control algal popula- 
tions, should not produce any undesirable side 

effects. If used in excessive concentrations, how- 
ever, it will poison fish and other aquatic life. 
Permits from the Wis =onsin Department of Natu- 
r a l  Resources, Division of Environmental Protec- 
tion, are required for any chemical spraying 
operations on a lake. Copper sulfate has been 
used in the past for algae control on many of the 
lakes in the watershed. 

Cost estimates for algae control are  based upon 
two control operations per lake per year and vary 
with the size of the lake to be treated and the 
dosage required to kill the majority of the algae. 
Cost estimates include the cost of the chemicals, 
at $1 per acre treated; a boat or barge and spray- 
ing apparatus, at an initial cost of $1,250; and 
operation and maintenance costs of $50 per day. 
Initial investment costs and annual operation and 
maintenance costs for algae control are  relatively 
low compared to other plan elements for lake 
water quality management. 

Lake Water Mixing: Provision of pumps or  arti- 
ficial destratification devices to continuously mix 
a lake and thereby eliminate stratification may 
improve water quality in a lake. The continuous 
mixing will provide dissolved oxygen in the deep 
portions of a lake, which generally contain little 
or  no oxygen during the summer months. By pro- 
viding oxygen to the deep portions of a lake, 
anaerobic conditions favor able for bringing nutri- 
ents into solution from the bottom muds will be 
limited. By adding oxygen and lowering surface 
water temperatures, continuous mixing will also 
provide an improved and enlarged environment for 
fish production; and, if operated during the win- 
ter ,  i t  will reduce or  eliminate winter fish kills. 

The effects of continuous mixing on algae growth 
in a lake a re  not well known. By lowering surface 
water temperatures and by carrying algae cells 
out of the zones of photosynthetic activity, mixing 
may limit algal growths. By circulating nutrient- 
rich bottom waters throughout the lake volume, 
however, mixing will bring additional nutrients 
into the upper waters and may actually cause an 
increase in the amount of algae being produced 
and further intensify algal problems. 

Cost estimates for providing continuous mixing of 
a lake a re  based on the volume of the lake, the 
number of destratification devices and related 
facilities required, the power requirements of 
these devices, and the associated maintenance 



costs. These estimates have been prepared only 
for lakes having maximum depths in excess of 
20 feet, since only such lakes are stratified. 
Provision of continuous lake mixing requires a 
relatively large initial investment for the required 
equipment, but annual operation and maintenance 
costs are low. 

Other Elements : Sever a1 additional methods of 
lake water quality management were investigated 
but were eliminated as possible plan elements 
either because the technology is not currently 
available to implement them or because the 
effects of the method are uncertain. These meth- 
ods are briefly described below, however, since 
advances in knowledge and technology may make 
some of them desirable in the future. 

Siphons: A siphon could be constructed that would 
draw water from the deep portions of a lake and 
discharge it downstream from the lake outlet. 
Nutrient-rich bottom waters would be discharged 
from the lake, thereby reducing the amount of 
nutrients in the lake. This technique would be 
applicable only in stratified lakes and would be 
operated only while the lakes are stratified. The 
effects of this method on algae and weed growth 
in a lake are not known. 

Nutr i en t  Removal: The possibility of removing 
nitrogen and phosphorus from lake water by 
chemical and mechanical means was investigated. 
If part or all of the lake volume could be treated 
to remove most of the nutrients present, algae and 
weed growth could be kept under control. There 
are several methods available for removing nutri- 
ents from sewage; but it is not known if these 
methods can be successfully applied to lake 
waters, which generally contain less than 1 per- 
cent as much nitrogen and phosphorus as munici- 
pal sewage. As future knowledge and technology 
for this solution develop, it may prove to be a 
very effective, although costly, method for halting, 
retarding, or even reversing eutrophication of 
a lake. 

Dredging: Since the bottom sediments of a lake 
contain large quantities of nutrients, some of 
which may be released to the lake water, dredging 
to effect a removal of the nutrients was con- 
sidered. While the technology of dredging is 
well developed, the results in terms of nutrient 
removal are uncertain since it is not known how 
much nutrients are contributed to the lakes from 
bottom sediments and since the sediments imme- 

diately below those removed may be just as rich 
and contribute just as much nutrients as the sedi- 
ments removed. Also, the costs of dredging for 
nutrient removal are very high for the level of 
uncertainty involved. Dredging may, however, 
have a significant value as a means of deepening 
portions of a lake to reduce winter fish kills and 
to improve recreation potential. 

Fish  Harves t jng :  Since fish concentrate nutrients 
in their body structures, the possibility of remov- 
ing nutrients by harvesting fish was considered. 
The total quantity of nutrients that could be 
removed by this method, however, is very small 
in relation to the total quantity of nutrients in a 
lake. If species of algae-eating fish could be cul- 
tivated in a lake, the controlled removal of these 
fish could help to control nuisances caused by 
excessive algae growths. At present, however, 
there are no such species of fish in the lakes of 
the Fox River watershed. 

Aquatic biologists in Illinois are experimenting 
with a species of fish known as tilapias, originally 
from Africa, that eat weeds and algae and can be 
used to keep ponds and lakes free of excessive 
weed and algae growths. They cannot survive at 
temperatures below 5 0 ° ~ ,  however, and must be 
removed to warm waters for the winter. It is 
possible that in the future, these fish could be 
raised commercially and stocked in lakes every 
spring to assist in controlling algae and weeds 
throughout the growing season. 

Algae Harvesting: Removal of algae from a lake 
by harvesting would have two desirable results. 
First, the physical removal of algae would reduce 
or eliminate the nuisances caused by excessive 
algae growths; and, second, algae removal would 
result in the removal of large quantities of nutri- 
ents contained in the algal cells. Present costs, 
however, eliminate algae harvesting as an eco- 
nomically feasible method. 

Application of Alternative Plan Elements to the 
Maior Lakes in the Watershed 
Various water quality management plans were 
investigated for each of 22 major lakes studied for 
this purpose in the Fox River watershed and are 
described in this section. The first table refer- 
enced under the discussion of each lake presents a 
summary of the pertinent characteristics of the 
lake, including lake surface area, estimated pres- 
ent lake-oriented resident population, major nutri- 
ent sources, and existing water quality problems. 



The second table referenced under the discussion 
of each lake indicates alternative plan elements 
for managing the water quality of the lake, antici- 
pated performance of each plan, and estimated 
costs for each plan. These alternatives are based 
on preliminary investigations of each of 22 major 
lakes within the watershed and indicate the most 
feasible water quality management plans under the 
existing state of the art. Cost estimates for the 
alternative plans are also based on these prelimi- 
nary investigations. Costs shown in the alterna- 
tive plan table for each lake include estimated 
initial capital cost; operation and maintenance 
costs; total annual cost, including capital recov- 
ery; and average annual cost per lake-oriented 
resident hou~ehold. '~ The average number of 
households residing around each lake was deter- 
mined from existing and anticipated future (1990) 
population levels around each lake and from the 
average number of persons per household in 
the watershed. 

Beulah Lake: Beulah Lake consists of a series of 
five major basins connected by shallow channels. 
It receives substantial public recreational use. 
Water quality is generally suitable for all present 
uses of the lake, although weed growths in bays 
and connecting channels may interfere with some 
activities. Nutrient concentrations are about at 
the average level for lakes within the Fox River 
watershed. The major nutrient source is spring 
runoff from manured land, which is estimated to 
contribute approximately 65 percent of the phos- 
phorus input (see Table 17). 

A sanitary district has recently been proposed 
to serve the area around Beulah Lake. This dis- 

''A 1 ake -or i en ted  r e s iden t  household was d e f i n e d  a s  a  
fami ly  r e s id ing  year- round i n  a  r e s idence  l oca t ed  
on a  land area  draining d i r e c t l y  t o  a  p a r t i c u l a r  
l ake  and so  l o c a t e d  as t o  u t i l i z e  the r ec rea t iona l  
and environmental ameni t ies  provided by the l a k e .  
Lake -or i en ted  households normally would n o t  inc lude  
f a m i l i e s  r e s id ing  i n  farm dwel l ings  o r  i n  r e s idences  
l o c a t e d  a  considerable  d i s tance  away on lands which 
do no t  drain  d i r e c t l y  t o  the l a k e .  

a .  For the eva lua t ion  o f  p rospec t i ve  sewerage 
f a c i l i t i e s ,  l ake -or i en ted  housholds would 
inc lude  on ly  those households d e f i n e d  above 
that  a re  not p re sen t l y  served  by community 
sewerage f a c i l i t i e s .  

b .  For the eva lua t ion  o f  o t h e r  water  q u a l i t y  
management and improvement measures,  1  ake- 
o r i e n t e d  households would inc lude  both  sewered 
and unsewered households a s  d e f i n e d  above.  

trict,  according to the proposal, would provide 
solid waste collection services, cut and harvest 
weeds, and take other steps to prevent pollution of 
the lake. 

Two alternative water quality management plan 
elements were considered for Beulah Lake. The 
first  provides for removal of excessive weed 
growths that are interfering with recreational 
activities by weeci harvesting (see Table 18). 

The second alternative considered may be ex- 
pected to reduce phosphorus input to the lake by 
65 percent through the use of bench terracing to 
reduce erosion and soil losses from 1,600 acres 
of agricultural land tributary to the lake. Weed 
removal would also be provided as in the f irst  
alternative. 

Because of the generally good water quality con- 
ditions of Beulah Lake, the low population density 
around the lake, and the low proportion of phos- 
phorus estimated to be contributed by septic tank 
systems located near the lake, a sanitary sewer- 
age system plan element was not considered. 

It is recommended that the second alternative 
water quality management plan for Beulah Lake, 
including weed harvesting and bench terracing, be 
included in the recommended watershed plan. 

Big Muskego Lake: Big Muskego Lake is a large 
shallow lake that receives little public use other 
than for hunting. It is ,  however, a major water- 
fowl habitat in southeastern Wisconsin. The lake 
is covered with extensive weed growths during the 
summer months. There is evidence of sewage 
pollution in Bass Bay, probably from the septic 
tanks serving the homes around the bay (see 
Table 19). 

The only water quality management plan element 
considered for the lake was weed harvesting and 
algae control (see Table 20). This plan element 
could be expected to control nuisance growths of 
algae and weeds, but the harvesting control and 
operations should be selective to protect major 
waterfowl nesting areas and fish spawning areas. 
No other plan elements were considered because 
of the limited public use of the lake and the lack of 
potential to support significant public use due to 
the very shallow depth of the lake. Investigations 
should be made in the Bass Bay area to confirm 
the suspected sources of the sewage pollution in 
that area, and pollution from these sources should 



Table  17 uses. Major sources of nutrients are individual 

SELECTED CHARACTER l ST1 CS OF BEULAH LAKE sewage disposal facilities around the lake, which 
WALWORTH COUNTY: 1966 contribute 40 percent of the phosphorus, and run- 

off from manured land, which contributes 40 per- 
cent of the phosphorus. Chemicals have been 
used in the past to control weed and algae growths 
(see Table 21). 

Charac te r is t i c  

Tr ibutary Drainage Area . . . . . .  
Surface Area. . . . . . . . . . . .  
Shorel ine . . . . . . . . . . . . .  
Depth 

Under 3 Feet . . . . . . . . . .  
Over 20 Feet . . . . . . . . . .  

Vol une. . . . . . . . . . . . . . .  
Lake-Oriented Population. . . . . .  
Phosphorus Sources. . . . . . . . .  

General Water Qua l i t y  . . . . . . .  

The second alternative considered could be ex- 
pected to reduce phosphorus input to the lake by 
approximately 40 percent by providing bench ter- 
racing for approximately 500 acres of agricultural 
land tributary to the lake. In addition, nuisances 
caused by excessive weed and algae growths would 
be controlled as in the first alternative. 

Descript ion 

12.8 Square M i les  

837 Acres 

15.3 M i l e s  

13 Percent 

3 V  Percent 

IU, 1189 Acre-Feet 

650 

Manured land 66% 
Rural runoff 12 

Sept ic  tanks 10 
Othera 12 

Total  100% 

Moderate weed growths 

Moderate nu t r i en t  
concent ra t ions  

Generally good water qua1 i t y  

condit ions 

$rec ip i  t a  t ion  and ground water. 

Source: Harza Engineering Conpany and Wisconsin Department o f  Natural  
Resarrces. 

be eliminated if the bay is to be used for body- 
contact recreational activities. It is recommended 
that the foregoing weed harvesting and algae con- 
trol water quality plan element be included in the 
recommended watershed plan. 

Bohner Lake: Water quality in Bohner Lake i s  
generally suitable for all present uses of the lake, 
including swimming, boating, and fishing. High 
nutrient concentrations, however, give rise to 
some weed and algae growth that may affect these 

Three alternative water quality management plan 
elements were considered for Bohner Lake. The 
first would provide algae control through the use 
of algicides on the lake and weed control by 
removing the weeds with mechanical harvesters 
(see Table 22). This action would alleviate prob- 
lems caused by excessive weed and algae growths. 

The third alternative considered, in addition to 
providing the facilities of the first two alterna- 
tives, would provide a sewerage system and 
treatment plant to serve all of the developments 
around the lake (see Figure 20). This installation 
would eliminate any potential future pollution of 
the lake from individual sewage disposal systems 
and, together with bench terracing, could be 
expected to reduce phosphorus input by 80 per- 
cent. A preliminary estimate of the loss of water 
to the lake resulting from the elimination of septic 
tank seepage indicates the loss would be equiva- 

T a b l e  18 

ALTERNATIVE LAKE WATER QUALITY MANAGEMENT PLAN ELEMENTS 
BEULAH LAKE, WALWORTH COUNTY 

4( populetxon of 690 person, was "aed for  per  c q i t a  cost c a l c u l a t i o n = .  

aor th  c a l c u l a t e d  u t i ~ i z j n g  a 6 percent r a t e  o f  i n t e r e a t  and e 15.year l i f e .  me present w r t h  for a l l  o ther  p l a n  elements c a l c v l a t e d  u t i l z z i n g  a 6 percent r a t e  o f  i n t e r e s t  and = a - y e a r  11fe .  

Sarrse. H a r r a  Engineerxng W m y .  

Anticipated Perfonmcs 

Control aquatic nuisance growths 

Control aquatic nuisrnce growths 
Reduce phosphorus input by sbwt 

65 percent 

Alternative Plan Element E~tlmated colt  

Number 
Designation 

I 

2 

De~cript ion 

Weed harvesting . . . . . . . . . . . .  
Total 

Weed harvesting . . . . . . . . . . . .  
Each  tsrracer . . . . . . . . . . . .  

Total 

Capi t a l  

$ IO.WO 

$ iO.WO 

$ IO.OW 
98, MI0 

$ loe.OW 

Annual Per Carita' Total anual  
1970-1985 

$ Y.0 

$ b O  

$ 4.0 
9.5 

$ 13.5 

Annual Opention 
and Waintmancs 

$ i.'m 

$ 1,500 

$ 1,500 -- 
$ i,SW 

1970-1985 

$ 2.600 

$ 2.600 

$ 2,MIO 
6,200 

$ 8,800 

1986-2020 

$ -- 
$ -- 

$ -- 
9.5 

$ 9.5 

Present 
lo r th  

$ 25 ,000~  

$ 25,000 

$ 25,0wb 
98, 000 

$ 123.000 

1986-2020 

$ -- 
$ -- 

$ -- 
6,200 

$ 6,200 



Table 19 dents and by people staying at the numerous 
SELECTED CHARACTERISTICS OF BIG MUSKEG0 LAKE resorts located on the lake. Water aualitv in the 

WAUKESHA COUNTY: 1966 

$rec ip i  tat ion and ground water. 

C h a r a c t e r i s t i c  

T r i b u t a r y  Drainage Area . . . . . .  
Surface hrea . . . . . . . . . . .  . . . . . . . . . . . . .  Shorel ine 
Depth 

Under 3 Feet . . . . . . . . . .  
Over 20 Feet  . . . . . . . . . .  

Volume . . . . . . . . . . . . . .  
Lake-Oriented Population. . . . . .  
Phosphorus Sources . . . . . . . .  

Qeneral Water Q u a l i t y  . . . . . . .  

Source: Harza Engineering Company and Wisconsin Department o f  Natural 
Resources. 

Descr ipt ion 

28.0 Square M i l e s  
2,260 Acres 
17.7 M i l e s  

96 Percent 
I Percent 

6 .561 Acre-Feet 
500 

Manured land 57% 
Rural runoff  13 
S e p t i c  tanks 5 
Othera 25 

Total  100% 

Heavy weed growths 
Winter f i s h  k i l l s  

Evidence of  sewage p o l l u t i o n  

i n  Bass Bay 

lent to less than two inches of water over the lake 
surface annually. 

It is recommended that the second alternative 
water quality management plan for Bohner Lake, 
including weed harvesting, algae control, and 
bench terracing, be included in the recommended 
watershed plan. It is not recommended that the 
sanitary sewerage system be included in the 
watershed plan at this time because the cost of the 
system was deemed to outweigh the water quality 
benefits, due to the fact that water quality samples 
indicate a lack of excessive pollution due to 
inoperative septic tank systems. 

Browns Lake: Browns Lake is heavily used for all 
types of recreational activities by nearby resi- 

lake is characterized by heavy growths of aquatic 
weeds and algae, the highest phosphorus concen- 
tration of all major lakes in the Fox River water- 
shed, and significant evidence of sewage pollution 
in the lake. The major nutrient source is drainage 
from septic tanks, which is estimated to contri- 
bute 60 percent of the average phosphorus input 
to the lake (see Table 23). 

About three-fourths of the tributary drainage area 
lying to the east and south of the lake is overlain 
with soils that are unsuitable for soil absorption 
sewage disposal facilities. This area includes 
much of the residential development around the 
lake. Soils on the north and west sides of the lake 
are generally suitable for the use of soil absorp- 
tion sewage disposal systems. 

Four alternative water quality management plan 
elements were considered for Browns Lake. The 
first provides for weed harvesting and algae con- 
trol to alleviate any problems being caused by 
excessive growths of weeds and algae (see Table 
24). The use of chemicals has been necessitated 
in the past to control nuisance aquatic growths. 

The second alternative considered provides for a 
sewerage system and treatment plant to serve the 
Cedar Park area on the east side of the lake and 
the resorts and homes around the remainder of 
the lake, with the treatment plant discharging to 
Hoosier Creek (see Figure 21). This installation 
would eliminate all waste discharges to the lake 
from individual sewage disposal facilities, would 
eliminate any public health hazards caused by 
these discharges, and could be expected to reduce 
the phosphorus input to the lake by 60 percent. 
Weed and algae control would be provided as in 
the first alternative. A preliminary estimate of 
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ALTERNATIVE LAKE WATER QUALITY MANAGEMENT PLAN ELEMENTS 
BIG MUSKEG0 LAKE, WAUKESHA COUNTY 

I Weedharvesting . . . . . . . . . . . .  $ L3.000 $ 2 0  $ 2 2  1 $ 1: 1 $ U4;O 1 $ lcontrsl aquatic nuisance s rwths  
Algae control . . . . . . . . . . . .  5.260 52,250b 5 , W  10 8 

I  Total $ 89.250 $ 18,250 $ 266,250 $ 2 7 , W  1  $ -- $ 59.8 I t  - - I  I  

Anticipated Perfomance 

?4 p o p ~ l a t ~ o n  o f  500 persons *as used for per  c a p i t a  c o s t  c a l c u l a t l ~ s  

Alternative Plan Elerrnt  

aar th  calculated  u t ~ l x z x n e  a 6 percent rare o r  i n t e r e s t  and a IS-year 1 1 f e .  

Number 
Oarignation 

Estimated Cost 

source: Herla Eng.neer.ng co"Wm,.. 

Oercriptlon Cspi t a l  
I I I I I I 

Annual Operation 
and Maintenance 

Present 
Worth 

Total Annual Annual Per Capita' 
1970-1985 1986-2020 1970-1985 1986-2020 



T a b l e  2 1  The third alternative considered provides for a 
SELECTED CHARACTERISTICS OF BOHNER LAKE sewerage system and treatment plant to serve 

R A C l N E  COUNTY: 1966 only the east  side of the lake, with the treat- 
ment plant discharging to Hoosier Creek (see 
Figure 22). 

The fourth alternative considered provides for a 
sewerage system in which sewage collected from 
both sides of the lake would be carried to the 
existing treatment plant located south of the City 
of Burlington, eliminating the need for the con- 
struction of a new treatment plant at  Browns 
Lake. This latter alternative would include the 
costs of increasing the capacity of the existing 
Burlington plant to handle the additional sewage 
load (see Figure 23). The third and fourth alter- 
natives would include weed and algae control, as  
set forth in the f irst  alternative. 

Charac te r is t i c  

Tr ibutary Drainage Area . . . . . .  
Surface Area. . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . .  
Depth 

Under 3 Feet . . . . . . . . . .  
Over 20 Feet . . . . . . . . . .  

Volume . . . . . . . . . . . . . .  
Lake-Oriented Population. . . . . .  
Phosphorus Sources. . . . . . . . .  

General Water Qua l i t y  . . . . . . .  

a 
P r e c i p i t a t i o n .  

Description 

3.6 Square M i les  

12U Acres 

1.8 M i les  

25 Percent 

25 Percent 

1.196 Acre-Feet 

850 

Manured land 91% 
Sept ic  tanks 39 

Rural runoff 15 

Othera 5 

Total  100% 

Moderate weed and algae growths 

High nu t r i en t  concentrations 
Water qua1 i ty general ly  

su i tab le  fo r  most uses 
Costs for the various alternative plans for Browns 
Lake are  summarized in Table 24. The fourth 
alternative considered would serve the largest 

Source: Harza Engineering Company and Wisconsin Department o f  Natural 
number of persons, since the trunk sewer to the 

Resources .  Burlington treatment plant would be capable of 
serving the presently unsewered area  lying east of 
the Fox River between the City of Burlington and 

the loss of water to the lake resulting from the Browns Lake. The diversion of sewage to the 
elimination of septic tank seepage indicates that Bur lington sew age treatment plant, as  proposed in 
the loss would be less than one inch of water over the fourth alternative, i s  considered to be the best 
the lake surface annually. way to provide sewer service to Browns Lake, 
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. . . . . . . . . . . . .  
. . . . . . . . . . . . . .  

Weed harver t tng 
Algae control 
~ e n c h  terraces. . . . . . . . . . . . . .  

ALTERNATIVE LAKE WATER Q U A L I T Y  MANAGEMENT PLAN ELEMENTS 
BOHNER LAKE, R A C l N E  COUNTY 

Weed h a r v e r t l n g  . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  Algae m n t r o l  

. . . . . . . . . . . . .  Bench terraces 
sann tary  sewerage system(enti re  lake-- 

850 persons served--3emndary t r e a t -  
n e n t p l a n t a t l a k e ~ u t l e t ) ~ .  . . . .  

Ant ic ipated P e r f o r w n c e  

Control aquat ic  nuisance 
growths 

$ 4,000 
1 .  250 

31,OW 

$ 36.250 

Total 

A l ternet t  ve P lan Element E ~ t l m a t e d  Cost 

lumber 

Oerl gnation 

I 

$ 550 
450 -- 

$ 1,000 

=A population of 850 persons war used for per  caplta cost calculaf~onr. 

Delcr ipt lon 

Weed harvest ing . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  Algae c a n t m l  

$ -- -- 
2.3 

uorth c a l ~ ~ l a t e r l u r ~ l ~ z j n g  a 6 percmt rate of ~nferes? end a 15-yrar Ilfe. me present w r t h  far all other plan elements calmlaled u t r l l r z n g  a 6 percent r a t e  of xnterest  and a D - y e a r  1 z f e .  

$ 9 , 3 3 0 ~  
5 . 6 2 0 ~  

31 ,MO 

$ 45,950 

Control aquatic nuisance growths 
Reduce phosphorvr input by about 

8 0  percent 

'The component capltal costr  o f  the s m l t s r y  sewerale system are: treatment planf (secondary) $194,000 , trunk severs $175.000 . lateral ,vld branch rr.wers $1,125,000 

C i p i t a l  

$ 4.000 
1.250 

Annual Per Csphtaa 

1970-1985 

$ I .  1 
0 .7  

Total Annual 

$ 960 
580 

1,970 

$ 3.510 

Annual Operatton 
and Maintenance 

$ 550 
V50 

1986-2020 

$ -- 
-- 

1970-1985 

S 960 
580 

Present 

WO r t h  

$ 9. 3 s b  
5 , 6 z b  

1986-2020 

$ -- -- 

$ -- 
.. 

1,970 

5 1,970 

$ I. I  
0.7 
2. 3 

S 4.1 

$ -- 
-- 

2.3 

$ 2 3  

Control aquatic nuisance growths 
Reduce phorphorus input by 'bout 

40  percent  



Figure 20 
PROPOSED SANITARY SEWERAGE FACILITIES FOR BOHNER LAKE 

LEGEND - TRUNK SEWER 

4 SEWAGE TREATMENT PLANT 

J I N I I a R I  SEWER SERVICE m AREA 

GRAPHIC SCALE 
0 eooo 4000 ~ o a ,  FEET - - 

Almost h a l f  o f  the annual phosphorus inflow t o  Bohner Lake i s  contributed by sep t ic  tank e f f l u e n t  seepage in to  
t h e  lake. A sanitary sewerage system t o  serve the  lake-oriented resident  population o f  about 850 people would 
s ign i f i can t ly  reduce the  phosphorus contr ibut ion t o  the  lake, thereby reducing the r a t e  o f  eutrophication. Such 
a system would a lso ass is t  i n  maintaining good lake  water qua1 i t y  f o r  recreat ional  uses, e l  iminating any po ten t ia l  
sani tary  hazard. 

Source: Harza Engineering Compny and SiWFZC. 

since it not only eliminates the need to construct a 
separate sewage plant but also allows improved 
treatment to be supplied to the service area and 
eliminates any waste discharge from the Browns 
Lake area to the stream network above Burling- 
ton. It is, therefore, recommended that the fourth 
alternative water quality management plan for 
Browns Lake, including weed harvesting, algae 
control, and a sanitary sewerage system with 
waste treatment at the City of Burlington plant, be 
included in the recommended watershed plan. 

Camp and Center Lakes: Camp and Center Lakes 
receive moderate use for fishing and as a water- 
fowl habitat. There are large residential develop- 
ments on the east side of Camp Lake and around 
most of Center Lake. Water quality in both lakes 
is characterized by dense weed and algae growths, 
average nutrient concentrations, and some evi- 
dence of sewage pollution from the homes around 
the lakes. Approximately 90 percent of the area 
around the two lakes is overlain with soils that 

are not suitable for soil absorption sewage dis- 
posal systems. Major nutrient sources are drain- 
age from the individual sewage disposal facilities 
serving homes around the lakes and runoff from 
manured land (see Table 25). 

Four alternative water quality management plan 
elements were considered for Camp and Center 
Lakes. The first would provide weed harvesting 
and algicide applications to eliminate nuisances 
caused by excessive growths of algae and aquatic 
weeds in both lakes (see Table 26). 

The second alternative considered could he ex- 
pected to reduce phosphorus input to the lakes by 
one-half through the construction of bench ter- 
races on 1,200 acres of agricultural land draining 
to the lakes. Weed and algae control would also 
be used as in the first alternative. 

The third alternative considered provides for the 
construction of a sanitary sewerage system and 



Table  23 

SELECTED CHARACTER1 ST1 CS OF BROWNS LAKE 
RACINE COUNTY: 1966 

$rec ip i  ta t ion .  

C h a r a c t e r i s t i c  

T r i b u t a r y  Drainage Area . . . . . .  
Surface Area . . . . . . . . . . .  
Shorel ine . . . . . . . . . . . . .  
Depth 

Under 3 Feet . . . . . . . . . .  
Over 20 Feet . . . . . . . . . .  

Volume. . . . . . . . . . . . . . .  
Lake-Oriented Population. . . . . .  
Phosphorus Sources. . . . . . . . .  

General Water Q u a l i t y  . . . . . . .  

Source: Harm Engineering Conpmy w d  Wisconsin Department o f  Natural 
Resources. 

Descr ipt ion 

2.2 Square M i l e s  

396 Acres 

5.0 M i l e s  

12 Percent 
2 Percent 

3,135 Acre-Feet 

1,100 

Sept ic  tanks 60% 
Manured land 22 
Rural runoff  5 
Othera 13 

Total  100% 

Heavy weed and a lgae growths 
Evidence o f  sewage p o l l u t i o n  

Very high n u t r i e n t  

concentrat ions 

treatment facilities to serve the developed areas 
on the east side of Camp Lake and around all of 
Center Lake (see Figure 24). This alternative 
would eliminate all discharge of wastes from 
these areas to the lakes and thereby serve to 
eliminate any public health hazards from these 
discharges. Phosphorus input to the lake would 
be expected to be reduced by 25 percent. Weed 
and algae control would also be utilized as in the 
first alternative. 

The fourth alternative considered would provide a 
sanitary sewerage system and treatment facili- 
ties, bench terraces, and weed and algae control. 
This alternative could be expected to reduce phos- 
phorus input by three-fourths , eliminate most 
waste discharges to the lake and the related public 
health hazards, and alleviate problems being 
caused by the large weed and algae growths. 
Estimates of the water loss to the lake as a result 
of the sewerage system indicate that the loss 
would be negligible. It is recommended that this 
fourth alternative be included in the recommended 
watershed plan. 

Como Lake: Como Lake is a very shallow lake 
primarily used for fishing, hunting, and as a 
waterfowl habitat. Boating and water skiing are 
minor uses of the lake. Water quality is charac- 
terized by extensive growths of weeds and algae 

in many portions of the lake. Major nutrient 
inputs to the lake are manured land runoff and 
drainage from private sewage disposal facilities. 
Approximately three-fourths of the area around 
the lake is overlain with soils that are not suitable 
for soil absorption sewage disposal systems (see 
Table 27). 

Four alternative water quality management plan 
elements were considered for Como Lake. The 
first would alleviate nuisance conditions in the 
lake by removing weeds through the use of 
weed harvesting machines and by controlling 
algae growths through the use of algicides (see 
Table 28). 

The second alternative considered could be ex- 
pected to reduce the phosphorus input to the lake 
by slightly over one-half through the application of 
bench terracing on 1,200 acres of agricultural 
land tributary to the lake and presently subject 
to substantial erosion and soil loss. Weed and 
algae control would be provided as in the first 
alternative. 

The third alternative considered would provide a 
sanitary sewerage system and treatment facilities 
to serve the large urban development on the north 
side of the lake (see Figure 25). This would serve 
to eliminate any sanitary hazards that may be 
caused by drainage from individual disposal facil- 
ities serving residences in this development and 
could be expected to reduce phosphorus input to 
the lake by about one-fifth. It would not, however, 
alleviate any sanitary hazards caused by septic 
tank discharges from residences located along the 
south side of the lake. Weed and algae control 
would also be provided as in the first alternative. 

The fourth alternative considered would provide 
all the elements considered in the first three 
alternatives. It could be expected to greatly 
reduce any health hazards caused by malfunction- 
ing private sewage disposal facilities, could be 
expected to result in a reduction of phosphorus 
input to the lake by 80 percent, and thereby to 
alleviate nuisances caused by excessive weed and 
algae growths in the lake. It is  recommended that 
this fourth alternative be included in the recom- 
mended watershed plan. 

Eagle Lake: Water quality in Eagle Lake is char- 
acterized by large areas of weed and algae 
growths that interfere with recreational activities, 
moderately high nutrient concentrations, and some 
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Tab le  24 

ALTERNATIVE LAKE WATER QUALITY MANAGEMENT PLAN ELEMENTS 
BROWNS LAKE, RACINE COUNTY 

Tota l  

$ - Contro l  aquatic nuisance g r o ~ t h r  -- El iminate pub l i c  heal th  harzardr  

Reduce phosphorus input  by 
about €4 percent 

65.0 

Ant ic ipated Performance 

Control aquat ic  nuisance growths 

Control aquatic nuisance g r o ~ t h s  
E l im ina te  pub l i c  heal th  hazards 
Reduce phosphorus Input  by 

about 60 percent 

Control aquat ic  nuisance growths 
E l im ina te  pub l i c  heal th  hazards 
Reduce phosphorus input by 

about 60 percent 

m r t h  c a l c u l a t e d  u t . l i z . n g  a 6 percent  rate o f  znterest  and a 15-year l i f e .  ne ~ ~ l h  f o r  a l l  o ther  p lan  e lanents  c a l c u l a t e d  u f x l ~ z ~ n g  a 6 percent rate o f  interest and a 5 0 - ~ e = r  I l f e .  

Number 

Designation 

i 

2 

3 

" A  populahon o f  1,500 persons was used f o r  per capzta cost  c a l c u l s t l o n r .  

A l t e rna t i ve  Plan E lemn t  

Oe l c r i p t l on  

Weed harvest ing . . . . . . . . . . 
Algae cont ro l  . . . . .'. . . . . . . . 

atal 

Weed harvest ing . . . . . . . . . . . . 
Algae cont ro l  . . . . . . . . . . . . . 
Sanitary sewerage eyatem ( e n t i r e  lake-- 

1.500 persons served--8acondary 
treatment p l an t  a t  lake o ~ t l e t ) ~  . . 

Tota l  

Weed harvesting . . . . . . . . . . . . 
Algae cont ro l  . . . . . . . . . . . . . 
Sanitary sewerage system (east s ide of 

lake--900 persons served--secondary 
t r e a t m n t  p lant  a t  lake 0ut1.t)~ . . 

Total 

cThe wnponent c a p i t a l  coats  o f  the sani tary  sewerage system are treatment p l a n t  f s e c o n d a v l  1211,000: t runk  sewers  $260.000; l a t e r a l  and branch sewer* 1860,WO. In addzhonel  cepxta l  cost o f  

6102,000 - I d  be needed to provrde  advanced waste treatment and m a k e  e l f e r n s t x v e  2 s t r r c t l y  conparable to A l t e r n a l x v e  4. 

dme ~ ~ p n e n t  c a p ~ t a l  costs o f  fhe  s a n ~ t a r y  sewerage system are  t reatment  p l a n t  (secondary) $135,000: trunk r e a r s  1116.000: l a t e r a l  and branch sewers 16OP.OW. An a d d l f l o n a l  c a p l f a l  cost o f  

565,000 w u l d  be needed t o  prov lde  edvensed waste treatment a d  m a k e  Alternative 3 s t r i c t l y  cnrpsrsble  to A l t e r n a t i v e  4 .  

Capi ta l  

$ 5.200 
1.250 

$ 6.150 

$ 5.200 
1.250 

1.331.000 

$ 1,337,450 

$ 5.200 
1,250 

860,000 

$ 868,'450 

Annual 

1970-1985 

$ 0 . 5 ~  
O.8b 

$ 1.3 

$ 0.5~ 
0 . 8 ~  

76.5 

$ 77.8 

$ o.ab 
I.yb 

8Y.5 

$ 86.7 

erhe  ~anponent  c a p i t a l  costs o f  the  sanitary sewerage systsn e r e -  advanced w a s t e  t r e s t m m t  1195;OW; trunk sewers 1525,000: l a t e r a l  and branch sewers SVO4.000 

Per Capita 
1986-2020 

$ -- -- 
$ -- 

$ -- -- 

76.5 

$ 76.5 

( -- -- 

84.5 

$ 8'4.5 

Total 

1970-1985 

$ 750 
1.250 

$ 2.00'3 

$ 750 
1,250 

11'4,800 

$ 116,800 

$ 750 
1.250 

76,000 

$ 78,000 

evidence of sewage pollution. The entire area algicides to control large algal growths (see Table 
around the lake is overlain with soils that are 30). This action would alleviate the problems 
unsuitable for soil absorption sewage disposal caused by these growths. 
systems. Major sources of nutrient input to the 

Annual Operation 

and Maintenance 

$ 750 
1,250 

$ 2.000 

$ 750 
1,250 

28,000 

$ 30,000 

$ 750 
1,250 

20, WO 

$ 22 .W 

Annvsi 

1986-2020 

$ -- -- 
$ -- 

$ -- -- 

Ii4,M)O 

$ 114,800 

$ -- -- 

76,000 

$ 76,000 

lake are runoff from manured land, -which is 
estimated to contribute 55 percent of the phos- 
phorus input, and drainage from individual sewage 
disposal systems, which is estimated to contribute 
20 percent of the phosphorus (see Table 29). In 
addition, the Pure Milk Association plant in Kan- 
sasville discharges wastes high in nutrient content 

Estimated Cost 

Prsrsnt  

m r t h  

$ 7,280' 
12.120" 

$ i9,WO 

$ 7 ,280~  
12,120' 

1,812,600 

$ 1,832,000 

$ 7,280' 
12,120' 

1,201,600 

$ 1.221.000 

to a marsh that drains into Eagle Lake. Adequate 
waste treatment facilities should be provided at 
this plant to abate this discharge of nutrients to 
the lake. The lake is generally treated twice 
yearly with algicides and herbicides to control 
luxuriant aquatic growths. 

Four alternative water quality management plan 
elements were considered for Eagle Lake. The 
first  would provide harvesting equipment to re-  
move excessive weed growths and would utilize 

The second alternative considered would, in addi- 
tion to providing weed and algae control as above, 
provide bench terracing for 1,000 acres of agri- 
cultural land tributary to the lake and may be 
expected to reduce phosphorus input to the lake 
by 55 percent. 

The third alternative considered would provide a 
sanitary sewerage system and treatment facilities 
to serve all of the residences and resorts  located 
around the lake (see Figure 26). This alternative 
would eliminate any public health hazards being 
caused by waste discharges to the lake from mal- 
functioning individual sewage disposal facilities 
and could be expected to reduce phosphorus input 
by 20 percent. Weed and algae control would be 
provided as  in the f irst  alternative. 



Flgure 21 
ALTERNATIVE SANITARY SEWERAGE FACILITIES FOR BROWNS LAKE: ENTIRE LAKE WITH TREATMENT PLANT AT LAKE OUTLET 
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About 60 percent o f  the annual phosphorus contr ibut ion t o  Browns Lake i s  a t t r i b u t e d  to  sept ic  tank e f f luen t  
seeoaae. seeoaae which a lso contr ibutes to the high col i form bac te r ia  counts in  the  lake. One of the a l t e r n a t i v e  . - .  . - 
sani tary  sewerage systems considered t o  e l iminate  these two forms of p o l l u t i o n  would have a  sewage treatment p lan t  
discharging t o  Hoosier Creek, wi th  t r ibu ta ry  sewers serving a l l  of  the l ake  community. 
Source: Harra Engineering Coopany and SEWRFC. 

The fourth alternative considered would provide a 
sanitary sewerage system and treatment facili- 
ties, bench terracing, and weed and algae control. 
This alternative could be expected to reduce phos- 
phorus input to the lake by 75 percent, eliminate 
waste discharges and sanitary hazards from these 
discharges to the lake, and control nuisance 
growths of algae and aquatic weeds. 

It is recommended that the fourth alternative 
water quality management plan for Eagle Lake, 
including weed harvesting, algae control, bench 
terracing, and a sanitary sewerage system, be 
included in the recommended watershed plan. 

Echo Lake: Echo Lake is a small shallow im- 

I 
poundment of the White River that receives little 
public use other than aesthetic enjoyment. Water 
quality in the lake is characterized by moderately 

i 
high nutrient concentrations, caused mostly by 
runoff from manured land and upstream waste dis- 
charges, and by some bacterial pollution. There 
is very little weed growth in the lake, probably 

I due to the sand and gravel bottom (see Table 31). 

No specific water quality management plan ele- 
ments were considered for Echo Lake because 
of the little use the lake receives and because 
improvements in water quality in the White 
River and Honey Creek, as recommended in the 
stream water quality management alternative 
plans, should result in improved quality in Echo 
Lake. Disinfection of upstream waste discharges 
should alleviate the bacterial pollution problem, 
and removal of nutrients from these waste dis- 
charges may be expected to reduce phosphorus 
input to the lake by 25 percent. If additional use 
is to be made of tlfe lake for recreational activi- 
ties, it may be desirable to deepen portions of it 
by dredging. 

Elizabeth and Marie Lakes: Elizabeth and Marie 
Lakes are very intensively used for recreational 
purposes, including boating, swimming, and fish- 
ing. There are many resorts located around the 
lakes which provide access to the lakes for many 
people. Water quality is generally suitable for all 
uses of the lakes, although heavy weed growths 
interfere with some uses. Major nutrient sources 



ALTERNATIVE SANITARY SEWERAGE FACILITIES FOR BROWNS LAKE: 
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A second a l t e r n a t i v e  s a n i t a r y  sewerage p l a n  considered for  Browns Lake would p r o v i d e  sewerage s e r v i c e  t o  on ly  
t h o s e  r e s i d e n t i a l  a reas  l o c a t e d  along t h e  e a s t  s i d e  o f  t h e  l a k e ,  w i t h  t h e  res idences  on t h e  west s i d e  o f  t h e  l a k e  
t o  bs e v e n t u a l l y  removed i n  o r d e r  t o  p r o v i d e  r e s t o r e d  " n a t u r a l "  lakeshore  area.  T h i s  a l t e r n a t i v e  would a l s o  
u t i l i z e  a sewage t r e a t m e n t  p l a n t  d ischarg ing  t o  Hoosier  Creek. 

Source: Harna Engineering Company and SEWRFC. 

are  runoff from manured land, runoff from urban Geneva Lake: Geneva Lake is the largest lake in 
and semiurban land, and drainage from individual the watershed and, as such, is one of the most 
sewage disposal facilities (see Table 32). Much valuable recreational assets of the entire water- 
of the developed area around the lakes is served shed. It is used for all forms of recreational 
by a sewerage system and treatment facilities, activities by residents, by people staying at the 
with effluent disposal away from the lake. The many resorts  surrounding the lake, and by day- 
sewerage system should be expanded to serve al l  use people from the Milwaukee and Chicago met- 
of the developed areas around both lakes. ropolitan areas. The major population centers 

around the lake, including Lake Geneva, Williams 
Two alternative water quality management plan Bay, and Fontana, all provide sanitary sewerage 
elements were considered for Elizabeth and Marie service and treatment facilities with effluent dis- 
Lakes. The f i rs t  provides for weed harvesting posal away from the lake. Water quality in the 
and removal to eliminate problems being caused lake is generally suitable for all uses, with very 
by the large growths of aquatic weeds (see low nutrient concentrations and little evidence of 
Table 33). nuisance growths of weeds o r  algae. Dissolved 

oxygen levels in the bottom waters, however, are 
The second alternative considered provides for generally low; and this may have an adverse effect 
the construction of bench terraces on 1,100 acres on the fish life that the lake supports. Major 
of agricultural land draining to the lake, which nutrient sources are  runoff from manured land 
could be expected to reduce phosphorus input to and runoff from urban areas (see Table 34). 
the lake by 40 percent. Weed control would also 
be used a s  in the f irst  alternative. It is recom- Two alternative water quality management plan 
mended that this second alternative be included in elements were considered for Geneva Lake. The 
the recommended watershed plan. f irst  could be expected to reduce phosphorus input 



to the lake by 45 percent through the provision of 
bench terraces on 3,300 acres of agricultural land 
tributary to the lake and presently subject to 
excessive erosion and soil loss (see Table 35).  
Weed and algae control would generally not be 
necessary, except possibly in isolated areas. 

The second alternative considered would provide 
for artificial destratification of the lake through 
the use of appropriate mixing devices. This action 
would provide additional oxygen to the deeper 
waters of the lake. Additional investigation would 
be necessary, however, to determine what effect 
mixing would have on algae and weed growth. 

No sanitary sewerage system plan element was 
considered for Geneva Lake because of the exis- 
tence of three such systems serving the adjacent 
City of Lake Geneva and Villages of Fontana and 
Williams Bay (see Figure 27). It was assured 
that these existing systems would eventually be 
to serve all of the urban development around 

Geneva Lake as  the need arises. This assumption 
was made in view of the antiproliferation policy of 
the Wisconsin Department of Natural Resources 
with regard to sewage treatment plants. 

It is recommended that the first  alternative water 
quality management plan for Geneva Lake, con- 
sisting of bench terracing, be included in the 
recommended watershed plan. The second alter- 
native, lake mixing, was deemed not warranted 
based upon existing water quality conditions. 

Little Muskego Lake: Little Muskego Lake is used 
for aesthetic and recreational activities, including 
fishing, boating, and swimming (see Table 36) .  
Water quality is generally poor, however, in 
comparison to other lakes in the Fox River water- 
shed. Nuisance growths of weeds and algae are  
evident in many of the shallow bays, and there is 
direct evidence of pollution from private sewage 
disposal systems around the lake. In addition, 
nutrient concentrations in the lake are among the 

RECOMMENDED SANITARY SEWERAGE FACILITIES FOR BROWNS LAKE: 
ENTIRE LAKE WITH TREATMENT PLANT AT BURLINGTON 
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The recommended sanitary sewerage system plan for  Browns Lake would provide sewerage serv ice to  the e n t i r e  l ake  
community, as well  as t o  some residences l y ing  i n  the area between Browns Lake and the  City o f  Burlington. I t  
would a lso comply with the S ta te  o f  Wisconsin's a n t i p r o l i f e r a t i o n  pol icy  with regard to  sewage treatment p lants  
i n  tha t  the  l ake  community would be connected t o  an e x i s t i n g  sewage treatment p l a n t  a t  Burl ington which i s  r e c o b  
mended t o  provide advanced waste treatment. 

Source: Harze Engineering Company end SEWRPC. 























T a b l e  25  

SELECTED CHARACTERISTICS OF CAMP AND CENTER LAKES 
KENOSHA COUNTY: 1966 

a 
P r e c i p i t a t i o n  and ground w a t e r .  

C h a r a c t e r i s t i c  

T r i b u t a r y  Drainage Area . . . . . .  
Surface Area . . . . . . . . . . .  
Shorel ine . . . . . . . . . . . . .  
Depth 

Under 3 Feet  . . . . . . . . . .  
Over 20 Feet  . . . . . . . . . .  

Volume.. . . . . . . . . . . . . .  
Lake-Oriented Populat ion . . . . .  
Phosphorus Sources. . . . . . . . .  

General Water Q u a l i t y  . . . . . . .  

Source: Harza Engineer ing Company and Wisconsin  Department o f  Natural  
Resources .  

Descr ipt ion 

7.8 SquareMiles 

590 Acres 

11.4 M i l e s  

51 Percent 

4 Percent 

3,468 Acre-Feet 

1,200 - 

Manured land 48% 
S e p t i c  tanks 26 
Rural runoff  I 4  

Othera 12 

Total  100% 

Heavy weed and a lgae growths 

Evidence o f  sewage p o l l u t i o n  
Moderate n u t r i e n t  

concentrations 

highest in the watershed. Major sources of these 
nutrients have been the malfunctioning private 
sewage disposal systems and runoff from agricul- 
tural land on which manure has been spread 
during the winter months. The importance of 
manured land as a nutrient source is diminishing, 
however, a s  more and more of the farmland in 
this area is being developed for residential use. 
The entire area around Little Muskego Lake, a s  
well as most of the watershed tributary to the 
lake, is overlain with soils that are unsuitable for 
soil absorption sewage disposal systems. 

A sewerage system is presently under construc- 
tion to serve primarily the urbanizing area of the 
City of Muskego, including part of the southern 
and eastern shoreline of Little Muskego Lake. 
Preliminary design work is also underway for 
extension of the system to serve the remainder of 
the urban and potential urban areas around the 
lake. Treatment facilities are proposed to consist 
initially of a series of three stabilization ponds 
constructed near the north side of Big Muskego 
Lake. These ponds will be utilized until the trib- 
utary sewerage system can be connected to the 
Milwaukee metropolitan sewerage system. 

The City of Muskego is also investigating the 
possibility of dredging large portions of the 
lake bottom to remove muck deposits. Tentative 

approval for the project has been received from 
the Wisconsin Department of Natural Resources. 
Removal of the muck would improve the recrea- 
tional potential of the lake. 

Two alternative water quality management plan 
elements were considered for Little NIuskego 
Lake. The first  would seek to control the nui- 
sances caused by excessive weed and algae 
growths by removing the weeds from the lake 
through the use of harvesting machines and con- 
trolling algal populations by the use of suitable 
algicides (see Table 37). This action could be 
expected to remove some of the nutrients from the 
lake, but i t  would not correct any public health 
problems being caused by sewage discharges to 
the lake. 

The second alternative considered provides a 
sewerage system and treatment facilities to serve 
all areas around the lake (see Figure 28) and pro- 
vides control of weeds by harvesting and of algae 
by the use of algicides, a s  in the f irst  alternative. 
This plan element would eliminate all sewage dis- 
charges to the lake and would consequently elimi- 
nate any possible public health hazards from these 
discharges. This plan element could also be 
expected to reduce the input of phosphorus to the 
lake by about one-half and to reduce algae and 
weed problems. Under this alternative the exist- 
ing sewerage system would be expanded to serve 
the entire area around the lake and, ultimately, to 
serve the entire watershed area tributary to Little 
Muskego Lake. 

It is recommended that the second alternative 
water quality management plan for Little Muskego 
Lake, including weed harvesting, algae control, 
and an expanded sanitary sewerage system, be 
included in the recommended watershed plan. 

Pell  Lake: Pell  Lake is a small, shallow lake that 
receives moderate public use for fishing, swim- 
ming, and boating. Water quality is generally 
suitable for all uses, although excessive weed 
growths often interfere with some uses. Algae 
growths have not as  yet reached nuisance levels. 
Individual sewage disposal facilities serving the 
large development around the lake constitute a 
pollution hazard, although there is no evidence at 
present to indicate a deteriorating water quality. 
Almost all of the residential development around 
the lake is located on soils that are  suitable for 
soil absorption sewage disposal systems. Only 



T a b l e  26 

ALTERNATI YE LAKE WATER QUAL l TY MANAGEMENT PLAN ELEMENTS 
CAMP AND CENTER LAKES, KENOSHA COUNTY 

I l  t e r n a t l v e  P lan  E l m e n t  Estrmated Cost 

Annual Operation Present  Total h n u a l  Annual P e r  cagi tab  A n t l c i u a t e d  Performance 

C a p i t a l  m d  Maintenance Worth 1970- 1985 1986-2020 1970-  1985 1986-20 

I 

2 

'me component LWX~.I the sanltslry are treatment s234.000; trunk 64ao.000 , letrral and branch s1..560,00o 

source .  narza Eng,neer,ng c m p a n y .  

- - 

Weed harvest ing  . . . .. . . . . . . . . . 
Algae m n t r o l  . . . . . . . . . . . . . . 

Total 

p~ - 

3 

4 

10 percent of the tributary drainage area around 
the lake is covered by soils not suitable for such 
systems; and, of this 10 percent, most is located 
in the undeveloped marshy areas near the lake. 
Major nutrient inputs to the lake are from drain- 
age from the private disposal facilities and runoff 
from the manured lands (see Table 38). 

Weed harvesting . . . . . . . . . . . . . 
Algae control . . . . . . . . . . . . . . 
Bench ter races .  . . . . . . . . . . . . . 

Total 

Three alternative water quality management plan 
elements were considered for Pell Lake. The 
first  consists of weed harvesting, which would 
eliminate nuisances being caused by large growths 
of aquatic weeds (see Table 39). Algae control is 
not presently needed. 

- 

$ 17,500 
1,250 

$ 18.750 

wor th  calculetrd vtrlrzrnl i 6 percent r a t e  of l n t e r a s t  and a 15-year I r f e .  The worth for 811 ~ t h c r  plan elenentr calculated ut~lzzznd a 6 percent rate o f x n t ~ r e r f  and a 9)-year Irfe. 

"A populatzon or I , M O  persons was used for per  capita cost celculat~ons. 

- -- 

Weed harvesting . . . . . . . . . . . . . 
Algae m n t r a l  . . . . . . . . . . . . . . 
sani tary  sewerage r y r t m  o f  Center 

L l e :  east  n lde  o f  Cmp ~ a k e - - 1 , 2 0 0  
p e r w n s  served--secondary t reatment  
p l a n t  a t  lake  o ~ t l e t ) ~  . . . . . . . . 

Tota l  

Weed h a r v e r t l n g  . . . . . . . . . . . . . 
Algae m n t m l  . . . . . . . . . . . . . . 
Bench terraces. . . . . . . . . . . . . . 
sanitary sewerage system ( a l l  o f  Center  

Lake: e a s t  ride o f  Camp L a k e - l , m O  
persror  served--secondary t rea 'ment  
p l a n t  a t  l a k e  o u t l e t ) c  . . . . . . . . 

T o t a l  

The second alternative considered would provide 
bench terraces on approximately 200 acres of 
agricultural land tributary to the lake. The ter- 
races could be expected to reduce phosphorus 
input to the lake by 30 percent. Weed removal 
would also be provided as  in the f irst  alternative. 

$ 17.500 
1,250 

73 .000 

$ 91.750 

The third alternative considered provides for the 
construction of a sanitary sewerage system and 
treatment facilities to serve the development 
around the lake (see Figure 29), bench terraces to 

$ 2,500 
I. WO 

$ 3 , 9 W  

- 

$ 17, 500 
1,250 

2,274,000 

$ 2,292,750 

$ 17,500 
1.250 

73.000 

2,274,000 

$ 2, 365,750 

control erosion and soil loss, and weed harvest- 
ing. This alternative would eliminate any poten- 
tial waste discharge to the lake from private 
disposal systems, could be expected to reduce 
phosphorus input to the lake by 90 percent, and 
could be expected to alleviate problems caused by 
excessive weed growths. A preliminary estimate 
of the loss of water to the lake due to the elimina- 
tion of septic tank seepage indicates the loss 
would be equivalent to about 3.5 inches of water 
over the lake surface annually. 

$ 2.500 
I .  WO 

-- 

$ 3.900 

It is recommended that the second alternative 
water quality management plan for Pell Lake, 
including weed harvesting and bench terracing, be 
included in the recommended watershed plan. It 
is not recommended that the sanitary sewerage 
system be included in the watershed plan at this 
time because the cost of the system was deemed 
to outweigh the water quality benefits, due to the 
fact that water quality samples indicate a lack 
of excessive pollution due to inoperative septic 
tank systems. 

$ 41,700' 
14,850' 

$ 56,550 

$ 2,500 
I ,  WO 

35.000 

$ 38.900 

$ 2. YN 
1,WO -- 

35,000 

$ 36,900 

Pewaukee Lake: Pewaukee Lake is very inten- 
sively used for recreational and aesthetic pur- 

$ V1.7OOa 
14,850' 
73,000 

$ 129,550 

$ !,SO $ -- 
I .  5J I  -- 

$ 5,830 $ -- 

$ 4 1 , 7 0 0 "  
14,850' 

2.8 69,000 

$ 2,925. 550 

$ 4 1 . 7 ~ ~  
I 4, 850' 
73 ,000 

2,869,000 

S 2,998, 550 

$ 4, JIO $ -- 
1,5a -- 
4.700 4,700 

$ 10, 530 $ 4,700 

$ 3.6 $ -- 
1.3 - - 

$ 4.9 $ -- 

( 4 . ~ 1 0  $ -- 
I. 530 -- 

185,OW 185.000 

$ 190,830 $18s,ooo 

$ 4.300 $ -- 
1,530 - -  
4.700 4.700 

i85 ,OW 185.WO 

$ 195,530 $189.700 

C o n t m l  aquat ic  nuisance growths 

$ 3 . 6  $ -- 
I .  3 -- 
5 9  3.9 

$ 8.8  $ 3.9 

c o n t m l  aquatic nuiaanoe growths 
Reduce phorphorus input by about 

5 0  percent  

$ 3.6 $ -- 
1.3 -- 

154.0 154.0 

$ 158.9 $ 1 5 ~ 0  

$ 3 . 6  $ -- 
1.3 -- 
3.9 3.9 

15CO 154.0 

$ 162.8 $ 157.9 

C o n t m l  aquatic nuisance g r o w t h  
E l i m i n a t e  pub1 8c heal th  hazard* 

+edlce  phosphorus # " p u t  by about 
25 percent  

Control apuat lc  n v l ~ a n c e  growths 
E l i m i n a t e  p v b l l c  h e a l t h  hazardr  
Reduce phosphorus # " p u t  by about 

7 5  percent  



Figure 24 
RECOMMENDED SANITARY SEWERAGE FACILITIES FOR 'CAMP AND CENTER LAKES 

LEGEND - TRUNK SEWER 

SEWAGE TREATMSNT P U N T  

(I) ;pEyY SEWER SERVICE 

GRAPHIC SCALE 
0 2000 4000 6000 FEET 

The sanitary sewerage system proposed f o r  Camp and Center Lakes would e l im ina te  about 25 percent o f  the present 
phosphorus contr ibut ion t o  the  lakes and would a s s i s t  i n  e l im ina t ing  any pub l ic  hea l th  hazards associated wi th  
use o f  the lakes f o r  swimming, as well  as f i sh ing  and boating. This p a r t i c u l a r  sewerage system plan would enhance 
t h e  lake water qua1 i t y  only i f  complemented by the app l ica t ion  of good so i l  and water conservation pract ices,  such 
as bench terracing,  t o  the agr icu l tu ra l  lands o f  the  lake watershed. 

Source: Herze Engineering Company and ShWRFC. 

poses. There are extensive weed and algae 
growths throughout the lake but particularly in the 
shallow easterly portion of the lake. Nutrient 
concentrations are very high, and there is some 
evidence of sewage pollution in the lake. There 
are over 1,000 homes around the lake dependent 
upon individual soil absorption sewage disposal 
facilities, and approximately one-half of the area 
around the lake is overlain with soils that are 
unsuitable for soil absorption sewage disposal 
facilities. Major nutrient contributors to the lake 
are runoff from lands manured during winter and 
drainage from septic tank systems. Large quan- 
tities of chemicals have been applied annually in 
recent years to control excessive weed and algae 
growths (see Table 40). 

Four alternative water quality management plan 
elements were considered for Pewaukee Lake. 
The first would seek to control the nuisances 
caused by excessive weed and algae growths 
through the use of harvesting machines to remove 

the weeds and of algicides to limit algal 'rowth 
(see Table 41). The entire lake would be treated 
for algae control; and those portions of the lake 
less than seven feet deep, about 20 percent of the 
lake area, would be harvested to remove weeds. 

The second alternative considered would involve 
bench terracing of approximately 3,200 acres of 
agricultural land tributary to Pewaukee Lake to 
reduce erosion and soil loss and thereby reduce 
nutrient input to the lake. The terraces could be 
expected to reduce phosphorus input to the lake by 
40 percent. Weed and algae control would be 
utilized, as in the first alternative, to control 
nuisance growths. 

The third alternative considered would provide a 
sanitary sewerage system around the entire lake 
(see Figure 30), with waste treatment provided 
efther at the existing Village of Pewaukee sewage 
treatment plant or at a large consolidated plant 
serving the entire upper Fox River watershed. 



Table 27 

SELECTED CHARACTERISTICS OF COMO LAKE 
WALWORTH COUNTY: 1966 

a 
Prec ip i ta t ion  md ground r a t e r .  

C h a r a c t e r i s t i c  

T r i b u t a r y  Drainage Area . . . . . .  
Surface Area. . . . . . . . . . . .  
Shorel ine .............. 
Depth 

Under 3 Feet . . . . . . . . . .  
Over 20 Feat  . . . . . . . . . . . .  

Yo1 ume . . . . . . . . . . . . . .  
Lake-Oriented Population. . . . . .  
Phosphorus Sources. . . . . . . . .  

Beneral Water Qua1 i t y  

Sarrce: Harza Engineering Cowany and Wisconsin Department o f  Natural 
Resources. 

D e s c r i p t i o n  

8.1 Square M i l e s  

9V6 Acres 

8.U M i l e s  

18 Percent  

Percent  
4,033 Acre-Feet 

1,300 

Manured 1 and 59% 
S e p t i c  tanks 18 
Rural r u n o f f  10 
Othera 13 

Total  100% 

Very heavy weed and a lgae 
growths 

Highly eutrophic  l a k e  

Both the need for individual sewage disposal facil- 
ities around the lake and the waste discharges to 
the lake would be eliminated, as would any public 
health hazards that may presently exist due to 
such discharges. The phosphorus input to the lake 
could be expected to be reduced by approximately 
20 percent. Algae and weed control would be 
accomplished as in the first alternative. The 
costs shown in Table 41 for this and the succeed- 
ing alternative are all based on discharging the 
sewage collected from the areas around the lake 
into a trunk sewer system serving the entire 
upper Fox River watershed and providing treat- 
ment for this sewage at a large plant located 
downstream from Waukesha as recommended in 
the stream water quality management section of 
this chapter. The incremental cost of providing 
the necessary sewer and treatment plant capacity 
for this waste was not included in the cost of 
stream water quality management plan Alternative 
Plan lC, as described in the previous section of 
this chapter but was included in the costs shown in 
Table 41. If treatment for the wastes were pro- 
vided at the Pewaukee sewage treatment plant, as 
would be necessary if stream water quality man- 
agement plan Alternative Plan 1A were imple- 
mented, the capital costs shown in Table 41 for 
both this and the succeeding alternative would be 
increased by approximately $35,000 and the total 
annual costs shown would increase by approxi- 
mately $25,000. 

The fourth alternative considered consisted of a 
combination of the first three alternatives and 
would provide all of the facilities, including a 
sewerage system, farmland bench terracing, and 
algae and weed control. This alternative would 
eliminate waste discharges to the lake and resul- 
tant sanitary hazards, could be expected to reduce 
phosphorus input by 60 percent, and could be 
expected to alleviate problems caused by exces- 
sive growths of weeds and algae. It is  recom- 
mended that this fourth alternative be included in 
the recommended watershed plan. 

Phantom Lakes: Water quality in the Phantom 
Lakes is generally suitable for all existing uses of 
the lakes, which include boating, fishing, and 
swimming, although there are very heavy growths 
of aquatic weeds in both lakes, particularly in 
Lower Phantom Lake. Nutrient concentrations in 
the lakes are slightly below the average watershed 
levels, with an estimated 40 percent of the phos- 
phorus being derived from runoff from manured 
lands (see Table 42). 

Two alternative water quality management plan 
elements were considered for the Phantom Lakes. 
The first would seek to control the excessive 
weed and algae growths in the lakes by harvesting 
the weeds and using algicides to control algal 
population (see Table 43). The condition of the 
lakes for recreational and aesthetic uses would be 
improved by these actions, but excessive nutrient 
inputs would not be eliminated. 

The second alternative considered could be ex- 
pected to reduce the phosphorus input to the lakes 
by about 40 percent by providing bench terracing 
for approximately 1,500 acres of agricultural land 
within the watershed tributary to the lakes. The 
terraces could be expected to reduce the amount 
of phosphorus entering the lakes from commercial 
fertilizers and manure applied to agricultural 
land. Weed harvesting and algae control would 
also be used in this alternative to control nui- 
sance growths. 

Algicides and herbicides have frequently been 
used in the past to control nuisance growths of 
weeds and algae in both lakes. In 1967 a sanitary 
district was formed for all of the unincorporated 
areas around both lakes. Until its dissolution in 
June 1969, this district provided solid waste col- 
lection services for approximately 230 homes; 
and, during the summer of 1968, it undertook a 



ALTERNATI VE LAKE WATER QUALITY MANAGEMENT PLAN ELEMENTS 

Weed harvesting . . . . . . . . . . . . . 
Algae control . . . . . . . . . . . . . . I ,  2 M  2.200 
Bench terraces. . . . . . . . . . . . . . 72,000 -- 

COMO LAKE, WALWORTH COUNTY 

Total ( $  96,050 $ 6,500 

$ -- Control aquatic nuisance growths -- Reduce phosphorus input by 

3.5 about 50 percent 

Anticipated Performance 

Control aquatic nuisance growths 

Weed harvesting . . . . . . . . . . . . . 
Algae control  . . . . . . . . . . . . . . 
Sanitary sewerage e a t e n  (north side of  

lake--1,300 persons served--secondary 
t r e r t m n t  p lant  a t  lake o ~ t l e t ) ~  . . . 

Alternat ive Plan Element 

Tota l  

Weed harvesting . . . . . . . . . . . . . 
Algae control . . . . . . . . . . . . . . 
Bench terraces. . . . . . . . . . . . . . 
Sanitary sewerage system (north side of  

lake--1,300 persons served--secondary 
t r e a t w n t  a t  l a t e  o u t l e t ) c  . . . . . . 

E l t i m t o d  Cost 

number 
Designation 

I 

$ -- Control aquatic nuisance growths 
-- El iminate  publ ic  health hazard* 

Reduce phosphorus input by 
about 20 percent 

iU9.0 

Descr ipt ion 

Weed harvesting . . . . . . . . . . . . . . 
Algae control . . . . . . . . . . . . . . . 

a b u t  80 percent 

=A population o f  1 . 3 0  person. war used for p e r  capzta  Corf c a l c u l e f l o n s  

Annual Per capi taa 

rnrth calculated  u t i l x z ~ n g  a 6 percent ra t e  o f  ~ n t e r e a t  m d  a 15-year l i f e .  The present a r t h  for  a l l  o ther  p l m  elements calculated  u t ~ l l r i n d  a 6 percmt r a t e  o f  rntereat  m d  a 50-year l i f e .  

present 
Worth 

$ 5'4.800~ 
~ 2 . 6 5 0 ~  

Capi ta l  

$ 22.800 
i . 2 W  

Total Annual 
1970-L985 

$ U.3 
1.8 

'me component s q i t a ~  m s t s  o f  the rmxtary sewerage system are treatment plant ~ ~ ~ ~ d ~ ~ ~ ,  $ l b S . 0 ~ ,  trunk sewers 5300.000: l a t e r a l  and branch sewers 5 2 , 0 W , 0 0 0 .  

Annual Operation 
and Maintenance 

$ 3,300 
2,200 

1970-1985 

1 5.600 
2,300 

1886-2020 

$ -- -- 

Source- Harra EngLneerlng Compmy 

1986-2020 

$ -- -- 

weed harvesting and removal operation on Lower 
Phantom Lake. 

No sanitary sewerage system plan element was 
considered for Phantom Lakes because of the 
existence of such a system serving the adjacent 
Village of Mukwonago. It was assumed that this 
existing system would eventually be expanded to 
serve all of the urban development around Phan- 
tom Lakes as the need arises. This assumption 
was made in view of the antiproliferation policy of 
the Wisconsin Department of Natur a1 Resources 
with regard to sewage treatment plants. 

It is recommended that the second alternative 
water quality management plan for Phantom 
Lakes, including weed harvesting, algae control, 
and bench terracing, be included in the recom- 
mended watershed plan. 

of weeds and algae, and generally exhibits water 
quality suitable for all uses of the lake. Tombeau 
and Benedict Lakes have slightly higher nutrient 
levels and experience some growths of aquatic 
weeds. With these exceptions, water quality is 
generally suitable for all desirable uses. Major 
nutrient sources for the three lakes are runoff 
from agricultural lands on which manure has been 
spread while the soil was frozen and from drain- 
age of individual sewage disposal facilities serv- 
ing homes and resorts around the lakes (see 
Table 44). 

Two alternative water quality management plan 
elements were considered for Powers, Tombeau, 
and Benedict Lakes. The first provides for cutting 
and removal of the weeds to eliminate nuisances 
caused by large weed growths and to remove the 
nutrients associated with the weeds (see Table 45). 

Powers, Tombeau, and Benedict Lakes: Powers, The second alternative considered provides for 
Tombeau, and Benedict Lakes are a series of the construction of bench terraces on 1,200 acres 
three lakes used for boating, fishing, and some of agricultural land subject to erosion and soil 
swimming. Powers Lake is one of the clearest loss that drains to the lakes. The terraces could 
lakes in the watershed. It contains low levels be expected to reduce the phosphorus input to the 
of nutrients, has very few nuisance growths lake by about one-half. Weed control would also 



Figure 25 
RECOMMENDED SANITARY SEWERAGE FACILITIES FOR COMO LAKE 

LEGEND - TRUNK SEWER 

a YWaCIE TREATMENT PLaNT 

U) SANITARY SEWER SERYlEE 
AREA 

GRAPHIC SCALE 
o e m  4000 ecea FEET 

The sani tary  sewerage system proposed f o r  Como Lake would e l im ina te  a b u t  20 percent o f  the present phosphorus 
cont r ibu t ion  to  the  l ake  and would e l iminate  any pub l ic  heal th  hazards t h a t  might l i m i t  the lake community o f  
about 1,300 people from enjoying the  use of the  lake f o r  a l l  recreat ional  purposes. Lake water qua1 i t y  improvement 
w i l l ,  however, be achieved only i f  good so i l  and water conservation pract ices on the agr icu l tu ra l  lands t r i b u t a r y  
t o  the lake are  i n s t i t u t e d  to  accompany the proposed sani tary  sewerage system. 

Source: Harza Engineering Company and SEHIIR). 

be used as needed. It is recommended that this The second alternative considered could he ex- 
second alternative be included in the recom- pected to reduce phosphorus input to the lake by 
mended watershed plan. 60 percent through the use of bench terraces on 

900 acres of agricultural land presently subject to 
Silver Lake: Silver Lake in Kenosha County i s  erosion and consequent nutrient loss into the lake. 
used to a limited extent for boating, fishing, and Weed harvesting and algae control would also be 
swimming. Water quality in the lake is charac- used, as needed, to alleviate problems caused by 
terized by average nutrient concentrations; occa- excessive weed and algae growths. It is recom- 
sional nuisance growths of algae and weeds; mended that this second alternative be included in 
and some evidence of sewage pollution, probably the recommended watershed plan. 
caused by drainage from private sewage facilities 
serving residences around the lake. Part of the Tichigan Lake: Tichigan Lake i s  a natural lake 
Village of Silver Lake is served by a sewerage connected by a small channel to the waterford 
system and treatment facilities, and this system impoundment on the Fox River. It receives mod- 
should be expanded to serve the entire Village. erate public recreationaluse, mostly from resi- 
Major nutrient sources are runoff from manured dents living near the lake. There are heavy weed 
land and rural runoff (see Table 46). and algae growths in the lake, very high nutrient 

concentrations, and some evidence of sewage pol- 
Two alternative water quality management plan lution. The major source of nutrients to the lake 
elements were considered for Silver Lake. The is from the Fox River, which contains very high 
first provides for alleviation of the nuisances levels of nutrients as a result of upstream waste 
caused by excessive algae and weed growths discharges. Sewage pollution i s  thought to be due 
through the use of controlled algicide applications mainly to malfunctioning private sewage dis- 
and weed harvesting machines (see Table 47). posal facilities serving residences near the lake. 



Table  29 

S E L E C T E D  C H A R A C T E R I S T I C S  O F  EAGLE L A K E  
R A C I N E  COUNTY: 1966 

from the lake, possibly to a seepage pond or to a 
site for disposal by land irrigation, since there 
are no nearby streams suitable for waste disposal 
use. Weed and algae control would be accom- 
plished as in the f irst  alternative. C h a r a c t e r i s t i c  

T r i b u t a r y  Drainage Area . . . . . .  
Surface Area. . . . . . . . . . . .  
Shorel i ne . . . . . . . . . . . . .  
Depth 

Under 3 Feet  . . . . . . . . . .  . . . . . . . . . .  Over 20 Feet 

. . . . . . . . . . . . . .  Volume. 

Lake-Oriented Population. . . . . .  
. . . . . . . .  Phosphorus Sources. 

Descr ipt ion 

7 . 2  S q u a r e M i l e s  

520 Acres 

4.9 M i l e s  

21 Percent 

-- Percent  

3,669 Acre-Feet 

550 

Manured land 54% 
Sept ic  tanks 17 

Rural runoff 18 

Othera I I 

T o t a l  100% 

General Water Qual i ty . . . . . . .  Heavy weed and a lgae growths 

Evidence o f  sewage p o l l u t i o n  

Moderately high n u t r i e n t  

concentrat ions 

a ~ r e c i p i  t a t i o n  and ground water .  

Source: Harza Engineering Cmpany and Wisconsin Department of Natural 
Resources. 

Approximately 90 percent of the area around the 
lake is overlain with soils that are unsuitable for 
use of soil absorption sewage disposal systems 
(see Table 48). 

A significant improvement in lake water quality 
may be expected to occur with improved water 
quality conditions in the Fox River, particularly 
with respect to lower nutrient concentrations. In 
addition, six alternative water quality management 
plan elements applicable to the lake itself were 
also considered. 

The first  alternative considered would provide 
control of nuisance growths of aquatic plants and 
algae by harvesting the plants to remove them 
from the lake and by using suitable algicides 
to control algal growth. Chemicals have been 
used in the past for weed and algae control (see 
Table 49). 

The second alternative considered would eliminate 
any sewage discharges to the lake from inadequate 
or malfunctioning private sewage disposal sys- 
tems by providing a similar sewerage system and 
treatment facilities to serve all residences around 
the lake (see Figure 31). This would also serve 
to eliminate any public health hazards being 
caused by these waste discharges. Effluent dis- 
posal from the treatment facilities should be away 

Four additional alternative water quality manage- 
ment plan elements were developed for Tichigan 
Lake. Each of these four alternatives includes 
weed harvesting, algae control, and a sanitary 
sewerage system but differs from the second 
alternative in the sewerage system configuration 
and location of the sewage treatment plant. The 
third alternative considered is similar to the 
second in that a sewage treatment plant is pro- 
posed to be located at the north end of the lake. 
Service would be provided to the entire east side 
of the lake but only to the Fox Point Park and 
Tichigan Heights areas on the west side of the 
lake (see Figure 32). In this alternative the sew- 
age from the west side of the lake would be 
pumped in a force main across the inlet at the 
south end of the lake to the trunk sewer serving 
the east side of the lake. This alternative would 
not provide sewer service to about 500 persons 
living on the west side of the lake north of Tichi- 
gan Heights. The annual per capita costs are 
greater for the third alternative than for the sec- 
ond because the total annual cost, which is nearly 
the same in both alternatives, must be distributed 
among 500 fewer people. 

The fourth alternative considered proposes the 
construction of two trunk sewers flowing southerly 
along both the east and west sides of Tichigan 
Lake to serve the entire lake area. Sewage col- 
lected in the west side sewer would be pumped to 
the east side across the inlet at the south end of 
the lake. All of the sewage would then be pumped 
east approximately 8,300 feet to a point where the 
sewage will flow by gravity to a treatment plant 
proposed to be located on the Wind Lake Canal 
near the outlet of Wind Lake (see Figure 33). This 
alternative has the advantage of increasing the 
size of the potential service area and of elimi- 
nating one small sewage treatment plant, since the 
proposed Wind Lake Canal plant could serve both 
Wind Lake and Tichigan Lake. This alternative, 
however, has several disadvantages, including 
high construction and operation costs necessitated 
by pumping operations and the potential for accel- 
erating aquatic weed and algae growth in the Wind 
Lake Canal because of the increase in waste 
loading on the Canal, which has a very flat grade 
and low flow velocity. 



T a b l e  30 

ALTERNATIVE LAKE WATER QUALITY MANAGEMENT PLAN ELEMENTS 
EAGLE LAKE, RACINE COUNTY 

I Weed harvesting . . . . . . . . . . . . $ 8.250 $ 1.200 $ 19,850~ $ 2,040 
Algae cont ro l  . . . . . . . . . . . . . 1,250 1,250 ~ 3 . 3 5 0 ~  1,380 

Tota l  $ 9.500 $ 2,450 $ 33.200 $ 3.420 

A l t e rna t i ve  Plan Element 

$ -- Contro l  aquatic nuisance growths 
-- 

I 

Estimated Coot 

2 

Weed harver t ing . . . . . . . . . . . . 
Algae cont ro l  . . . . . . . . . . . . . 
Sanitary sewerage system ( e n t i r e  lake-- 

550 persons served--secondary 
t r e a t w n t  p l an t  a t  lake o ~ t l e t ) ~ .  . . 

Ant ic ipated Performance 

$ -- -- 
7.0 

Total 

Annual Per Capitaa Number 

Weed harvesting . . . . . . . . . . . . 
Algae con t r o l  . . . . . . . . . . . . . 
Bench terraces. . . . . . . . . . . . . 

Total 

Contro l  aquat ic  nuisance growths 
Reduce phosphorus input by about 

55 percent 

Weed harvesting . . . . . . . . . . . . 
Algae cont ro l  . . . . . . . . . . . . . 
Bench terraces. . . . . . . . . . . . . 
Sanitary sewerage system ( e n t i r e  lake-- 

550 perronr served--secondary 
treatment p lant  a t  lake o ~ t l e t ) ~  

Total 

$ 8,250 
1.250 

61.000 

$ 70,500 

$ -- Contro l  aquatic nuisance growths -- El iminate pub l i c  heal th  hazards 

Reduce phosphorur input by about 
20 percent 

182.0 

Tota l  Annual 
Dor ignat ion 

Annual Operation 

$ -- Contro l  aquatic nuisance growths -- El iminate pub l i c  heal th  hazards 

7.0 Reduce phosphorus input  by about 
75 percent 

Present 

$ 1,200 
1.250 -- 

$ 2,450 

p o p v ~ a t z o n  of 550 persons was w e d  for per capxta  cost  c a l c u l a t ~ o n r .  

1970-1985 1 1986-2020 11970-1985 11986-2020 Descr ip t ion and Maintenance 

b~ re ren t  vorth v t l ~ l l l n g  a 6 percent rate of I n t e r e s t  and a 1 5 - ~ e a r  I I ~ ~ .  me ~ ~ t h  for a11 other plan elements c a l c u l a t e d  u f r ~ l r ~ n g  a 6 percent r a t e  of lnterert m d  a 50-ypar  l r f e .  

Capl ta l  Worth 

$ 19 ,850~  
13.350~ 
61,000 

$ 94.200 

 he conaonent c a p r t a l  costs o f  the smztary sewerage system a r e  t rea tment  p l a n t ( r e s o n d a r y )  $135,000. trunk sewers $44) .000:  l a t e r a l  and branch s e w r s  $640,000.  

$ 2,OW 
1,380 
3,870 

$ 7.290 

Source- Harra Engzneerlng Company 

The fifth alternative considered is the same as the 
fourth with respect to the system configuration 
around Tichigan Lake. Instead of conveying the 
sewage to the Wind Lake Canal treatment plant, 
however, the fifth alternative proposes the con- 
struction of a gravity sewer south in order to pro- 
vide treatment at the existing Western Racine 
County Sewerage District plant near Rochester 
(see Figure 34). The cost estimates of this alter- 
native include service to the Buena Park area 
through an additional force main under the Fox 
River. While existing sewers south from Water- 
ford and treatment capacity at Rochester are 
available to handle the increased flow from Tich- 
igan Lake and the Buena Park area, i t  was 
assumed for cost estimation purposes that a sepa- 
rate sewer and treatment plant would be con- 
structed. As shown in Table 49 ,  the annual per 
capita costs for the fifth alternative, when appor- 
tioned to the residents around Tichigan Lake and 
Buena Park, are greater than the costs for devel- 
opment of a local system serving only the Tichigan 
Lake residents. Despite this fact the fifth alter- 
native represents the best ultimate solution for 
consolidating sewage treatment facilities and max- 

imizing the sewerage service area in this part of 
the watershed. 

The sixth alternative considered provides for 
sewer service for both sides of Tichigan Lake but 
locates the sewage treatment plant at the south 
end of the lake rather than at the north end as 
proposed in the second and third alternatives. 
Effluent from this treatment plant would be dis- 
charged to the Fox River south of the inlet to 
Tichigan Lake (see Figure 35). This alternative 
is compatible with the fifth alternative in that the 
treatment plant could be eventually abandoned and 
the sewage pumped into a future gravity main 
flowing south to the Rochester plant of the West- 
e rn  Racine County Sewerage District. 

It is recommended that the sixth alternative 
water quality management plant for Tichigan Lake, 
including weed harvesting, algae control, and a 
sanitary sewerage system with a treatment plant 
south of the lake inlet and discharging to the Fox 
River, be included in the recommended water- 
shed plan. 



Figure 26 
RECOMMENDED SANITARY SEWERAGE FACILITIES FOR EAGLE LAKE 

LEGEND - TRUNM SEWER 

4 SEWPiFE IREhTMENT PLaNT 

SANITARY SEWER SERVICE 
AREA 

GRAPHIC SCALE 
0 ZOO0 4000 6000 FEET - 

The proposed san i ta ry  sewerage system f o r  Eagle Lake would reduce the  phosphorus c o n t r i b u t i o n  t o  Eagle Lake by 
about 20 percent and would e l i m i n a t e  any p u b l i c  h e a l t h  hazards t h a t  might l i m i t  t he  l ake  community o f  about 550 
persons f romen joy ing  f u l l  r ec rea t i ona l  use of t h e  lake. The proposed sewerage system f o r  t h i s  l a k e  would have 
t o  be supplemented by improved s o i l  and water conservat ion p r a c t i c e s  on the  a g r i c u l t u r a l  lands d r a i n i n g  t o  Eagle 
Lake i n  o rde r  t o  reduce s i g n i f i c a n t l y  t h e  r a t e  o f  eut roph icat ion.  The sewerage system cou ld  be designed t o  serve 
t h e  un incorporated V i l l a g e  o f  Kansasv i l l e  and a l so  prov ide sewage t reatment  f a c i l i t i e s  f o r  t h e  Pure M i l k  Assocla- 
t i o n ' s  p l a n t  which now discharges wastes t o  a  lagoon, t h e  e f f l u e n t  from which even tua l l y  f i n d s  i t s  way through 
t h e  sur face drainage system t o  Eagle Lake. 
Source: Harza Englnsering Company end SERWC 

Wind Lake: Wind Lake receives a moderate first  would alleviate problems caused by exces- 
amount of public recreational use, mostly by sive weed and algae growths by harvesting the 
people living on or near the shoreline. Large weeds and using suitable algicides to control 
weed and algae growths are evident in the lake, algae (see Table 51). 
particularly along the shoreline; nutrient concen- 
trations are very high; and there is evidence of The second alternative considered could be ex- 
sewage pollution in the lake, the most likely cause pected to reduce phosphorus input to the lake by 
being inadequate or malfunctioning sewage dis- about 45 percent by the use of bench terracing to 
posal systems serving homes around the lake. control soil losses on 1,000 acres of agricultural 
The entire area around Wind Lake is overlain with land tributary to Wind Lake. Algae and weed con- 
soils that are not suitable for soil absorption sew- trol would be provided as in the first alternative. 
age disposal systems. Major nutrient inputs to 
the lake are derived from runoff from frozen The third alternative considered would provide a 
agricultural lands on which manure has been sanitary sewerage system and treatment facilities 
spread and from malfunctioning sewage disposal to serve all residences around the lake with a 
systems (see Table 50). treatment plant discharging to the Wind Lake 

Canal (see Figure 36). This would eliminate any 
Five alternative water quality management plan public health hazards presently being caused by 
elements were considered for Wind Lake. The discharges from inadequate individual sewage dis- 



Table 31 

SELECTED CHARACTER1 ST1 CS OF ECHO LAKE 
RACINE COUNTY: 1966 

%rban runoff, prec ip i ta t ion ,  w d  ground water. 

Characteristic 

Tributary Drainage Area ...... 
Surface Area . . . . . . . . . . .  
Shore1 ine .............. 
Depth 

Under 3 Feet . . . . . . . . . .  
Over 20 Feet . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . .  
Lake-Oriented Population. . . . . .  

Source: Harea Engineering Company and Wisconsin Department o f  Natural 
Resources. 

Description 

161.9 Square Miles 
? I  Acres 

2.5 Miles 

88 Percent 

Percent 
130 Acre-Feet 

6,000 

posal facilities, and i t  could be expected to reduce 
phosphorus input to the lake by 30 percent. Algae 
and weed control would be accomplished as  in the 
first alternative. 

The fourth alternative considered combines all the 
elements of the first three alternatives, including 
bench terracing, sewerage system and treatment 
facilities, and algae and weed control. This would 
eliminate all major waste discharges to the lake 
and their consequent health hazards, could be 
expected to reduce phosphorus input to one-fourth 
of the present level, and could be expected to con- 
trol any nuisances caused by excessive weed and 
algae growths. 

Phosphorus Sources . . . . . . . .  

General Water Qual i ty . . . . . . .  

The fifth alternative considered provides for the 
construction of trunk sewers along the west shore 
and a portion of the east shore, collecting sewage 
to be treated at a plant discharging to the Wind 
Lake Canal (see Figure 37). Annual costs per 
capita in the third and fourth alternatives were 
computed based on a population to be served of 
1,700 people. Annual costs per capita for the fifth 
alternative were computed based on a population 
to be served of 1,400 people. The per capita 
annual cost for this system is slightly higher than 
the fourth alternative and does not eliminate all 
septic tank seepage to the lake. 

Manured land 52% 
Rural runoff I I 
Septictanks 8 
Municipal waste 

water 22 
Othera 7 

Total 100% 

Moderately hlgh nutr ient 
concentrations, but 
l l t t l e  weed growths 

Some bacterial  pol lut ion 

It i s  recommended that the fourth alternative 
water quality management plan for Wind Lake, 
including weed harvesting, algae control, bench 
terracing, and a sanitary sewerage system serv- 
ing all residences around the lake with a treat- 
ment plant discharging to the Wind Lake Canal, be 
included in the recommended watershed plan. 

SUMMARY 
Stream Water Quality Management Plan Elements 
A number of alternative stream water quality 
management plan elements were investigated in 
the Fox River watershed study, including: the 
provision of advanced waste treatment for both 
biochemical oxygen demand and nutrient removal; 
sewage diversion from the upper reaches of the 
watershed to the Milwaukee metropolitan sewer- 
age system, combined with the provision of 
advanced waste treatment for the lower water- 
shed; the disposal of sewage effluent on land; ter- 
tiary treatment for biochemical oxygen demand 
removal, with chemical spraying of the water- 
courses to control weed and algae growth; low- 
flow augmentation utilizing Lake Michigan water, 
combined with chemical spraying of the water- 
courses to control weed and algae growth; sec- 
ondary treatment and disinfection of all major 
waste discharges within the watershed; and sec- 
ondary treatment and disinfection of all major 
waste discharges, plus additional biochemical 
oxygen demand removal, at nine municipal sewage 
treatment plants within the watershed. The cost 
performance for each of these alternative stream 
water quality management plan elements was set 
forth and analyzed, as was the relative ability of 
each of the elements to meet the adopted stream 
water quality objectives and standards. 

It i s  recommended that water quality manage- 
ment, to meet the water use objectives for 
streams in the Fox River watershed set forth 
in this study, consist of secondary treatment, 
disinfection, and advanced waste treatment of all 
m'ajor waste discharges in the watershed for bio- 
chemical oxygen demand and nutrient removal. 
These actions would provide stream water quality 
levels able to meet the established water use 
objectives. Such advanced waste treatment is 
recommended to be provided at one large sewage 
treatment plant located below Waukesha which, 
together with a system of trunk sewers, would 
serve the entire upper Fox River watershed and 
at six individual sewage treatment plants in the 
lower Fox River watershed. The initial capital 
cost of this plan is estimated at $29.6 million, 



Table  32 Lake Water Quality Management Plan Elements 

SELECTED CHARACTER1 ST1 GS OF ELI ZABETH AND MARIE LAKES A number of alternative lake water quality man- 
KENOSHA COUNTY: 1966 

- 

%recipitstion and ground w'ater. 

C h a r a c t e r i s t i c  

T r i b u t a r y  Drainage Area . . . . . .  
Surface Area . . . . . . . . . . .  
Shorel ine . . . . . . . . . . . . .  
Depth 

Under 3 Feet  . . . . . . . . . .  
Over 20 Feet  o . . . . . . . . .  

Volume . . . . . . . . . . . . . .  
Lake-Oriented Population. . . . . .  
Phosphorus Sources. . . . . . . . .  

General Water Q u a l i t y  . . . . . . .  

Source: Harza Engineering Conpany and Wisconsin Department of Natural 
Resources. 

Descr ipt ion 

9.9 Square M i l e s  
SW Acres 
9.5 M i l e s  

16 Percent 
18 Percent  
9,698 Acre-Feet 

3,500 

Manured land 40% 
Urban runoff 23 
Rural runoff 11 

Sept ic  tanks 8 
Othera 18 

Total  ID@ 

Some weed problems 
Below average n u t r i e n t  

concentrat ions 

with annual operation and maintenance costs of 
1.6 million. Total annual cost, including capital 
recovery, operation, and maintenance, is $3.6 
million, or $25 per capita per year. These values 
do not necessarily represent the cost to residents 
of the watershed, however, since federal and state 
grants are available to reduce substantially the 
overall cost to residents of the watershed. 

agement plan elements were investigated in the 
study, including: installation of sanitary sewerage 
systems, agricultural runoff control, weed har- 
vesting, algae control, and lake water mixing. 
Utilizing these lake water quality management 
plan elements, alternative plans for the improve- 
ment of lake water quality were prepared for 22 of 
the major lakes in the Fox River watershed. 
These plans include some or all of the following 
elements: a sanitary sewerage system and sewage 
treatment facilities to serve developed areas 
around the lake in order to eliminate public health 
hazards and reduce the nutrient input to the lake 
due to drainage from individual waste disposal 
(septic tank) facilities; provision of bench ter- 
races with tile outlets on agricultural lands trib- 
utary to the lake that are subject to erosion and 
loss of soil and nutrients to reduce the nutrient 
and sediment input; weed harvesting to remove 
excessive growths of aquatic weeds that interfere 
with the recreational use of a lake; algae control 
to reduce algae growths that interfere with rec- 
reational and aesthetic uses of the lake; and lake 
mixing to improve dissolved oxygen levels in 
the lake. 

Based on the cost and anticipated performance of 
each alternative plan element and on the present 
condition of each lake, it is recommended that 
the lake water quality management plans to be 
included in the recommended comprehensive plan 
for the Fox River watershed include the following: 

ALTERNATIVE LAKE WATER QUALITY MANAGEMENT PLAN ELEMENTS 
ELI ZABETH AND MAR1 E LAKES, KENOSHA COUNTY 

"A population of 3.B0 persons was used for per c g l t a  cost calculations. 

*present wrth  vfil~zing 8 6 percent rate  o f  interest and s Ib.rear l i f e .  The presmt -7th for all other plan elements c a l ~ l e t e d  u t z l l z ~ n g  a 6 percent rate o f  2ntere.t sld a JO-year Irt'e. 

Alternative Plan E l n r n t  

Source; Harla EhBineerlng Cowany 

lumber 
Designation 

I 

I 

2 

Anticipated Perfonmee 

C m t r o l a q u ~ t i c n u i s a n c e p r o ~ t h .  

Control aquatic nulswcr 
growths 

Reduce phorphorus #"put by 
about W percent 

- 

Description 

Weed harvesting . . . . . . . . . . . .  
Total 

Weed harvesting . . . . . . . . . . . .  
Bench terraces . . . . . . . . . . . .  

Total 

Estimated Cort 

Capital 

$ 12. WO 

$ 1 2 . W  

$ 1Z.WO 
W.W~ 

$ 7 9 . W  

Annual Operation 
and Maintenance 

$ 1.800 

$ I,MXI 

$ 1,sOO -- 

$ 1,800 

Prrren t 
Wr th  

$ zg,gwb 

$ zB.9W 

$ 2 p . e ~ ~  
67,000 

$ 96.900 

Total Annual 
1970-1985 

$ 3 , I w  

$ 3,100 

$ 3.100 
Y.2w 

$ 7,3W 

Annual Per Capitaa 
1986-2020 

) -- 
$ - 

$ -- 
U.2w 

$ Y,2W 

1970-1985 

$ 0.9 

$ 0.9 

$ 0.9 
1.2 

$ 2.1 

l 9 8 6 2 0 M  

) - 
$ -- 

$ - 
1.2 

$ 1.2 



Table 34  

Phosphorus Sources. . . . . . . . . 

SELECTED CHARACTERISTICS OF GENEVA LAKE 

WALWORTH COUNTY: 1966 

General Water Q u a l i t y  . . . . . . . 

C h a r a c t e r i s t i c  

T r i b u t a r y  Drainage Area . . . . . . 
Surface Area. . . . . . . . . . . . 
Shorel ine . . . . . . . . . . . . . 
Depth 

Under 3 Feet . . . . . . . . . . 
Over 20 Feet . . . . . . . . . . 

Volume . . . . . . . . . . . . . . 
Lake-Oriented Population. . . . . . 

Manured land 17% 
Urban runoff,  26 

Rural runoff 6 

Sept ic  tanks 7 

Othera 14 

Total  100% 

Low n u t r i e n t  concentrations 

D e s c r i p t i o n  

28.8 Square M i l e s  

5,262 Acres 

20.2 M i l e s  

I  Percent 

7 7  Percent 
320,981 Acre-Feet 

7 ,100 

Generally very good water 

qua1 i t y ,  b u t  low oxygen 
l e v e l s  i n  the bottom 

waters 

a 
Precipitation and ground water 

Source: Harza Engineering Company and Wisconsin Department o f  Natural 
Resources. 

1. Weed harvesting, as required at Beulah; 
Big Muskego; Bohner; Browns; Camp and 
Center; Como; Eagle; Elizabeth and Marie; 
Little Muskego; Pell; Pewaukee ; Phantom; 
Powers, Tombeau, and Benedict; Silver; 
Tichigan; and Wind Lakes. 

2. Algae control, as necessary a t  Big Mus- 
kego, Bohner, Browns, Camp and Center, 
Como, Eagle, Little Muskego, Pewaukee, 
Phantom, Silver, Tichigan, and Wind Lakes. 

3. A long-term program of soil and water 
conservation through the construction of 
bench terraces with tile outlets on agri- 
cultural lands within the watersheds of 
Beulah; Bohner; Camp and Center; Como; 
Eagle; Elizabeth and Marie; Geneva; Pell; 
Pewaukee; Phantom; Powers, Tombeau, 
and Benedict; Silver; and Wind Lakes. 

4. Provision of sanitary sewerage systems 
for Browns, Camp and Center, Como, 
Eagle, Little Muskego, Pewaukee, Tichi- 
gan, and Wind Lakes. 

Of the foregoing eight lake sanitary sewerage sys- 
tems, five-Camp and Center, Como, Eagle, Tich- 
igan, and Wind-would include newly-established 
separate sewage treatment facilities. Wastes 
from the other three lake sewerage systems would 
be conveyed to existing sewage treatment facili- 
ties in the watershed in the case of Browns and 
Pewaukee Lakes and to the Milwaukee metropoli- 
tan sewerage system in the case of Little Mus- 
k e g ~  Lake. 

The capital cost of these recommended plan ele- 
ments for the 22 major lakes in the watershed is 
approximately $20 million; and the average annual 

Table 35  

ALTERNATIVE LAKE WATER QUALITY MANAGEMENT PLAN ELEMENTS 
GENEVA LAKE, WALWORTH COUNTY 

Ant ie lpated Performance 

I 

"present uorth calc~lafed utzllrlng a 6 percenl  rate o f  interest and a So-year 11fe. 

b~ pop"latlon o f  7,lW persons was used t o r  per capzta cost calculation.. 

sourre .  narra  W g l n e e r l n g  company. 

A1 t e r n n t i v e  Plan Element 

2 

Number 
Designation 

El t imated Cost 

Bench terrace*  . . . . . . . . . . . 
Tota l  

Descr ipt ion C q i t a l  

Lake mixing . . . . . . . . . . . . . 
~ 0 t a 1  

I 
$ 200,000 

$ ZtlO.000 

--- 
$ 250,000 

$ z w . ~ o  

Annual Operation 
and Maintenance 

$ -- 
$ -- 

Present 
nor tha 

Total Annual I Annual Per capi tab 

$ 2U,WO 

$ zr,ooo 

1970-1985 

$ 2W.000 

$ 200,WO 

$ 91U.WO 

$ ~ I U , O W  

1986-2020 

$ 12,700 

$ 12,700 

$ 58,000 

$ s a , o w  

1970- 1985 

$ 12,700 

$ 12.700 

1986-2020 

$%.OW 

$ %.ooo 

$ 1.8 

$ 1.8 

$ 8.2 

$ 8.2 

$ 1.8 

$ 1.8 

Reduce phosphorus i n p u t  by 
about '45 percent 

$ 8.2 

$ 8.2 

Restore oxygen i n  hypol i rn ion 



Figure 27 
EXISTING SANITARY SEWER SERVICE AREAS AND TREATMENT PLANTS ON GENEVA LAKE 

LEGEND 

cxrm#Ns SewAOs n,UTMENT ? L A W  

EXISTINO I l W l T l l l  SEWER SERVICE 1-1 

O W " 1 C  S C I Y  
0 -00 YW -0 -0 4900 FEET 

The Geneva Lake area i s  p resen t l y  served by t h r e e  munic ipa l  san i ta ry  sewerage systems, and t h e  l a k e  i s  unique 
w i t h i n  the  Fox R ive r  watershed i n  t h a t  no san i ta ry  wastes are  p resen t l y  discharged t o  t h e  lake. The sewerage 
s e r v i c e  areas o f  these th ree  e x i s t i n g  systems should be extended t o  a l l  o f  t he  urbanized areas around Geneva Lake 
i n  o rde r  t o  e l i m i n a t e  a l l  s e p t i c  tank systems around the  lake. Such systems c o n s t i t u t e  an impor tant  source o f  
n u t r i e n t s  and a p o t e n t i a l  s a n i t a r y  hazard t o  the  lake. 

Source: Harza Engineering Company and SEWRPC 

cost, including capital recovery, operation, and 
maintenance, is $1,605,600. A summary of the 
costs of the recommended plan elements for each 
major lake is presented in Table 52. 

Algae control and weed harvesting are  recom- 
mended to alleviate nuisances caused by excessive 
aquatic growths present in many lakes in the 
watershed. The installation of sanitary sewer 
systems and treatment facilities at the lakes cited 

is recommended to eliminate the sanitary hazards 
that may presently exist in these lakes as a result 
of inadequate o r  malfunctioning individual on-site 
soil absorption sewage disposal systems and to 
reduce the nutrient input to the lakes. Periodic 
investigations should be made on all lakes in the 
watershed to assure that there are no wastes 
entering the lakes that could result in a public 
health hazard. A long-term program of soil and 
water conservation through the use of bench ter- 
races on agricultural land is recommended a s  the 



T r i b u t a r y  Drainage Area . . . . . .  
Surface Area. . . . . . . . . . . .  
Shorel ine . . . . . . . . . . . . .  
Depth 

Under 3 Feet . . . . . . . . . .  
Over 20 Feet  . . . . . . . . . .  

Yo l ume . . . . . . . . . . . . . .  
Lake-Oriented Population. . . . . .  
Phosphorus Sources. . . . . . . . .  

Table  36 best means of reducing the nutrient input and 
SELECTED CHARACTERISTICS OF LITTLE MUSKEG0 LAKE sediment load to lakes in the watershed. Runoff 

WAUKESHA COUNTY: 1966 and drainage from agricultural lands are the 

11.4 Square M i l e s  

506 Acres 

7.1 M i l e s  

27 Percent 

26 Percent 

7.170 Acre-Feet 

4.800 

major sources of phosphorus input to the lakes. 
Terracing of agricultural land with a slope in I 

Sept ic  tanks 47% 
Manured land 34 
Rural runoff 12 
Othera 7 

Total  100% 

C h a r a c t e r i s t i c  

General Water Qual i t y  

Descr ipt ion 

Heavy weed and algae growths 
Evidence o f  sewage p o l l u t i o n  

Very high n u t r i e n t  
concentrations 

a ~ r e c i p i  tat ion and ground water 

Source: Harra Engineering Gmpany m d  Wisconsin Department o f  Natural 
Resources. 

excess of 2 percent would significantly reduce the 
phosphorus loss from these lands. 

Other plan elements, such as lake mixing, nutri- 
ent removal, and algae harvesting, may be appro- 
priate at some lakes in the watershed. In addition, 
some of the recommended plan elements, such as 
weed harvesting, algae control, and provision of 
sanitary sewerage systems, may be appropriate 
at other lakes in the watershed not studied in 
detail in the Fox River watershed planning pro- 
gram. Additional intensive study would be needed 
to determine which elements could serve a given 
lake and what effects they would have on lake 
water quality. These investigations could be con- 
ducted with the aid of demonstration grants to 
evaluate the effects of a particular action on the 
eutrophication problems of a lake. 

Table  37 

ALTERNATIVE LAKE WATER QUALITY MANAGEMENT PLAN ELEMENTS 
L l  TTLE MUSKEG0 LAKE, WAUKESHA COUNTY 

Nulabor Annual Operation Present T o t a l  Annual Annual Per  Capi taa  Ant ic ipated  Performance 
Descr ip t ion  1970- 1985 1986-2020 1 1970-1985 1 1986-2020 

Al t e r n a t i v s  PI an Element I Estimated Cost 
I I I I I 

Weed harvest ing  . . . . . . . . . . . .  $ i I . 4 0 0  
Algae contro l  . . . . . . . . . . . .  

Tota l  

I 

Weed harvest ing  . . . . . . . . . . . .  $ 11,400 
Algae contro l  . . . . . . . . . . . .  
Sani tory  swerage system ( e n t i r e  

Tota l  $ 4 . 0 i 2 . 6 6 0  

$ -- C o n t m l  aquat ic  nuisance growths 

$ -- 
-- I 

$ -- Contro l  aquat ic  nu isance g m u t h s  -- E l i m i n a t e  pub1 i e  hea l th  hazards 

68.6 Reduce phosphorus input  by about 
50 parcent  

* A  populallon o f  4.800 persons was used for per c a p i t a  cost c s l c u l a f z o n s  

 he c m ~ o n e m t  capxtal  costs o f  the ranztary sewerage system a r e -  temwrary sewage ereatvent f a s i l l t i e s  ~n the Cxty o f  Huskego $ 6 0 0 , 0 ~ ,  trunk =ewers 51,559,000:  l a t e r a l  and bran& sewers $ 1 , 8 4 1 , 0 0 0 .  

sarrce narrs &glneerlng a ~ ~ y .  ~ " e k e r t  and h'lelke. rnc.. and S E W C  





Table  38 

SELECTED CHARACTER1 ST1 CS OF PELL LAKE 
WALWORTH COUNTY: 1966 

a 
P r e c i p i t a t i o n  rmd ground wa te r .  

Charac te r i s t i c  

Tr ibutary Drainage Area . . . . . .  
Surface Area. . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . .  
Depth 

Under 3 Feet . . . . . . . . . .  
Over 20 Feet . . . . . . . . . . - -  

Volume . . . . . . . . . . . . . .  
Cakeor ien ted  Population. . . . . .  
Phosphorus Sources. . . . . . . . .  

General Water Q u a l i t y  . . . . . . .  

Source: Harza Engineering Company and Wisconsin Department o f  Natural 
Resources. 

Descr ipt ion 

1.3 Square Mi les 

86 Acres 

3.6 M i les  

55 Percent 

Percent 
3 1 U Acre-Feet 

1.300 

Septic tanks 58% 
Manured i and 32 

Rural runof f  U 
Othera 6 

Total 100% 

Heavy weed growths 
Below average nutr ienk 

concentrations 



Table 39 

ALTERNATIVE LAKE WATER QUALITY MANAGEMENT PLAN ELEMENTS 
PELL LAKE, WALWORTH COUNTY 

Weed harvest ing . . . . . . . . . . . . 
L n c h  ter races . . . . . . . . . . . . 
Sanitary sewerage t y r t e n  ( e n t i r e  lake-- 

1.300 persons served--secondary 
t r ea tnsn t  p l an t  d ischarg ing t o  
l i p p e r s i n k  CreekIc. . . . . . . . . 

Al te rna t i ve  Plan Element 

2 

Annual Operation 

and Wai ntenance 

Estimated Cost 

Present 

Worth 

weed harvest ing . . . . . . . . . . . . 
Bench ter races . . . . . . . . . . . . 

Tota l  

Annual Per capi taa Ant ic ipated Performance 

1970-1985 11986-2020 
I I 

$ 5.170 
11l.000 

$ 19, lrn 

$ 0.9 I $ -- Control aquatic nuisance growths 

$ 0 9  Control aquatic nuisance growths 
0 7  1 $ 0 k d u c e  phosphorus input  by u t  

30 percent 

Contro l  aquatic nuisance growthr 
Reduce phosphorus input  by rboui 

90 percent 

popu~atlon O F  I,X)O persons was "red f o r  per capxta  cost  c a l c u l a t r o n r  

'present w r t h  c a l c u l a t e d  u l Z l 8 r i n g  a 6 percent r a t e  o f  rnferert and a 15-year I l l e .  The present w r t h  for  a l l  other p l a n  elements c a l ~ l a t e d  u f i l ~ z r n g  a 6 percent r a t e  o r  i n t e r e s t  and a 50-year l i f e .  

CThhe conponent c a ~ x t a l  sorts o f  the  r s l x l a r y  rsuerage s y ~ r e m  are. treatment p l m l  (semndary)  S185,WO: t d  s e e r s  ~2Y),om; l a t e r a l  and branch s e v r s  $1,9m,OOO 

Source. Harza Engrnecrrng Cowmny. 





T a b l e  40 

SELECTED CHARACTERISTICS OF PEWAUKEE LAKE 
WAUKESHA COUNTY: 1966 

$recipi  tat ion and ground water. 

C h a r a c t e r i s t i c  

T r i bu ta ry  Drainage Area . . . . . .  
Surface Area. . . . . . . . . . . .  
S h o r e l i n e . .  . . . . . . . . . . .  
Depth 

Under 3 Feet . . . . . . . . . .  
Over 20 Feet . . . . . . . . . .  

Volume . . . . . . . . . . . . . .  
Lake-Oriented Population. . . . . .  
Phosphorus Sources . . . . . . . .  

General Water Q u a l i t y  . . . . . . .  

Source: H a r z a  Engineering Company and Wisconsin Department o f  Natural 
Resources .  

Desc r ip t i on  

27.6 Square M i les  

2,493 Acres 

13.7 M i les  

8 Percent 

23 Percent 

36,863 Acre-Feet 

6,WO 

Manured l and  43% 
Sept ic  tanks 18 

Rural r u n o f f  19 

Urban runo f f  I I  

Othera 19 

To ta l  100% 

Heavy weed and algae growths 

Evidence o f  sewage p o l l u t i o n  

Very h igh  n u t r i e n t  

concentrat ions 



T a b l e  41 

ALTERNATIVE LAKE WATER QUALITY MANAGEMENT PLAN ELEMENTS 
PEWAUKEE LAKE, WAUKESHA COUNTY 

lumber 1 I ~ e s i g n s t i o n  Descr ip t ion 

A l t e rna t i ve  Plan Element 

1 Annual Operation I Present 
Capi ta l  and Maintenance Worth 

Est imsted Cost 

Weed harvest ing . . . . . . . . . . . . 
Algae cont ro l  . . . . . . . . . . . . . 

Tota l  Annual Annual Per capi tas 
1970-1985 1 198&2020 1 1970-19851 1986-2020 

Total 

Ant ic ipated Performance 

Weed harvesting . . . . . . . . . . . . 
h19.~ cont ro l  . . . . . . . . . . . . . 
Bench terraces. . . . . . . . . . . . . 

$ 3 , m  
5.750 

$ 9.250 

Total 

$ 58,000~ 
57,050~ 

$ 115.050 

Weed harvest ing . . . . . . . . . . . . 
Algae eontcol . . . . . . . . . . . . . 
S m i t a r y  sewerage system(sntire lake-- 

3.500 persons served)c . . . . . . . 

t 3.500 
5.750 -- 

$ 9,250 

Tota l  

$ 6,000 
5.900 

$ 11,900 

$ 3,500 saooob $ 8,000 $ -- $ 1.7 -- Contro l  aquatic nuisance growths 
5,750 57:0wb 5,900 - 7 $ -- El mimate p u b i c  h e a t h  hazards 

Reduce phosphorus input  by about 
37.000 4.700.000 298,WO 298,WO 85.5 85.5 20pe rcen t  

$ 58.000~ 
57,050~ 

195.000 

$ 310.050 

Weed harvest ing . . . . . . . . . . . . 
Algae cont ro l  . . . . . . . . . . . . . 
Bench terraces. . . . . . . . . . . . . 
Sanitary sewerage system ( e n t i r e  lake-- 

3.500 persons aervodIc . . . . . . . 

$ -- -- 

$ -- 

Tota l  

$ 6,000 
5,900 

12.W0 

$ 24,300 

$ -- Contro l  aquat ic  nuisance growths -- E l  i n i na ta  pub1 i c  hea l t h  hazards 

3.5 Reduce phosphorus input  by about 
MI percent 

85.5 

$ 89.0 

$ 1.7 
1.7 

$ 3.V 

' A  p o p ~ l s f z o n  o f  3.500 p e r w n s  was uaed for p e r  c a p i t a  cost  c a l c u l a t r o n r .  

$ -- -- 
12,WO 

$ 12,400 

bpresent w r t h  ufl~lr.ng a 6 persent  of ~ ~ t e r e s r  and a 1 5 . ~ ~ ~ ~  l i f e .  me worth for a l l  o t h e r  p ~ m  elements c a l c u l a t e d  u t . l ~ z i n g  a 6 percent  r a t e  or i n t e r e s t  and a SO-year life. 

$ - -- 
$ -- 

rowonent c i p x t a l  costs of  the sani tary  sewerage system are. edvmced waste treatment a t  W d e r h s  $395.000: trunk severs 5 1 , 6 S , W O ;  l a t e r a l  and branch revers 52,000,000. 

Control aquat ic  nuisance growths 

$ 1.7 
1.7 
3.5 

$ 6.9 

Source Harra Engzneerhg -any. 

$ -- -- 
3.5 

$ 3.5 

Contro l  aquatic nuisance growths 
Reduce phosphorus input  by about 

40 percent 





T a b l e  42 

SELECTED CHARACTERISTICS OF PHANTOM LAKES 
WAUKESHA COUNTY: 1966 

a 
Precipitation and gromd water. 

Charac te r i s t i cs  

Tr ibutary Drainage Area . . . . . .  
Surface Area . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . .  
Depth 

Under 3 Feet . . . . . . . . . .  
Over 20 Feet . . . . . . . . . .  

Volume . . . . . . . . . . . . . .  
Lake-Oriented Population. . . . . .  
Phosphorus Sources. . . . . . . . .  

General Water Q u a l i t y  . . . . . . .  

Source: Harza Engineering Company and Wisconsin Department of Natural 
Resources. 

Descr ipt ion 

87.4 Square Wiles 

539 Acres 

7.6 M i les  

65 Percent 

2 Percent 

2.710 AcreFee t  

2,500 

Manured land 39% 
Urban runo f f  28 

Rural runo f f  II 

S e p t i c t a n k s  9 

Othera 18 
Total  10w 

Heavy weed and algae growths 
Moderate f e r t i l i t y  
No evidence o f  sewage p o l l u t i o n  

T a b l e  43 

ALTERNATIVE LAKE WATER QUALl TY MANAGEMENT PLAN ELEMENTS 
PHANTOM LAKES, WAUKESHA COUNTY 

=A popu1at.on o f  600 persons war used for per c.p.ta cost calculstlons. 

rorth calculated utillzlng a 6 percent ra te  of interest and a 1 5 - ~ e s r  life. The presenf vorlh for all other plan elements calculated ut,llrinl a 6 percent rate  o f  znfererf and a f*)-year Ilfe. 

Source. H a r z a  Engineerlng Cmpany. 

A l t e rna t i ve  Plan E l a e n t  

lumber 
Designation 

I 

Ant ic ipated Psrfomanse 

Contro l  aquatic nuisance growths 

Descr ip t ion 

Weed ha rvea t~ng  . . . . . . . . . . .  
Algae cont ro l  . . . . . . . . . . .  

Total 

Estimated b e t  

2 

Capi ta l  

$ 23,500 
1,250 

$ 2u.750 

Weed harvesting . . . . . . . . . . .  
Algae cont ro l  . . . . . . . . . . .  
Bench ter races . . . . . . . . . . .  

Total 

Annual Operation 
and Maintenance 

$ 3,450 
i.350 

$ 4,800 

$ 23.500 
1,250 

9O.OM) 

$ 114,750 

Present 
Worth 

$ 57,030~ 
14.350~ 

$ 71,350 

$ 3,450 
1,350 -- 

$ 4.800 

Tota l  Annual 

$ 57,000~ 
14,350~ 
90,000 

$ 161.350 

1970-1985 

$ 5,900 
1,500 

$ 7 . ~ 0  

Annual Per capi taa 
1986-2020 

$ -- -- 
$ -- 

1970-1985 

$ 9.8 
2.5 

4 12.3 

$ 5,900 
1,500 
5.700 

$ 13.100 

1986-2020 

$ -- -- 
$ -- 

$ .. -- 
5,700 

$ 5,703 

$ 9.8 
2.5 
9.5 

$ 21.8 

$ -- -- 
9.5 

$ 9.5 

Control aquatic nuisance growths 
Reduce phosphorus input  by about 

YO percent 



T a b l e  44 

SELECTED CHARACTERISTICS OF POWERS, TOMBEAU, AND BENEDICT LAKES 
KENOSHA AND WALWORTH COUNTIES: 1966 

a 
P r e c i p i t a t i o n  and ground wa te r .  

-Charac te r i s t i c  

. . . . . .  Tributary Drainage Area 

Surface Area . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . .  
Depth . . . . . . . . . .  Under 3 Feet . . . . . . . . . .  Over 20 Feet 

Volume . . . . . . . . . . . . . .  
Lake-Oriented Population . . . . .  
Phosphorus Sources 

. . . . . . .  General Water Q u a l i t y  

Source: Harra Engineering Company and Wisconsin Department of Natural 
Resources. 

Descr ipt ion 

5.1 Square M i les  

590 Acres 

9.0 M i les  

I I Percent 

41 Percent 

9,330 Acre-Feet 

700 

Manured land 54% 
Rural runoff 17 

Septic tanks 17 

othera 12 

Total  100% 

Same weed growths and average 
n u t r i e n t  concentrations i n  

Tombeau and Benedict Lakes 

Very low n u t r i e n t  con- 
centrat ions i n  Powers Lake 

Generally very good water 
qua1 i t y  i n  Powers Lake 

T a b l e  45 

ALTERNATIVE LAKE WATER QUALITY MANAGEMENT PLAN ELEMENTS 
POWERS, TOMBEAU, AND BENEDl CT LAKES, KENOSHA AND WALWORTH COUNT1 ES 

'1 m p u l a l i o n  of 700 persars  -as used for per  capsla cost c a l c u l s l i o n i .  

a r r h  c a l c u l a t e d  v t r l i z ~ n g  a 6 percent  r a t e  o f  i n t e r e s t  and a I 5 - y e a r  I z f e .  The present  a r t h  for a l l  o ther  p l a n  e l m e n t s  c a l ~ l a l e d  v t z l i r i n g  e 6 percent  rate of I n t e r e s t  and a 3 - y e a r  l i f e .  

smrce. narza engineer ing  cowmy. 

Anticipated Psrfornnce 

Control aquatic nuisance growths 

Control aquatic nuisance growths 
Reduce phosphorus input by about 
55 percent 

Al ternat ive Pian Element 

Y u m b r  
Designation 

I 

2 

E r t i u t e d  brt 

Description 

W a d  hawer t i ng  . . . . . . . . . . . .  
Total 

Need harve8ting . . . . . . . . . . .  
Bench te r rwes  . . . . . . . . . . .  

Total  

C.pit.1 

$ 8,300 

$ 8,300 

$ 0,500 
75.000 

$ 83.300 

P r e s ~ l t  
Worth 

$ 2 0 . ~ 0 ~  

$ 20,Wa 

$ 20,Wab 
75.0W 

$ 95,WO 

Annual Operation 
and Maintenance 

$ 1,250 

$ 1 . 2 1  

$ 1.260 -- 
$ 1.250 

Total Annual 
1970-IS5 

$ 2,iW 

$ 2.100 

$ 2.100 
4,700 

$ 6 . 0 0  

Annual Per C.pataa 
1916-2020 

$ -- 
$ -- 

$ -- 
Y.700 

$ 4.700 

1970- 1985 

$ 3.0 

$ 3.0 

$ 3.0 
6.7 

$ 9.7 

1986-2020 

$ - 
$ -- 

$ -- 
6.7 

$ 6.7 



Tab le  116 

SELECTED CHARACTERISTICS OF SILVER LAKE 
KENOSHA COUNTY: 1966 

- 
Tr ibu ta ry  Drainage Area . . . . . .  . . . . . . . . . . .  Surface Area . . . . . . . . . . . . .  Shorel ine 
Depth . . . . . . . . . .  Under 3 Feet . . . . . . . . . .  Over 20 Feet 

Charac te r i s t i c  

Volume . . . . . . . . . . . . . .  
Lake-Oriented Population. . . . . .  

Descr ip t i on  

5.9 Square M i les  
46U Acres 
3.9 M i les  

26 Percent 
20 Percent 
4,820 Acre-Feet 

800 

Phosphorus Sources. . . . . . . . .  

General Water Qual i t y  . . . . . . .  

Manured land 59% 
Rural runo f f  17 
Sept ic  tanks 14 
Othera 10 

Tota l  100% 

Moderate weed and algae 
growths 

Evidence of  sewage p o l l u t i o n  

Moderate n u t r i e n t  

concent r a t i o n s  

Source: Harza Engineering Company and Wisconsin Department of  Natural 
Resources. 

Tab le  47 

ALTERNATIVE LAKE WATER QUALITY MANAGEMENT PLAN ELEMENTS 
S l LVER LAKE, KENOSHA COUNTY 

population o f  800 persons war used for per c q i t a  cost calculat ions.  

b ~ r e s e n t  w r t h  calculated utilizing a 6 percent rate  of interest  m d  a 15 -~ear  l i f e .  The  resent worth for  a l l  other plan elements c s l ~ l e f e d  u t l l l z i n g  s 6 percent rate  o f  jntererf  m d  e 50-year I l f e .  

Source: Hsrla h g i n e e r i n g  Cornany. 

Anticipated Performance 

Control aquatic nuisance growths 

Control aquatic nuisance growths 
Reduce phosphorus input  by a b u t  

60 percent 

A l t e rna t i ve  Plan E l a s n t  

lumber 
Designation 

I 

Es t im ted  Gost 

Bescript ion 

Weed hawss t i ng  . . . . . . . . . . . .  
Algae contro l  . . . . . . . . . . . . .  

Total 

Capi ta l  

$ 10.300 
1.250 

$ 11,550 

$ 3.2 
1.0 
4.2 

$ 8.4 

$ -- -- 
3.360 

$ 3,360 

2 

Annual Operation 
and Maintenance 

$ 1.500 
660 

$ 2.160 

$ -- -- 
4.2 

$ 4.2 

Annual per Capita' 

Weed harvesting . . . . . . . . . . . .  
Algae control . . . . . . . . . . . . .  
Bench terraces. . . . . . . . . . . . .  

Total  

Present 
l b r t h  

$ 24,8EOb 
7.6mb 

$ 32.500 

1970-1985 

$ 3.2 
1.0 

$ 4.2 

1986-2020 

$ -- -- 

$ -- 

$ 10,300 
1.250 

53.000 

$ 6U.550 

Total Annual 
1970-1985 

$ 2,570 
790 

$ 3 , 3 6 0  

$ 1,500 
660 -- 

$ 2.160 

IY&2020 

t -- -- 
$ -- 

$ ~ u . 8 5 0 ~  
7.65(rb 

53,000 

$ 85.500 

$ 2,570 
790 

3,360 

$ 6,620 



T a b l e  48 
SELECTED C H A R A C T E R I S T I C S  OF T l C H l G A N  L A K E  

R A C I N E  COUNTY: 1966 

a ~ h i s  f i gure  represents  the tr ibutary drainage area for the Waterford 
Dan h i c h  backs water i n t o  Tichigan Lake. 

Charac te r i s t i c  

T r ibu ta ry  Drainage Area . . . . . .  
Surface Area . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . .  
Depth 

Under 3 Feet . . . . . . . . . .  
Over 20 fee t  . . . . . . . . . .  

Volume . . . . . . . . . . . . . .  
Lake-Oriented Population. . . . . .  

. . . . . . . .  Phosphorus Sources. 

General Water Qua l i t y  . . . . . . .  

Source: Harra Engineering Canpany and Wisconsin Department o f  Natural 
Resources. 

Descr ipt ion 

35ga Square Mi les 

891 Acres 

4.7 M i les  

5 Percent 

39 Percent 

6,7116 Acre-Feet 

600 

Major source of  n u t r i e n t s  

i s  water enter ing lake 

from the Fox River 

Heavy weed and algae growths 

Evidence of sewage p o l l u t i o n  

Very h igh n u t r i e n t  

concentrations 



Table 49 

ALTERNATIVE LAKE WATER QUALITY MANAGEMENT PLAN ELEMENTS 

T I  CH l GAN LAKE, RACl NE COUNTY 

- r t h  ca l r v l e t ed  u t i l i z i n g  a 6 percent r a t e  o f  i n t e res t  a d  a 15-~esr I ~ f e .  The present uor th  f o r  a11 other  p l m  elements ca lcu la ted u t i l i z i n g  a 6 percent rate o f  i n t e res t  m d  a 50-year l i f e .  

b~ p o w l a t i o n  o f  600 perams war used f o r  per cepi  t a  m a t  ca lcu la t ions.  

A1 t e rna t i ve  Plan Element 

= lhe  mnpomnposlt c a p i t a l  m s t s  of the san i t a r y  sewerage system ere: treatment p l a n t  fsemndary)  $198.000: trunk sewers $387,M0: l a t e ra l  a d  brmch s e e r s  $429.000. h addi t ional  c a p i t a l  cost o f  

183.000 a d d  be needed t o  prov ide d a n c e d  waste treatment and m a k e  A l t e rna t i ve  2 s t r i c t l y  comparable to A l t e rna t i ve  5. 

lumber 
Oes~gnation 

I 

2 

3 

dme mnponmt c a p a t s ~  costs o f  the sani tary  sewerage system are: treatment PI-t (secondary) $165,000: trunk sewers $300,530, l a t e r a l  m d  branch sewers $429.000. A" a d d i t ~ o ~ a ~  c a p z t a ~  cos t  o f  
w5.WO o d d  be needed to pmv rde  advanced was te  treatment and make A l t e rna t i ve  3 s t r i c t l y  mnparable to Alternatzue 5. 

Oelcr lp t ion 

. . . . . . . . . . . . .  weed ha rve r t i ng  
Algae m n t r o l  . . . . . . . . . . . . . .  

Tota l  

Weed ha rve r t t ng  . . . . . . . . . . . . .  
Algae con t m l  . . . . . . . . . . . . . .  
Sanitary r a s r a g a  s y r t m  (an t i  re  lake-- 

600 persona sene&-secondary t reat -  
ment p l a t  s t  nor th  end o f  lake)c  . . 

Total 

. . . . . . . . . . . . .  Weed harvest ing 
Algae con tm l  . . . . . . . . . . . . . .  
S n i  t a r y  sewerage system ( e a r t  rhore. 

Fox Po in t  Park, m d  Tichigan Heights 
on ly- -  500 person9 served-- secondary 
t r e a h a n t  p l an t  a t  north end o f  laked 

Tots1 

Estimated Cost 

Y Weed harvest ing . . . . . . . . . . . . .  $ 5.200 $ 750 
Algae con tm l  . . . . . . . . . . . . . .  1.250 7 W 1.5 -- El iminate pub l i c  heal th  hazards 

Sanitary SEHrage r y r t m  (an t i  re lake--  Reduce phosphorus input by about 
600 ~ e r a o n r  served--resondary t reat -  YO percent 
nent a t  pmposed Wind Lake C n a l  

'me mnponent cap i t a l  m a t s  o f  the sanitary sewerage s y ~ t e n  are: treatment p l an t  (secondary) $161.700, trunk s e e r s  S851.m: l a t e r a l  and branch severs $no.ooo. A a a i t l o n a ~  cap i t a l  o f  

W . W O  r u l d  be needed to  prov ide advanced waste treatment and make  A l ternatzve 4 s t r i c t l y  cmperable to Al ternatzve 5. 

Capi ta l  

$ 5,200 
1.250 

$ 6.450 

$ 5,200 
1.250 

I.OIU.5MI 

$ 1,020,950 

$ 5,2W 
1,250 

894,500 

$ 9W.950 

5 

6 

' l h e  cmpmslf cap i t a l  costa of the sm ' t a r y  sewerage system are: advsnced waste treatment p l an t  $467.000. trunk s e e r s  $1,608,000; l a t e r a l  and branch s e e r s  $1,321,000 

Total 
1970- 1985 

$ 1. 280 
870 

$ 2, 150 

$ 1.280 
870 

93.300 

$ 95.450 

$ 1,280 
870 

86,800 

$ 88.950 

' m e  m m m e n t  s w i t a ~  costs o f  the s m i t a r y  sewrage system are: treatment p lan t  rsesondary) $185,000, trunk seers $468.100, l a t e ra l  and branch sewers $470,000. addl t rooel  r a p l t a ~  cost o f  
ls3.000 o d d  be needed t o  pmv lde  advmced waste t reatmert  and mehe A l t e rna t i ve  6 ~ t r z c t l y  sonperable fo A l r e r n a f ~ v e  5. 

Annual Operation 
and Maintenance 

$ 750 
7 W  

$ 1,490 
-pppp---- 

$ 750 
7 W  

25,000 

$ 26,490 

$ 750 
7 W  

2 5 . W  

$ 26.990 

Annual 
1986-2020 

$ -- -- 

$ -- 
$ -- -- 

93, a 0  

5 93,300 

$ -- -- 

86.800 

$ 86,800 

Annual 
1970-1985 

$ 2. lb 
1. sb 

$ 3.6 

$ Z i b  
l.sb 

155.0 

$ 158.6 

$ 2.6b 
7 

173.7 

$ 178.0 

t r e s h a t  plant)e. . . . . . . . . . .  
Total 

. . . . . . . . . . . . .  Weed harvest ing 
Algae m n t m l  . . . . . . . . . . . . . .  
Sanitary sewerage system ( e n t i r e  lac- 

and Buena Park area-- 1.800 persons 
served--advanced waste t r e s h e n t  a t  
Western Racine County Sewerage 
D i s t r i c t  t r e a h e n t  ~ l n t ) ~ .  . . . . .  

To ta l  

. . . . . . . . . . . .  M o d  ha rves t i ng .  
Algae con tm l  . . . . . . . . . . . . . .  
Sanitary sewerage system ( e n t i r e  I *e- -  

800 Derroor served--semndary t reat -  
ment p l an t  a t  routh end o f  I&e)9. . .  

Tota l  

Source: Hsrrs Engineering Carpsly 

Present 
Worth 

$ 12, 470' 
8 . ~ 3 0 ~  

$ 20.900 

$ 12,470' 
8.430 a 

I, Y50,OW 

$ I,Y70,900 

$ 12,470a 
8.  V 3 P  

1.3Y9.000 

$ 1,369,900 

Per Capita 
1986-2020 Ant ic ipated Psr formnce 

$ -- Control aquat ic  nuisance groutha 
-- 

t -- 

I.VB3.000 

$ I.W9,450 

$ 5,200 
I, 250 

3.396,OW 

$ 3.W2.450 

$ 5.200 
1,250 

1,lZS.IW 

$ 1.128.550 

$ -- -- 

155.0 

$ 155.0 

$ -- -- 

173.7 

$ 173.7 

Control aqva t~onu i saneeg row ths  
El iminate pub1 i s  heal th  hazards 
Reduce phosphorus i npu t  by about 

W percent 

Contml  aquat ic  nuisance growths 
El iminate pub1 i c  heel th  hazards 
Reduce phosphonrr input  by about 

35 percent  

20.8'40 

$ 22,330 

$ 750 
7 W  

73,510 

$ 75,000 

$ 759 
740 

26,570 

$ 28.060 

$ 1.880.900 

$ 12.470' 
8. '430' 

4.738.0W 

$ 4,758,900 

$ 12,470' 
8. 430' 

I.YIS.000 

1,433,900 

$ 120.850 

$ 1,280 
870 

300,900 

$303.050 

$ 1,280 
870 

89.670 

$ 91.8~1 

$118,700 

$ -- -- 

300,900 

$ 3 ~ . 9 ~  

$ -- -- 

89.670 

s 88.670 

$ 201.3 

$ 0.7 
0.5 

167.2 

$ 168.4 

$ 2.1 
1.5 

1~9.4 

$ 153.0 

$ 197.7 

$ -- -- 

167.2 

$ 167.2 

$ -- -- 

I I . 4  

s lw.4 

Contml  aquatic n u i s a c e  g m ~ t h s  
El i n i na te  pub l i c  heal th  hazards 
Reduce phosphorus lnout  by about 

YO percent 

Control aquatic nuisance growths 
El iminate pub1 ~c heal th  hazards 
Reduce phosphorus input  by about 

40 parcant 













Tab le  50 

SELECTED CHARACTER1 ST1 CS OF WIND LAKE 
RACINE COUNTY: 1966 

P r e c i p i t a t i o n  and ground water. 

Charac te r i s t i c  

. . . . . .  Tributary Drainage Area 
Surface Area . . . . . . . . . . .  
Shore1 ine . . . . . . . . . . . . .  
Depth . . . . . . . . . .  Under 3 Feet . . . . . . . . . .  Over 20 Feet . . . . . . . . . . . . . .  Volume. . . . . .  Lake-Oriented Population. 

Phosphorus Sources. . . . . . . . .  

. . . . . . .  Oeneral Water Q u a l i t y  

Source: Harra Engineering Company and Wisconsin Department o f  Natural 
Resources. 

Descr ipt ion 

42.6 Square Mi les  
936 Acres 

9.3 Mi les  

32 Percent 

15 Percent 
8,995 Acre-Feet 

1,700 

Manured land 45% 
Septic tanks 29 

Rural runof f  IV 
Othera 12 

Total 100% 

Heavy weed and algae growths 
Evidence o f  sewage p o l l u t i o n  

Very h igh  n u t r i e n t  

concentrations 



T a b l e  51 

ALTERNATIVE LAKE WATER QUALITY MANAGEMENT PLAN ELEMENTS 
WIND LAKE, RACINE COUNTY 

Weed harvest ing . . . . . . . . . . . . 
Algae con t r o l  , . . . . . . . . . . . . 2.r' I $ :: /cent.l aqua". n u i s w e  g r o ~ t h s  

I.@ 

I n t i s i p a t c d  Perhonancc 

Tota l  

A l t e rna t i ve  Plan Element 

Nvnber 
Designation 

Estimated Cort 

$ 2.5b $ -- Contro l  aquat ic  w i r a n c e  growths 
1.4~ -- Reduce phorphoru8 bnput by 
2 . ~ b  Z . Y ~  about US percent 

$ 6.3 $ 2.4 

O e s c r i p t i ~  

2 

Weed ha rve l t i ng  . . . . . . . . . . . . 
Algae con t r o l  . . . . . . . . . . . . . 
Sani tary  sewerage 8yr ten ( en t i r e  lake-- 

1,700 persons served--cecondary 
treatment p lant  a t  lake o ~ t l o t ) ~ .  . 

Capi ta l  

Weed harvest ing . . . . . . . . . . . . 
Algae cont ro l  . . . . . . . . . . . . . 
Bench terraces. . . . . . . . . . . . . 

Tota l  

$ -- Contro l  aquatic nuisance growth, -- El iminate pub l i c  heal th  hazards 

Reduce phosphorus input  by 
about 30 percent 

71.3 

Present 
Worth 

Annual Operation 
and Maintenance 

Weed harvest ing . . . . . . . . . . . . 
Algae con t r o l  . . . . . . . . . . . . . 
Bench terraces. . . . . . . . . . . . . 
Sanitary sewerage ryr:em(ent i r e  lake-- 

1.700 persons served--secondary 
treatment p l an t  a t  lake o u t l e t ) c  . . 

about 75 percent 

Tota l  Annual 

Weed harvest ing . . . . . . . . . . . . 
Algae cont ro l  . . . . . . . . . . . . . 
Bench terraces. . . . . . . . . . . . . 
Sani tary  rewerage system (west rhore of 

lake and po r t i on  o f  east shore on ly-  
1,WO persona served--secondary 
treatment p l an t  a t  I r k s  r ~ t i e t ) ~ .  . 

Tota l  

Annual Per Capi ts  
1970-1985 1986-2020 1970-1985 1986-2020 

$resent m r h  c a l o l l a t e d  u t ~ l ~ z ~ n g  a 6  p e r c ~ l t  r a t e  o f  r n l e r c r t  and a 15-year I r f e .  Ihe p r e r m f  w r t h  for  a l l  other plan e l m e n t s  ca lculated u t ~ l n r i n g  a 6  percent rate  o f  i n t e r e s t  and a 50-year l i f e .  

b~ p o p u ~ a t i o n  of 1.700 persons was vsed for per c a i t a  cost c s ~ c u ~ a t , o n = .  

'me cmponcnl c . p ~ l a l  sosls o f  the sanitary sewerage svstm are. treatment plant  f r e m n d a r y )  S185.WO: trunk sewers Sm3.000;  l a t e r a l  m d  branch *ewers $625.000. 

d ~ h e  canponmr c a p l t e l  costs o f  the .anltsry sewerage system are: t r e a l m m t  p lant  (,econdnry) f l 6 5 , O W :  t m k  sewers 1 4 4 , 0 0 0 ;  l a t e r a l  and branch sewers SSS7.000. 

$ 4,300 
2.380 
4.050 

IoY,mo 

$ -- -- 
4,050 

IOY,PO 

$ 3.ib 
1.7 
2.gb 

74.3 

$ -- -- 
2.gb 

74.3 

Control aquat ic  nu isanssgrowths 
E l ~ n l n a t e  pub l i c  heal th  hazards 
Reduce phosphorue input  by 

about 75 percent 







Table 52 

COST ESTIMATES OF THE RECOMMENDED LAKE WATER QUALITY 
MANAGEMENT PLAN ELEMENTS FOR THE FOX RIVER WATERSHED 

Et t i na t sd  Cost 

Resomended Plan E l a s n t r  Cap l t a l  

. . . . . . . . . . . . . . . . . . . . . . . .  Weed harvest ing . . . . . . . . . . . . . . . . . . . . . . . .  Bench ter races 98,000 

Innual  Operation Present Tota l  Anw.1 Annual Per Capitaa 
a d  M i n t  k r t h a  1970-1985 1 1986-2020 1 1970-1985 1 1986-2020 

. . . . . . . . . . . . . . . . . . . . . . . .  Weedharvesting 
Algae con t r o l  . . . . . . . . . . . . . . . . . . . . . . . . .  

Tota l  

Wesdharvsstinp . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  Algae cont ro l  
Bench ter raeel .  . . . . . . . . . . . . . . . . . . . . . . . .  

Weedharvestins . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  Algae con t r o l  
Sanitary sea rags  system ( e n t i r e  lake--1.950 psrMns 

served--advanced waste t r e a t a n t  a t  Bur l ington) .  . . . . . .  
T0t.l 

. . . . . . . . . . . . . . . . . . . . . . . .  Weedharvesting 
Algae cont ro l  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  Benchterraces 
Sanitary sewerage s y s t a  ( a l l  o f  Center Lake; east r i d s  

o f  C u p  Lake--1.100 persons rerved--secondary t r ea t -  
ment p lant  a t  l a k t  o u t l e t )  . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . .  wedha rves t i ng  
Algae cont ro l  . . . . . . . . . . . . . . . . . . . . . . . . .  
Benchterraces . . . . . . . . . . . . . . . . . . . . . . . . .  
Sanitary sewerage system (nor th  r i d e  o f  lake--1.300 . . . .  persons served--secondary treatment a t  Iake out le t ) .  

Table 52 (continued) 

E s t i m t e d  Cost 

Annual Operation Present Tota l  Annuel Annual Per Capita. 
and Maintenance 1970-1985 I l 9 8 6 - ~ 2 0  I 1970-1985 119(16-2020 

Weedharvesting . . . . . . . . . . . . . . . . . . . . . . . .  
Algaecon t ro l  . . . . . . . . . . . . . . . . . . . . . . . . .  
Bench terraces. . . . . . . . . . . . . . . . . . . . . . . . .  
Sanitary sewerage system ( e n t i r e  lake--550 persons 

served--secondary t r e a t a n t  p lant  a t  lake o u t l e t ) .  . . . . .  
Tota l  

Wnd harvest ing . . . . . . . . . . . . . . . . . . . . . . . .  
Benchterraces . . . . . . . . . . . . . . . . . . . . . . . .  

I Bench terraces. . . . . . . . . . . . . . . . . . . . . . . . .  I $ 200,000 1 
Tota l  $ 2W.OW 

Wed harvest ing . . . . . . . . . . . . . . . . . . . . . . . .  $ Ii.WO 
A lgascon t ro l  . . . . . . . . . . . . . . . . . . . . . . . . .  1,250 
Sanitary r e w r r g s  s y s t a  ( e n t i r e  lake). . . . . . . . . . . . .  Y ,000.WO 

L i t t l e  
Muskego 

I Tota l  I $ 19.t70 I 
. . . . . . . . . . . . . . . . . . . . . . . .  Weedharvesting . . . . . . . . . . . . . . . . . . . . . . . .  Algae con t r o l  

Bonshtr r races . . . . . . . . . . . . . . . . . . . . . . . .  
Sanitary sewerage ryr tem ( e n t i r e  lake--3.500 persons served) 

h t a l  

1 Phantom . . . . . . . . . . . . . . . . . . . . . . . .  Weed harvest ing 
A l ~ a e s o n t r o l  . . . . . . . . . . . . . . . . . . . . . . . . .  
Bench terraces. . . . . . . . . . . . . . . . . . . . . . . . .  

T0t.l 



Tab1 e 52 (conti nued) 

Estimated Cost 

Annual Operation Present Tota l  Annual Annual Per Capitae 
Capi ta l  and Maintenance worth' 1970- 1985 1916-2020 1970-1985 1986-2020 

Weed harvest ing . . . . . . . . . . . . . . . . . . . . 1,250 20 ,W $ 3.0 

Tota l  83,300 1,250 95. WO 

S i l ve r  
(Kcnorhr 
Countr l  

W e e d h a r v e a t i n g . . . . . . . . . . . . . . . . . . . . . . . .  
A l g a e c o n t r o l . . . . . . . . . . . . . . . . . . . . . . . . .  
B e n c h t e r r a c e r . . . . . . . . . . . . . . . . . . . . . . . . .  

Weed harvest ing . . . . . . . . . . . . . . . . . . . . . . . . 
A l g a e c o n t r o l . . . . . . . . . . . . . . . . . . . . . . . . .  
Sanitary rererape Syrton ( en t i r e  lake--600 persons 

served--secondary treatment p l a n t  a t  south end 
o f  I s l e )  . . . . . . . . . . . . . . . . . . . . . . . . . . 

Wind Wee0 harvestnng . . . . . . . . . . . . . . . . . . . . . . . . 
A l g a e c o n t r o l . . . . . . . . . . . . . . . . . . . . . . . . .  
B c o c h t e r r a c e r . . . . . . . . . . . . . . . . . . . . . . . . .  
Sanitary acwerage system ( e n t i r e  lake--1,700 persons 

served--0econdary treatment p l an t  a t  lake ou t l e t ) .  . . . . . 
Tota l  

To ta l  

=for a s s u m t l o n r  ~ ~ r l ~ ~ ~ y ~ ~ d  the present wrth and per c a p l c a  sort c a ~ c u ~ a t l o n r ,  see the preced,ng s e r l e r  o f  t a b l e s  .n t h i s  chwter regardjng a l t e r n a t i v e  ~ e k e  water p v a 1 . t ~  management P I -  elements. 

Source: Har*. Eng,neerlng c o m a n y .  

$19,561, I20 $ 332.220 $%,721,770 $1,605.6W $1,512,920 $ -- $ -- 



Chapter VI 

ALTERNATIVE WATER SUPPLY PLAN E U M E N T S  

INTRODUCTION 
The two aquifers underlying the Fox River water- 
shed comprise one of the most valuable natural 
resources of the watershed. These aquifers not 
only constitute the principal source of water sup- 
ply within the watershed but, if properly used and 
managed, also constitute a renewable resource 
which can serve the watershed for all time to 
come. 

The data and analyses presented in Volume 1 of 
this report indicated that, if protected from pollu- 
tion, the natural quality of the ground water from 
both the shallow and deep aquifers should be ade- 
quate to meet all foreseeable domestic, municipal, 
and industrial water supply needs within the 
watershed. Local pollution of the shallow aquifer, 
which constitutes the most important source of 
water available to meet small highly dispersed 
demands, such as those generated by residential 
development not served by public water supply 
systems, may, in the absence of a sound water 
resource management program, be expected to 
become a serious problem within the watershed. 
Potential sources of pollution of the shallow aqui- 
fer  include septic tank disposal systems, dumps 
and improperly located and managed sanitary land 
fills, and both urban and agricultural runoff. The 
deep aquifer is less readily subject to pollution 
and, therefore, may be expected to remain a 
reliable source of supply of high-quality water 
throughout the watershed. 

The data and analyses presented in Volume 1 of 
this report also indicated that the quantity of 
water present in both the shallow and deep aqui- 
f e r s  can be expected to be adequate to meet fore- 
cast water supply needs within the watershed 
through the plan design year of 1990, even though 
total water use within the watershed may be 
expected to more than double by that year, reach- 
ing a total pumping rate of 65 million gallons per 
average day, or  23.7 billion gallons per year. 
Because of the relatively high quality of the water 
and the ready availability of the supply, ground 
water may be expected to remain the only practi- 
cal large-scale source of water supply within the 
watershed through the plan design year. 

This chapter describes alternative plans available 
for meeting future water supply demands within 
the Fox River watershed from the ground water 
aquifers. The specific ground water sources 
available to each existing and probable future 
major pumping center within the watershed are  
described and recommendations made concerning 
the development of the best available source of 
supply. Because the ground water resources of 
the watershed can be developed as  a source of 
supply by wells located in, or  close to, the areas 
to be served, the need for extensive transmission 
mains and pumping stations is minimized. For 
this reason the alternative water supply plans 
presented in this report are  more general than the 
alternative plans for pollution abatement o r  flood 
control, relating primarily to desirable well field 
location. Summary data concerning the ground 
water resources available to local areas of con- 
centrated pumping within the Fox River watershed 
are  given in Table 53. A brief discussion of 
important factors to be considered in the use of 
the deep and shallow aquifers underlying the 
watershed as sources of water supply follows. 

DEEP AQUIFER GROUND WATER SUPPLY 
The deep sandstone aquifer underlies not only the 
entire Fox River watershed but extends throughout 
southeastern Wisconsin and northeastern Illinois. 
This aquifer constitutes a dependable source of 
large quantities of high-quality water and can sup- 
ply all anticipated municipal and industrial water 
supply needs within the watershed to the plan 
design year of 1990. 

In Volume 1 of this report, i t  was indicated that in 
1966 about 65 percent of the municipal and private 
utility supply, averaging 8.9 million gallons per 
day; about 36 percent of the self-supplied com- 
mercial and industrial supply, averaging 1.0 mil- 
lion gallons per day; and about l. 3 percent of the 
self-supplied domestic and agricultural water 
supply, averaging 0.1 million gallons per day 
were obtained from the deep aquifer. Total pump- 
age from this aquifer may be expected to increase 
from about 10 million gallons per average day in 
1966 to 43 million gallons per day by 1990 (see 



Table 53 

GROUND-WATER RESOURCES AVAl LABLE AT EXISTING OR POTENT1 AL 

AREAS OF CONCENTRATED PUMPING I N  THE FOX RIVER WATERSHED 

Pumping C n t r r  

V i l l age  of B ig  B a d  

Tom and C i t y  of Brookf le ldb 

C i t y  o f  Bur l ington 

- 

Vi l l age  o f  Eagle 

Well Y i e l d  
P o t e n t i d  

F a i r  

Poor 

Very Gwd 

F a i r  

Sand h d  Gravel Lqu i f e r  

Osrcr ip t ion 

Uo t o  50 feet  o f  saturated 
rand a d  gravel under l ie  the 
area. Well y i s l da  a r e ' l i k e l y  to  
inereare toward the Fox River. 
D i vs r r i o l l  of water f r m  I r r g e  
spr ings located south o f  the 
v i l l a g e  and p r o t e c t ~ o n  o f  the 
aqu i f e r  fmm surface contan- 
i na t l on  w v l d  be po ten t i a l  
problems requ i r i ng  a t t en t i on  
i f  t h i s  source i s  used. 

Sand and gravel dspori t s  are  
found i n  the d r i l l  ing of about 
60 percent of the we1 l r i n  t h i s  
area, but  they are seldom used 
as a wurce o f  water supplg 
These deposi ts  average about 20 
feet  i n  thickness. I n  several 
we l l s  w i t h i n  a h a l f  m i l e  of t he  
B rook f i e l d  C i t y  Hal l ,  i n  t he  
lW I / &  o f  Section 22. Ton, 7 
North, Range 20 East, however, 
the sand and gravel deposits 
are m e w h a t  more than 100 f ea t  
t h i c k  and may be an important 
source o f  water. Recharge t o  
t he  smd and gravel deposits i s  
r e l a t i v e l y  m a l l  because o f  the 
t h i c k  cover of c lay- r ich g l ac i a l  
t i l l  r o i l s  t ha t  occurs i n  the 
Brookf ie ld  area. l o  pub1 i c  
s u ~ p l y  or subdiv is ion water wel l  
i s  k n o n  t o  use t h i s  aquifer. 

Sand and g r w e l  d s ~ o r i t s  along 
the no r t h  shore o f  Echo Lake 
are s po ten t i a l  source of muni- 
CiD.1 1UPDIy i n  t h i s  area and 
could be used t o  meet fu ture 
municipe.1 supply r egu i r aen t s .  
Wells could be l o c d e d  t o  induce 
recharge from the surface water 
sources. A lesser  m u n t  of 
water i s  ava i lab le  from sand 
and gravel daposi ts  located 
southwest of C i t y  * a l l  l o .  8 
i n  the ME 114 of Sec t~on  6. 
Tom 2. North. Rnge  19 E u t .  
Along the m i t e  and For Rlvara, 
the sand and gravel deposits 
are t h i n  a d  o f f e r  l i t t l e  *ate, 
s ~ p p l y  po ten t i a l .  

Sand and gravel deposits 
located i n  the routhesstern 
ha l f  of t he  v i l l n g e  are a poten- 
t i a l  source o f  municipal supply 
i n  t h i s  are& The well-drained 
outuarh i n  t h a t  area ind icates 
a high recharge rats. The satur- 
ated thickness o f  the g l ac i a l  
deposi ts  i s  probably between 
50 and 75 feet. Test d r i l l  inps 
are needed. 

The smd  and gravel aqu i f e r  
located northwest of the v i l -  
lage n d  along Honey Creek has 
a water ~ Y D P I Y  w t e n t i a l  i n  
axcass o f  the ant ic ipated 1990 
needs. Par t  o f  t he  recharge to 
the aqui fer  i s  induced f r m  
Honey Creak. Future Wells 
should be d r i l l e d  a t  leaat  500 
f e e t  f r m  the s t re-  t o  reduce 
t he  po l  l u t i o n  po ten t i a l .  The 
i m n  content o f  water near the 
bare o f  the aqui fer  may be 
ob j ec t  ionable. 

We11 Yie ld  
Potsnt i  al 

Pmr 

Very b o d  

Very Good 

Poor 

V i l l age  o f  East Tmy 

Well Y i e l d  
Potent ia l  

Very b o d  

Very Good 

Very Good 

Very b o d  

l i a g a r a  Dolomite ~ q u i f e r '  

Osrcr ip t ion 

The I l iagars dolomite aqui fer  
i s  t he  p r i nc i pa l  source f o r  
most doner t ic  water suppl ier  i n  
t h i s  area. The aqui fer  l i s8  
from 75 t o  125 feet  below the 
sur face and i s  IM) t o  190 f e e t  
th ick .  

The Niagara do lomi te  aqui fer  
i s  the p r l ne i pa l  source o f  
mall-to-moderate-sized water 
suppl ier  in  the area. Host of 
the wafer used i s  supplied by 
pr ivate1 y owned uel l r  t h a t  
average a b u t  250 f e a t  i n  depth 
b u t  may be ar deep as 375 fast .  
At  l eas t  20 high-capacity wel ls  
t ap  t h i s  aqui fer  i n  t he  area. 
Wort of these we l l s  a re  used f o r  
subdiv is ion ruppl ies: but  some 
are used by indust r ies ,  con- 
marc ia l  satabl irhments, schools. 
and go l f  murses. Future high- 
capaci ty  vs l  l r near t he  water- 
shed boundary are expected t o  
y i e l d  up t o  350 gpm (0.5 mgd) 
each. High-capacity ~ s l l r  w i t h i n  
a mi le  o f  the Fox River are 
l i k e l y  t o  y i e l d  up t o  500 gpm 
(0.72 ngd) each. l o  widespread 
dewatering o f  t h i s  aqui fer  i s  
expected by 1990. 

The Ni agara d o l m ~  t a  aqui fer  
i s  l e ss  than 100 f e e t  below the 
surface and 1s a b u t  130 f ee t  
t h i c k  i n  t h i a  area. Large- 
d i n e t e r  wel ls  penetrat ing t he  
f u l l  thickness o f  the aqui fer  
are usua l l y  capable o f  pmducing 
250 gum (0.36 n q d )  Po l l u t an t s  
nay enter  we l l s  located near 
the m i t e  River and along t he  
FOX R ~ v e r  southeast o f  t he  
c i t y  h e r e  the rock c m p r  out. 

The Niagara do lon i  t s  squi f e r  
i s  no t  present. 

Poor Very b o d  

Sandstone Aquifer 

- Descr ip t ion 

The sandstone aqui fer  l i e s  
f r m  700 to  a b u t  2.500 feet  
below the surface. I t  i s  a 
dependable source o f  p o d -  
qua1 i t y  water. Well y l e l d r  may 
be ar high as i mgd. No wel l  i n  
the v i l l a g e  i s  know t o  "re 
t h i s  aqu~ fe r .  Use o f  the sand- 
stone aqui fer  w i l l  no t  a l t e r  
f low o f  apringr. 

The sandstone aqu i f e r  ir a 
major source o f  good qua1 i t y  
water i n  t h i s  area: but a t  the 
end o f  1966, i t  was being used 
by on ly  three high-capaci t y  
"e l ls .  These we l l s  are used t o  
SYPPIY water f o r  a subdivision, 
a high rchool, and a shopping 
center. The l a rges t  o f  these 
wells, located i n  the SE 114 o f  
Section TI, Town 7 North, 
Range 20 East, penetrates 935 
f ee t  of sandstone and war tested 
a t  737 gpm ( I .  I ngd). Wells of 
equal, or  larger ,  capaci t y  could 
be d r i l l e d  t o  meet the an t i c i -  
pated 1990 nunic lpa l  *ate, 
needs. Future we l l s  may reason- 
ably be expected to  y i e l d  up 
t o  2 ngd each but  should ba 
spaced a t  s u f f i c i e n t  d is tance 
fmm each other  to  keep pumping 
in ter ference and pumping costs  
a t  a minimum. 

The sandstone aqu i f e r  i s  a 
dependable wurce of wod-  
qua1 i t y  water t o  meet the a t i c -  
ioated 1990 municipal water 
requirements o f  t h i r  area. The 
aqui fer  l i e s  about 620 feat  
below the land surface and i s  
estimated t o  be more than 1.800 
feet  thick. C i t y  Well la. 8. 
located i n  t he  ME I/+ o f  Section 
6, Tom 2 north, Range 19 East, 
tapping 859 f ee t  o f  t he  aquifer. 
may be t yp i ca l  o f  wel l  y ie lds.  
The we1 i was tes ted a t  1.300 
gpm (1.9 mgd). Some val l a pars 
through large crev ices i n  the 
Trapeale l lu  Formation and are 
capable of even greater  wall 
y ie lds.  The p rac t i ce  of spacing 
deep we l l s  evenly about the 
edge of the c i t y  should be 
continued t o  minimize f u t u re  
we1 l interference. 

The top o f  t he  aandrtone 
aqui fer  i s  500 feet  below land 

Very b o d  The l i a g a r a  doloni t e  aqui fer  
i s  n o t  p r e r n t .  

surface i n  V i l l age  Well l o .  I, 
located tn the NW 114 o f  Section 
22. Tom 5 North, Raga  17 East. 
A wel l  penetrat ing the f u l l  
thickness o f  the aquifer, s r t i -  
mated as 1,100 feet, nay be 
e~pec ted  t o  y i e l d  I ngd. The 
present v i l  lsge well oanatrs ter  
380 feet  of t he  aquifer, and i t  
was tes ted a t  0.37 mgd. 

The sandstone aqu i f e r  begins 
a t  a depth o f  about 600 f e e t  
and i s  s t  l eas t  1,500 f e e t  t h i c k  
beneath t h  i r area. Dependably 
h igh wel l  y ie lds.  nearness of 
recharge area, safety  f r a  
po l l u t i on ,  and l ack  o f  heavy 
puaDage make t h i s  a des i rab le  
'deter source. Water i n  t h i s  
aqui fer  i s  l oaa  minera l ized 
than water f m  the a n d  n d  
gravel aquifer. 





Table 5 3  (cont inued) 

Pum~ing Center 

V i l l age  o f  Menornonee Fa l l  rb 

V i l l age  o f  Mukwnago 

C i t y  o f  I4urkegob 

Well Y i e l d  
Potent ia l  

Pour 

Very Good 

Very Good 

Well Y i e l d  
Potent ia l  

Fa i r  

Poor 

Very h o d  

Well Y i e l d  
Potent ia l  

Very Good 

Very Owd 

Very Good 

Sand I nd  Gravel Aquifer 

Descr ip t ion 

Sand and gravel deposits are 
found i n  about W percent o f  
the we1 1 r in  the Fox River p a r t  
of Menononee Fal ls ,  but they 
are r a re l y  used as a wurce o f  
water. The deposits average l ess  
than 10 feet  i n  th icknarr ,  and 
ln no p lace are they knom t o  
be more than 50 f ee t  i n  th ick-  
ness. Sand and gravel deposits, 
therefore, have a low po ten t i a l  
f o r  meeting f u t u re  munbcipal 
~ a t e r  requi r a a n t a  a t  Wenornonee 
Fal I r. 

Sand m d  gravel i n  the nor th-  
western and southern pa r t s  o f  
the v i l l a g e  have a h igh po tm-  
t i a l  f o r  meeting the f u t u re  
va t s r  requirements. The beat o f  
these deposi ts  f i l l  a bur ied 
bedrock va l l ey  t h a t  crosses 
beneath the northwestern corner 
o f  the v i  l lage and may be near ly  
'400 f ee t  i n  thickness i n  rme 
places. The ~ a t e r  f r m  there 
deposits reportedly contains up 
t o  3 n g / l  iron. Th i r  h i gh - imn  
Content rsqu i rer treatnen t 
before use because i t  causer 
taste, odor, and s t a i n i ng  prob- 
1 a n .  

Sand and gravel deposits are 
found i n  about 90 percent of 
the we l l s  i n  t h i s  area. These 
dapo r i t r  are estimated t o  be 
tho source o f  water f o r  near ly  
h a l f  o f  the ex i s t i ng  wells. The 
sand and gravel deposi ts  average 
about 60 f ee t  i n  thickness but  
range upward to  about 300 fast  
i n  the northwestern quar ter  o f  
t he  c i t y .  Only m a l l  water 
~ u s p l  i e l  have been developed 
f r m  sand and gravel located i n  
a deeply bur ied p r e h i s t o r i c  
r i v e r  v s l l e y  t h a t  extends 
beneath the c i t y  from northwest 
to  southeast. The va l ley ,  up t o  
four  m i l es  wide, i s  l a rge l y  
f i l l e d  by c l ay - r i ch  g l ac i a l  
t i l  I. Even though they have a 
wide range i n  thickness n d  
may be intarbedded u i  t h  f i ne -  
grained mater ia l ,  the sand and 
gravel deposi ts  have l oca l  
p o t m t i a l  as a wurce of eater 
supply a t  r a t e r  up t o  about H)O 
g m  (0.7 ngd). Ar these daPoa- 
i t s  are found i n  t he  d r i l l i n g  
o f  new wells, they should be 
tested f o r  y ie ld .  

Niagara Oo lm i  t e  Aquifer 

Osaeription 

The l i a g a r a  do lomi te  aqui fer  
i s  the p r i nc i pa l  source o f  
ma1 I - t o -mods rs t c r i r ed  water 
suppl i s s  in  the area. Nearly a l l  
o f  the water i s  supplied by 
p r i va te l y  obned we l l s  t ha t  
averago a b u t  160 feet  i n  depth 
bu t  which nay be as deep as 350 
feat. The h i phs r t - cawc i t y  well 
i n  t h i s  aquifer, located a t  
Mennonee Park. was tes ted a t  
125 gem (0. I8  mgd): but a wel l  
j u s t  beyond the watershed b u n -  
dary *as tsatsd a t  320 gpn 
(0.46 mgd)  h n t n i n a t i o n  i r  a 
r e r i o u r  t h rea t  i n  the uae o f  
t h i s  a q u i f ~ ~ ,  aaDseially i n  the 
area west of the Fox River  h e r e  
the rock cmpr  out. 

The I l iapara dolomite aqu i f e r  
i s  t h i n  and on ly  p r s r e n t  i n  a 
small p a r t  of the eastern h a l f  
of the v i l l age .  R a l l - t o -  
noderate wel l  y i e l d s  are gen- 
e r a l l y  ava i lab le  but  no t  enough 
to  dependably nea t  fu ture 
municipal requirements a t  
Mukwnago. 

The Niagara do lomi te  aqu i f e r  
i s  r m a j o r  source o f  m a l l - t o -  
~ d e r r t ~ s i z e d  water suppl iea 
i n  t he  area. mrt o f  the we l l s  
us ing t h i s  aqui fer  are p r i -  
va te l y  omad. They average 
about 275 feet  i n  depth but  nay 
be as deep as '450 feat. The 
largest -capaci ty  wel l  i n  the 
area tapping the Niagarr  delo- 
n i t s  aqu i f e r  was tas ted a t  134 
gpn (0.19 ngd). Well8 y i e l d i n g  
up t o  250 p0n (0.36 ngd) f m  
t h i s  s u r e .  pmbably  m u l d  be 
d r i l l e d .  The aqui fer  i s  n i 8 r i n g  
or on l y  a few f ee t  t h i c k  I n  the 
bur led va l ley  t h a t  cmsses 
beneath Muskago fmm northwest 
t o  southeast. The nos t  produc- 
t i v e  po r t i ons  of t h i s  aqui fer  
pmbably  occur i n  t he  area 
nor th  o f  STH 24 and i n  the 
v i c i n i t y  o f  Lake Denoon. 

Sandstone Aqui far  

Description 

The sandstone aqu i f e r  could 
be a major source o f  water i n  
the area, bu t  i t  i s  tapped by 
on ly  one we1 I, V i l l age  Wsl i No. 
5. That wall, located near the 
hnmuni  t y  Memorial Horpi t a l ,  i n  
the SW I /U o f  Section 9, Tom 
8 North, Range 20 Eaat, war 
d r i l l e d  t o  1.375 f e e t  thmugh 
63Y f e e t  o f  t he  aqui fer  and war 
tested a t  1.025 gpm (1.5 mgd). 
The wel ls  must be spaced a t  
s u f f i c i e n t  d is tance to  reduce 
pumping interference: and i f  
t h i s  p rac t i ce  i s  followed, t he  
aqu i f e r  should be ab le  t o  meet 
municipal water raqul ramsnta 
f o r  many years a f t e r  1990. 

The sandstone aqui fer  i s  the 
p r i nc i pa l  Source o f  water 
6 ~ p p I y  a t  Hukwnrgo. I n  U n i t  
Well l o .  3. located i n  the 
SE i/r o f  Section 23, Tom 5 
North, Ranpe 18 E u t ,  t he  top 
of  the sandstone i s  a t  a depth 
o f  650 f ee t .  This well p a l -  
t r a t ed  850 f e e t  o f  the aquifer. 
a b u t  ha l f  o f  i t s  f u l l  th ick-  
ness, and war tas ted a t  900 
gpm (1.3 n g d )  S imi lar  wel ls  
can be d r i l l e d  as municipal 
water requirements increase. 
Wrtsr l e v e l s  i n  t he  a q u i f e r  
are f a l l i n g  on ly  one to  two 
f e e t  per  year, a r e l a t i v e l y  low 
ra te  i n  t he  watershed, because 
o f  the nearness o f  the recharge 
area and the d is tance t o  l a rge  
punping centers. 

The snds tone  aqui fer  i s  a 
major po ten t i a l  source o f  water 
i n  t h i s  area, but  i t  i s  being 
used by fewer than f i v e  we l l s  
i n  the c i t y .  The l a rges t  o f  
thase we l l s  i s  located a t  
Muskew High School. The school 
we11 penetrates o n l y  250 f ea t  
o f  t he  sDDmxinstcly 1.700. f e e t  
o f  amdatons estimated to  
under1 i e  t he  r i t e  and ha t  been 
pumped a t  200 g m  (0.29 ngd). 
Wells ~ r o d u c i n g  more than 700 
gun (1.0 ngd) o f  good-qusl i t y  
water m u l d  be d r i l l e d  aa the 
need arises. 



Table  53 (continued) 

Pup ing  L n t e r  

Ci ty  of  I s r  Mrl inb 

V i l l w e  o f  North P r a i r i e  

Vi l lage o f  Psuoukse 

Vi l lage o f  Si lver  Lake 

Well Yie ld 
Potenti.1 

Ver), 6 w d  

PWI 

Poor 

Very Gaod 

S n d  And 6r.v.I Aquifer 

b ~ ~ l i p t i ~ n  

Sand n d  gravel d.roslts are 
encountered i n  the d r i l l i n g  of  
about 85 percent of  the wal ls  
i n  t h i s  area, but they are r s l -  
do. used as a source o f  water 
8upply. I n  a SUI~ of the 
wells, these depesi t s  average 
about 50 feet i n  thickness. I n  
the wuthwestern quarter o f  the 
c i ty .  the to ta l  thickness of  
sand m d  gravel I s  reported to  
be u Wch ar 185 feet. Of t h i a  
w v n t  about la0 feet  are sat- 
urated wi th water. Even though 
the s n d  m d  gravel d m s i t r  
have a wide range o f  thicknsos 
and may be interbedded with 
f i nsg ra ined  material, they 
hawe local  potent ia l  a t  a 
source o f  water supplies up to 
about 500 grm (0.7 mgd) A t  
t hem deposits are found i n  the 
d r i l l i n g  o f  new wells, they 
should be tested for  yield. 

The sand and gravel aquifer 
beneath the v i l l a g e  i s  no t  a 
dependable wurcs of pood 
qua1 i t y  rater f o r  n rn i c ips l  
rsquiremntr. The aquifer i s  
l ess  than 30 feet  thick. i n t s r -  
bedded with r i l  t and clay. and 
subject t o  frequent c o n t n i n r  
t i on  from surface ulureer. 

l o  major sand and gravel 
aquifer i s  present i n  the v i l -  
l age. 

Up to  50 feet of saturated 
.and m d  gravel under1 i s  the 
southern ha l f  of the v i l lage.  
Large quant i t ies o f  water could 
be obtained from t h i s  source 
using I a r g s d i r s t e r  ve r t i ca l  
wel ls  o r  col lector- type wells. 
Protect ion o f  t h i s  r t s r  WUIC. 

fmm m n t a i n a t i o n  w u l d  be a 
major p m b l a  baause the water 
table i s  only a feu feet below 
the I m d  surface n d  the aqul- 
f a r  under l ies the 10.t intensely 
developed area of  the vil lage. 
A sewerage system recently 
installed, however. should 
e l iminate mush o f  the mn t r r i na -  
t i on  potential. lsarby surface 
water w u l d  provide recharge t o  
heavily ~ m p i n g  wells. 

*.I1 Yie ld 
Potent ia l  

Very mod 

Very Good 

Very Good 

Very Good 

hll Yield 
Potential 

very mod 

Very 6wd  

Very 6md 

Vrry6ood 

l i aga ra  O o I ~ i t e  Aquifev 

Description 

The Miagar. d o l m i t s  nqvi fsr  
i s  the pr inc ipal  war-  of 
sma l l -  t o -ned ium-s i zed  water 
S Y ~ D I I ~ S  i n  the area. Wort of 
the water comes fm private ly  
o n a d  mils that  average .bout 
160 feet  i n  depth but  may be as 
deep as YO0 feet. Only f i ve  
hi&-capacity wel ls  t w  t h i s  
aqui fer  i n  the area, dl  to  
supply subdivisions. One such 
well, located i n  Section iY, 
Tom 6 Worth, Range 20 East. 
has been pumped a t  up to  675 
g r  (1.0 mgd). The average 
y i e l d  of large all. in t h i s  
aquifer, however. i s  generally 
ha l f  of t h i s  rate. l o  wide- 
spread dewatering o f  t h i s  aqui- 
f e r  i s  expected i f  t h i r  aquifer 
i s  usad .I the pr inc ipal  source 
o f  water wpply by 1880. 

The Niegar. dolcai te aquifer 
i s  an i - p o r t n t  wurse o f  water 
in  the area. The r o u n t  of  
r a t e r  f m  local  recharge and 
flow fmn  surrounding areas i s  
estimated to  be about four 
timer the ant ic ipated water 
requirements o f  19% The aqui- 
f e r  i s  50 to  75 fee t  beneath 
the I n d  surface and i s  about 
75 fset  thick. A v i l l age  all. 
d r i l l e d  on 1862 i n  the SE I /Y 
of  Section 31, T o n  6 North. 
Range 18 East, f o r  f i r e  p m t r -  
t i o n  was tested a t  602 gpm 
(0.87 mgd). 

W.ximun well y i e lds  averaginp 
about 250 gpl  (0.36 mgd) may be 
expected from the Niagara 
dolomite aquifer a t  Pewaukss. 
The aquifer has l im i ted  value 
as a source o f  dr ink ing water, 
however, because o f  the l oca l l y  
high con ta ina t i on  potential. 
The mck, which i s  about 150 
feet thick, crops ou t  o r  i s  
wi th in a few feet o f  the s u r f r e  
i n  several par ts  o f  the vil lage. 
Heavily pumping wel ls  near 
Pnaukea Lake or Pnaukes River 
would d i ve r t  water fmm them. 

T h r l i a g a r a h l m i t e a q u i f e r  
i r  the m s t  c m m n  source of 
p r i va te  #star supplier i n  the 
area. The aqui fer  i s  about 150 
feet below the surface and i s  
about HI feet  thick. No high- 
capacity wells are k n o n  t o  
have been d r i l l e d  here: but, 
based on nearby allr. the 
aquifer should be capable of  
y i e ld ing  a t  I sas t  250 #Qn (0.37 
ngd) per well. There i s  l i t t l e  
chance of  a n t a i m a t i o n  o f  t h i s  
water wurcs i f  well mnstruc- 
t i on  and pump ins t s l l a t i on  are 
according to  the state coder. 

Sandatone Aquifer 

Description 

The randstona aquifer i s  a 
dependable wurce o f  water i n  
the area but  i s  tapped by very 
few we1 1.. The largest  of these 
wel ls  was d r i l l e d  to  r d n t h  o f  
1.800 feet  in  1966 t o  aupDly 
uatsr  for  the industr ia l  Dark 
located in the SE I /Y of  Sec- 
t i on  3, Town 6 North. Range 20 
East. This lunicip.1 well pene- 
t rated 1,022 feet  of the wpror-  
inats ly  1,600 feet  of  smdrtone 
estimated to  under l ie  the s i t e  
and has bean pumped a t  1.000 
gpm (1.4 mgd). Wells of equal 
s ize and c e a c i t y  c n  be 
d r i l l e d  i n  Mew Ber l i n  as the 
need increases. 

The sandstone aquifer. 
located f r w  580 t o  .bout 1,700 
feet below the surfsca. c n  
Vmvlde water in quant i t ies 
f a r  in  excess o f  estimated 
lsDO needs. Walls c m  be 
d r i l l e d  tha t  y i e l d  I mgd each 
Of gwd-qual i ty  water. 10 we11 
i n  the area i s  know t o  be 
using t h i r  aquifer. 

The sandstone aquifer. located 
600 to 1.315 feat  beneath the 
land surface near the center o f  
the v i l lage,  has been the only 
source o f  water supply since 
iBM. wel ls  are w ~ a r e n t l y  
cwable o f  y i e ld ing  up to  700 
gpa ( I  ngd) sath. b n t a i n r t i o n  
from wr facs  sourcat i s  rare ly  
r p m b l a  i n  the use of the 
smdstone aquifer. M11s tap- 
ping the sandstone rhould, how- 
ever* be cased and grouted fmm 
the surface to  the top of  the 
P l a t t e v i l l e - h l m a  aquifer. Tc 
reduce inter ference due t o  
heavy pumping. deep m l l s  
should be located at  least  
2,009 feet  apart. 

The sandstone aqui far  begins 
700 feet  below the v i l l age  and 
i s  estimated to  be a b u t  2,IW 
feet thick. It i s  a dwendabre 
wurca o f  wd-qua1 i t y  r a t e r  
t ha t  can y i e l d  l o r e  than I ngd 
per all. l o  well i n  the v i l l a g e  
i s  presently known to  use t h i s  
aquifer. Water qua l i t y  i s  
generally adequate for  nunic i -  
pal use. bu t  water of i n fe r i o r  
qua1 i ty nay be present near the 
base o f  the aquifer. 



Table 53 (continued) 

Pumoing Center 

V i l l age  of Sussex 

V i l l age  o f  Twin Lakea 

V i l l age  o f  Waterford 

C t t y  o f  Waukesha 

Well Y i e l d  
Potent ia l  

Poor 

Very Good 

P w r  

Very Good 

Sand And Brave1 Aquifer 

O s r r i D t i o n  

l o  sand and gravel aqui fer  i s  
ava i l ab l e  a t  Surrex t o  meet 
w l s i b l e  municipal require- 
ments. A bur ied bedmsk va l l e y  
i n  the western h a l f  o f  t he  
v i l l a g e  i s  p a r t l y  f i l l e d  by 
s a d  and gravel but  t h j s  
deposi t  i s  u n l i k e l y  t o  supply 
water t o  we l l s  a t  ra tes greater  
than 50 pn (0.07 npd). 

Water i n  quan t i t i e s  large 
enough to  n e t  the pro jected 
I S 0  ncedr o f  the v i l l a g e  are 
avai lab le  f ro .  rand and gravel 
dews i t a .  They make up near ly  
ha l f  of 150 t o  250 f e e t  o f  
g l r c i s l  drposi tr t h a t  under1 i e  
Twin L&er. Beneath the heav i ly  
p o p ~ l a t e d  area a t  the nor th  and 
Of Marie Lake, there deposits 
are about 170 f e e t  th ick .  
Locat ing an aqu i f e r  t o  supply 
a high-c .pac i ty  wel l  rill 
requi re  t e s t  d r i l l i n g  because 
o f  vary ing gra in  s i ze  and 
w r t i n g  t h a t  are cha rac te r i s t i c  
of there deposits. Hard but  
otherwise good qua1 i t y  water i s  
present. 

l o  major rand and gravel 
aqui fer  i s  knom t o  occur i n  
t he  area. and near ly  a l l  t he  
we l l r  tap bedrock aquifers. 
Below the water t ab l a  the rand 
and gravel are poor ly  sorted, 
genera l ly  l eas  than YO f ee t  
thick. and o f  small areal 
extent. 

Sand and gravel deposits 
along the Fox River  w u t h  o f  
the c i t y  are r po ten t i a l  source 
o f  water. Ind iv idual  wel l  
y i e l d s  m q  rmge up t o  3 ngd. 
The ch-ical qua l i t y  i s  crpec- 
ted t o  be s im i l a r  t o  the water 
present ly  used from the s n d -  
atone w u i f e r .  The adequacy o f  
t h e  supply from t h i s  source i s  
I argely unpmvsn. however: and 
t e s t  d r i l l i n g  m d  pumping w u l d  
be requi rsd. 

The water supply po ten t i a l  o f  
the s n d  and gravel deposits 
w u l d  be g rea t l y  increased i f  a 
proposed lake were created i n  
t he  Vernon Marsh w i l d l i f e  area 
s o u t h r r t  o f  t he  c i t y .  

l o l l  Y i e l d  
Potent ia l  

Poor 

F a i r  

Very Good 

F a i r  

Miagar. Dolomi t e  Aqui fer  

Osscr ip t ion 

The l i a g a r a  do lomi te  aqu i f e r  
i s  the p r i nc i pa l  source o f  
r a t e r  i n  t h i s  area f o r  p r i -  
va te l y  o m r d  wells. The aqui fer  
i s  sxvased or i* on l y  a f eu  
f e e t  below the land surface i n  
tho eastern and southwestern 
p a r t s  o f  the v i l l age .  Because 
c o n t a i n a n t s  can move very 
r ap i d l y  through t h i s  rock, a 
severe t h rea t  ex i s t s  to pub l i c  
heal th  fmm water-borne d i s -  
eases and noxious chemicals 
f m  surface rourcsr. Sta te  and 
w v n t y  hea l t h  author i  t i e *  rsc- 
o r e n d  the use o f  p r i va te  we l l s  
i n  t h i s  aqui fer  be d iscont inued 
and the er tab l  ishment of a 
water u t i l i t y  and const ruct ion 
o f  a pub1 i c  water supply sys ta .  
The v i l l a g e  i s  served by a 
pub1 i c  sewerage r y s t a .  

The l i a g a r a  d o l m i t e  aqui fer  
i s  r r e l a t i v e l y  unimportant 
source of  water because i t  i s  
t h i n  and on ly  present  i n  pa r t s  
o f  the v i l l age .  I t  i s  un l i ke l y  

t ha t  wore than 100 gpn (0.14 
mpd) per  wel l  can be obtained 
f m r  t h i s  aquifer. 

The l i a g a r a  d o l m i t e  aqui fer  
l i e r  about 50 f ee t  below the 
Fox River  a t  Waterford and i s  
about 100 f e e t  th ick .  Large- 
diameter we l l s  y i e l d  up t o  250 
gvn (0.36 ngd), dwending upon 
the crev ices encountered dur ing 
d r i l l i n g .  This aqui fer  was the 
aovrce o f  d l  the municipal 
water f o r  50 years u n t i l  a well 
i n  the sandstone aqui fer  war 
ou t  i n t o  service. The shallow 
* e l l s  wa~e d r i l l e d  about 30 
f as t  from the r i v e r  and -re i n  
m n r t a n t  danger o f  m n t n i n r  
t ion.  One r f  t h a w  * e l l s  ir 
s t i l l  i n  use. 

The Miagar. d o l a i t a  aqui fer  
l ieri between 0 n d  275 feet  
below the surface i n  the v i c i n -  
i t y  o f  waukeae. Y i e l ds  UP to 
about 500 gum (0.72 mgd) are 
poss ib le  but  unusual. and many 
r a r g c d i m s t s r  we l l s  can be 
pumped a t  on ly  a few gal lons 
per  minute. The maxinun y i e l d  
o f  the aqui fer  per  well pmb-  
ably averages about I W  gun 
(0. 14 ngd). The water i s  very 
hard, and ob ject ionable i ~ u n t r  
o f  i m n  are present i n  many 
walls. Po l l u t i on  i s  an insreas- 
ing o m b l a  i n  t h i s  aquifer. 

Well V i a l d  
Potent ia l  

Very Good 

Very Good 

Very Omd 

Very Good 

Sandstme Aqui fer  

Descr ip t ion 

The rmdstone aqui fer  war 
reached a t  a d w t h  o f  895 f e e t  
i n  a subdiv is ion wel l  located 
i n  the SE 114 o f  Section 22. 
T o n  8 M r t h ,  Range 19 East, 
and war estimated t o  be 590 
feet  thick. Th i s  wal l  was 
tested a t  560 wn (0.8 ngd). 
Y e l l s  o f  s i m i l a r  wns t r uc t i en  
spaced no c l ose r  than 2,000 
feet  to each other  could meet 
the ant ic ipated 1990 water 
needs o f  the v i l lage.  The 
o i s z a e t r i c  surface i s  about 
325 feet  below the land sur- 
face and i s  f a l l i n g  a t  about 
three f ee t  per  year because of 
regional pumping o f  deep wells. 
Wells ca$sd n d  gmuted f m n  
t he  land surface t o  the P la t t e -  
v i l l a - G a l e n a  a q u i f e r  w u l d  
rare ly ,  i f  ever. receive mn- 
t a i n a t i o n  from the surface. 

The sandstone aqu i f e r  c n  
prov ide a l a r ge  and dependable 
suppl y of good-qua1 i t y  water 
f o r  a municipal system. The 
aqui fer  begins about 700 f e e t  
below the nor th  end o f  Lake 
Marie and i s  estimated t o  be 
.OIL than 2,000 feet  thick. In  
1966 t h i s  aqui fer  received 
almost no l oca l  use. Regional 
pulpage, ho r ve r ,  causer water- 
l e ve l  dec l ines o f  about f ou r  
feat  per  year. 

The sandstone aqui fer  i s  6 0  
f e a t  below the surface a t  a 
v i l l a g e  well. h e r e  i t  i s  ea t i -  
mated to reach a t o t a l  t h i s k -  
ness o f  about 1,800 feet. V i l -  
I age Well lo .  2 penetrated 860 
f ee t  a f  the aqu i f e r  a d  had r 
tes ted y i a l d  o f  508 gun (0.73 
ngd) i n  1965. Addi t ional  w l l r  
can be d r i l l e d  i n t o  t h i s  depend- 
ab le  source o f  water as nun i c i -  
pa l  needs increase. 

The randstone aqui fer  i s  a 
dependable source o f  gmd- 
qua1 i t y  water i n  t h i s  area. 
Municipal we l l s  range i n  depth 
f m n  1,835 to 2,141 feet  and 
have an average punpage ra te  o f  
over I,WO gpn (1.4 mgd) each. 
Two wa l l s  y t e l d  near ly  1,500 
(PI (2.1 mgd) each. A new well. 
located .bout  2 m i l es  southwest 
o f  the c i t y  i n  t he  SE 114 of 
Section 8, Tom 6 north, Range 
19 East. i r 2.028 feet  deep and 
was tes ted a t  1,300 gpn (1.9 
mpd). S im i l a r  we l l s  located on 
t he  ~outhwestern and *astern 
sides o f  the c i t y  w u l d  supply 
t he  ant ic ipated r a t e r  needs o f  
t h i s  area t o  1990. 



Table 53 (continued) 

a ~ h e  Platteville-GalBna aquifer is not considered in this table because it is inadequate for large water supplies 
anywhere within the basin. 

Pulping Center 

V i l l a g e o f  W i l l i n r  Bay 

Vi l lage o f  Wind Lake 

Wind Lake 
I r r i g a t i o n  Area 

b~ncludes only that part within the Fox River watershed. 

Source: U, S. Geological Survey and SEWRPC. 

Table 54), of which 41 million gallons per aver- 
age day, or  96 percent, could be expected to be 
required for municipal supply. 

The adopted regional land use plan provides a 
basis for estimating the spatial distribution of this 
future water supply demand. The land use plan is 
based, in part, upon the premise that the water 
resources of the Region can be better managed 
and future water supply problems avoided if the 
urban population of the Region is concentrated in 

Yel l  Y ie ld 
Potent ia l  

Very Good 

Fa i r  

POO r 

Well Vie16 
Potent id  

Very Good 

Very Bwd 

Very Bwd  

areas which can be readily served by public water 
utilities. Public water utilities in 1966 served 
16 areas of the watershed: Brookfield, Burlington, 

Sand Lnd gravel Aquifer 

Descr ip t ion 

Large quan t i t i es  o f  water are 
avai lab le from the s n d  m d  
gravel deposits. which r a g e  
f m n  300 t o  YO0 feet thick. 

About ha l f  o f  these deposits 
are sand m d  gravel. The newest 
v i l l a g e  well. d r i l l e d  i n  1951, 
was tested a t  700 gpm (1.0 ngd). 
The v i l l a g e  t r ea t s  the water 
f ron t h i s  source to  inomve i t s  
qua1 ity. 

The rand and gravel deposits 
may be a dependable source o f  
supply f o r  r municipal water 
system: but, because they are 
interbedded wi th s i l t  m d  clay 
bedr. t es t  d r i l l i n g  w i l l  be 
required. Sand and gravel 
deposits r a g e  between 10 and 
60 percent of the I69 t o  200 
feet  o f  g l ac ia l  deposits 
beneath the v i l lage.  

The sand and gravel deposits 
average about 150 feet  i n  th ick-  
ness beneath t h i s  pumping canter 
but include only a few fee t  of 
rand and gravel. lone of the 
spproxinataly 20 i r r i g a t i o n  
wel ls  i n  use i n  1966 obtained 
i t s  en t i r e  supply f r o .  these 
deposits. I t i s  un l i ke l y  t ha t  
the rand m d  gravel aquifer 
w i l l  y i e l d  more than 50 gpm 
(0.07 ngd) per well i n  t h i s  
area. 

Sandstone Aquifer 

O s r r i r t i o n  

The smdrtons aqui fer  I s  no t  
used i n  the v i l lage.  although 
it contains a large, dwsndabls 
$upply o f  good-qua1 i t y  water. 
The aqui fer  l i e s  BW t o  700 
f e e t  beneath the v i l  lags m d  i s  
e r t i m t e d  t o  be a b u t  1,400 
f ee t  thick. The recharge area 
i s  nearby. 

The sandstone aquifer i s  a 
large m d  dependable source o f  
good-quality water i n  srters 
o f  the 1990 needs o f  the v i l -  
lage. The aqui fer  begins a b u t  
780 feet  below the land surface 
and i s  estimated to be 1,700 
feet  i n  thickness. Wells tap- 
p ing t h i r  aquifer can be srpsc- 
ted t o  y i e l d  over 1,000 gpm 
(1.4 mgd).  Regional pumping o f  
deep walls, pa r t i cu la r l y  i n  the 
W i l r o l kss  are.. a n  causing 
water level  dscl iner  of about 
three fset  per  year. lb wall i n  
the v i l l a g e  i s  presently tap- 
Ding the smdrtone aquifer. 

The sandstone aquifer. 
located about 800 t o  2 , W  
f ea t  k l o w  the I m d  surface, 
m u l d  pmv ida  lo re  t h m  1 mgd 
o f  w d - q u a l i t y  water to  each 
well. Sources of i r r i g a t i o n  
water c loser  to  the surface 
would be more desi rable than 
t h i s  aqui far. however, because 
the shallow w l l s  are chewer. 
Water for  i r r i g a t i o n  p v ~ e s e s  
should be p len t i f u l ,  o f  e d c  
quats qua1 i ty .  m d  inexpensive. 

Wall Y ie ld 
Potent ia l  

Poor 

Very Bood 

Very Good 

Eagle, East Troy, Elkhorn, Fontana, Genoa City, 
Hartland, Lake Geneva, Menomonee Falls, Muk- 
wonago, Pewaukee, Walworth, Waterford, Wauke- 
sha, and Williams Bay. New public utilities may 
be expected to be developed by 1990 in 10 areas of 
the watershed: Big Bend, Lannon, Muskego, New 
Berlin, North Prairie, Rochester, Silver Lake, 
Sussex, Twin Lakes, and Wind Lake. Although the 
deep aquifer can supply water of both an adequate 
quality and quantity to meet the anticipated total 
water supply for municipal o r  public utility use, 
the premises upon which the regional land use 
plan was, in part, based will be met only if this 
aquifer is carefully managed. 

l i aga ra  Dolomite Aquifer 

Descr ip t ion 

The l i aga ra  h l o n i t e  aquifer 
i s  no t  present. 

The Hisgar* dolomite aquifer. 
180 t o  200 fee t  below the rur- 
face. i s  less than 50 f ee t  
thick. The "eager i n f o m a t i m  
presently avai lab le ruggerts 
t ha t  the I.& i s  h ighly  creviced 
and wall y i e l ds  up to SW gtm 
(0.43 ngd) are l i ke l y .  Heavy 
pumping o f  wel ls  i n  t h i s  aquifer 
w u l d  d i ve r t  water from Wind 
Lake. 

The Iliagar. d o l m i t e  aquifer. 
located 150 t o  MO feet below 
the general land surface. i s  
the p r i nc i pa l  source o f  ground 
water f o r  I r r i ga t i on .  Walls 
are located i n  the rrcharge 
area o f  t h i s  aquifer, and .me 
wel ls  are cspsbls o f  y i e l d i ng  
up t o  1.540 gpn (2.2 ngd). but  
the average i s  sppmxinately 
600 gpm (0.9 ngd). The aqui fer  
could sustain greater  use 
because water-level d r l  inss 
have been nag1 ig ib ls .  A large 
but  undstsrninsd mount  of 
water used f o r  i r r i g a t i o n  i s  
pmped f m n  drainage ditches 
t ha t  cross the area and fmm 
p i t s  located next  t o  the 
ditches. I r r i ga to rs  tend t o  use 
wel ls  only during extended dry 
periods when water needs cannot 
be ne t  by surface sources. 



Table 54 
EST1 MATED W l THDRAWAL OF WATER 

IN THE FOX RIVER WATERSHED BY TYPE OF USE: 1990 

S o u r c e :  U. S .  G e o l o g i c a l  S u r v e y  and SEWIZPC. 

Use 

Pub1 ic  Supply 

Sel f-Suppl i ed Commerce 
and Industry 

Domestic and Stock 

l r r iga t ion  

Water levels in the deep aquifer have declined by 
more than 200 feet within parts of the Fox River 
watershed since the first  well was tapped into this 
aquifer approximately 100 years ago and by more 
than 300 feet at Milwaukee and 700 feet at Chicago. 
Present pumpage from this aquifer is causing the 
water level to continue to decline at the rate of 
about three to four feet per year in the Racine and 
Kenosha County portions of the watershed, one to 
four feet per year in the Waukesha County portion 
of the watershed, and one to three feet per year in 
the Walworth County portion of the watershed. 

The declines in the water level within this aquifer 
result from two related causes, regional pumpage 
located outside the 'FOX River watershed, primar- 
ily in the Chicago and Milwaukee urbanized areas, 
and local pumpage within the watershed concen- 
trated primarily in Waukesha County. The antici- 
pated declines in the water levels of the deep 
sandstone aquifer, as shown on Map 13, reflect 
the effects of both regional and local current and 
anticipated future pumpage. The greatest declines 
due to regional pumpage alone are expected to 
occur along the eastern edges of the watershed. 
Although these regional declines may be expected 
to be negligible in central Walworth County, they 
may be expected to exceed 100 feet by 1990 in 
central Kenosha County. With the added effects of 
anticipated local pumpage, total declines in cen- 
tral Kenosha County may be expected to approxi- 
mate 200 feet. 

Principal  Source 
Of Supply 

Ground Water 

Ground Water 

Ground Water 

Ground Water 

Local pumpage by 1990 may be expected to be 
heaviest in east central Waukesha County where 

Total 

the greatest declines in water levels may be 
expected. The effects of the increased demand 
for, and pumping of water from, the deep aquifer 
in the Brookfield, Menomonee Falls, Muskego, 
New Berlin, and Waukesha areas, when added to 
the effects of the increased regional pumpage, 
may cause water level declines of more than 
250 feet between 1966 and 1990. 

Pumpage In 
M i l l i o n  Gallons Per Average Day 

This relatively rapid decline in the water level of 
the deep aquifer provides a warning of the need 
for a sound water resource management program. 
Although an adequate supply of ground water is 
available within the deep aquifer to meet the 
anticipated needs, the water supply premises, 
upon which the regional land use plan was in part 
based, will be met only if this source of supply is 
carefully managed. In the absence of good water 
management practices, concentration of popula- 
tion and wells in major pumping centers will 
result in local water supply problems, an accel- 
erated decline in water levels, and increased 
pumpage costs. In addition to careful attention to 
the proper location and spacing of wells tapping 
the aquifer, contamination of this aquifer will have 
to be carefully guarded against in any sound man- 
agement program. 

Shal low 
Aquifer 

5.0 

2.0 

5.7 

6.0 

18.7 

Proper utilization of the deep sandstone aquifer 
requires that well interference be held to a mini- 
mum. Areas of the watershed in which the local 
municipalities in the Fox River watershed could 
locate wells for public supply, minimize well 
interference, and take advantage of anticipated 

Deep 
Aquifer 

41.0 

1.6 

0 . 3  

0 .0  

42.9 

Surface 
Water 

0.0 

0 .4  

1.0 

2.0 

3. 4 

Total 

46.0 

4.0 

7.0 

8.0 

65.0 





minimal water level declines are  indicated on 
Map 14. 

The Waukesha Pumping Center 
The heaviest pumping center in the Fox River 
watershed is located in the City of Waukesha area. 
Water use by the City of Waukesha is expected to 
increase from 6.5 mgd in 1966 to about 19.7 mgd 
in 1990, almost tripling. The sandstone aquifer, 
however, is believed capable of meeting this 
future demand. In 1966 seven wells tapping the 
sandstone aquifer and ranging in depth from 1,835 
to 2,141 feet provided the municipal water supply. 
At the end of 1967, an eighth well was drilled to a 
depth of 2,028 feet to serve the city. By 1990 the 
Waukesha area may need a total of 20 wells of this 
same type, an increase of 12 over the present 
number. 

In November 1966 pumping wells at Waukesha 
drew water in the sandstone aquifer from an 
area of about 260 square miles. Most of the 
water moved from the recharge area located 
in western Waukesha County to the pumping wells. 
A small amount of water moved westward toward 
Waukesha from the Brookfield and New Berlin 
areas. The more productive parts of the sand- 
stone aquifer are located to the south and south- 
west of the city toward the recharge areas in 
the western portions of the Region. The less pro- 
ductive parts of this aquifer are located west and 
northwest of the city where a subterrannean area 
of high crystalline rock restricts the movement of 
water in the sandstone aquifer. As a consequence, 
the area south o r  southwest of the city appears to 
be the most favorable for the development of new 
municipal wells. Placement of wells easterly of 
the areas indicated would increase competition for 
the available water by increasing well interfer- 
ence and would aggravate problems associated 
with declining water levels. 

Other centers of concentrated pumpage within the 
remainder of the watershed are not likely to 
interfere seriously with each other, even though 
all use the deep sandstone aquifer. The location 
of new wells for these centers as far  westerly as 
possible would, however, also be advantageous in 
order to minimize the effects of declining water 
levels. 

Interference between wells in areas of concen- 
trated pumpage in Waukesha County can be esti- 
matedfrom Figures 38 and 39, which indicate the 
relation between drawdown and distance from the 

recharge area of pumped wells. The effects of 
locating a well either toward or  away from the 
recharge area is  also apparent from these fig- 
ures; greater drawdowns may be expected to 
occur at greater distances from the recharge 
area. The upper limb on each curve indicates the 
drawdown which may be expected along a line 
from the well directly toward the recharge area, 
while the lower limb indicates the drawdown to be 
expected along a line from the well directly away 
from the recharge area. For example, Figure 38 
indicates that, if a well located 10 miles from the 
recharge area is pumped for a period of five 
years at an average rate of 1 million gallons per 
day, the expected drawdown at a distance of one 
mile from the well in a direction toward the 
recharge area may be expected to be approxi- 
mately 19 feet. Figure 39 indicates that the draw- 
down would be approximately 24 feet at a distance 
of one-half mile from the well in a direction 
toward the recharge area. As already noted, 
increased d r  awdowns necessitate higher pump 
lifts and generally increase cost of pumping. 
Increased drawdowns may also necessitate deeper 
wells. 

SHALLOW AQUIFER GROUND WATER SUPPLY 
Unlike the deep sandstone aquifer, which under- 
lies the entire watershed, sand and graveldeposits 
and the Niagara dolomite bedrock, which together 
comprise the shallow aquifer, underlie only por- 
tions of the watershed and, as indicated in Table 
53, range widely in value as a source of water 
supply. Nevertheless, existing data indicate that 
the quantity of water present in the shallow aqui- 
fer  underlying the watershed may also be expected 
to be adequate to meet the demands upon this 
aquifer as forecast through the plan design year 
of 1990. These demands may be expected to be 
constituted primarily of highly dispersed domestic 
and stock watering and irrigation needs. The 
estimated 3.8 inch per year average recharge 
rate of the shallow aquifer should be adequate to 
meet all existing and reasonable future uses of 
that source of supply except irrigation. Increased 
use of the shallow ground water aquifer for crop 
irrigation may, in the absence of a sound water 
resource management plan, result in some local 
water shortages and water supply conflicts. 

The shallow sand and gravel deposits located 
southwest of the City of Waukesha form a poten- 
tial water supply for the city, especially along the 
eastern side of the Fox River, which could be 
developed as  a supplement to the deep aquifer 





Figure 38 

RELATION OF DRAWDOWN TO DISTANCE FROM RECHARGE AREA 
AT ONE MILE DISTANCE FROM PUMPED WELL 

IN DEEP SANDSTONE AQUIFER, WAUKESHA COUNTY 

D I S T A N C E  FROM OR TOWARD 

Source: U. S. Geological Survey. 

supply. The water would probably have to be 
chlorinated to protect against possible biological 
pollutants. Also, the cost of treating water from 
the sand and gravel deposits may be higher than 
treating water from the sandstone aquifer. The 
cost of drilling wells would be greatly reduced, 
however, because the wells used would be of shal- 
low construction. Other engineering and economic 
factors would also need to be considered, includ- 
ing transmission costs. At least 95 percent of 
the water induced from the Fox River would be 
returned to the r iver after use, a small amount 
being lost to evaporation. 

OTHER MINOR SOURCES O F  SUPPLY 
Surface water resources presently supply few 
consumptive water needs within the watershed 
except livestock watering. Small quantities of 
water are pumped from streams and ponds for 
irrigation, and an expanded use of surface water 
for this purpose may occur in the future. The 
largest lakes within the watershed could be uti- 
lized as  sources of potable water, although no 
lakes are  so used now. Water could be pumped 

RECHARGE A R E A  IN MILES 

either directly from the lakes or indirectly 
through induced recharge of well fields located 
near the lake shorelines. The advantage of the 
use of well fields would be that the lake water 
would be partially filtered when i t  reached the 
well. In all cases, however, the lake water would 
require treatment before delivery to a public 
water supply system. Any major use of lake water 
in this manner may be expected to result in ser- 
ious conflicts with recreational water uses and is, 
therefore, not recommended. 

Stream water is presently used only for irrigation 
and cooling purposes within the watershed. A 
substantial increase in the amount of water with- 
drawn from streams for such uses i s  unlikely 
because the streams are  shallow and the flow is 
highly variable. Moreover, since most streams 
within the watershed are  also used for waste 
assimilation, treatment costs for uses other than 
irrigation and cooling could be expected to be high. 

SURFACE WATER RESERVOIR SUPPLY PLAN 
A major source of water supply could be created 



Figure 39 

RELATION OF DRAWDOWN TO DISTANCE FROM RECHARGE AREA 
A T  ONE -HALF MILE DISTANCE FROM PUMPED WELL 
IN DEEP SANDSTONE AQUIFER, WAUKESHA COUNTY 
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Source: U. S .  Geological Survey. 

within the watershed by damming the Fox River yield up to 3 million gallons per day, or  2,000 
near the Soo Line Railroad crossing of the r iver gallons per minute each. The water would require 
in Section 24, Town 5 North, Range 1 8  East, in treatment prior to transmission to the users. 
the Town of Mukwonago. The impoundment so 
created would flood the Vernon Marsh wildlife A serious problem attendant to this proposal is 
area, and the headwater pool would extend to the posed by the discharge of large volumes of treated 
southwesterly limits of the City of Waukesha (see sewage effluent from the Waukesha sewage treat- 
Map 15 ). The impoundment would be of a multi- ment plant to the r iver above the proposed res-  
purpose type, with potential for flood protection, ervoir. This plant in 1966 discharged treated 
water quality control, and recreation, as well effluent at an average rate of approximately 
as for water supply utilization. Wells could be 7 million gallons per day; and in order to protect 
installed in areas near the proposed lake to obtain the quality of the water in the reservoir for 
part of the additional municipal water supply municipal use, it would probably be necessary, 
needed to serve the growing Waukesha area. Pos- given the presently used methods of sewage treat- 
sibly up to one-half of the future water demands of ment, to outlet this effluent below the proposed 
that area  could be met by inducing infiltration impoundment. If advanced waste treatment meth- 
from the reservoir into the shallow aquifer. ods were utilized within the watershed, such 
Drilling and pumping tests, however, would be "bypassingf1 of the treated effluent might not be 
needed to determine the specific characteristics essential on a purely objective basis, although 
of the shallow aquifer and the quality of the water. psychological considerations and a historic pride 
Areas around the periphery of the proposed res-  by the City of Waukesha in the quality of i ts  water 
ervoir with soil conditions favorable to the instal- supply might still politically dictate such a mea- 
lation of wells are  indicated on Map 15.  Wells sure. This would require the construction of 
installed in these areas to induce infiltration could approximately seven miles of large-diameter 



Map 15 
POTENTIAL VERNON MARSH AREA WATER SUPPLY RESERVOIR 

WAUKESHA COUNTY, WISCONSIN 

SURFACE. 

m PERMANENT POOL OF WATER SUPPLY RESERVOIR 

By damming the  Fox R i v e r  near t he  Soo L ine  Ra i l r oad  c r o s s i n g  i n  t h e  Town o f  Mukwonago, an impoundment would be 
c rea ted  t h a t  would f l o o d  t h e  Vernon Marsh w i l  d l  i f e  area w i t h  t h e  headwater pool ex tend ing  t o  t h e  southwester1 y 
1 imi t s  o f  t h e  Ci t y  o f  Waukesha. Such an impoundment cou ld  c o n s t i t u t e  a major  source o f  water supp ly  f o r  t h e  g r e a t e r  
Waukesha area. I n  add i t i on ,  t h e  impoundment would have p o t e n t i  a1 f l o o d  p r o t e c t i o n ,  water qua1 i t y  c o n t r o l ,  and 
water-based r e c r e a t i o n  bene f i t s .  Although the  development o f  t h i s  a l  t e r n a t i v e  sur face water supply appears unec- 
onomical  a t  t h i s  t ime i n  terms o f  c a p i t a l  investment c o s t s  alone, the  proposal  deserves t o  be recons idered and 
reeva luated as urban development cont inues w i t h i n  the  watershed. To r e t a i n  f u l l  f l  e x i  b i l  i t y  i n  t he  f u t u r e  develop- 

ment o f  t h e  l and  and water resources o f  t he  watershed, t he re fo re ,  t h e  l and  requ i red  f o r  t he  r e s e r v o i r  should be 
main ta ined i n  open-space use. 
Source: U. S .  Geological Survey and SEWRE., 
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sewage ouffall pipe at an estimated cost of over $2 
million. Total capital investment costs required 
to develop the additional source of supply are 
estimated at $6.9 million, including the acquisi- 
tion of 8,000 acres of land for the reservoir at a 
total estimated cost of $2.4 million; the construc- 
tion of a water transmission main from the well 
fields to the City of Waukesha at an estimated cost 
of $1 million; and the cost of constructing 10 shal- 
low wells estimated at $1.5 million, all in addition 
to the cost of constructing the sew@e outfall. 

The capital investment of $6.9 million required to 
develop the surface supply compares with a total 
estimated capital investment of approximately 
$4 million associated with the continued develop- 
ment of the deep sandstone aquifer. The latter 
capital cost estimate is based upon the construc- 
tion of 12 new deep wells and includes the cost of 
well construction, estimated at approximately 
$200,000 per well; the cost of acquisition of the 
well sites, estimated at approximately $10,000; 
and the cost of an average of 6,000 feet of trans- 
mission main per well, estimated at a total of 
$1.5 million. 

Although the development of alternative surface 
water supply within the watershed appears uneco- 
nomical at the present time in terms of capital 
investment cost alone, the proposal deserves 
reconsideration and reevaluation as  development 
continues within the watershed. The economic 
feasibility of the proposal may change both with 
developing technology in water and waste water 
treatment and with continued urban development 
within the watershed beyond the plan design year 
of 1990. If full flexibility is to be retained with 
respect to the development of alternative sources 
of water supply within the watershed beyond 1990, 
the land required for the reservoir must be 
reserved in open-space use. Extensive urban 

development within the reservoir area would 
almost certainly preclude any future provision of 
the reservoir for water supply purposes. 

SUMMARY 
The water supply resources of the Fox River 
watershed are fortunately not only varied as to 
source but are  also renewable. The shallow 
aquifer underlying the watershed can be developed 
to meet all foreseeable demand within the water- 
shed for domestic and livestock-watering pur- 
poses. hcreased use of this aquifer, however, 
for crop irrigation may result in some local water 
shortages and water supply conflicts. This aquifer 
is readily susceptible to pollution; and the quality 
of the water in this aquifer, therefore, will have 
to be carefully protected. 

The most dependable source of large quantities of 
high-quality water within the watershed is the 
deep sandstone aquifer. With the implementation 
of a good water management program, wells 
tapping this aquifer may be expected to continue to 
yield 1 to 2 million gallons per day per well 
through 1990. Proper well location and spacing, 
however, will be essential if the full potential of 
this source of supply is to be realized. 

Although the development of an alternative source 
of water supply in the form of a large multi- 
purpose reservoir located southwesterly of the 
City of Waukesha cannot be recommended at the 
present time for inclusion in a comprehensive 
watershed plan, the retention of full flexibility for 
the development of alternative sources of water 
supply within the watershed to meet the needs of 
development beyond the plan design year of 1990 
indicates that the lands needed for this reservoir 
should be protected and preserved in essentially 
open use. 
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Chapter VII 

RE COMMENDED COMPREHENSIVE PLAN FOR THE FOX RIVER WATERSHED 

INTRODUCTION 
The design of a comprehensive plan for the Fox 
River watershed required that a selection be made 
from among the alternatives of each of the four 
major elements which together were to comprise 
the comprehensive watershed plan. These four 
major elements were: 1) a land use base, includ- 
ing the natural resource protection and outdoor 
recreation elements of such a base; 2) a support- 
ing flood control element; 3) a supporting water 
pollution abatement element; and 4) a supporting 
water supply element. 

The selection from among the various alterna- 
tives must be based upon consideration of many 
tangible and intangible factors but should focus 
primarily upon the degree to which the various 
alternatives meet the established watershed devel- 
opment objectives and upon the accompanying 
costs. The selection of the plan elements to be 
included in the final plan must ultimately be made 
by the responsible elected and appointed public 
officials concerned and not by the planning tech- 
nicians, although the latter may properly make 
recommendations based upon evaluation of engi- 
neering, economic, and legal considerations. 

The plan selection process utilized, whichinvolved 
the use of advisory committees and both formal 
and informal public hearings, has been described 
in Chapter I of this volume. The alternative land 
use, flood control, water pollution abatement, 
and water supply plan elements considered have 
all been described in previous chapters of this 
volume. This chapter presents a description of 
the recommended comprehensive watershed devel- 
opment plan a s  synthesized from among the vari- 
ous alternative plan elements, along with a pre- 
sentation of the basis for the synthesis. 

BASIS OF PLAN SYNTHESIS 
The watershed development objectives selected 
to be met by the final comprehensive watershed 
plan, together with the standards for  relating 
these objectives to physical development pro- 
posals, thereby facilitating evaluation of the ability 
of each of the alternative plan proposals to meet 
the chosen objectives, have been set forth in 
Chapter I1 of this volume. In each of the four 

chapters in which the various alternative land use, 
flood control, surface water pollution abatement, 
and water supply plan elements have been set 
forth, the alternative plan proposals have been 
evaluated; and recommendations made for inclu- 
sion in the comprehensive watershed plan. In this 
process of plan selection, the various alternative 
plan elements were evaluated with respect to their 
engineering, economic, and legal feasibility, a s  
well a s  with respect to their ability to meet the 
watershed development objectives and supporting 
standards. It is clear that no one land 'use o r  
water control facility plan element can fully 
satisfy all of the watershed development objec- 
tives. Therefore, the recommended comprehen- 
sive watershed plan must consist of a combination 
of individual plan elements, with each plan ele- 
ment contributing toward the satisfaction of the 
development objectives. It should be noted, too, in 
this respect, that many of the alternative plan 
elements were specifically designed to satisfy 
certain watershed development objectives; and the 
selection from among such alternatives depends 
largely upon the attendant costs. 

Of the two major land use development alterna- 
tives considered, the recommended alternative, 
described a s  the watershed plan land use base 
in Chapter III of this volume, is clearly superior 
to the unplanned alternative, described in Chap- 
ter  VIII of this volume, with respect to the attain- 
ment of the watershed development objectives. 
As documented in Chapter VIII of this volume, 
the unplanned alternative would defeat many of 
the watershed development objectives and would 
result in an inefficient spatial distribution of urban 
development within the watershed which would be 
more susceptible to future flood damage. The 
unplanned alternative would be particularly des- 
tructive of the natural resource base of the water- 
shed through further intrusion of incompatible 
urban development into the primary environmental 
corridor and remaining prime agricultural areas. 
A continuation of uncontrolled land use develop- 
ment within the watershed could, therefore, be 
expected to greatly reduce the already inadequate 
woodland, wetland, wildlife habitat, and prime 
agricultural areas. The opportunity for the estab- 
lishment of high-value homesites in the attrac- 



tive setting of adjacent resource conservation 
areas would also be lost. On the basis of satis- 
faction of the watershed development objectives, 
therefore, the unplanned land use alternative must 
be rejected. 

The recommended land use base element will not, 
however, 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 of a resoiirce protection, 
outdoor recreation, flood control, water pollu- 
tion abatement, and water supply nature. Careful 
inspection of Tables 8, 12, 15, and 63, as  set  forth 
in other chapters of this volume, will indicate 
that the recommended resource protection, out- 
door recreation, and water control facility plan 
elements all aid in the attainment of additional 
watershed development objectives which cannot be 
met by the recommended land use base element 
alone. The various recommended plan alterna- 
tives, as  set  forth in Chapters III, IV, V, and VI of 
this volume, are ,  in fact, complementary in nature 
and together provide the composition necessary 
to fully achieve all of the established watershed 
development objectives. The land use base and 
natural resource protection plan elements, for  
example, by providing a pattern of urban land use 
development which can be readily served by public 
sanitary sewerage facilities and by providing for 
the preservation of environmental corridor lands 
along the main stem of the Fox River, contribute 
toward achieving not only the land use develop- 
ment objectives but also the water quality and 
flood control objectives. Thus, the recommended 
comprehensive watershed plan represents a syn- 
thesis of carefully coordinated individual plan ele- 
ments, which together will serve to fully satisfy 
and achieve all of the adopted watershed develop- 
ment objectives. 

Because of the extreme difficulty, if not impos- 
sibility, of expressing all of the benefits and 
costs associated with the comprehensive water- 
shed plan in monetary terms,  the evaluation of 
the recommended comprehensive plan has been 
based primarily on i t s  ability to satisfy the water- 
shed development objectives. The importance of 
the economic analyses of certain of the individual 
plan elements, however, a s  set  forth in previous 
chapters of this volume, cannot be overempha- 
sized, since these economic analyses comprised 
important inputs to the plan selection process. In 
some cases, the intangible benefits accruing from 
a plan element may have been considered of suf- 

ficient importance in the plan evaluation process 
to justify i ts  recommendation for inclusion in the 
comprehensive watershed plan even though i t  did 
not receive a favorable benefit-cost ratio. 

PLAN RECOMMENDATIONS 
Based upon the analyses of the ability of the vari- 
ous plan elements to satisfy watershed develop- 
ment objectives and related benefit-cost analyses 
a s  set  forth in previous chapters of this volume, 
the following plan elements a r e  recommended for 
inclusion in the comprehensive plan for the Fox 
River watershed. 

Recommended Land Use Base 
The controlled existing trend land use plan adopted 
by the Commission for the Region as  a whole i s  
recommended for adoption as  the land use base 
for the Fox River watershed plan. This plan ele- 
ment consists of a mixed program of public acqui- 
sition and public regulation of private holdings 
of land in order to meet future needs for resi- 
dential, agricultural, conservancy, and park land 
use within the watershed efficiently and with 
a minimum destructive effect upon the supporting 
natural resource base. This plan element places 
continued emphasis upon the effect of the urban 
land market in determining the location, intensity, 
and character of future development within the 
watershed. 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 watershed devel- 
opmental and environmental problems. The rec- 
ommended land use plan element i s  shown in 
graphic summary form on Map 16; 

Residential Development: Commission forecasts 
indicate that the population of the Fox River 
watershed may be expected to reach a level of 
359,000 persons by 1990, an increase of approxi- 
mately 200,000 persons over the 1963 population 
level, while employment may be expected to reach 
approximately 97,000 jobs by 1990, an increase of 
about 63,000 jobs over the 1963 level. The recom- 
mended land use plan proposes to accommodate 
this growth in population and employment through 
the conversion of approximately 39 square miles 
of land from rural  to urban use over the next two 
decades. As indicated in Table 3, Chapter III of 
this volume, the recommended land use plan pro- 
poses to add about 44,000 acres  to the existing 
stock of residential land within the watershed in  
order to meet the housing needs of the anticipated 
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population increase. The recommended land use 
plan proposes that about 55 percent of the new 
residential land be developed at medium densi- 
ties, that about 43 percent be developed at  low 
densities, and that the remaining 2 percent of 
the new residential land uses be developed at  
high densities. 

The recommended land use plan proposes that all 
of the new medium- and high-density residential 
development be served by public sanitary sew- 
erage and public water supply facilities so that by 
1990 82 percent of the total developed urban area  
within the watershed and 93 percent of theresident 
population of the watershed would be served by 
such facilities, a s  compared to 32 percent and 
41 percent, respectively, in 1964. As set forth 
in Chapter 111 of this volume, the plan contains 
similar proposals for the conversion of land to 
commercial, industrial, governmental and institu- 
tional, transportation, communication, and utility 
land uses a s  required to meet the gross demand 
for land generated by the anticipated population 
and employment within the watershed. 

O ~ e n  Space-Environmental Corridors: The most 
important elements of the natural resource base 
of the watershed, including the best remaining 
woodlands, wetlands, and wildlife habitat; the sur- 
face water, together with the associated floodlands 
and shorelands; and the best remaining potential 
park sites, have been found to occur within the 
watershed combined in linear patterns termed 
primary environmental corridors. These corri-  
dors, which encompass about 21 percent of the 
total area of the watershed, have been described 
in detail in Chapter IV of Volume 1 and Chapter 111 
of Volume 2 of this report. The preservation and 
protection of these environmental corridors in 
accordance with regional and watershed develop- 
ment objectives are  essential to the maintenance 
of a wholesome environment within the watershed 
and to the preservation of i t s  unique cultural and 
natural heritage, a s  well a s  to the preservation of 
its natural beauty. 

It is recommended that the intermediate alterna- 
tive natural resource protection plan element, 
a s  presented in Chapter III of this volume, be 
included in the comprehensive plan for the Fox 
River watershed. This plan element, through 
a combination of public land acquisition and public 
regulation of land use, will serve to protect 
approximately 126,000 acres  of land and water 
contained within the primary environmental corri-  

dors of the watershed. Under this plan element, 
a total of about 46,000 acres,  o r  36 percent of the 
primary environmental corridor lands within the 
watershed and about 8 percent of the total area  
of the watershed, would eventually be placed in  
public ownership. Of this total acreage recom- 
mended for eventual public ownership, nearly 
9,400 acres,  o r  about 20 percent, a re  already in 
such public ownership. 

The plan recommends public acquisition for all 
of the primary environmental corridors in those 
areas  of the watershed expected to be in urban 
use by 1990, totaling about 14,000 acres,  o r  
11 percent of the total corridor area  in the water- 
shed. It also recommends public acquisition of 
the entire primary environmental corridor along 
the main stem of the Fox River from i ts  head- 
water area in Waukesha County to the Illinois- 
msconsin State line, totaling about 7,000 acres,  
o r  6 percent of the total corridor area  in the 
watershed. In addition, the plan recommends 
public acquisition of the Vernon Marsh wildlife 
conservancy and temporary floodwater storage 
area in Waukesha County, totaling about 3,000 
acres ,  o r  2 percent of the total corridor area  in  
the watershed; the Sugar Creek multiple-purpose 
reservoir site in Walworth County, totaling about 
3,000 acres,  o r  2 percent of the total corridor 
area of the watershed; and selected high-value 
wetland and woodland areas throughout the water- 
shed, totaling about 9,000 acres,  o r  7 percent 
of the total corridor area of the watershed. About 
11,000 acres of woodlands, or  17 percent of the 
remaining woodlands and 2 percent of the total 
watershed area,  and about 17,000 acres of wet- 
lands, o r  32 percent of the remaining wetlands 
and 3 percent of the total watershed area,  would be 
permanently protected through public ownership 
under this plan recommendation. The remaining 
approximately 80,000 acres of environmental cor- 
ridor in the watershed would be regulated in the 
public interest through sound zoning measures, 
including agricultural, floodland, shoreland, rec- 
reational, and low-density residential zoning. 

In addition, the plan proposes the establishment 
of a scenic parkway drive along the main stem 
of the Fox River from the Illinois-Wisconsin 
State line to a junction with the Kettle Moraine 
Scenic Drive just outside of the limits of the 
watershed. This parkway drive would utilize 
in i t s  entirety existing state, county, and local 
streets  and highways. 



Open Space-Park and Outdoor Recreation Areas: 
It is recommended that the optimum alternative 
outdoor recreation-related open-space plan ele- 
ment be included in the comprehensive plan for 
the Fox River watershed. This plan element would 
provide approximately an additional 17,600 acres 
of public outdoor recreation land in the watershed 
and would bring the total of such land area within 
the watershed to about 19,600 acres in order to 
meet fully the forecast demand for outdoor rec- 
reation. It should be noted that, of the total of 
about 17,600 acres of additional recreation land 
recommended to be acquired, about 9,700 acres,  
o r  about 55 percent, would be acquired under the 
recommended natural resource protection plan 
element. The recommended park and outdoor 
recreation plan element provides for a total of 
eight regional parks within the watershed having 
a total combined site area  of about 3,500 acres. 
Of these eight parks, four, with a total combined 
site area of about 900 acres,  a re  existing regional 
parks -Menornonee, Mukwonago , and ~ a ~ a - ~ a u k e e  
County Parks, all in Waukesha County, and Big 
Foot Beach State Park in Walworth County-and 
four, with a total combined site area of about 
2,600 acres,  a r e  new regional o r  expanded local 
parks-Minooka Park in Waukesha County, Sugar 
Creek Park in Walworth County, Fox River Park  
in Kenosha County, and a park site on the Fox 
River in western Racine County. 

Failure to adopt and implement this plan element 
may be expected to result in overuse and over- 
crowding of outdoor recreation sites, in serious 
conflicts of user demands, and in the deteriora- 
tion and destruction of the recreation-related 
resource base. It should be noted that, while the 
recommendation is herein made to fully meet 
the forecast recreational demand through public 
acquisition and development, i t  i s  recognized that, 
to the extent that private recreational development 
occurs to meet this demand, the public acquisition 
and development of park and related outdoor rec- 
reation si tes can be reduced. Indeed, i t  i s  esti- 
mated that up to one-half of the total demand, and, 
therefore, of the total additional recreation site 
area, can be expected to be provided through pri- 
vate action. 

Open Space-Agricultural Land Use: Under the 
recommended land use plan, urban expansion 
within the watershed would by 1990 require the 
conversion of about 59,000 acres  of agricultural 
land, o r  15 percent of the approximately 389,000 
acres of land presently devoted to agricultural use 

within the watershed. About 1,000 acres  of this 
total would constitute prime agricultural land, 
about 3 percent of the approximately 37,000 acres 
of prime agricultural land existing within the 
watershed. The recommended land use plan pro- 
poses to preserve the remaining 36,000 acres of 
the prime agricultural lands in permanent agri- 
cultural use. These prime agricultural areas  
have been delineated on the basis of soils, size 
and extent of the areas farmed, and the historic 
capability of the areas to consistently produce 
better-than-average crop yields. 

Flood Control Plan Elements 
The basic flood control plan element recommended 
for inclusion in the comprehensive watershed plan 
is nonstructural, consisting of the land use devel- 
opment proposals contained in the land use ele- 
ment of the watershed plan, particularly as  these 
land use proposals affect the riverine areas of 
the watershed. The following structural water 
control facilities a re  recommended for inclusion 
in the comprehensive Fox River watershed plan a s  
a supplement to the basic land use recommenda- 
tions. A complete description of each of these 
structural plan elements, together with their 
associated costs and benefits, has been set forth 
in Chapter IV of this volume and will not be 
repeated here. 

Levee Construction and Channel Improvements 
Within the City of Waukesha: This plan element 
includes the construction of intermittent dikes 
and floodwalls, designed to contain the 100-year 
recurrence interval flood flow, along both sides 
of the Fox River in the City of Waukesha; some 
channel clearing and shaping to improve the 
hydraulic capacity of the main stem of the Fox 
River below the Barstow Street Dam; and the 
installation of automatic drainage gates on cer-  
tain storm sewer outlets to prevent storm sewer 
backup. This plan element would serve to vir- 
tually eliminate flood damages within the City of 
Waukesha. The proposal would not have appre- 
ciable effects on flood peaks o r  flood damages 
beyond the confines of the City of Waukesha. 

L:e 
Within the City of Burlington: This plan element 
includes the construction of intermittent dikes and 
floodwalls in the City of Burlington designed to 
contain the 100-year recurrence interval flood 
flow along both sides of the Fox River and along 
portions of both sides of the White River, some 
clearing and cleaning of the main channel of the 



Fox River, and the installation of automatic drain- 
age gates on certain storm sewer outlets to pre- 
vent storm sewer backup. This plan element 
would serve to virtually eliminate flood damages 
within the City of Burlington. The proposal would 
not have appreciable effects on flood peaks o r  
flood damages beyond the confines of the City of 
Burlington. 

Channel Improvements on Sugar and Honey Creeks: 
This plan element includes channel widening and 
deepening in the upper reaches of Sugar Creek 
and Honey Creek. It would provide improved 
agricultural drainage and abate agricultural flood 
damages. 

Channel Improvements on Hoosier ' Creek: This 
plan element includes the widening and deepening 
of a portion of the lower reaches of the main chan- 
nel of Hoosier Creek and the construction of dikes 
along selected portions of the Creek designed to 
contain the 10-year recurrence interval flood. It 
would provide improved agricultural drainage and 
abate agricultural flood damages. 

Sugar Creek Reservoir: This planelement includes 
the construction of a multi-purpose reservoir on 
Sugar Creek in the Town of LaFayette, Walworth 
County. The reservoir would provide recreation, 
flood control, and low-flow augmentation benefits, 
greatly enhancing the development of a regional 
park recommended in the land use plan for devel- 
opment in the area. 

Accessory Structural Flood Control Plan Elements: 
Accessory structural flood control plan elements 
include the eventual replacement, when and as  
required for traffic safety, of 75 highway bridges 
on the perennial stream system of the Fox River 
watershed having inadequate waterway openings 
with new bridges having adequate waterway open- 
ings (see Table 13, Chapter IV, Volume 2). 

Accessory Nonstructural Flood Control Plan Ele- 
ments: Accessorv nonstructural flood control d a n  
elements include the removal of 160 existing resi-  
dences in the floodway of the main stem of the 
Fox River in the Towns of Wheatland and Salem 
and the Village of Silver Lake, all in Kenosha 
County. These 160 residences a re  located within 
the 10-year recurrence interval flood hazard line 
in that reach of the Fox River extending from 
Section 1 in the Town of Wheatland to Section 18 in 
the Town of Salem and subject to first-floor inun- 
dation by a 100-year recurrence interval flood. 

The lands so vacated a r e  recommended to be con- 
verted to public park and parkway use. Gradual 
acquisition is anticipated, with the existing homes 
being zoned as  nonconforming uses and purchased 
a s  they come onto the market. 

In addition, i t  is recommended that all existing 
homes located in the floodplains of the watershed 
which a re  not subject to first-floor level inunda- 
tion by a 100-year recurrence interval flood be 
floodproofed as a condition of continued occupance 
of the floodplains. The cost of this floodproofing 
shall be assumed by the individual homeowners. 

Concluding Remarks-Flood Control Plan Ele- 
ments: Implementation of the foregoing flood con- 
trol measures would serve to abate the major 
flood problems in the Wisconsin portion of the Fox 
River watershed, virtually eliminating urban flood 
damages in twoof the three major damage reaches 
and greatly abating agricultural flood damages. 
Provision of the dikes and floodwalls in the Wau- 
kesha and Burlington areas  would, moreover, eli- 
minate the need to consider such alternative 
structural flood control measures a s  the construc- 
tion of a floodwater retarding structure near the 
outlet of the Vernon Marsh, the management of 
the Waterford impoundment, o r  the management 
of the major lakes within the watershed for flood 
control purposes. Moreover, implementation of 
the Sugar Creek Reservoir and the recommended 
nonstructural flood control elements would serve 
to avoid future intensification of flood problems in 
the Illinois portion of the Fox River watershed. 
The naturally well-regulated performance of the 
Fox River system was documented in Chapter VIII 
of Volume 1 of this report. The peak discharge of 
the 100-year recurrence interval flood on the Fox 
River at  Wilmot is only 9,400 cfs, o r  10.8 cfs 
per square mile of tributary drainage area, one- 
fifth of the comparable unit discharge of some 
streams in southern Wisconsin. The singularly 
most important contribution to flood control in 
both the Illinois and Wisconsin portions of the 
watershed that can be effected in Wisconsin is to 
maintain the present well-regulated flow charac- 
teristics of the r iver system by preservation of 
the existing storage on the floodplains, wetlands, 
woodlands, and lakes of the watershed. 

One of the most important conclusions of the Fox 
River watershed study is that no major reservoir 
si tes exist within the watershed which could be 
practically developed to reduce significantly the 
discharge of a 100-year recurrence interval flood 



at  Wilmot and thereby abate flood problems in the 
Illinois portion of the watershed. Consequently, 
if additional flood control benefits for the Illinois 
portion of the Fox River watershed are  to be 
sought through the Federal Government, i t  is the 
recommendation of this study that the following 
flood control measures be explored: 

1. Management of the Waterford impoundment 
fo r  flood control purposes. 

2. Management of the following 10 major lakes 
fo r  flood control purposes: Pewaukee, 
Eagle Spring, Beulah, Big Muskego, Eagle, 
Lauderdale , Como , Geneva, Browns, and 
Silver (Kenosha County). 

3. Construction of a single-purpose flood con- 
trol reservoir at the outlet of the Vernon 
Marsh. 

Together these three structural flood control ele- 
ments could provide a storage volume of 56,400 
acre-feet and could reduce the peak discharge of 
a 100-year recurrence interval flood at Wilmot 
from 9,400 cfs to an estimated 7,500 cfs. It 
should be stressed that, although these three 
structural flood control elements were found to 
have favorable benefit-cost ratios, they a re  not 
required to alleviate flood problems within the 
Wisconsin portion of the Fox River watershed. 
Moreover, these three structural flood control 
elements would not eliminate the need to con- 
struct the recommended levees in Waukesha o r  
Burlington nor reduce the desirability of the rec- 
ommended Sugar Creek reservoir. Any o r  all of 
these three flood control measures, therefore, 
would have to be provided in addition to, and not 
in place of, the structural flood control measures 
herein recommended a s  a part of the comprehen- 
sive plan for the Fox River watershed. Therefore, 
the attendant costs should be borne entirely by the 
benefited areas located entirely outside of the 
Wisconsin portion of the watershed. 

Water Pollution Abatement Plan Elements 
The following water pollution abatement facilities 
and programs a re  recommended for inclusion in 
the comprehensive Fox River watershed plan. 
A description of each of these facilities and pro- 
grams in the form of plan elements, together with 
their associated costs and benefits and their rela- 
tionship to the watershed development objectives 
and standards, has been set  forth in Chapter V of 
this volume and will not be repeated here. 

Stream Water Quality Plan Elements: The follow- 
ing stream water quality programs, one for 
the upper and one for the lower watershed, a r e  
recommended for inclusion in the comprehensive 
Fox River watershed plan: 

1. Abandonment of the existing sewage treat- 
ment facilities located at Pewaukee, Brook- 
field, Poplar Creek, Sussex, and Wauke- 
sha and connection of the sanitary sewers 
tributary to these plants and allother sani- 
tary sewers necessary to support existing 
and proposed urban development in the 
headwater area of the Fox River watershed 
to a single large sewage treatment plant 
located downstream from Waukesha by 
a single, integrated trunk sewer system. 
All of the wastes from the upper water- 
shed would receive advanced waste treat- 
ment for nutrient removal and disinfection 
at the single large treatment plant. The 
trunk sewer system would extend from 
the sewage treatment plant site below 
Waukesha to Lannon, generally along the 
course of the Fox River, with branches to 
Pewaukee and Sussex to provide services 
to these areas (see Map 16). The trunk 
sewer system would consist of approxi- 
mately 3.5 miles of 21-inch diameter, 
4.9 miles of 24-inch diameter, 0.8 mile 
of 30-inch diameter, 3.0 miles of 36-inch 
diameter, 3.2 miles of 48-inch diameter, 
6.1 miles of 66-inch diameter, and 1.6 
miles of 84-inch diameter gravity flow 
sanitary sewer laid in open trenches. 

Selection of the foregoing plan recommen- 
dations was based upon the variety of rea-. 
sons set forth in Chapter V of this volume. 
It should be noted, however, that the 
remaining two alternative subsystem plan 
elements, which also included the pro- 
vision of advanced waste treatment and 
disinfection, represent acceptable alter- 
natives in terms of satisfying the water 
quality objectives and the adopted inter- 
state water quality standards a s  applied 
to the Fox River watershed. 

2. The provision of advanced waste treat- 
ment for nutrient removal and disinfec- 
tion at six of the remaining ten sewage 
treatment plants in the lower watershed; 
namely, Mukwonago, Waterford-Rochester, 
East Troy, Lake Geneva, Burlington, and 



Twin Lakes. The two existing sewage 
treatment plants located at Silver Lake and 
Genoa City would continue to be operated 
a s  secondary treatment plants with the 
addition of disinfection. The small size of 
these two plants and the consequently rela- 
tively small contribution of biochemical 
oxygen demand to the receiving stream 
make i t  impractical to provide advanced 
waste treatment at these two plants. Simi- 
larly, the two existing sewage treatment 
plants located at Williams Bay and Fontana 
would continue to be operated as secondary 
treatment plants discharging treated efflu- 
ents to seepage ponds. 

3. The connection to public sanitary sewerage 
systems of 16 of the 19 major industrial 
waste sources and one of the four major 
resor t  waste sources. In addition, the plan 
recommends that all other industrial and 
resor t  waste discharges not connected 
to centralized public sanitary sewerage 
systems be given a level of treatment 
equivalent to secondary treatment and 
disinfection. 

The foregoing water pollution abatement mea- 
sures,  by removing almost all of the organic 
matter and nutrients from sewage discharged 
directIy into the Fox River, would achieve the 
established stream water use objectives, a s  set  
forth in this report, at the lowest possible cost. 
Implementation of the f irst  of the two measures 
would require the establishment of an areawide 
institutional structure to manage the areawide 
sewerage system and common treatment plant for 
the headwater area of the watershed. 

If the recommended stream water quality manage- 
ment plan element fo r  the upper Fox River water- 
shed is implemented utilizing the recommended 
scheme of a single sewage treatment plant and 
a systemof trunk sewers to serve the entire upper 
watershed (Stream Water Quality Management 
Plan lC) ,  i t  i s  recognized that additional land in 
the upper watershed not now lying within a practi- 
cable gravity drainage sewer service area would 
be brought within such a gravity drainage area 
tributary to the proposed sewage treatment plant 
below Waukesha. This additional area  amounts to 
approximately 3,200 acres, o r  5.1 square miles, 
as  shown on Map 12 in Chapter V. It i s  important 
to note that this additional area lies outside the 
recommended urban development limits, as  shown 

on the adopted regional land use plan and as  rec- 
ommended for adoption as the land use base for 
the comprehensive Fox River watershed plan. 
This additional area would also become tributary 
to a public sanitary sewerage facility if the two- 
plant alternative sewerage system configuration 
(Stream Water Quality Management Plan lB), a s  
set  forth in Chapter V, were implemented. If the 
multiple-plant-alternative system configuration 
were implemented, (Stream Water QuaIity Man- 
agement Plan l A ) ,  this additional area would not 
lie within a practicable gravity drainage area. If, 
then, either the one-plant o r  two-plant alterna- 
tive sanitary sewerage system configurations a re  
eventually implemented, i t  will be necessary to 
adjust the recommended 1990 urban develop- 
ment limits. 

Lake Water Quality Management Plan Elements: 
The following four lake water quality management 
programs a re  recommended for inclusion in the 
comprehensive Fox River watershed plan: 

1. The provision of sanitary sewer service 
at Little Muskego, Pewaukee, Browns, 
Eagle , Tichigan, Wind, Como , and Camp 
and Center Lakes. Such service would be 
provided at five of the eight lakes-Eagle, 
Tichigan, Wind, Como, and Camp and 
Center-through the establishment of new 
sanitary sewerage systems and treatment 
facilities providing secondary treatment 
with disinfection. Sewer service at Little 
Muskego Lake would be provided initially 
by a temporary treatment facility and ulti- 
mately through conveyance of wastes to the 
Milwaukee Metropolitan Sewerage Commis- 
sion system, thereby exporting the wastes 
from the watershed. Sewer service for 
Pewaukee Lake would be provided as  an 
integral part of the proposed upper Fox 
River watershed sewerage system dis- 
cussed above, witheventual advanced treat- 
ment of wastes for nutrient removal at  the 
single large sewage treatment plant in the 
upper watershed. Sewage treatment for 
wastes from the Browns Lake area would be 
provided at the Burlington sewage treatment 
plant, with advanced treatment of wastes 
fo r  nutrient removal. The recommended 
treatment plant location and trunk sewer 
configuration and sizing for each of the 
eight lakes included in this plan element 
were described in Chapter V of this volume 
and will not be repeated here. 



2. The provision of chemical control of nui- 
sance algae blooms a s  necessary at Big 
Muskego, Little Muskego, Phantom, Eagle, 
Pewaukee, Bohner, Browns, Wind, Como, 
Tichigan, Camp and Center, and Silver 
(Kenosha County) Lakes. This recommen- 
dation can serve only to suppress the 
symptoms of the underlying water problem 
and, as  such, should only be considered 
a temporary measure to be used until more 
permanent abatement i s  achieved through 
the other recommended plan proposals. 

3. Machine harvesting of the aquatic weed 
growths as  necessary at  Big Muskego; 
Little Muskego; Phantom; Eagle; Tichigan; 
Pewaukee; Bohner; Browns; Wind; Beulah; 
Como; Pell; Camp and Center; Elizabeth 
and Marie; Powers, Tombeau, and Bene- 
dict; and Silver (Kenosha County) Lakes. 

4. The provision of bench terraces with tile 
outlets on agricultural lands subject to 
erosion, together with additional appro- 
priate land conservation measures, to con- 
trol pollution from agricultural runoff on 
the tributary watersheds of Phantom; Pell; 
Pewaukee; Bohner; Eagle; Wind; Beulah; 
Como; Geneva; Camp andcenter; Elizabeth 
and Marie; Powers, Tombeau, and Bene- 
dict; and Silver @enosha County) Lakes. 

The provision of sanitary sewer service to serve 
existing development around the eight major lakes 
cited above would .eliminate any sanitary hazards 
which presently exist at these lakes a s  a result of 
inadequate o r  malfunctioning septic tank sewage 
disposal systems and would assist in reducing 
the nutrient input to the lakes. The algae control 
and weed harvesting operations would alleviate 
nuisance conditions caused by excessive aquatic 
plant growths. The bench terraces and related 
agricultural soil and water conservation prac- 
tices would reduce the nutrient input and sediment 
loads to the lakes from agricultural areas. These 
recommended lake pollution abatement measures 
would serve to meet the established lake water 
use objectives set  forth in this report for  the 
22 major lakes considered. 

Water Supply Plan Elements 
The two major aquifers underlying the Fox River 
watershed constitute the principal source of water 
supply within the watershed and,, if properly used 

and managed, comprise a renewable resource 
which can serve the watershed for all time to 
come. The shallow aquifer can be developed to 
meet all foreseeable demand within the watershed 
for domestic and livestock watering purposes, 
providing that it i s  carefully protected from pollu- 
tion through septic tank disposal systems, dumps 
and improperly located sanitary land fills, and 
urban and agricultural runoff. Larger yields 
may be expected where the shallow aquifer has 
a saturated thickness greater than 100 feet and 
the sand and gravel and the Niagara dolomite a r e  
in contact. 

The most dependable source of large quantities of 
high quality water within the watershed is the deep 
sandstone aquifer. With proper well location and 
spacing, this aquifer may be expected to yield an 
adequate supply of water for municipal and indus- 
tr ial  purposes through and beyond the design year 
of the watershed plan. Recommendations con- 
cerning well location and spacing necessary to 
achieve proper utilization of this aquifer are  se t  
forth in Chapter VI of this volume and will not be 
repeated here. 

A major alternative water supply could be created 
within the watershed by damming the Fox River 
near the Soo Line Railroad crossing of the Fox 
River in the Town of Mukwonago. The impound- 
ment so created would flood the Vernon Marsh 
wildlife area,  and the headwater pool would extend 
to the southwesterly limits of the City of Waukesha. 
The impoundment would have flood control, water 
quality control, and recreation, a s  well as  water 
supply, benefits. Although the development of this 
alternative surface water supply within the water- 
shed appears uneconomical at  the present time 
in terms of capital investment cost alone, the 
proposal deserves reconsideration and reevalua- 
tion a s  urban development continues within the 
watershed. If full flexibility i s  to be retained with 
respect to the development of alternative sources 
of water supply within the watershed beyond the 
plan design year of 1990, the land required for 
this reservoir should be maintained in open-space 
uses. Such reservation would be fully compatible 
with the land use base element of the comprehen- 
sive watershed plan since the proposed reservoir 
site i s  located within a primary environmental 
corridor. Extensive urban development within the 
reservoir area,  if permitted, would almost cer-  
tainly preclude any future provision of the reser-  
voir for water supply purposes. 



COST ANALYSIS 
In order to assist the responsible public officials 
concerned in evaluating the foregoing recom- 
mended comprehensive Fox River watershed plan, 
a preliminary capital improvements program was 
prepared, which, if followed, would result in total 
watershed plan implementation by the year 1990. 
This preliminary capital improvements program 
includes the staging of the necessary land acquisi- 
tion and facility construction and the distributing 
of the attendant costs over a 20-year plan imple- 
mentation period. This program is presented in 
summary form for the watershed a s  a whole in 
Table 55 and i s  presented in more detailed form 
in a series of tables in Chapter IX of this volume. 
These tables set forth the land acquisition and 
construction costs and the estimated maintenance 
and operation costs associated with implementa- 
tion of each of the recommended plan elements by 
year and by level of government concerned. The 
ultimate adoption of capital improvements pro- 
grams for implementation of the watershed plan 
will require determination by responsible public 
officials of not only those plan elements which a re  
to be implemented, and the timing of such imple- 
mentation, but also of the principal beneficiaries 
and the available means of financing. 

The full capital investment cost of implementing 
the recommended comprehensive watershed plan 
for the Fox River watershed is estimated at  $120 
million over the 20-year plan implementation 
period. Of this total cost, $66 million, o r  about 
55 percent, i s  required for implementation of the 
recommended natural resource base protection 
and recreation-related land use plan elements and 
would be used primarily for land acquisition; 
$29,600,000, o r  about 25 percent, i s  required for 
implementation of the recommended stream water 
quality management plan elements; $19,561,120, 
o r  about 16 percent, is required for the recom- 
mended lake water quality management plan ele- 
ments; and $4,797,600, o r  about 4 percent, is 
required for the recommended flood control and 
agricultural drainage improvement plan elements. 

The average annual cost of the total capital invest- 
ment required for plan implementation would 
be approximately $6 million per year, o r  about 
$24 per capita, the per capita cost being based 
on a watershed population of 250,000 persons, 
o r  somewhat less than the anticipated average 
resident population of the watershed between the 
1963 existing population level of 159,500 per- 

sons and the anticipated 1990 population level of 
359,000 persons. The average annual capital 
costs of implementation of the natural resource 
protection and recreation-related land use plan 
elements, the stream water quality management 
plan elements, the lake water quality management 
plan elements, and the flood control and agri- 
cultural drainage improvement plan elements 
are,  respectively, about: $3,326,000; $1,480,000; 
$978,000; and $240,000. 

It is extremely important to note when con- 
sidering the total cost of plan implementation 
that, of the total estimated watershed plan imple- 
mentation cost of $120 million, an estimated 
$46 million, o r  about 38 percent, would be 
incurred in any case by the federal, state, and 
local units of government concerned simply to 
provide the facilities necessary to accommodate 
the forecast population growth and accompanying 
urbanization as  would be manifested in land devel- 
opment within the watershed. For  example, of the 
estimated $66 million required for implementation 
of the natural resource protection and recreation- 
related land use plan elements, i t  i s  estimated 
that $12.4 million, o r  about 19 percent, would be 
incurred in any case by the state, county, and 
local units of government for the provision of park 
and outdoor recreation facilities required to serve 
the growing watershed population, while, of the 
$33,336,000 required for implementation of the 
stream water quality management plan element, 
an estimated $12 million, o r  about 40 percent, 
would be incurred in any case by governmental 
units in order to provide the increment in sewage 
collection and treatment facilities required to 
serve the growing watershed population. Yet, the 
expenditures of these funds in the absence of 
a comprehensive watershed plan would not serve 
to meet the-watershed development objectives and 
standards but could be expected to lead instead to 
a further deterioration of the overall quality of 
the environment within the watershed and an 
intensification of environmental and development 
problems. 

It should be noted that Table 55 recommends that 
well over two-thirds of the total land acquisition 
recommended for the preservation of the primary 
environmental corridors and best remaining park 
and related open-space sites within the watershed 
be carried out during the f irst  half of the 20-year 
plan implementation period. This accelerated land 
acquisition is recommended in order to acquire 
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Table 55 (continued) 

 ore detai led cost  schedules o f  the  major watershed plan elementi are s e t  f o r th  i n  a ser i e s  o f  tables i n  Chapter IX o f  t h i s  volume. 

b ~ n c l u d e s  the  acquis i t ion o f  14.472 acres o f  urban environmental corridor at  an estimated average cos t  o f  $2,000 per acre; 2,651 acres o f  Vernon Marsh w i l d l i f e  conservancy 
area at an estimated average cos t  o f  $200 per acre for 876 acres o f  wetlands and $700 per acre for 1,775 acres  o f  woodlands and open lands; 3,424 acres o f  Sugar Creek 
multiple-purpose reservoir area a t  an estimated average cost  o f  $700 per acre; 4,549 acres o f  high-value wetlands a t  an estimated average cos t  o f  $200 per acre; 4,369 
acres o f  high-value woodlands a t  an estimated average cos t  o f  $700 per acre,; 7,446 acres o f  Fox River main stem corridor at  an estimated average cos t  o f  $700 per acre; 
797 acres o f  regional park lands a t  an estimated average cost  o f  $700 per acre; 3,944 acres o f  s e l ec ted  high-value park s i t e s  at  an estimated average cost  o f  $700 per 
acre;  and 2,581 acres o f  additional park s i t e s  a t  an estimated average cost o f  $700 per acre. This  schedule c a l l s  for  the  acquisi t i on  o f  a l l  urban environmental corridor 
lands,  Vernon Marsh lands,  and regional park lands during the  f i r s t  12 years o f  the  20-year plan implementation period. 

C ~ n c l u d e s  the  development o f  2,617 acres o f  regional park lands at an estimated cos t  o f  $1,500 per acre plus  the development i n  regional parks o f  4 regulation g o l f  courses 
a t  an estimated cost o f  $250,000 per course; 2,383 acres o f  local  park lands a t  an estimated cos t  o f  $3,000 per acre for 536 acres o f  ndighborhood parks and $7,000 per 
acre for 8,847 acres o f  conununity parks. No development c o s t s  have been assigned t o  the  additional park s i t e s  recomnended to  be acquired under the  optimum a l t e rna t i ve  
outdoor recreation plan element. I t  was assumed that  development o f  these  s i t e s  would most l i k e l y  be deferred u n t i l  a f t e r  the  i n i t i a l  20-year plan implementation period. 

$ased upon an estimated average cost  o f  $200 per acre o f  developed park land. No operation and maintenance cos t s  have been assigned to  the  undeveloped environmental 
corridor land. 

erncludes $2,420,000 for land acqu i s i t ion  and construct ion o f  t he  Sugar Creek multiple-purpose reservoir;  $367,000 for  Iand acqu i s i t ion  and construct ion o f  the d ikes  
and f loo&alls  i n  the C i t y  o f  Waukesha; and $350.000 for land acqu i s i t ion  and construction o f  t he  d ikes  and floodwalls i n  the  C i t y  o f  Burlington. I f  the  Iand scheduled 
for  acquis i t ion i n  the  Sugar Creek environmental corridor under the  natural resource protection plan element ( s e e  footnote b )  i s  acquired, the estimated cos t  o f  $2,420,000 
noted above for the Sugar Creek reservoir  could be reduced by $1,435,000. 

f Inc ludes  an estimated $900 annual operation and maintenance cos t s  for the Sugar Creek reservoir  and an estimated $500 annual operation and maintenance cos t s  each for 
the Burlington and Waukesha d ike  and floodwall improvements. 

g ~ n c l u d e s  $183,900 for channel imp;ovements i n  the Honey-Sugar Creek subwatershed and $240,700 for d i kes  and channel improvements i n  the Hoosier Creek subwatershed. 

hIncludes  an estimated $2,400 annual operation and maintenance cos t s  for the  Hoosier Creek improvements and an estimated $2,790 annual operation and maintenance cos t s  for  
t h e  Honey-Sugar Creek improvements. 

i 
Assumes an annual average cost  o f  $61,800. Actual timing o f  expenditures would be determined by the  market a v a i l a b i l i t y  o f  t he  160 residences  t o  be removed. 

'For a detai led breakdown o f  t h e  component s t r e m  water q u a l i t y  management plan element c o s t s ,  see Appendix F. 

k ~ o r  a detai led breakdown o f  the component lake  water qua l i t y  management plan element c o s t s ,  see Table 52. 

' I nc ludes  the construction o f  two stream gaging s ta t ions  at an estimated cost o f  $6,000 each. 

m ~ n c l u d e s  an estimated $300 annual operation and maintenance cos t s  for each o f  29 water qua l i t y  monitoring s ta t ions ;  an estimated $1,000 annual operation and maintenance 
cos t s  for each o f  three stream gaging s ta t ions ;  and an estimated $153 annual operation and maintenance c o s t s  for  each o f  four c res t  gages. 

Source: Harza Engineering Company, U. S.  So i l  Conservation Service .  Wisconsin Department o f  Natural Resources, and SEWRPC. 



the necessary open-space lands while these lands 
are  still in predominantly rural  use and before 
they a re  preempted by urban development. The 
average annual capital cost of implementing the 
natural resource protection and recreation-related 
land use plan elements i s ,  as  noted above, esti- 
mated to be $3.3 million, o r  about $13 per capita, 
which amount would be expended primarily for 
land acquisition. 

The total land acquisition and construction cost for 
the recommended flood protection and agricultural 
drainage improvement works is about $4,797,000, 
of which $367,000 is required for the construc- 
tion of dikes and levees in the City of Waukesha, 
$350,000 for the construction of dikes and levees 
in the City of Burlington, and $2,420,000 for the 
construction of the recommended multi-purpose 
reservoir on Sugar Creek. Channel improvements 
and other agricultural drainage improvements 
for  the Hoosier Creek and Sugar-Honey Creek 
drainage districts account for about $425,000 of 
the total flood control cost, while the floodland 
residence removal element recommended in the 
Silver Lake a rea  accounts for the remaining 
approximately $1,235,000 of the total flood control 
cost. The average annual capital cost of the total 
flood control plan element implementation would 
be $239,580. 

Implementation of the stream water quality man- 
agement plan element would require an average 
annual capital cost of about $3,326,000, o r  $25 per 
capita, the per capita cost being based on the 
anticipated average watershed population between 
1963 and 1990 proposed to be served by the facili- 
ties included within the stream water quality man- 
agement plan element. 

Implementation of the recommended lake water 
quality management plan elements, which would 
assist  in maintaining o r  improving the level of 
water quality in 22 of the 45 major lakes of the 
Fox River watershed and which would include the 
extension o r  construction of sanitary sewerage 
systems around 8 of the 22 lakes, would have 
an average annual capital cost of $978,056 , o r  
$31 per capita, the per capita cost being based on 
the existing watershed population expected to be 
served by the lake water quality management plan 
elements. The per capita cost would vary with 
each lake community, depending upon the size of 
the lake community and the complexity of the 
alternative plan elements, from a s  little a s  $1.60 

per  capita per year for the Pel1 Lake community 
to a s  much a s  $195 per capita per year for the 
Eagle Lake community. 

The plan also recommends the operation of 5 
streamflow gaging stations within the watershed, 
3 of which a re  existing and 2 of which would have 
to be constructed. It also recommends the opera- 
tion of 29 water quality monitoring stations and 
9 crest  gage stations in the watershed. The aver- 
age annual cost of the water control monitoring 
stations is estimated at about $12,800, o r  about 
$0.06 per capita. 

Although the primary beneficiaries of the imple- 
mentation of the recommended comprehensive 
watershed plan will be the residents of the Fox 
River watershed, certain regional, state, inter- 
state, and national benefits would 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 a r e  des- 
cribed in Chapter IX of this volume. It is estimated 
that full utilization of these financi a1 resources 
for watershed plan implementation could serve to 
reduce the local plan implementation costs by a s  
much a s  50 percent. 

In order to assess the possible impact of imple- 
mentation of the watershed plan on the public 
financial resources of the local units of govern- 
ment within the watershed, an analysis was made 
of the long-term historic public expenditures by 
the counties, cities, villages, and towns within the 
watershed for public park. and related purposes 
and for public sanitary sewerage facilities. The 
period of study selected was the 21-year period 
extending from 1948 through 1968, and the data 
reviewed pertained to those local units of gov- 
ernment having 50 percent or  more of their 
geographic area within the boundarieg of the 
watershed itself.' As indicated in Table 56, a 

'TWO except ions  t o  t h i s  c r i t e r i a  were made: 
1 .  Because the  county l e v e l  o f  government w i th in  

the Region i s  so  important i n  the  p rov i s ion  o f  
major park and outdoor r e c r e a t i o n  f a c i l i t i e s ,  
i t  was dec ided t o  appor t ion the expendi tures  o f  
the four major coun t i e s  i n  the watershed--  

Kenosha, Racine,  Walworth and Waukesha- -on 
the b a s i s  o f  the  propor t ion o f  the  major county 
park and outdoor r ec rea t ion  s i t e  area w i th in  



the watershed t o  the to ta l  o f  such land wi thin  
the  county. These proportions were, as  o f  

1963: Kenosha County, 25 percent; Racine County, 
0 percent; Walworth County, 100 percent; and 
Waukesha County, 7 1  percent.  Milwaukee and 
Washington Counties were not  included because 
on ly  a very small mount  o f  land wi thin  these  
two count ies  l i e s  wi'thin the watershed. 

2 .  The proportion o f  the  to ta l  land areas o f  the  
C i t y  o f  Brook f i e ld  and the V i l l a g e  o f  Menomonee 
Fal ls  l y i n g  wi thin  the  watershed are only  

s l  igh t l y  under the 50 percent 1 eve1 . Because 
both o f  these communities have been experi- 
encing rapid population growth and because 
t h i s  growth i s  l i k e l y  to continue i n  the fu ture  
and to  be concentrated geographically w i th in  
the watershed port ion o f  the communities, i t  
was decided t o  include the  t o t a l  r e c e i p t s  

and sewer and park expenditures o f  these two 
communities, along with the  data from the  other  
local  u n i t s  o f  government w i th in  the  
watershed. 

total of approximately $36.7 million was expended 
by the local units of government within the water- 
shed for the construction, maintenance, and oper- 
ation of public sanitary sewerage facilities over 
the 21-year period. This amounts to an average 
annual expenditure of about $1.7 million, which, 
a s  indicated in the table, is equivalent to 2.4 per- 
cent of the average annual public revenues re-  
ceived by the local units of government over the 
21-ye& period. Similarly, approximately $13. 6 
million was expended by the local units of govern- 
ment within the watershed for the acquisition, 
development, maintenance, and operation of park 
and related open spaces over the period. This 
amounts to an average annual expenditure of- 
$0. 6 million, or  an average of 0. 8 percent, of the 
average annual revenues received by the local 
units of government over the 21-year period. 

In order to further augment the analysis, three 
alternative forecasts were prepared to indicate 
the possible range of future expenditures by local 
units of government within the watershed for pub- 
lic sanitary sewerage and park purposes under 
differing assumptions. If it is assumed that the 
average annual rate of increase in expenditures, 
which obtained over the 1948 through 1968 period, 
were to remain constant to the year 1990, approx- 
imately $132.0 million would become available 
for sanitary sewerage purposes and $60.5 million -- 

would become available for park purposes. If i t  is 
assumed that total G u a l  receipts by the local 
units of government within the watershed were to 
increase to the year 1990 at the same average 

annual rate which obtained over the 1948 through 
1968 period, if i t  is assumed that the monies 
expended for sanitary sewerage and park purposes 
will constitute a constant proportion of the total 
receipts over the forecast period, and if it is fur- 
ther assumed that this constant proportion would 
be equivalent to the average annual proportion 
of total receipts which obtained over the 1948 
through 1968 period, approximately $117.2 mil- 
lion would become available for sanitary sewerage 
purposes and $41.4 million would become avail- 
able for park purposes. If i t  is assumed that the 
per capita expenditures, which obtained in 1963 
for sanitary sewerage and park purposesY2 were 
to remain constant to the year 1990, approxi- 
mately $71. 6 million would become available for 
sanitary sewerage purposes and $28.7 million 
would become available for park purposes (see 
Table 57 and Figure 40). 

A review of past expenditure patterns, along with 
the range of possible future expenditure levels, 
thus indicates that between $71. 6 million and 
$132.0 million may be expected to be spent by the 
local units of government within the watershed for 
sanitary sewerage purposes by 1990 and between 
$28.7 million and $60.5 million may be expected 
to be spent for park purposes. These forecast 
ranges do not represent any major departures 
from past expenditure levels or patterns and, 
therefore, may be considered conservative in 
nature. 

The estimated total cost, including capital and 
operation and maintenance costs, of implementing 
the water pollution abatement element of the rec- 
ommended Fox River watershed plan is $87.8 mil- 
lion (see Table 55). This amount can be crudely 
compared on a gross basis with a possible expend- 
iture of $107 million, the average of the three 
alternative forecasts of expenditures for *sanitary 
sewerage purposes. While such a comparison 
would indicate that the plan implementation costs 
for water pollution abatement are reasonable, it is 
important to note that the two figures are  not 
strictly comparable. The pollution abatement plan 
element does not include,for example, the costs of 
constructing lateral, branch, or minor trunk sew- 
e r s  except in the case of the sanitary sewerage 

' ~ s t i r n a t e d  a t  $10.80 per cap i ta  for sewer purposes 
and $4.30 per cap i ta  for park purposes. 



Table 56 

EXPENDITURES FOR PUBLIC SANITARY SEWERAGE AND PARK PURPOSES AND TOTAL RECEIPTS REPORTED BY LOCAL 
UNITS OF  GOVERNMENT^ I N  THE FOX RIVER WATERSHED: 1948-1968 

( I N  MILLIONS OF DOLLARS) 

a ~ n c l u d e s  those local u n i t s  o f  government with 50 percent or  more o f  the i r  land area located wi thin  the  Fox River 
watershed and, i n  add i t ion ,  the  C i t y  o f  Brook f i e ld  and the V i l lage  o f  Menornonee Fa l l s .  

Year 

19W 
1949 

1950 
1951 
1952 

1953 

1954 

1955 

1956 

1 957 

1958 

1959 

1960 

1961 
1962 

1963 

1964 

1965 

1966 

1967 
1968 

To ta l  

2 I-Year 

Average 

b ~ n c l u d e s  expenditures reported on municipal audi t  reports  for such purposes as construct ion,  operat ion,  and 
maintenance o f  sani tary  sewerage f a c i l i t i e s .  

C ~ n c l u d e s  expenditures reported on municipal audit  reports  for such purposes as land acqu i s i t ion  and construct ion.  

operat ion,  and maintenance o f  park and re1 ated open-space f a c i l i t i e s .  

d ~ n c l u d e s  a l l  rece ip t s  recorded on the annual audi t  reports .  

Sani tary  

sewerb 

$ 0.3 

0.3 
0.2 

0.3 
0.3 

0.2 

0.5 

1.1 

1.5 

0.8 

0.7 
1.4 

1.2 

1.8 

4.3 

2.0 
2.4 

2.2 

4, 0 

5.4 
5.8 

$ 36.7 

$ 1.7 

Source: Wisconsin Department o f  Acbninis t r a t i o n ,  Bureau o f  Municipal Aud i t ,  and SEWRPC. 

Percent o f  
To ta l  Receipts 

0.5 

0.9 

0.4 

0.8 
0.7 

0.6 

0.8 

1.0 

0.6 
0.6 

0.7 

0.6 

1 .O 

0.7 

1. I 

0.9 
0.8 

1.2 

1.0 

1.2 
1.1 

-- 
0.8 

systems recommended for the eight major lake costs in the plan do not reflect total operation and 
communities. Thus, expenditures can be expected maintenance costs but only the incremental opera- 
for public sanitary sewerage purposes in addition tion and maintenance costs attendant to therecom- 
to those provided for in the recommended plan mended facilities. At least partially offsetting 
element. Also, the operation and maintenance these facts are four important considerations: 

Tota l  ~ e c e i ~ t s ~  

$ 20.2 
22.2 

25.6 

25. 1 
30. 1 

33.5 

36.4 

40.2 

50.6 
52.9 

57.2 

67.0 

72.6 

89.1 
93.4 

89.6 

105.6 
126.3 

135.9 

156.0 
168.0 

$ 1,497.5 

$ 71.3 

Sani tary  Sewerage 

Percent o f  

Tota l  Receipts 

1.5 
1. 4 

0.8 
1.2 

I .O 
0.6 

I. 4 

2.7 

3.0 

1.5 

1.2 

2.1 

1.6 

2 .O 

4.6 
2.2 

2.3 
1.7 

2.9 

3.5 
3.4 

- - 
2.4 

and Park Expenditures 

parkC 

$ 0. I 

0.2 
0. I 

0.2 

0.2 
0.2 

0.3 

0.4 

0.3 

0.3 

0.4 

0.4 

0.7 

0.6 

I .O 
0.8 

0.8 

1.5 

1.4 

1.9 
1.8 

$ 13.6 

$ 0.6 



Table 57 

ALTERNATIVE FORECASTS OF EXPENDITURES FOR PUBLIC SANITARY SEWERAGE AND PARK PURPOSES BY THE LOCAL 
UNITS OF GOVERNMENT IN THE FOX R l  VER WATERSHED: 1969-1990 

( I N  MILLIONS OF DOLLARS) 

a ~ a s e d  upon a l e a s t  squares l inear  project ion o f  the 1948-1968 expenditures l i s t e d  i n  Table 56 

b ~ a s e d  upon a constant (2.4%) proportion o f  to ta l  . forecast annual r e c e i p t s .  

C ~ a s e d  upon a per capi ta  expenditure o f  $10.80 per year. 

'Based upon a constant ( 0 . 8%)  proportion o f  to tal  forecast  annual rece ip t s .  

e ~ a s e d  upon a per cap i ta  expenditure o f  $4.30 per year. 

Sdurce: SEWRPC. 

Expendi tu re  

Category 

San i t a r y  Sewers 

Parks 

T o t a l  

Figure 40 
PUBLIC EXPENDITURE TRENDS AND ALTERNATIVE FORECASTS FOR 

PUBLIC SAN ITARY SEWERAGE AND PARK PURPOSES 
I N  THE FOX RIVER WATERSHED: 1948-1990 

9 9 

YEAR 

SANITARY SEWERS 

A l t e r n a t i v e  C 

$ i1.6C 

28.7e 

$ 100.3 

A l t e r n a t i v e  A 

$ 132.0a 

60. 5a 

$ 192.5 

Source: Wisconsin Department of Admin i s t ra t ion ,  Bureau of Municipal Audit and SWFC. 

A l t e r n a t i v e  B 

$ 1 1 7 . 2 ~  

41. ld 

$ 158.3 



1) the water quality management plan element 
contains costs for water pollution control mea- 
sures in addition to sanitary sewerage systems, 
such as the construction of bench terraces and 
the conduct of aquatic weed harvesting and algae 
control programs; 2) implementation of the rec- 
ommended plan would result in considerably lower 
expenditures being made by homeowners for the 
installation and maintenance of private septic tank 
waste disposal systems; 3) large portions of the 
costs of installing lateral and branch sewers can 
be recouped through application of appropriate 
financing techniques, such as special assess- 
ments, and through regulations requiring land 
developers to install sanitary sewerage facilities 
as an integral part of the land development proc- 
ess; and 4) it is reasonable to conclude that non- 
local expenditures for sanitary sewerage facilities 
in the form of state and federal aids will play an 
increasingly important role in future years. 

From the foregoing it is fair to conclude that suf- 
ficient monies to implement substantially the rec- 
ommended water pollution abatement element of 
the watershed plan should become available with- 
out significant shifts in local expenditure patterns. 
Implementation of the plan would not only meet the 
state-established water use objectives and sup- 
porting standards but would eliminate certain 
existing public health hazards and avoid the crea- 
tion of new public health hazards due to mal- 
functioning septic tank sewage disposal systems 
located on soils poorly suited for the absorption of 
sewage effluent and would achieve a land use pat- 
tern that can be efficiently and economically pro- 
vided with municipal sanitary sewerage service. 

The estimated total cost, including capital and 
operation and maintenance costs, of implementing 
the natural resource protection and recreation- 
related resource element of the recommended 
watershed plan i s  $74 million. This amount can 
be crudely compared on a gross basis with a pos- 
sible expenditure of $43 million, the average of 
the three alternative forecasts of expenditures for 
park purposes. It is clear that, even if the high 
alternative forecast of expenditures for park pur- 
poses in the watershed is used for comparison 
with the plan costs, a sizable deficit would 
remain. Furthermore, the plan implementation 
costs do not include total operation and mainte- 
nance costs but only the incremental operation and' 
maintenance costs attendant to the recommended 
new outdoor recreation facilities. A t  least par- 

tially offsetting this, however, is the fact that, of 
$74 million required for plan implementation, 
about $12 million is recommended to be provided 
by state agencies. In addition, it is reasonable to 
assume that greater amounts of state and federal 
aid for open-space land acquisition will be made 
available in future years, thus further offsetting 
the need for additional local expenditures. 

In summary, the foregoing analysis demonstrates 
that the cost of implementing the watershed plan 
is such as to be reasonably attainable through 
continuing the current public expenditure patterns 
for sanitary sewerage purposes and expanding 
somewhat the expenditures for park purposes. It 
is clear that, if the adopted water uses are to be 
met and if the remaining prime elements of 
the sustaining natural resource base are to be 
permanently protected and preserved, the level 
of expenditures needed to implement the rec- 
ommended watershed plan are necessary and 
warranted. 

SUMMARY 
The various plan elements recommended as inte- 
gral parts of the comprehensive plan for the 
Fox River watershed have all been described 
separately and in considerable detail in preced- 
ing chapters of this volume. In the comprehen- 
sive watershed plan, each plan element was 
selected so as to complement and strengthen all 
of the others. 

Under the comprehensive watershed plan recom- 
mended herein, future urban development within 
the watershed would be guided through locally 
exercised land use controls into a more efficient 
and attractive pattern. Continued encroachment of 
urban development onto the natural floodplains 
would be arrested and future intensification of 
flood problems avoided. Residential development 
would be concentrated within sanitary sewer and 
public water supply service areas tributary to 
existing systems and would be located on soils 
suited for such use, thus avoiding future sanita- 
tion problems. The remaining prime agricultural 
areas of the watershed would be protected from 
destruction through urban encroachment. The 
environmental corridors of riverine woodlands, 
wetlands, and surface water, together with the 
associated floodlands, would be preserved, first, 
by immediate zoning to prohibit inadvisable urban 
development and gradually by public acquisition 



for park and parkway purposes. Eventually, the 
Fox River stream valley system would be trans- 
formed into an attractive greenbelt, parkway, 
recreation, and other open lands serving to attract 
in urban areas  hi gh-value residential development. 

The flood damage hazard would be gradually elimi- 
nated a s  new flood-vulnerable development would 
be prohibited and existing development phases 
out through purchase and zoning o r  abated under 
special conditions by floodproofing. Existing urban 
development in two locations would be protected 
by the construction of levees and floodwalls. 

The large private investment in homes and in 
public recreation and conservation lands, which 
is dependent to a considerable extent upon suit- 
able water quality, would be protected by the rec- 
ommended water pollution abatement program. 
Existing waste loadings would be reduced by 
the provision of advanced treatment for  nutrient 
removal throughout the watershed to produce 
stream and lake water quality levels capable of 
meeting the established water use objectives. The 
water supply resources of the watershed would be 
protected through proper well location and spacing 
and through pollution abatement measures. 
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Chapter VIII 

THE UNPLANNED ALTERNATIVE 

INTRODUCTION 
The recommended land use and water control 
facility elements of a comprehensive plan for the 
physical development of the Fox River watershed 
in southeastern Wisconsin were described in the 
preceding chapter of this volume. These plan 
components were selected after careful test and 
evaluation of the alternatives available and after 
presentation of these alternatives to the Fox River 
Watershed Committee, the SEWRPC Technical 
Advisory Committee on Natural Resources and 
Environmental Design, the constituent local units 
of government, and to certain state and federal 
agencies for further technical and nontechnical 
review and evaluation. The plan test, evaluation, 
and review process indicated that implementation 
of the recommended comprehensive watershed 
plan would best meet the recommended watershed 
development objectives formulated as a part of the 
watershed planning process. 

Another alternative is, however, available to the 
watershed, that of continued existing trend devel- 
opment in the absence of any attempt to guide such 
development on an areawide basis in the pub8.c 
interest. In order to assess the possible impact 
of such unplanned development upon the future 
environment within the watershed and upon the 
need for water control facilities, this unplanned 
alternative was explored in some depth. This 
alternative is not to be construed as a plan but 
rather as  a forecast of one of the many possible 
end results of unplanned development within the 
watershed. It is intended to serve not a s  a rec- 
ommendation but as  a basis of comparison for the 
evaluation of the potential benefits of the recom- 
mended comprehensive watershed development 
plan; and, in this respect, i t  serves a particularly 
important function as a basis for the calculation 
of flood control benefits attendant to the recom- 
mended land use pattern. The flood control bene- 
fits associated with the latter were determined 
by subtracting the residual flood-damage risk 
associated with the planned alternative from the 
flood-damage risk projected for the unplanned 
alternative. 

This chapter presents a brief description of the 
unplanned alternative, a discussion of the impli- 

cations of this alternative for the water quality 
control facility systems within the watershed, and 
a comparison of the unplanned alternative with the 
recommended plan in terms of attainment of the 
watershed development objectives. 

LAND USE FORECAST METHODOLOGY 
The land use pattern chosen to represent the 
unplanned alternative within the watershed was 
taken from a similar alternative prepared for the 
Region as  a whole under the regional land use- 
transportation planning effort. The methodology 
applied in the development of this land use pat- 
tern, including the use of supplemental land use 
simulation model techniques, is described in 
SEWRPC Planning Report No. 7, Volume 3, R z  

In the assignment of land use activities to sub- 
areas of the Region under this methodology, the 
only major constraint placed on the continuation of 
historic development trends within the Region and 
the watershed was that of the probable effect 
of adopted local plans and plan implementation 
devices. Land use development was assumed, in 
the absence of an agreed-upon areawide land use 
plan, to be guided only by private decisions and 
the constraints on these decisions imposed by 
adopted local land use plans and zoning ordi- 
nances. Thus, the concept of the unplanned alter- 
native, as used herein, relates to the absence of 
planning and plan implementation on an areawide, 
and not on a local, basis. The land use proposals 
of the local communities comprising the water- 
shed are shown graphically on Map 17  and are 
quantitatively compared to the proposals advanced 
in the recommended watershed plan in Tables 58 
and 59. 

The spatial distribution of the various land uses 
resulting from the unplanned alternative, as pro- 
jected for the Region as  a whole, was modified 
somewhat for the watershed by giving special 
attention to the probable location of future urban 
development in the riverine areas of the water- 
shed. Development in the riverine areas was 
projected on the basis of observed existing trends 
and in consideration of the effect of existing and 





Table  58 _ 

URBAN AND RURAL LAND USE IN  THE FOX RIVER WATERSHED: 1963, 1990 RECOMMENDED 

LAND USE PLAN, AND AS PROPOSED IN COMMUNITY PLANS AND ZONING ORDINANCES~ 

a ~ o n n u n i t y  plans m d  zoning ordinance inventory dated 1964. 

* ~ ~ t i m . t ~ d  f r m  1963 land use inventory d a t a .  

' lnclud,es 242 acres o f  o n - s i t e  parking. 

d ~ n c l u d e s  121 acres o f  o n - s i t e  psrklng. 

erneludes u t l l i t l e s :  excludes 484 acres of o f f - s t r e e t  parking. 

Land 
Use 

Category 

Urban Land Use 
. . . . . . . . . . . . .  Residential. 

LoarDensity . . . . . . . . . . .  
Medium-Densi t y  . . . . . . . . . .  
High-Density . . . . . . . . . . .  

Commercial . . . . . . . . . . . . . .  
I n d u s t r i a l  . . . . . . . . . . . . . .  
Mining . . . . . . . . . . . . . . . .  
Transportat ion . . . . . . . . . . . .  
Governmental . . . . . . . . . . . . .  
Recreational . . . . . . . . . . . . .  

Total Urban Lard Use. . . . . . . . . . .  
I Rural Land Use 

Agr icu l tu ra l  . . . . . . . . . . . . .  
Water, Woodlands, Wetlands . . . . . .  1 Total Rural Land Use . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . .  

Loca l ly  Proposed 

'includes i n s t i t u t i o n a l  uses and 121 acres o f  o n - s i t e  parking. 

Acres 

145,709 
111,856 

31,980 

1.873 

5.805 

15,685 
-- 
-- 
746 

12,952 

180,398 

3117,626 

7 ~ , 7 5 6 ~  

920.302 

600.779 

I990 Remmended Plan 

'Zncludes only the in tens ive ly  used portions of recreat ion  areas ,  such as ba l l  diamonds and tennis courts.  

Percent 

29. 2 
18.6 

5 . 3  

0.3 

1.0 

2.6 
-- 
-- 
0. I 
2. 1 

30.0 

57.9 

12. 1 

70.0 

100.0 

Acres 

99, 132 
26.253 

17,642 

277 

2,039 

2.335 

2.909 

28,673 

3.67 1 

8,769 

92,523 

367.699 

140,562 

508.256 

600,779 

E x i s t i n g  (1963) 

h ~ n c l u d e s  l a d  unplanned m d  unzoned, as well as  land zoned in  an unres t r ic ted  manner. 

Source: SEWWC. 

Percent 

7.3 
4 . 3  

2 . 9  

0 . 1  

0.3 

0.9 

0.5 

4.8 
0.6 

1.5 

15. 9 

61.2 

23. 9 

84. 6 

100.0 

Acres 

30,669 

24.67$ 

5,7496 

249 

1, 32Uc 

I, 29cd 

2,909 

22,793e 

2 , 2 0 9 ~  

6,9960 

67.637 

308,897 

194,295 

533, I92 

h00.779 

Tab le  59 
CHANGES IN LAND USE IN THE FOX RIVER WATERSHED: 1990 RECOMMENDED 

LAND USE PLAN AND AS PROPOSED IN COMMLlNlTY PLANS AND ZONING ORDINANCES a 

Percent 

5. 1 

4.1  

0 . 9  

0.1 

0.2 

0.2 

0.5 

3.9 
0. 9 

I. I 

11.9 

69.7 

23.9 

88.6 

100.0 

Land 
Use 

Category 

R e s i d e n t i a l . .  . . .  . I  
Low-Density. . . . . .  
Medium-Density . . . .  
High-Density . . . . .  

Comme rc  i a1 . . . . . . . .  
I n d u s t r i a l .  . . . . . . .  
Transpor ta t ion .  . . . . .  
Governmental . . . . . . .  
Retreat iona l  . . . . . . .  
Agr icu l  t u r a l  . . . . . . .  
Other  Open  and^. . . . .  

1990 Recommended P lan Chanqe 

Acres 1 percen t  

Local l y Proposed Change 

Acres I Percent  

a ~ o m v u n i t y  plans and zoning ordinance inventory dated 1964. 
b 

Inclvdes  on ly  the  i n t e n s i v e l y  used portions o f  recreation areas, such as  ba l l  diamonds and tennis  cour t s  

C ~ n c ~ u d e s  water,  wetlands, and woodlands. 



committed utility and transportation system ser-  
vice areas. Stage discharge and damage frequency 
curves relating to uncontrolled floodland develop- 
ment were then prepared for the resulting pro- 
jected future floodland development pattern, as 
described in Chapter VII, Volume 1, of this report. 

THE UNPLANNED ALTERNATIVE - LAND USE 
The spatial distribution of the various land uses 
which could be expected to result from the 
unplanned alternative is shown graphically on 
Map 18 and quantitatively compared to the pro- 
posals advanced in the recommended watershed 
plan in Table 60. 

Residential Development 
The land use pattern which would result from the 
unplanned alternative would accommodate the 
expected watershed population increase of 199,500 
persons by 1990, primarily through a continued 
outward expansion of existing urban areas; and 
leapfrog residential development in outlying r u r  a1 
areas of the watershed. Highly dispersed resi- 

dential development could be expected to continue 
in the absence of any enforcement of rura l  devel- 
opment standards in the rura l  areas of the water- 
shed and through continued heavy reliance upon 
very low residential development densities and 
on-site soil absorption sewage disposal systems. 
As indicated in Table 60, more than 68,600 acres 
of new residential development would be added to 
the existing stock of residential land within the 
watershed under the unplanned alternative, five 
times as  much as under the recommended land 
use plan. Nearly 92 percent of this additional 
residential acreage would be developed at low 
densities, with net lot sizes ranging from one-half 
to five acres per dwelling unit and gross popula- 
tion densities ranging from 350 to 3,499 persons 
per square mile. This is in sharp contrast to the 
recommended land use plan wherein nearly 90 
percent of the additional residential acreage would 
be developed at medium densities, with net lot 
sizes ranging from 6,300 to 19,800 square feet 
per dwelling unit and gross population densities 
ranging from 3,500 to 9,999 persons per square 

Table 60 

URBAN AND RURAL LAND U S E  I N  T H E  FOX R I V E R  WATERSHED: 1 9 6 3 ,  1 9 9 0  RECOMMENDED 

LAND USE PLAN, AND 1 9 9 0  UNPLANNED A L T E R N A T I V E  

% s t m a t e d  from 1963 land use inventory da ta .  

blncludes 242 acres o f  o n - s i t e  perkzng. 

' ~ n c l u d e s  121 acres o f  o n - s i t e  parking. 

d ~ n c l u d e s  u t i l i t i e s ;  excludes 484 acres o f  o f f - s t r e e t  parking. 

elncludes i n s t i t u t i o n a l  uses and 121 acres o f  o n - s i t e  parking. 

f ~ n c l u d e s  only the i n t e n s i v e l y  used portions o f  recrea t ion  a r e a s ,  such as bal l  diamonds and tennis courts 

Source: SEWWC. 

La ld  
Use 

Category 

Urban Land Use 

Resident ial .  . . . . . . 
Low-Density . . . . . 
Medium-Density . . . 
Hxgh-Density . . . . 

Cmmerci a l  . . . . . . . 
I n d u s t r i a l  . . . . . . . 
Mining . . . . . . . . . 
Transportat ion . . . . . 
Governmental . . . . . . 
Recreational . . . . . . 

Tota l  Urban Land Use . . . 

Rural Land Use 

A g r i c u l t u r a l  . . . . . . 
Water, Woodlands, 

wetlands . . . . . . . . 
Total Rural Land Use . . . 
Total . . . . . . . . . . . 

E x i s t i n g  

Acres 

30,669 
24,67Sa 

.5.74Da 

249' 

1 , 3 2 9 ~  

1,297C 

2,909 

2 2 , 7 ~ 3 ~  

2, 20ue 

6, 9Wf  

67.637 

388,897 

199.295 

533, 192 

600,779 

(1963) 

Percent 
o f  Major 
Category 

95.9 
36.5 

8 .5  

0 . 4  

2.0 

1.9 

9. 3 

33.7 

3. 3 

9.5 

100.0 

72.9 

27.0 

100.0 

-- 

Change 

Planned 

Acres 

1 3.968 
I , S R  

11,862 

28 

7 15 

1,038 

0 

5,880 

1,467 

2,318 

29,886 

-21, 153 

- 3,733 

-24,886 

-- 

1963- 1990 Total  

Percent 
Change 

93.9 
6 . 3  

206.6 

11 .2  

511.0 

80.0 

0.0 

25.8 

66.6 

36.0 

36.8 

-5.9 

-2.6 

-9.7 

-- 

Unplanned 

Acres 

68,609 
62,787 

5,657 

165 

1,990 

I, 460 

0 

27,895 

3,363 

2,563 
105.780 

- 99,603 

- 11, 177 

-105.780 

-- 

PI 

Acres 

99, 132 

26,253 

17,602 

277 

2,039 

2,335 

2,909 

28,673 

3.67 1 

8,769 
92,523 

367,699 

1W,562 

508,256 

600,779 

1990 

Percent 
Change 

223.7 
255.9 

102.5 

26.9 

1116.5 

1 12.6 

0.0 

122.2 

152.6 

39.8 
1%. 9 

-29.3 

- 7.7 

- 19.8 

-- 

anned 

Percent 
o f  To ta l  

97.7 
2R.4 

19.0 

0 . 3  

2.2 

2.5 

3. 1 

31.0 

9.0 

9.5 
100.0 

72. 3 

27.7 

100.0 

-- 

Unplanned 

Acres 

99,273 
87.462 

11.397 

414 

3,26U 

2.757 

2,909 

53,638 

5, 567 

9,009 
173,917 

294,299 

133. 118 

927. 362 

600.779 

Percent 
o f  To ta l  

57. 2 

50.4 

6 . 6  

0 . 2  

1.9 

1.6 

2.7 

29.2 

3. 2 

5. 2 
100.0 

68.9 

31. 1 

100.0 

-- 





mile. In the unplanned alternative, medium- 
density residential lands would increase by only 
5,657 acres. 

The recommended land use plan seeks to provide 
an overall urban population density of about 3,020 
persons per square mile within the watershed by 
1990. Under the unplanned alternative, urban pop- 
ulation densities within the watershed could be 
expected to continue to decrease from the 1963 
level of approximately 2,412 persons per square 
mile to a 1990 density of about 1,385 persons per 
square mile (see Table 61). Failure to accom- 
plish a reversal in this trend of lower urban 
development densities within the watershed, a s  
proposed in the recommended land use plan, will 
continue to present the local units of government 
within the watershed with all of the problems 
attendant to highly dispersed low-density residen- 
tial development , including incomplete neighbor- 
hoods requiring extensive urban services, ser-  
vices which can only be provided inefficiently and 
at a high cost. Failure to accomplish this reversal 
will also result in the continued breakup of eco- 
nomic farm units, leaving a residual of scattered 
underdeveloped and undeveloped areas of land 
which lack potential for either good rura l  or urban 
development. Finally, failure to accomplish this 
reversal will greatly intensify environmental 
problems in the watershed and will result in con- 
tinued deterioration and destruction of such ele- 

ments of the resource base as the woodlands 
and wetlands. 

Sewer and Water Services 
The unplanned alternative would require the con- 
version of nearly 165 square miles of land within 
the watershed from rural  to urban use by 1990. 
It would increase the urban land use of the water- 
shed by more than 156 percent as contrasted to 
the conversion of 38.9 square miles of land, an 
increase of only 37 percent, under the recom- 
mended plan. The need to restrict intensive urban 
development to those areas within the watershed 
having both soils suitable for such development 
and gravity drainage sanitary sewer service read- 
ily available would not be recognized under the 
unplanned alternative as it would by implementa- 
tion of the recommended land use plan. Under the 
unplanned alternative, only 22 percent of the total 
developed area of the watershed could be readily 
provided in 1990 with public sanitary sewer facil- 
ities tributary to existing and locally proposed 
systems (see Table 62); and only 22 percent of the 
total developed area of the watershed could be 
readily provided with public water supply facili- 
ties. Thus, the unplanned alternative would result 
in a continued emphasis upon not only low-density 
residential development but also the concomitant 
widespread utilization of private wells and domes- 
tic septic tank sewage disposal systems rather 
than upon municipal water supply and sewerage 
facilities. 

T a b l e  61 

DEVELOPED AREA AND POPULATION DENSITY IN THE 

FOX RIVER WATERSHED: 1963, 1990 RECOMMENDED 

LAND USE PLAN, AND 1990 UNPLANNED ALTERNATIVE 

a ~ e t e r m i n e d  by measuring the ex t en t  of uninterrupted  urban development 
( s e e  SEWRPC Planning Report No. 7 ,  Volume 1 ,  Chapter V ,  foo tno te  I ) .  

Source: SEWRPC. 

Square M i l e s  o f  
Developed ~ r e a ~ .  . . . . . 

Urban Populat ion.  . . . . . . 
Populat ion Per Square 

M i l e o f  Developed 
Area . . . . . . . . . . .  

Tota l  1990 E x i s t i n g  

( 1963) 

57 

137,500 

2,412 

Planned 

112 

338, 200 

3,019 

Unplanned 

33 1 

458,500 

1,385 

Increment 1963- 1990 

PI  anned Unpl anned 

Number 

5 5 

200,700 

3,649 

Number 

274 

321,000 

1 ,  172 

Percent 

96 .5  

146.0 

151.3 

Percent  

480.7 

233.5 

48.6 



Table 62 
DEVELOPED URBAN AREA AND P O P U L A T I O N  SERVED BY P U B L  l C S A N I T A R Y  SEWER AND PUBL lC 

WATER SUPPLY F A C I L I T I E S  I N  T H E  FOX R I V E R  WATERSHED: 1 9 6 3 ,  1990 RECOMMENDED 

a ~ h e  increment in square miles and population served by public sewer and public water supply f a c i l i t i e s  withln the watershed i s  larger than the increment o f  the total  
developed area because public sewer m d  water supply servzces ,  under the planned alternative, would be extended to include not only the increment of  developed area 

but also some exist ing urban areas now served by these tuo public u t i l i t ~ e s .  

b ~ h e  sewage from those portions o f  the C ~ t i e s  o f  Delaf ie ld  and Elkhorn and the Vzllsge of  Martland wzthln the watershed, as well as those portions o f  the C i t i e s  o f  
Brookfield, New Berlin, and Muskego and the Village o f  Menomnee F a l l s  within the watershed served by the Metropolitan Sewerage Conmission o f  Milwaukee County. i s  
transported to sewage treatment plants which discharge their treated effluent to watercourses outside the Fox River watershed. 

Extent 
o f  

Service 

Developed Urban Area: 

Total  Square M i l e s  . . 
Square H i  l e s  

Served in  Watershed 

Square Mi l e s  
Served from Outside 
Watershedb . . . . 

Square H i  l e s  Served. . 
Percent o f  Total 

Served . . . . . . 
Populat ion: 

Total  Populat ion . . . 
Populat ion Served 

i n  Watershed. . . . 
Populat ion Served 

from Outside 
Watershedb. . . . . 

Populat ion Served . . 
Percent o f  Total  

Served . . . . . . 

Source: SWQT.. 

The impact of such development upon surface 
water quality is extremely difficult to forecast 
because, unlike sewage treatment plant effluent, 
septic tank effluent is usually discharged to 
streams and lakes only indirectly after percola- 
tion through the soil and dilution by both surface 
and ground water. Other environmental problems 
attendant to the widespread utilization of on-site 
septic tank facilities and private wells, however, 
would probably far  outweigh any consideration of 
the effects of the use of such facilities on surface 
water quality. Continued widespread use of septic 
tank sewage disposal systems could be expected to 
subject the shallow ground water aquifer to pollu- 
tion in more numerous locations involving larger 
and larger areas with serious attendant public 
health problems. Odor and drainage problems 
could be expected to continue to develop where 
residential development is located on soils poorly 
suited for septic tank filter fields, a s  could 
attendant public health hazards. As noted in 

Total 

Chapter IV, Volume 1,  of this report, such soils 
are widespread, covering over 56 percent of the 
total area of the watershed. 

E x i s t i n g  

P u b l i c  

Sever 

57 

16.0 

2.2 

18.2 

32 

137,500 

50,200 

6,200 

56, W 

91 

1990 

PI 

P u b l i c  

Sewer 

112 

75.8 

15.5 

91.3 

82 

338,200 

259,800 

59,400 

319,100 

9 3 

Under the unplanned alternative, 221.3 square 
miles, or  77 percent of all new development within 
the watershed, would probably have to rely on 
private shallow wells as a source of water supply; 
and over 220.1 square miles, or  77 percent of the 
new development , would have to rely upon on-site 
sewage disposal systems. Consequently, by 1990 
only about 38 percent of the total watershed pop- 
ulation could be expected to be served by public 
sanitary sewerage and water supply facilities. In 
1963 about 18.2 square miles, or 32 percent, of 
the developed area of the watershed and 41 per- 
cent of the total population were served by public 
sanitary sewerage facilities, while about 20.0 
square miles, or  34 percent, of the developed 
area and 45 percent of the 1963 population were 
served by public water supply facilities. In sharp 

(1963) 

P u b l i c  

Water 

SUPP~Y 

57 

18.9 

0.5 

19.9 

34 

137,500 

60,000 

1.900 

6 1,900 

95 

Publ i c  
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33 1 

52.2 

19.9 

72. 1 

22 

958.500 

127, 400 

48,500 

175.900 

38 

anned 

Pub l ic  

Water Supply 
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15. 5 

9 1. 3 

82 
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9 3 

Unplanned 

P u b l i c  

Water Supply 

331 

52.2 

19.9 

72. 1 

22 

958. 500 
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48,500 
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38 

Increment 

PI 

P u b l i c  

Sewer 

55 

59.8' 

13.3 

73. 1 

-- 

2W,700 

209.600" 
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257,700 

-- 

1963- 1990 

anned 

Pub l ic  

Water Supply 

55 

56.ga 

15.0 

71.9 

-- 

P0,700 

199,800 

57. 500 

252,200 

-- 

Pub l ic  

Sewer 

279 

36. 2 

17.7 

53.9 

-- 

32 1,000 

67. DO 

92,200 

119,500 

-- 

Unplanned 

Publ i c  

Water Supply 

27 4 

33.3 

19.9 

52.7 

-- 

321 .OW 

58,000 

96.600 

119.WO 

-- 



contrast to the unplanned alternative, the recom- 
mended land use plan would make possible the 
provision of public sewerage and water supply 
facilities to all new residential development within 
the watershed and would by 1990 facilitate the 
provision of public sewer and water service to 
82 percent of the total developed area of the 
watershed and 93 percent of the total population. 

U c a l  Park Land Use 
The recommended watershed land use plan calls 
for the acquisition and eventual development of 
536 acres of local park land in the- form of neigh- 
borhood parks to serve the additional residential 
development anticipated to occur within the water- 
shed by the year 1990. In addition, the recom- 
mended watershed land use plan calls for the 
ultimate development of an additional 1,847 acres 
of local park land in the form of community parks 
within the acquired urban environmental corridors 
in order to fully meet the recommended standard 
of 10 acres of local park land per thousand resi- 
dent population. Thus, the recommended water- 
shed land use plan provides for a total of 2,383 
acres of additional local park land. Under the 
unplanned alternative, the amount of land needed 
for neighborhood and community parks totals 
2,563 acres o r  about 180 acres more than the 
local park land proposed in the recommended 
watershed land use plan. This additional local 
park land would be necessary in order to serve 
the large increase in low-density residential land 
use which would occur under the unplanned alter- 
native. It should also be noted that the unplanned 
alternative would not be nearly as effective in 
protecting the natural resource base of the water- 
shed because of the large amount of residential 
development which would be likely to occur within 
the environmental corridors. While some of the 
neighborhood and community parks which would be 
established under the unplanned alternative might 
be located within the environmental corridors, i t  
is likely that the uncontrolled residential develop- 
ment would usurp most of the high-value natural 
resource areas, with the local and community 
parks then relegated to the remaining low-value 
resource areas. Thus, while the recommended 
watershed land use plan proposes to develop 
slightly fewer acres for local park use than would 
be developed under the unplanned alternative, 
the recommended plan, because of the proposed 
acquisition and preservation of the primary envi- 
ronmental corridors, would be far more effec- 
tive in protecting the natural resource base of 
the watershed. 

Agricultural Land Use 
Under the unplanned alternative, the expansion of 
urban activities in the presently rura l  areas of 
the watershed could result in the conversion of 
105,780 acres of rural  land uses to urban uses 
between 1963 and 1990. This would be an equiva- 
lent annual rate of conversion of about 3,900 
acres, or  6.1 square miles. As indicated in 
Table 60, much of the urban expansion of 105,780 
acres would take place on land that is now in 
agricultural use and would result in a decrease 
of about 24.3 percent of the existing stock of 
agricultural land within the watershed. The rec- 
ommended land use plan would require the con- 
version of only 58,893 acres, or  15.1 percent of 
the existing stock of such land by 1990. Moreover, 
the unplanned alternative would result in a con- 
version of 24,443 acres, o r  19.0 percent, of the 
remaining prime agricultural lands, while the 
recommended plan would require the conversion 
of only 982 acres, or less than 1 percent of 
these lands. 

THE UNPLANNED ALTERNATIVE- 
FLOOD DAMAGES AND WATER 
QUALITY MANAGEMENT 

Implications for Flood Control 
The floodlands of the Fox River watershed, as 
delineated by the 100-year recurrence interval 
flood hazard lines, encompass a total of 71.4 
square miles of land, or  7.5 percent of the total 
watershed area. By 1963, 2.8 square miles, o r  
about 4 percent of this total floodland area, had 
been converted to urban use; and the average 
annual flood-damage risk totaled $77,000, with 
a major flood, such as  the 1960 flood, causing 
total damages of almost one-half million dollars, 
and a 100-year recurrence interval flood having a 
damage potential of $857,000. 

Under the unplanned alternative, an additional 
22.7 square miles of floodlands could be expected 
to be converted from rural  to urban use within the 
watershed by 1990, resulting in an increase in the 
annual r i sk  of flood damage from $77,000 to 
$112,000 and an increase in the r isk of damage 
from a 100-year recurrence interval flood from 
$857,000 to $1.5 million. 

At the present time, the amount of water tempo- 
rari ly stored on the floodlands of the Fox River 
watershed during the peak of a 100-year recur- 
rence interval flood is about 110,000 acre-feet. 
This existing storage is equivalent to 2 . 3  inches 



of runoff over the total area of the watershed, or  
a flow of 55,000 cubic feet per second for a period 
of one day at the Wilmot Dam in Kenosha County. 
This storage results in a significant reduction of 
peak flood flows within the watershed as compared 
to those which would occur if this floodland stor- 
age were eliminated through urban development. 
Under the unplanned alternative, an additional 
22.7  square miles, or  32 percent, of the floodland 
area  could be expected to be converted from rural  
t o r b a n  use; and, as a direct con%equence, sig- 
nificant amounts of the presently available flood- 
land storage could be expected to be lost to urban 
development. Additional channel improvements 
would then be necessary to accommodate this ur- 
ban development in the floodlands, which could be 
expected to increase further downstream peak 
flood discharges. Effects of these increased dis- 
charges would be particularly significant in the 
upper reaches of the main stem of the Fox River 
from the headwaters to the City of Burlington. 

The increase in flood damage and in peak flood 
discharges accompanying the unplanned land use 
alternative could be expected to increase the need 
and demand for structural flood control measures 
beyond those proposed in the recommended com- 
prehensive watershed plan. These might include 
channel improvements of an indeterminate extent, 
together with the construction of far  more exten- 
sive systems of dikes and floodwalls than pro- 
posed in the recommended watershed plan. 

Of the alternative structural flood control plan 
elements described in Chapter IV of this volume, 
levee construction and channel improvements 
within the Cities of Waukesha and Burlington; a 
floodwater retarding structure near the outlet of 
the Vernon Marsh; reconstruction of the existing 
dam at Waterford and management of its impound- 
ment for flood control; and management of the 
major lakes within the watershed for flood con- 
trol  would all be physically compatible with the 
unplanned alternative. 

Implications for Water Quality Management 
Although certain alternative water pollution abate- 
ment measures, such as  the provision of second- 
ary treatment with disinfection of the effluent and 
the provision for nutrient removal, would be 
applicable to any sewage treatment plant configu- 
ration serving the unplanned land use alternative, 
the problems associated with the economical 
extension of centralized sanitary sewer service 
under the unplanned alternative would make these 

pollution abatement measures less effective. More 
importantly, the proliferation of small sewage 
treatment plants serving highly dispersed, rela- 
tively small enclaves of urban development within 
the watershed would make the attainment of 
advanced sewage treatment extremely difficult 
if not impossible. The probable effects of the 
lack of such advanced treatment on future stream 
water quality within the watershed have been 
described in Chapter V of this volume. The 
unplanned land use alternative would also make 
the attainment of a centralized sanitary sewerage 
system for those reaches of the Fox River above 
the City of Waukesha more difficult. Conse- 
quently, the Fox River above Waukesha could be 
expected to become unsuited for any use except 
waste assimilation and transmission. Lake eutro- 
phication could be expected to continue at a rapid 
rate, with the lakes becoming increasingly unde- 
sirable for not only recreational activities but for 
aesthetic values as well. The foregoing may be 
expected to be accompanied by decreasing prop- 
erty valuations in the lake-oriented communities 
of the watershed. 

BENEFITS OF THE UNPLANNED ALTERNATIVE 
One advantage that can be advanced for the 
unplanned alternative is that decision-making as  
to land use would continue to be decentralized in 
individual landowners and developers. This is an 
extremely intangible benefit, however; and any 
monetary benefits are  and would continue to be 
derived by relatively few persons. In a free 
enterprise economy, each landowner and devel- 
oper should be subject to a minimum of con- 
straints in selecting the utilization of his land 
that, to him, appears to offer the greatest profit; 
and each consumer should be free to choose 
the opportunity that, to him, appears to offer 
the greatest value. Theoretically, in a free 
enterprise economy, the individual is in the best 
position to evaluate his own particular set  of 
circumstances and then to choose the opportunity 
that appears most profitable to him. For example, 
a land developer and home builder are free to 
choose whether or  not to locate on the floodland; 
and in theory would carefully weigh the attendant 
benefits and costs and before actually locating on 
the floodland would have concluded that the r isk of 
flood damage is outweighed by other benefits of 
the floodland location, fully realizing that future 
owners should not expect nor obtain any govern- 
mental aid through publicly funded flood protection 
or  drainage programs. 



For this theory to apply in practice, however, it 
would be necessary for each individual decision- 
maker, in making his decision, to have full know- 
ledge of the existence and magnitude of the flood 
risk and to be willing to act responsibly upon that 
knowledge. This is seldom the case in the Fox 
River watershed, and it is  highly unlikely that an 
individual deciding whether or not to buy an exist- 
ing building in the floodland would do so if all of 
the flood risk facts were made available to him to 
help him in determining his home or business 
location. The costs attendant to water pollution 
are not recognized at all in such decisions. 

COSTS OF THE UNPLANNED ALTERNATIVE 
Both heavy direct and spillover costs would be 
incurred under the unplanned alternative, with the 
latter costs being defined as those costs which the 
community as a whole must bear as a result 
of private development decisions. Direct costs 
would result from recurring flood damages which 
would be incurred by residents of the floodlands 
and by the watershed communities, and the magni- 
tude of these costs has been discussed in a previ- 
ous section of this chapter. Major areas in which 
spillover costs would be incurred include the loss 
to the community of prime park and related open- 
space lands; loss in recreational value of the 
streams and lakes of the watershed due to water 
pollution; and the increased cost of providing 
community services to a highly dispersed land use 
pattern, including, in addition to sanitary sewer 
and water supply services, school services and 
police and fire protection. Although these spill- 
over costs have real monetary values, such costs 
are virtually impossible to calculate and must, 
therefore, be considered as intangibles. 

A benefit-cost analysis was not made for the 
unplanned alternative because the only recognized 
benefit would be the maximization of individual 
decision-making, to which a monetary value can- 
not be assigned. Presumably, this alternative 
would be acceptable only if the benefit-cost ratios 
of all other alternative plans, including allowances 
for intangible considerations, were found to be 
less than 1. A comparative evaluation of the rec- 
ommended comprehensive watershed plan with the 
unplanned alternative was made on the basis of the 
relative ability to meet established watershed 
development objectives and standards. This eval- 
uation is presented in summary form in Table 63. 

SUMMARY 
This chapter has presented a description, com- 
parison, and evaluation of the recommended com- 

prehensive Fox River watershed plan with the 
unplanned alternative. The recommended com- 
prehensive watershed plan was designed specifi- 
cally to meet established watershed development 
objectives, whereas the unplanned alternative was 
prepared to reflect one possible consequence of a 
continuation of existing development trends within 
the watershed in the absence of any attempt to 
guide such development on an areawide basis in 
the public interest. The recommended watershed 
plan best meets the adopted watershed develop- 
ment objectives and standards; and its implemen- 
tation could be expected to provide a safer, more 
healthful, and more pleasant, as well as a more 
orderly and efficient, environment within the 
watershed. Implementation of the recommended 
watershed plan would abate many of the existing 
areawide development problems, would avoid the 
creation of new developmental problems, and 
would do much to protect and enhance the under- 
lying and sustaining natural resource base. 

The unplanned alternative would require the least 
amount of areawide effort toward regulation of 
development in the public interest and would 
require few restraints on the operation of the 
urban land market in determining the future 
character, intensity, and spatial distribution of 
land use development within the watershed. The 
unplanned alternative, however, could be expected 
to lead to a continued intensification of existing 
environmental problems within the watershed, 
including flooding and water pollution; could be 
expected to result in the almost total destruc- 
tion of the natural resource base; and could be 
expected to result in a land use pattern which 
would be as disorderly and inefficient as it would 
be ugly. The need to protect the floodways and 
floodplains of the perennial stream system, the 
best remaining woodlands and wetlands, the best 
remaining wildlife habitat, and the best remaining 
agricultural areas would be ignored as would the 
value of developing an integrated system of park 
and open-space areas centered on the primary 
environmental corridors of the Region. Failure 
to recognize these needs and values has, indeed, 
been the case within the watershed in the past as 
attested to by growing environmental problems. 
Continuation of these past practices can only lead 
to the further deterioration and destruction of the 
natural resource base of the watershed, increasing 
costs for governmental facilities and services, 
and a decline in the overall quality of life within 
the watershed. 



Table  63 

COMPARISON OF THE RELATIVE ABILITY OF THE RECOMMENDED FOX RIVER WATERSHED PLAN 
AND THE UNPLANNED ALTERNATIVE TO MEET ADOPTED DEVELOPMENT STANDARDS 

-- - 

Unplanned 
A l  t e r n a t i  ve  

240 acres/  1,000 
70  acres/  1,000 
25 ac res /  1,000 

Not  met 
No t  met 

0.32 acre /  100 
0. 26 acre/ 100 
P a r t i a l l y  met  
P a r t i a l l y  met 
No t  met 
Not  met 
Met 

3.91 acres/100 

6. 16 acres/ 100 

D i f f i c u l t  t o  meet 
Met 
Met 

La rge l y  unmet 
Large ly  unmet 
La rge l y  unmet 

Met f o r  9 o f  45 lakes 
Met f o r  3 o f  45 l akes  
Met f o r  3 o f  45 l akes  

Not met 

Met f o r  8 o f  30 streams 
Met f o r  7 o f  30 streams 
Not  met 

Not  met 

Land Use O b j e c t i  ve 

O b j e c t i v e  No. 1 
Standard 

I. Res ident ia l  Land A l l o c a t i o n  
a. Low-densi ty--250 acres /  1,000 persons . . . . .  
b. Medium-density--70 acres/ 1,000 persons . . . .  
c. High-densi ty--25 acres/ 1,000 persons . . . . .  

2. Governmental and I n s t i  t u t i o n a l  Land A l  l o c a t i o n  
a. Local--6 acres/1,000 added popu la t i on .  . . . .  
b. Regional--3 acres/1,000 added popu la t i on  . . .  

3. Park and Recreat ion Land A l l o c a t i o n  
a. Local--1.0 acre/100 added popu la t i on  . . . . .  
b Regional--0. 4 acre/  100 added popul a t i  on . . . .  
c. Swimming--0.45 acre/100 p a r t i c i p a n t s  . . . . .  
d. Picnicking--12.5 ac res / l 00  p a r t i c i p a n t s  . . . .  
e. Golfing--32.8 acres/100 p a r t i c i p a n t s  . . . . .  
f. Camping--133. 3 acres/100 p a r t i c i p a n t s .  . . . .  
g. Ski ing--3.7 scres/ lOO p a r t i c i p a n t s  . . . . . .  

4. Commerci a l  Land A l  l o c a t  ion 
a. 5 acres/100 added employees . . . . . . . . . .  

5. I n d u s t r i a l  Land A1 l o c a t i o n  
a. 7 acres/  100 added empl oyees . . . . . . . . . .  

O b j e c t i v e  No. 2 
Standard 

I. Res iden t i a l  p l a n n i n g u n i t s  . . . . . . . . . . . .  
2. Regional commercial l and  l o c a t i o n  . . . . . . . . .  
3. M a j o r  i n d u s t r i a l  1 and l o c a t i o n  . . . . . . . . . .  

O b j e c t i v e  No. 3 
Standard 

I. S o i l s  
a. Urban uses . . . . . . . . . . . . . . . . . .  
b. Rural uses . . . . . . . . . . . . . . . . . .  
c. San i t a r y  sewer s e r v i c e  areas . . . . . . . . .  

2. I n l a n d  Lakes and Streams 
a. Large in land l akes  over 50 acres  

1. 25% o f  shore in  n a t u r a l  s t a t e .  . . . . . .  
2. 1 0 % o f  shore i n  p u b l i c u s e  . . . . . . . .  
3. 50% o f  shore i n  nonurban u s e s .  . . . . . .  

b. Small i n l a n d  l akes  under 50 acres 
1. 25% o f  shore i n  n a t u r a l  s t a t e  . . . . . . .  

c. Perenn ia l  streams 
1. 25% o f  shore in  n a t u r a l  s t a t e  . . . . . . .  
2. 50% o f  shore i n  nonurban uses .  . . . . . .  
3. R e s t r i c t  urban uses i n  f loodp la ins  . . . .  
K R e s t r i c t  development i n  channel s and 

floodways. . . . . . . . . . . . . . . .  

Recommended 
Watershed 

Land Use PI an 

~ e t ~  
Meta 
~ e t ~  

~ e t ~  
Meta  

0.34 acre/ lOoa 
0.53 acre/  100a 
Meta 
~ e t ~  
Meta 
Meta  
Me ta  

3.32 acres/ 100 

6. 56 acres/ 100 

Could b e m e t b  
Meta 
Meta 

Meta 
Meta 
Meta  

Met f o r  45 1 akes 
Met  f o r 6 o f  451akesC 
Met f o r  16 o f  45 lakesC 

Could be metb 

Met f o r  25 o f  30 streams 
Met f o r  25 o f  30 streams 
~ e t ~  

Meta 
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Unpl anned 
A l  t e r n a t i  ve 

Not  met 

Not  met 
Could be met 
Unknown 

N o t  met 

D i f f i c u l t  to meet 

Unknown 
D i f f i c u l t  t o  meet 
Cou ld  be met 
22% served 
22% served 

N o t  met 

O i  f f i c u l  t t o  meet 

D i f f i c u l t  t o  meet 

D i f f i c u l t  t o  meet 

Met  
Unknown 
No t  met 

D i f f i c u l t  t o  meet 
No t  met 

8 1% preserved 
76% preserved 

Land Use O b j e c t i v e  

3. Wetlands 
a. P r o t e c t  wet lands over  50 acres and those w i th  

h i g h  resource va lue .  . . . . . . . . . . . .  
4. Wood1 ands 

a. 10% o f  watershed . . . . . . . . . . . . . . .  
b. 40 acres  each o f  4 f o r e s t  t ypes .  . . . . . . .  
c. 5 acres/1,000 reg iona l  popu la t i ond  . . . . . .  

5. W i  l d l  i f e e  
a. Ma in ta in  a  wholesome h a b i t a t  . . . . . . . . .  

O b j e c t i v e  No. 9 
Standard 

I. Ma jo r  t r a n s p o r t a t i o n  rou tes  p e n e t r a t i n g  
r e s i d e n t i a l  p l ann ing  u n i t s  . . . . . . . . . . .  

2. Ma jo r  t r a n s p o r t a t i o n  rou tes  p e n e t r a t i n g  
resource areas . . . . . . . . . . . . . . . . .  

3. T ranspo r ta t i on  s e r v i c e  t o  app rop r i a te  a reas .  . . .  
4. T ranspo r ta t i on  te rmina l  a reas.  . . . . . . . . . .  
5. S e w e r s e r v i c e  t o  r e s i d e n t i a l  areas . . . . . . . .  
6. Water supply t o  r e s i d e n t i a l  areas . . . . . . . . .  
7. Maximize use o f  e x i s t i n g  t r a n s p o r t a t i o n  and 

u t i l  i t y  f a c i l  i t i e s  . . . . . . . . . . . . . . .  
O b j e c t i v e  No. 5 

Standard 

I. Phys i ca l  sel  f -containment o f  r e s i  d e n t i  a1 p lann ing  
u n i t s  . . . . . . . . . . . . . . . . . . . . . .  

2. Appropr ia te  l and  uses w i t h i n  r e s i d e n t i a l  p l a n n i n g  
u n i t s  . . . . . . . . . . . . . . . . . . . . . .  

3. V a r i e t y  o f  housing w i t h i n  r e s i d e n t i a l  p l ann ing  
u n i t s .  . . . . . . . . . . . . . . . . . . . . .  

O b j e c t i v e  No. 6 
Standard. 

I. Ma jo r  i n d u s t r i a l  s i t e  requirements . . . . . . . .  
2. Local  commercial s i t e  requ i rements . . . . . . . .  
3. Ma jo r  commerci a1 s i t e  requirements . . . . . . . .  

O b j e c t i v e  No. 7 
Standard 

I. Local park s p a t i a l  l o c a t i o n  . . . . . . . . . . . .  
2. Regional park spa t i  a1 l o c a t i o n  . . . . . . . . . .  

Ob jec t i ve  No. 8  
Standard 

I. Preserve p r ime  a g r i c u l t u r a l  areas . . . . . . . . .  
2. Preserve o t h e r  app rop r i a te  a g r i c u l  t u r a l  a reas.  . .  

Recommended 
Watershed 

Land Use PI an 

Meta 

P a r t i a l l y  met 
Could be metb 
10 acres/1,000 

Met  

Cou ld  be met 

P a r t i  al l y  met 
Could 'be metb 
Could be metb 
82% served 
93% served 

~ e t ~  

Could be metb 

Could be metb 

Could bemetb  

MetC 
Could be metb 
I4etb 

Could be met 
Meta 

99% preserved 
85% preserved 
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Recommended 

Water Con t ro l  O b j e c t i v e  
Watershed Water 

Cont ro l  Faci l i t i e s  
PI an 

Unpl anned 
A l t e r n a t i v e  

O b j e c t i v e  No. I 
Standard 

I. E x i s t i n g  b r i dges  and c u l v e r t s  
a. M ino r  s t reets- -pass the  10-year f lood. . . . .  
b. A r t e r i a l  s t r e e t s  and h  ighways--pass the  

. . . . . . . . . . . . . . . .  50-year f l o o d  
c. F reeways--pass the 100-year f l o o d  . . . . . . .  
d. Rai l roads--pass the 100-year f l o o d  . . . . . .  

2. New br idges and c u l v e r t s  s h a l l  meet t h e  fo rego ing 
a p p l i c a b l e  standards. Maximum headloss shal l n o t  
exceed 0. 5  f o o t .  . . . . . . . . . . . . . . . .  

3. S t r u c t u r e  design shal 1 maximize passage o f  i c e  
f l ows  and d e b r i s  . . . . . . . . . . . . . . . .  

4. Channel improvements should be r e s t r i c t e d  t o  t he  
abso lu te  minimum necessary . . . . . . . . . . .  

5. A l l  o t h e r  water c o n t r o l  f a c i l  i t i e s ,  such as dams I 
o r  d i  vers ion channel s, sha l l  accommodate the  
100-y ear  f l o o d  . . . . . . . . . . . . . . . . .  

6. P u b l i c  l and  a c q u i s i t i o n s  t o  e l i m i n a t e  water I 
c o n t r o l  f a c i l  i t i e s  sha l l  encompass the e n t i  r e  
100-year f l o o d p l  a in  . . . . . . . . . . . . . .  

O b j e c t i v e  No. 2 
Standard 

I. Stream reach water  qua1 i t y  1 eve1 s  s h a l l  meet 
S t a t e  Water Qual i t y  Standards f o r  a l l  reaches . . 

2. A l l  stream reaches s h a l l  meet S t a t e  Minimum 
Standards . . . . . . . . . . . . . . . . . . . . .  

3. R e s i d e n t i a l  l o t s  l e s s  than 5 acres on poor  s o i l s  
shal l be served by pub1 i c  s a n i t a r y  sewers.  . . .  

Ob jec t i ve  No. 3 
Standard 

~ e t ~  
~ e t ~  
Met 

Met  

Met 

Could be met 

Met 

Could be met 

D i f f i c u l t  to  meet 
Met 
Met  

Could be met 

Me t  

N o t  met 

Could be met 

No t  met 

Di f f i  cul  t t o  meet 

Unknown 

I. A l l  l a k e  water uses sha l l  be  compat ib le  w i t h  
rec rea t i on ,  f i s h i n g ,  and a e s t h e t i c  uses. . .  I t4eta 

P a r t i a l l y  met 

D i f f i c u l t  to  meet 

N o t  met 

2. Lake water uses n o t  a1 lowed. . . . . . . . . . . .  1 Meta I Unknown 

3. Lake water qua1 i t y  standards s h a l l  meet ,State 
Water Qual i t y  Standards .  . . . . . . . . . . . .  Di f f i  cuI t t o  meet 

4. Algae and weeds s h a l l  n o t  c r e a t e  a  nu isance.  . . .  Meta No t  met 
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a ~ h i s  standard has been met under t h e  recommended land use plan because i t  served as an input  to the  plan design 
process. 

b 
Th i s  standard could be met only  by local  c o m n i t y  act ion.  

C ~ f  the  recommendations contained i n  the  s e r i e s  o f  lake  use reports  prepared under the Fox River watershed study 
are carried o u t ,  39 o f  the 45 major lakes  would meet the  standard o f  10 percent o f  shore i n  publ ic  u s e  and 27 o f  
the  45 major lakes  would meet the  standard o f  50 percent o f  shore i n  nonurban use .  

d ~ n l y  that  twodl and a v e r  contained wi th in  the  primary environmental corridors  was assumed t o  be preserved. 

e l h i s  standard has been met under the recommended watershed land use  plan because a l l  o f  the  environmental corri -  
dors are proposed to  be protected and preserved. 

Note: These o b j e c t i v e s  are l i s t e d  i n  the  sane order as i n  Chapter I I ,  Volume 2 ,  o f  t h i s  report .  

Source: SEWRPC. 



Chapter IX 

PLAN IMPLl3MENTATION 

INTRODUCTION 
The recommended comprehensive plan for the 
Fox River watershed described in the foregoing 
chapter of this report provides a design for the 
attainment of the specific watershed development 
objectives formulated under the Fox River water- 
shed study in cooperation with the local, state, 
and federal units and agencies of government 
concerned. The final watershed plan emphasizes 
six main elements: the regulation, in the public 
interest, not only of the use of land lying in areas 
subject to periodic flooding but also the use of 
land and water throughout the entire watershed; 
the acquisition of certain riverine areas and other 
lands for  the protection and preservation of the 
underlying and sustaining natural resource base of 
the watershed; the provision of adequate park and 
related open-space sites to meet the growing 
demand within the watershed for outdoor recrea- 
tion; the construction of certain flood control 
facilities; the construction of certain water pollu- 
tion abatement facilities; and the application of 
sound water supply development and management 
practices to the ground water aquifers which must 
serve as the principal source of municipal and 
industrial supply within the watershed in the fore- 
seeable future. In a practical sense, the recom- 
mended watershed plan i s  not complete, however, 
until the steps required to implement the plan, 
that i s ,  to convert the plan into action policies and 
programs, are specified. 

This chapter is, therefore, presented as a guide 
for use in the implementation of the recommended 
watershed plan. Basically, i t  outlines the actions 
which must be taken by the various levels and 
agencies of government concerned if the recom- 
mended comprehensive watershed plan is to be 
fully carried out. Those units and agencies of 
government which have plan adoption and plan 
implementation powers applicable to the Fox 
River watershed plan are  identified; necessary or  
desirable formal plan adoption actions are speci- 
fied; and specific implementation actions are  rec- 
ommended with respect to the recommended land 
use, recreation and natural resource protection, 
flood control, water pollution abatement, and 
water supply plan elements to each of the units 

and agencies of government concerned. In addi- 
tion, financial and technical assistance programs 
available to such units and agencies of govern- 
ment in implementation of the watershed plan 
are discussed. 

The plan implementation recommendations con- 
tained in this chapter are, to the maximum extent 
possible, based upon, and related to, existing 
governmental programs and are predicated upon 
existing enabling legislation. Because of the ever- 
present possibility of unforeseen changes in eco- 
nomic conditions, state and federal legislation, 
case law decisions, governmental organization, 
and tax and fiscal policies, i t  is not possible to 
declare once and for all time exactly how a proc- 
ess  as complex as watershed plan implementation 
should be administered and financed. In the 
continuing planning process for southeastern Wis- 
consin, i t  will, therefore, be necessary to peri- 
odically update not only the watershed plan 
elements and the data and forecasts on which these 
plan elements are based but also the recommen- 
dations contained herein for implementation. 

BASIC CONCEPTS AND PRINCIPLES 
It is important to recognize that plan implementa- 
tion measures must grow out of adopted plans. 
Thus, action policies and programs must not 
only be preceded by plan adoption but also must 
emphasize the most important and essential ele- 
ments of the comprehensive watershed plan and 
those areas of action which will have the greatest 
impact on guiding and shaping development in 
accordance with the recommended plan. Of par- 
ticular importance in this regard are  those plan 
implementation efforts which are directly related 
to achieving the watershed development objectives, 
especially those objectives dealing with protection 
of the underlying and sustaining natural resource 
base, with flood control, and with water pollu- 
tion abatement. 

With respect to natural resource protection and 
the provision of adequate facilities for outdoor 
recreation, watershed plan implementation will be 
largely achieved if future residential development 
within the watershed approximates the density and 



spatial distribution patterns recommended in the 
land use base element of the watershed plan; if all 
of the primary environmental corridor lands lying 
within the existing and probable future urban areas 
of the watershed and along the main stem of the 
Fox River are publicly acquired for conservancy 
and related open-space purposes; if certain addi- 
tional high-value wetlands and woodlands within 
the corridors are publicly acquired for conser- 
vancy purposes; and if the proposed regional and 
local park sites are acquired for public recrea- 
tional use. 

With respect to flood control, watershed plan 
implementation will be largely achieved if the 
delineated floodways and floodplains are kept in 
substantially open use throughout the watershed, 
either through public acquisition of floodlands, as 
recommended in all existing and probable future 
urban areas and along the entire main stem of the 
Fox River, or through effective floodland zoning 
in rural areas; if levee construction and channel 
improvements are made in the Cities of Burling- 
ton and Waukesha; if channel improvements are 
made on Honey, Hoosier, and Sugar Creeks; if the 
multi-purpose Sugar Creek reservoir is con- 
structed; and if existing residences in the flood- 
lands in Kenosha County are gradually removed. 
The importance to the entire watershed plan of 
maintaining in permanent open use the primary 
environmental corridors 'and associated floodw ays 
and floodplains of the Fox River system cannot be 
overemphasized. Elimination of the existing nat- 
ural valley storage and encroachment in the form 
of dumping, filling, and structure placement in the 
f loodways and floodplains will inevitably destroy 
the present naturally well-regulated flow charac- 
teristics of the Fox River system and will result 
in increased flooding and concomitant flood dam- 
ages within the watershed and in public demands 
for the construction of expensive flood control 
facilities. 

With respect to water pollution abatement and 
water quality control, watershed plan implemen- 
tation will be largely achieved if advanced waste 
treatment is provided at all major municipal 
sewage treatment plants within the watershed and 
if sanitary sewerage systems are provided at 
Browns, Camp and Center, Como, Eagle, Little 
Muskego, Pewaukee, Tichigan, and Wind Lakes. 
With respect to the upper watershed, the plan 
indicates that the required advanced waste treat- 
ment could best be provided through the construc- 
tion of an areawide trunk sewer system conveying 

all wastes to a single large treatment plant located 
below the City of Waukesha. The water use 
objectives and supporting water quality standards 
incorporated in the plan, however, could also be 
achieved by any one of the other two alternative 
sanitary sewerage system configurations con- 
sidered for the upper watershed, should it prove 
impractical to create the institutional structure 
required to build and maintain an areawide sewer- 
age system within a reasonable period of time 
following plan adoption. Thus, with respect to the 
upper watershed, plan implementation will be 
largely achieved if advanced waste treatment is 
provided, regardless of the system configuration 
utilized to provide such treatment. With respect 
to the lower watershed, plan implementation will 
be largely achieved if advanced waste treatment is 
provided at the sewage treatment plants serving 
the Cities of Burlington and Lake Geneva, the 
Villages of East Troy, Mukwonago, and Twin 
Lakes, and the western Racine County sewerage 
district; if sanitary sewerage service is provided 
for the Browns Lake community through the City 
of Burlington sewage treatment plant; if sanitary 
sewerage service i s  provided for the Little Mus- 
k e g ~  Lake community through the Milwaukee- 
Metropolitan sewerage system; and if sanitary 
sewerage systems are established at Camp and 
Center, Como, Eagle, Tichigan, and Wind Lakes. 

With respect to water supply, watershed plan 
implementation will be largely achieved if the 
plan recommendations concerning well location 
and spacing for proper development of the deep 
aquifer underlying the watershed are followed and 
if the land for a potential surface water supply 
reservoir in the Vernon Marsh area of Waukesha 
County i s  publicly acquired. 

Primary emphasis in plan implementation, then, 
should be placed upon the following four aspects of 
watershed development: 1) the preservation in 
open uses, through land acquisition and zoning, of 
the primary environmental corridors and asso- 
ciated floodways and floodplains of the entire 
river system; 2) the preservation, through land 
acquisition, of designated high-value park lands 
and high-value woodland and wetland areas; 3) the 
provision of advanced waste treatment facilities at 
all sewage treatment plants recommended to be in 
operation within the watershed through the plan 
design year of 1990; and 4) the construction of 
certain flood control structures and designated 
channel improvements. 



There are three main ways through which the 
necessary watershed plan implementation may be 
achieved; and these parallel the three functions 
of the Regional Planning Commission: inventory, 
or  the collection, analysis, and dissemination of 
basic planning data on a uniform, areawide basis; 
plan design, or  the preparation of a framework of 
long-range plans for the physical development of 
the Region; and plan implementation, or the pro- 
vision of a center for the coordination of planning 
and plan implementation activities. All require at 
least a receptive attitude and preferably active 
planning and plan implementation programs at the 
local, county, and state levels of government. 

A great deal can be achieved with respect to 
guiding watershed development along better lines 
through the simple task of collecting, analyzing, 
and disseminating basic planning and engineering 
data on a continuing and uniform basis. Experi- 
ence within the Region to date has shown that, if 
this important inventory function is properly car- 
ried 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 primary input to the prepara- 
tion of the Fox River watershed plan, the utiliza- 
tion of these data in arriving at public and private 
development decisions on a day-to-day basis will 
tend to contribute substantially toward implemen- 
tation of the comprehensive watershed plan. 

With respect to the function of plan preparation or  
design, i t  is essential that some of the watershed 
plan elements be carried into greater depth and 
detail for sound implementation. Specifically, the 
plan recommendations dealing with the flood con- 
trol  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 high-value wetlands and woodlands. 
The preparation of such detailed plans will re- 
quire the continuing development of very close 
working relationships between the Commission, 
the four 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 Depart- 
ment of Natural Resources. 

It will be highly desirable, although not absolutely 
essential, to achieve a high degree of watershed 
plan implementation through the Commission's 

objective of serving as  a center for the coordina- 
tion of local, areawide, state, and federal plan- 
ning and plan implementation activities within the 
watershed. The Commission's community assis- 
tance program, which actively assists  the local 
municipalities in the preparation of plans and plan 
implementation devices, is an important factor 
in this respect and will make possible the integra- 
tion of watershed and local plans adjusting the 
details of the latter to the broader framework of 
the former. 

Under the provisions of recently enacted federal 
legislation and subsequent federal administrative 
determinations,' 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 facilities as 
sewerage and water supply systems, parks, waste 
treatment facilities, and land conservation proj- 
ects must, in metropolitan regions, be submitted 
to an officially designated areawide planning 
agency for review, comment, and recommendation 
before consideration by an 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 compre- 
hensive planning program for the region, includ- 
ing, in southeastern Wisconsin, the Fox River 
watershed planning program, and the extent to 
which such project contributes to the fulfillment 
of such planning programs. The review comments 
and recommendations 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 public development pro- 
grams in urbanizing regions of the United States. 
If used properly such review can be of material 
assistance in achieving implementation of the rec- 
ommended Fox River watershed plan. 

PLAN IMPLEMENTATION ORGANIZATIONS 
Although the Regional Planning Commission can 
promote and encourage watershed pIan imple- 
mentation in various ways, a s  discussed above, 
the completely advisory role of the Commission 

' s e c t i o n  204 o f  the Demonstration C i t i e s  and Metro- 
p o l i t a n  Development Act o f  1966; T i t l e  I V  o f  the 
Intergovernmental Cooperation Act o f  1968; and U .  S .  
Bureau o f  the Budget C i rcu lar  No. A-95,  dated  J u l y  
2 4 ,  1968. 



requires that actual implementation of the recom- 
mended Fox River watershed plan be entirely 
dependent upon action by certain local, area- 
wide, state, and federal agencies of govern- 
ment. Examination of the various agencies that 
are  available under existing enabling legislation 
to implement the recommended watershed plan 
reveals an array of departments, commissions, 
committees, boards, and districts at all levels of 
government. These agencies range from general- 
purpose local units of government, such as com- 
mon councils and village boards, to special- 
purpose districts, such as  metropolitan sewerage 
commissions and soil and water conservation and 
drainage districts; to state regulatory bodies, 
such as the Wisconsin Department 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 and the U. S. Army Corps of Engineers. 

Because of the many and varied agencies in 
existence, it becomes exceedingly important to 
identify those agencies having the legal authority 
and financial capability to most effectively imple- 
ment the recommended watershed plan elements. 
Accordingly, those agencies whose action will 
have significant effect either directly or indirectly 
upon the successful implementation of the recom- 
mended comprehensive watershed plan and whose 
full cooperation in plan implementation will be 
essential are  listed and discussed be10w.~ The 
agencies are, for convenience, discussed by level 
of government; however, the interdependence be- 
tween 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 
watershed plan implementation are  already in 
existence within the watershed. The creation of 
new agencies for watershed plan implementation 
should, therefore, be considered only if such agen- 
cies are  absolutely essential, and, if essential, 
the creation of the new agencies should be in such 

' A  more d e t a i l e d  discuss ion o f  the d u t i e s  and functions 
o f  l o c a l ,  areawide, and s t a t e  agencies as they r e l a t e  
to  plan implementation may be  found i n  SEWRPC Tech- 
n ica l  Report No. 2 ,  Water Law i n  Southeastern Wis- 
consin,  1966; SEWRPC Technical Report No. 6 ,  Planning 
Law i n  Southeastern Wisconsin, 1966; and SEI1(RPC 
Planning Guide No. 4 ,  Organization o f  Planning 
Agencies,  1964. 

form as  to complement and supplement most 
effectively the plan implementation 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 to 
coordinate and advise on the execution of the 
watershed plan and to undertake plan updating or  
renovation as necessitated by changing events. 
Although the Commission is charged with and will 
perform this continuing areawide planning func- 
tion, it cannot do so properly without the active 
participation and support of local governmental 
officials through an appropriate advisory com- 
mittee structure. It is, therefore, recommended 
that the Fox River Watershed Committee be 
reconstituted as a continuing intergovernmental 
advisory committee to provide a focus for the 
coordination of all levels of government in the exe- 
cution of the Fox River watershed plan. The Fox 
River Watershed Committee would thus continue 
to be a creature of the Southeastern Wisconsin 
Regional Planning Commission, pursuant to Sec- 
tion 66.945(7) of the Wisconsin Statutes, and would 
report directly to the Commission. 

The Committee membership should be readjusted 
so that each municipality which is likely to be 
substantially affected by the final watershed plan 
is represented on the standing committee. This 
would include at least the following local units 
of government: Waukesha County, including the 
County Park and Planning Commission and the 
County Health Department; Racine County, includ- 
ing the County Highway and Park Committee and 
the County Planning Committee; Walworth County, 
including the County Park and Planning Commis- 
sion; Kenosha County, including the County Park 
Commission; the Cities of BrooHield, Burlington, 
Muskego, and Waukesha; the Villages of Menom- 
onee Falls, Pewaukee, and Silver Lake; the West- 
ern  Racine County Sewerage District; the Soil and 
Water Conservation Districts of Kenosha, Racine, 
Walworth, and Waukesha Counties; the University 
of Wisconsin-Extension Service; the Wisconsin 
Department of Natural Resources, Division of 
Environmental Protection and Service (Planning 
and Research); a s  well as the Commission itself. 

Local Level Agencies 
Statutory provisions exist for the creation at the 
county and municipal level of the following agen- 
cies having planning and plan implementation 



powers important to comprehensive watershed 
plan implementation, including police, acquisition, 
condemnation (eminent domain), and construction 
(tax appropriation) powers. 

Countv Park and Planning Commissions: These 
commissions have the obligation to prepare a 
county park system plan and a county street and 
highway system plan. In addition, these commis- 
sions may be used to prepare and administer 
county shoreland, floodland, and comprehensive 
land use zoning ordinances and to administer 
county subdivision plat review. The commissions 
are empowered to acquire, develop, and operate 
county parks and other open-space lands. The 
existence of a county park and planning commis- 
sion in each county in the watershed is ,  therefore, 
highly desirable for proper implementation of the 
recommended watershed plan, especially with 
respect to the resource protection, recreation, 
and general land use plan recommendations. 

All four of the counties comprising the Fox 
River watershed have established some form of 
county park agency. Waukesha County created a 
county park and planning commission in 1954 and 
assigned to i t  all county zoning, subdivision plat 
review, and park functions. Similarly, Walworth 
County created a county park and planning com- 
mission in 1967, with full zoning, subdivision plat 
review, and park functions. Responsibility for 
park and parkway acquisition and development in 
Racine County is currently assigned to the Racine 
County Highway and Parks Committee, which has 
recently established a separate staff with sole 
responsibility for park and parkway acquisition, 
development, operation, and maintenance. The 
zoning and subdivision plat review functions in 
Racine County are assigned to the office of the 
County Planning Director under the supervision of 
the County Planning Committee. Kenosha County 
established a Park Commission in 1925, which 
Commission has full responsibility for park and 
parkway acquisition, development, operation, and 
maintenance. The zoning and subdivision plat 
review functions in Kenosha County are assigned 
to the office of the Zoning Administrator under the 
supervision of the County Zoning Committee. 

It is recommended that the Kenosha County Board 
consider the recreation and reconstitution of i ts  
park commission as a county park and planning 
commission, pursuant to Section 27.02 of the 
Wisconsin Statutes, assigning to it all duties 

relating to planning, zoning, subdivision plat 
review, and modified official mapping, a s  well as 
county park acquisition and development. Alter- 
natively, it is recommended that the Kenosha 
County Board create and staff a county planning 
department, leaving the park function with the 
present County Park Commission. Such a Kenosha 
County Park and Planning Commission or  Plan- 
ning Department would have, along with the 
existing park and planning agencies in Racine, 
Walworth, and Waukesha Counties, primary re- 
sponsibility for implementation of the land use, 
recreation, and natural resource protection plan 
elements of the comprehensive Fox River water- 
shed plan. A model ordinance creating a county 
park and planning commission may be found in 
SEWRPC Planning Guide No. 4, Organization of 
Local Planning Agencies, Appendix E . Sections 
27.03(2), 27.06, and 59.97 of the Wisconsin Stat- 
utes provide for the staffing and financing of 
such commissions. 

Municipal Planning Agencies: These agencies 
include city, village, and town park boards or 
plan commissions created pursuant to Sections 
27.08, 27.13, 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 in implementation of 
the various elements of the proposed 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, Organiza- 
tion of Local Planning Agencies, 1964. 

It is recommended that those cities, villages, and 
towns in the Fox River watershed without plan 
commissions duly created in accordance with Sec- 
tion 62.23 of the Wisconsin Statutes create such 
commissions. These included, as of July 1967: 
the Village of Rochester and the Towns of Brigh- 
ton, Randall, Salem, Wheatland, Dover, Norway, 
Raymond, Rochester, Bloomfield, Delavan, East 
Troy, Geneva, LaGrange, LaFayette, Linn, Lyons, 
Richmond, Spring Prairie,  Sugar Creek, Troy, 
Walworth, Whitewater, and Vernon. A model ordi- 
nance and resolution creating such commissions 
and giving towns power to create such commis- 
sions is provided in the above cited SEWRPC 
local planning guide, Appendices D and F. 

It is also suggested that cities and villages in the 
watershed whose corporate limits abut unincor- 
porated areas consider, as necessary and as 



circumstances dictate, the creation of joint extra- 
territorial zoning committees with the adjacent 
towns, pursuant to Section 62.23(7)(a) of the Wis- 
consin Statutes, for the purpose of cooperative 
and joint land use planning and zoning in areas of 
mutual interest. 

Municipal Utility and Sanitary Districts: These 
districts may be created by towns, villages, and 
cities, pursuant to Sections 66.072, 60.30, 61.36, 
62.18, and 198.22 of the Wisconsin Statutes, and 
are  authorized to plan, design, construct, operate, 
and maintain various public sanitary sewer and 
water supply systems. Such districts have an 
important plan implementation function to perform 
with respect to the water pollution abatement 
elements of the Fox River watershed plan. 

As of January 1,  1970, there were established the 
following 15 utility and sanitary districts in the 
watershed: Browns Lake Sanitary District, Town 
of Burlington; Sanitary District No. 1 ,  Town of 
Norway; North Cape Smitary District, Towns of 
Norway and Raymond; and Utility District No. 1, 
Town of Rochester, all in Racine County; Sanitary 
District No. 1 ,  Town of East Troy; Linn Sanitary 
District, Town of Linn; Golf Hills Sanitary Dis- 
trict No. 1, Town of Lyons; Town of Lyons Sani- 
tary District No. 2, Town of Lyons; and Sanitary 
District No. 1, Town of Troy, all in Walworth 
County; Greenfield Heights Sanitary District, Town 
of Brookfield; Hidden Woods Estates Sanitary Dis- 
trict, Town of Brookfield; Westbrooke Sanitary 
District, Town of Brookfield; Westchester Sani- 
tary District, Town of Brookfield; Lake Pewaukee 
Sanitary District, Town of Delafield; Eagle Springs 
Lake Sanitary District, Town of Eagle; and Sani- 
tary District No. 1, Town of Pewaukee, all in 
Waukesha County. 

Soil and Water Conservation Districts: The impor- 
tance of proper soil and water conservation and 
management practices to the full implementation 
of the land use, resource protection, and water 
quality control elements of the watershed plan 
cannot be overemphasized. Lack of such prac- 
tices will have a critical adverse effect upon land 
use, flood control works, pollution abatement, and 
recreational facilities. Soil and water conserva- 
tion districts, as authorized under Section 92. 05 
of the Wisconsin 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 authority to adopt 
special land use regulations that would implement 

such plans in unincorporated areas. Such adop- 
tion, however, must follow a referendum at which 
two-thirds of the land occupiers approve the regu- 
lations. Soil and water conservation districts 
have the authority to acquire through eminent 
domain any property or rights therein for water- 
shed protection; soil and water conservation; flood 
prevention works; and fish, wildlife, and recrea- 
tional works, all of which may be constructed 
under federal Public Law 83-566, a s  amended, a s  
part of a watershed plan implementation program. 

Soil and water conservation districts are  by law 
in Wisconsin made coterminous with counties, and 
all of the four counties in the Fox River watershed 
concerned with implementation of the Fox River 
watershed plan have created such districts. All 
of these districts have entered into basic and 
supplemental memoranda of understanding with 
the U. S. Department of Agriculture, Soil Con- 
servation Service, for technical assistance. Thus, 
there exist within the watershed the duly consti- 
tuted bodies required to represent the counties of 
the watershed in those agricultural, conservation, 
and management programs which are adminis- 
tered by state and federal agencies. 

Areawide Agencies 
Except as  noted below, statutory provisions exist 
for the creation of the following multi-county o r  
other areawide agencies having both general and 
specific planning and plan implementation powers 
important to the implementation of the Fox River 
watershed plan. 

Metropolitan Sewerage Commissions: Until recently 
the Wisconsin Statutes protiided for the creation of 
two types of metropolitan sewerage commissions 
generally empowered to plan sanitary sewerage 
and strom water drainage systems and to con- 
struct such systems over large areas which may 
include many local units of government. One type 
of commission is provided for  in counties having 
a population of 500,000 o r  more and containing 
a city of the f irst  class and is by definition at the 
present time applicable only to Milwaukee County. 
The other type of commission may be formed by 
cities, villages, and towns in all other parts of 
Wisconsin. While these two types of commissions 
differ with respect to organization and method of 
financing, their basic powers are very similar. 
The Metropolitan Sewerage Commission of the 
County of Milwaukee, created pursuant to Sec- 
tion 59.96 of the Wisconsin Statutes, has jurisdic- 
tion over all of Milwaukee County, working in 



close cooperation with the Sewerage Commission 
of the City of Milwaukee, and is empowered to 
contract for the transmission, treatment, and dis- 
posal of sewage with cities, villages, towns, town 
sanitary districts, o r  other metropolitan districts 
lying within the same drainage area a s  that of 
the Commission itself. 'The Commission i s  also 
authorized to construct, operate, and maintain 
drainage and flood control works on all s treams 
and watercourses within Milwaukee County and 
outside Milwaukee County where a watercourse 
flows from within the County to a point outside 
the County. 

As noted in Chapter XIV of Volume 1 of this 
report, i t  appears that the current enabling legis- 
lation would prevent any direct involvement of the 
Metropolitan Sewerage Commission of the County 
of Milwaukee in the abatement of water pollution o r  
flood problems in the Fox River, other than serv- 
ing certain relatively small areas of the watershed 
within the Cities of Brookfield, Muskego, and New 
Berlin and the Village of Menomonee Falls, since 
the Fox River watershed lies west of the subcon- 
tinental divide traversing the Southeastern Wis- 
consin Region and since the Metropolitan Sewerage 
Commission of the County of Milwaukee must, by 
law, confine i ts  operations to certain areas of the 
Region lying east of the subcontinental divide. The 
extensive experience and high level of technical 
expertise developed over many years by the 
Metropolitan Sewerage Commission of the County 
of Milwaukee, however, represent a substantial 
public investment that should not be disregarded 
with alternative organizational arrangements for 
water pollution abatement in other portions of the 
watershed a re  considered. 

The second type of metropolitan sewerage district 
authorized by the Wisconsin Statutes under Sec- 
tions 66.20 through 66.209 also has broad powers 
to plan, construct, and maintain interceptor and 
main sanitary sewers, storm sewers, and sewage 
treatment plants similar to those granted to the 
Metropolitan Sewerage Commission of the County 
of Milwaukee. One such district, the Western 
Racine County Sewerage District, currently exists 
within the Fox River watershed. The future role of 
such metropolitan sewerage districts in watershed 
plan implementation, however, became clouded 
early in 1969 when the Wisconsin Supreme Court 
ruled that the Wisconsin Legislature, in providing 
for the creation of such metropolitan sewerage 
districts by county courts, had unconstitutionally 

delegated legislative authority to the j ~ d i c i a r y . ~  
Subsequent to this action by the Wisconsin Supreme 
Court, the Wisconsin Legislature provided cura- 
tive legislation validating the existence of the 
three metropolitan sewerage districts established 
to date under Sections 66.20 through 66.209 of 
the Statutes within the State of  isc cons in? The 
Legislature, however, has not as  yet provided any 
mechanism to make i t  possible to create new 
metropolitan sewerage districts o r  expand the 
districts now in existence, such a s  the Western 
Racine County Sewerage District in the Fox River 
watershed. 

County Drainage Boards and Districts: Chapter 88 
of the Wisconsin Statutes authorizes landowners to 
petition the county court to create a drainage dis- 
trict under the control of a county drainage board. 
Such districts are intended to provide for the 
execution of specific areawide drainage improve- 
ments. A drainage district may lie in more than 
one municipality and in more than one county. The 
cost of any drainage improvements i s  assessed 
against the lands that are  specifically benefited. 

Flood Control Boards: Chapter 87 of the Wis- 
consin Statutes provides that property owners 
living in a single drainage area, which may involve 
more than a single governmental unit, may peti- 
tion for a formation of a flood control board. 
Application for the creation of such a board must 
be made through the Wisconsin Department of 
Natural Resources. The flood control boards a re  
empowered to straighten, widen, deepen, and 
otherwise alter watercourses and build flood con- 
trol works, all activities being subject to review 
by, and approval of, the Wisconsin Department of 
Natural Resources. 

The flood control facility plan elements recom- 
mended in the Fox River watershed plap can be 
accomplished by existing agencies, such as  soil 
and water conservation districts, metropolitan 
sewerage districts o r  commissions, drainage dis- 
tricts, o r  park commissions. The creation of 
a special flood control board under Chapter 87 of 
the Wisconsin Statutes, therefore, should be con- 

3 1 n  re :  P e t i t i o n  for  Fond du Lac Metropol i tan Sewerage 
D i s t r i c t ,  42  Wis ,  2nd 323 11969).  

'Chap te r  132, Laws o f  Wisconsin,  1969. These three 
d i s t r i c t s  a re  the Madison Metropol i tan Sewerage 
D i s t r i c t ,  the Green Bay Me t ropo l i  tan Sewerage Dis- 
t r i c  t ,  and the Western Racine County Sewerage D i s t r i c t .  



sidered only if the existing agencies fail to act to 
implement, in a timely and proper manner, the 
flood control recommendation contained in the Fox 
River watershed plan. Should the lake level man- 
agement flood control alternative plan element dis- 
cussed in Chapter IV of this volume ever become 
a recommended plan element, a special flood con- 
trol  board would become a virtual necessity. 

Cooperative Contract Commissions : Section 66.30 
of the Wisconsin Statutes provides that munici- 
palities' may contract with each other to form 
cooperative service commissions for the joint 
provision of any services o r  joint exercise of any 
powers that such municipality may be authorized 
to exercise separately; and such commissions 
have been given bonding powers for the purposes 
of acquiring, developing, a d  equipping land, build- 
ings, and facilities for regional projects. Signifi- 
cant economies can often be affected through 
providing governmental services and facilities 
on a cooperative, areawide basis. Moreover, 
the nature of certain developmental and environ- 
mental 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 con- 
tract commission. 

Intergovernmental cooperation under such com- 
missions 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 cooperative 
contract commission may be created f o r  the pur- 
pose of watershed plan implementation and may 
be utilized in lieu of any of the aforementioned 
organizations for such implementation. A model 
agreement creating a cooperative contract com- 
mission i s  provided in SEWRPC Technical Report 
No. 6, Planning Law in Southeastern Wisconsin, 
Appendix A. 

Regional Planning Commission: Although not a 
plan implementation agency, one other areawide 
agency warrants comment: the Regional Planning 
Commission itself. As already noted, the Com- 
mission has no statutory plan implementation 
powers. However, in i ts  role as  a coordinating 
agency for planning and development activities 

'The  term munic ipa l i t y  under t h i s  s e c t i o n  o f  the 
S t a t u t e s  i s  d e f i n e d  t o  inc lude  the s t a t e ,  any agency 
t h e r e o f ,  c i t i e s ,  v i l l a g e s ,  towns, coun t i e s ,  school 
d i s t r i c t s ,  and regional planning commissions. 

within the seven-county Southeastern Wisconsin 
Region, the Commission may, through community 
planning assistance services and through the 
review of federal and state grants-in-aid, play an 
important role in ultimate plan implementation. 
In addition, the Commission provides a basis for 
the creation and functioning of the Fox River 
Watershed Committee, which should remain as  an 
important continuing public planning organization 
in the watershed. 

State Level Aeencies 
There exist at the state level the following agen- 
cies that either have general o r  specific planning 
authority and certain plan implementation powers 
important to the adoption and implementation of 
the comprehensive Fox River watershed plan. 

Wisconsin, Department of Natural Resources: This 
Department has broad authority and responsi- 
bility in the areas  of park development, natural 
resources protection, water quality control, and 
water regulation. As such, i t  combines the park 
and land-based natural resource protection func - 
tions of the former State Conservation Commis- 
sion 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 rec- 
reation, to develop long-range, statewide con- 
servation and water plans, and the authority to 
designate such sites a s  necessary to protect, 
develop, and regulate the use of state parks, 
forests, fish, game, lakes, streams, plant life, and 
other outdoor resources; authority to acquire con- 
servation and scenic easements; and the authority 
to administer the federal grant program known a s  
the Land and Water Conservation Fund within the 
state, a s  well a s  the park and open-space grant 
funds available under the State Outdoor Recrea- 
tion Program (ORAP). The Department also has 
the obligation to establish water quality stand- 
a rds  and to establish standards for floodplain 
and shoreland zoning; authority to adopt, in the 
absence of local action, shoreland and floodplain 
zoning ordinances; and the authority to prohibit 
the installation o r  use of on-site soil absorption 
sewage disposal systems and to approve the regu- 
lation of such systems as that regulation may be 
promulgated by the Wisconsin Division of Health. 
In addition, the Department has authority to regu- 
late water diversions, shoreland grading, dredging, 
encroachments, and deposits in navigable waters ; 
authority to regulate construction of neighboring 
ponds, lagoons, and waterways, stream improve- 



ments, 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, stream 
improvement, and removal of certain lake bed 
materials; and the authority to require abatement 
of water pollution, to administer state financial 
aid programs 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 protec- 
tion of the natural resources of the state and the 
Region, this Department will be extremely impor- 
tant to implementation of nearly all of the major 
elements of the comprehensive Fox River water- 
shed plan. 

Wisconsin De~ar tment  of Local Affairs and Devel- 
opment: This Department has the authority to 
review subdivision plats, proposed municipal 
incorporations, consolidations, and annexations, 
and to provide technical assistance to local units 
of government in planning and planning-related 
matters. 

Wisconsin Department of Transportation: This 
Department i s  broadly empowered to provide the 
state with an integrated transportation system. 
Within the Wisconsin Department of Transporta- 
tion, the State Highway Commission i s  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 system of interstate and 
defense highway system, the federal aid primary 
system, the federal aid secondary system, and 
the forest highway systems, all subject to federal 
regulation and control. The State Highway Com- 
mission i s  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 Fox River watershed plan 
with respect to the construction and reconstruc- 
tion of bridges and other highway facilities within 
the watershed and the designation and marking of 
a scenic parkway drive along the main stem of the 
Fox River. 

Wisconsin Division of Health: This Division has 
the authority to review subdivision plats not served 
by public sanitary sewerage systems and to regu- 
late private on-site soil absorption sewage dis- 
posal systems. 

Wisconsin Soil Conservation Board: This Board 
has the obligation to review and to coordinate 
the programs of the County Soil and Water Con- 
servation District; to apportion certain state and 
federal fund allotments ; to administer federal 
watershed projects authorized under P. L. 566, as  
amended; and to approve federal participation in 
projects relating to the program responsibilities 
of county drainage boards, as  set forth in Chap- 
ter  88 of the Wisconsin Statutes. 

Federal Level Agencies 
e 

There exist at  the federal level the following agen- 
cies which administer federal aid and assistance 
programs that can have important effects upon the 
implementation of the recommended Fox River 
watershed plan because of the potential impact on 
the financing of both actual land acquisition and 
construction of specific facilities. 

U. S. De~ar tment  of Housing and Urban Devel- 
opment: This agency administers urban plan- 
ning, flood insurance, urban beautification, park 
and open-space acquisition and development, and 
sewer and water facility construction grants. The 
park and open-space and sewer and water facility 
construction grant programs can be particularly 
important to implementation of the land use, rec- 
reation, and water quality control elements of the 
Fox River watershed plan. 

U. S. Department of the Interior, Federal Water 
Pollution Control Administration: This agency 
administers sanitary sewage treatment plant and 
pollution controlfacility constructiongrants, which 
grants can be particularly important to imple- 
mentation of the water quality control element of 
the Fox River watershed plan. In addition, this 
agency i s  responsible for the ultimate enforce- 
ment of water quality standards on interstate 
r ivers,  should the state not adequately enforce 
such standards. 

U. S. Department of the Interior, Bureau of Out- 
door Recreation: This agency administers park 
and open-space acquisition and development grants 
through the Federal Land and Water Conservation 
Fund program. The program i s  administered in 



Wisconsin through the State Department of Natural 
Resources. Grants under this program can be 
particularly important to implementation of the 
recreation and resource protection elements of 
the Fox River watershed plan. 

U. S. Department of the Interior, Geological Survey: 
This agency conducts continuing programs with 
respect to water resource appraisal and monitor- 
ing. The programs of the U. S. Geological Survey 
are particularly important to the implementation 
of the continuous stream gaging program recom- 
mended in the Fox River watershed plan. 

U. S. Department of Agriculture, Farmers Home 
Administration: This agency administers water 
and waste disposal construction grants and loans 
for rural  areas,  a s  well as resource conservation 
grants and loans. Such grants can be important 
to implementation of the water pollution control 
element of the Fox River watershed plan. 

U. S. Department of Agriculture, Agricultural Sta- 
bilization and Conservation Service: This agency 
administers park and recreation acquisition grants 
related to the conversion of land in agricultural 
use called GREENSPAN. In addition, this agency 
administers the Federal Agricultural Conserva- 
tion Program (ACP), which provides grants to 
rural landowners in partial support in carrying out 
approved soil, water, woodland, and wildlife con- 
servation practices. These grants can be impor- 
tant to implementation of the water pollution con- 
trol element of the Fox River watershed plan. 

U. S. Department of Agriculture, Soil Conserva- 
tion Service: This agency administers resource 
conservation and development projects and water- 
shed projects under federal P. L. 566 and pro- 
vides technical and financial assistance through 
county soil and water conservation districts to 
landowners in the planning and construction of 
measures for land treatment, agricultural 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 
certain of the flood control, agricultural drainage 
improvement, and agricultural land planning and 
treatment measures, such as the construction of 
bench terraces with tile outlets, as recommended 
in the Fox River watershed plan. 

U. S. Department of the Army, Corps of Engi- 
neers: This agency has broad authority subject to 
U. S. Congressional approval to construct flood 
control facilities and as such could have a par- 
ticularly important role in implementation of 
certain of the flood control recommendations con- 
tained in the Fox River watershed plan. 

PLAN ADOPTION AND INTEGRATION 
Upon adoption of the Fox River watershed plan by 
formal resolution of the Southeastern Wisconsin 
Regional Planning Commission in accordance with 
Section 66. 945(10) of the Wisconsin Statutes, the 
Commission will transmit a certified copy of the 
resolution adopting the watershed plan, together 
with the plan itself, to all local legislative bodies 
within the Fox River watershed and to all of the 
aforesaid existing state, local, areawide, and 
federal agencies that have potential plan imple- 
mentation functions. 

Adoption, endorsement, o r  formal acknowledge- 
ment of the comprehensive watershed plan by the 
local legislative bodies and the existing local, 
areawide, state, and federal level agencies con- 
cerned is highly desirable not only to assure a 
common understanding between the several gov- 
ernmental levels and to enable their staffs to pro- 
gram the necessary implementation work but is ,  
in some cases, required by the Wisconsin Statutes 
before certain planning actions can proceed, as in 
the case of city, village, and town plan commis- 
sions created pursuant to Section 62.23 of the 
Wisconsin Statutes. In addition, formal plan adop- 
tion may also be required for state and federal 
financial aid eligibility. 

It is extremely important to understand that adop- 
tion of the recommended Fox 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 preempt or  commit action by 
another unit or  agency of government acting within 
i ts  own area of functional and geographic jurisdic- 
tion. Thus, adoption of the Fox 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 municipal park devel- 
opment within the county. To make the plan 
applicable as a guide to municipal park develop- 
ment would require its adoption by the munici- 
pality concerned. 



Upon adoption or endorsement of the 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 ele- 
ments of the comprehensive watershed plan. Once 
such review i s  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 pro- 
grams of the unit or agency of government. 

Local Level Agencies 

Wisconsin Statutes after a report and rec- 
ommendation by the County Park and Plan- 
ning Commission. 

5. It i s  recommended that the plan commis- 
sions of all cities, villages, and towns in 
the watershed adopt the recommended. Fox 
River watershed plan, as it affects them, by 
resolution pursuant to Section 62.23(3) @) 
and certify such adoption to their respec- 
tive governing body. 

It i s  recommended that the Kenosha County 
Board formally adopt the comprehensive 
Fox River watershed plan, including the 
land use elements, the park and parkway 
elements, and the floodland evacuation ele- 
ments, by ordinance pursuant to Sections 
27.04(2) and 66.945(12) of the Wisconsin 
Statutes after a report and recommenda- 
tion by the County Park Commission and 
the County Zoning Committee. 

2. It is recommended that the Racine County 
Board formally adopt the comprehensive 
Fox River watershed plan, including the 
land use elements, the park and parkway 
elements, and streamflow recordation ele- 
ment, by ordinance pursuant to Sections 
27.04(2) and 66.945(12) of the Wisconsin 
Statutes after a report and recommenda- 
tion by the County Highway and Parks 
Committee and the County Planning Com- 
mittee. 

3. It is recommended that the Walworth 
County Board formally adopt the compre- 
hensive Fox River watershed plan, includ- 
ing the land use elements, the park and 
parkway elements, and the Sugar Creek 
Reservoir element, by ordinance pursuant 
to Sections 27.04(2) and 66. 945(12) of the 
Wisconsin Statutes after a report and rec- 
ommendation by the County Park and Plan- 
ning Commission. 

4. It is recommended that the Waukesha 
County Board formally adopt the compre- 
hensive Fox River watershed plan, includ- 
ing the land use elements, the park and 
parkway elements, the Vernon Marsh pres- 
ervation element, and streamflow recorda- 
tion element, by ordinance pursuant to 
Sections 27.04(2) and 66.945(12) of the 

6. It i s  recommended that the governing 
bodies of all municipal water and sanitary 
districts and utilities formally acknow- 
ledge the land use and resource protection 
elements of the comprehensive Fox River 
watershed plan and determine their utility 
service areas in accordance with such 
plan. 

It is  recommended that the County Soil and 
Water Conservation Districts of Kenosha, 
Racine, Walworth, and Waukesha Counties 
adopt those portions of the recommended 
Fox River watershed plan affecting them, 
including the land use elements, the chan- 
nel improvement elements, and the land 
treatment measures, such as bench ter- 
races with tile outlets, so as to establish 
a broad, well-designed basis for the devel- 
opment of comprehensive conservation 
plans under Section 92.08(4) of the Wis- 
consin Statutes and to assist in establish- 
ing eligibility for tax relief and technical 
and financial assistance. 

Areawide Agencies 

1. It is  recommended that the Western Racine 
County Sewerage District and any other 
metropolitan sewerage district or com- 
mission created within the watershed sub- 
sequent to the publication of this report 
formally acknowledge the recommended 
Fox River watershed plan, particularly the 
land use elements in the determination of 
their service areas and the water pollution 
abatement elements in the determination of 
the location of future sewage treatment 
plants and of future levels of sewage 
treatment. 

2. It is recommended that the Racine and 
Walworth County Drainage Boards, as well 



as any other county drainage board or  
drainage district created within the water- 
shed subsequent to the publication of this 
report, formally acknowledge the recom- 
mended Fox River watershed plan, espe- 
cially with respect to the flood control and 
drainage elements. 

3. It is recommended that any cooperative 
contract agency or  commission created 
within the watershed subsequent to the 
publication of this report formally acknow- 
ledge the recommended Fox River water- 
shed plan in regard to the exercise of their 
specific powers and duties. 

State Level Agencies 

1. It is recommended that the Wisconsin 
Natural Resources Board endorse the com- 
prehensive Fox River watershed plan and 
direct its staff in the Wisconsin Depart- 
ment of Natural Resources to integrate 
the recommended watershed plan elements 
into i ts  broad range of agency responsi- 
bilities, as well as to assist in coordinat- 
ing plan implementation activities over the 
next 20 years. In particular, it is rec- 
ommended that the Natural Resources 
Board endorse the recommended environ- 
mental corridor and regional recreational 
sites, including the Sugar Creek multi- 
purpose reservoir and recreational site, 
and direct i ts  staff to integrate these plan 
elements into the long-range conserva- 
tion and comprehensive outdoor recreation 
plans authorized by Section 23.09(7) of the 
Wisconsin Statutes and required by the 
Federal Land and Water Conservation 
Fund Act. It is further recommended that 
the Board, through its staff, coordinate 
the recommended Fox River watershed 
plan with its activities relating to flood- 
land and shoreland zoning. It is also 
recommended that the Board and its staff 
consider and give due weight to the rec- 
ommended Fox River 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 Con- 
servation Service as  a guide in regulating 
soil absorption sewage disposal systems. 
Finally, it is recommended that the Board 

endorse the water pollution control plan 
recommendations of the Fox River water- 
shed plan and direct i ts  staff to integrate 
these plan recommendations into i t s  water 
quality control activities. 

2. It is recommended that the Wisconsin 
Department of Local Affairs and Develop- 
ment endorse the recommended Fox River 
watershed plan and integrate the plan into 
its activities with respect to the pro- 
vision of technical assistance to local 
units of government, with respect to re-  
viewing subdivision plats, and with respect 
to administering federal urban planning 
grants. 

3. It is recommended that the State Highway 
Commission of the Wisconsin Department 
of Transportation consider and give weight 
to the recommended Fox River watershed 
plan in the exercise of i ts  various respon- 
sibilities governing the construction and 
reconstruction of highway facilities. 

4. It is recommended that the Wisconsin 
Board of Health and Social Services en- 
dorse the land use elements of the Fox 
River watershed plan and direct i ts  staff 
to follow the plan recommendations in the 
exercise of their subdivision plat review 
and approval powers created pursuant to 
Section 236.13(2)(m) of the Wisconsin Stat- 
utes. It is further recommended that the 
Board direct its staff to utilize the detailed 
soil survey prepared by the U. S. Depart- 
ment of Agriculture, Soil Conservation 
Service, a s  a guide in reviewing and 
objecting to subdivision plats, in accord- 
ance 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. 

5. It is recommended that the Wisconsin Soil 
Conservation Board endorse the recom- 
mended Fox River watershed plan, par- 
ticularly the agricultural land use, envi- 
ronmental corridor, and other natural 
resource protection plan elements, so  as  
to coordinate the County Soil and Water 
Conservation District Program and proj- 
ects as required in Section 92.04(4)(c) of 
the Wisconsin Statutes. 



Federal Level Agencies 

1. It is recommended that the U. S. De- 
partment of Housing and Urban Develop- 
ment formally acknowledge the Fox River 
watershed plan and utilize such plan in i ts  
administration and granting of federal aids 
for urban beautification, open-space land, 
park development, and sewer and water 
facilities and in the administration of i t s  
flood insurance program. 

2. It is recommended that the U. S. Depart- 
ment of Interior, Federal Water Pollution 
Control Administration, formally acknow- 
ledge the recommended Fox River water- 
shed plan and utilize the plan recommen- 
dations in the administration and granting 
of federal aids for sewage treatment plants 
and related facilities. 

3. It is recommended that the U. S. Depart- 
ment of Interior, Bureau of Outdoor Rec- 
reation, formally acknowledge the Fox 
River watershed plan and utilize the plan 
recommendations in i t s  administration and 
granting of federal aids under the Land and 
Water Conservation Act. 

4. It is recommended that the U. S. De- 
partment of Interior, Geological Survey, 
acknowledge and consider the Fox River 
watershed plan and continue, in coopera- 
tion with the various counties concerned, 
i t s  entire water resources investigation 
program, including the maintenance and 
expansion of its stream gaging program 
within the watershed. 

5. It is recommended that the U. S. De- 
partment of Agriculture, Farmers Home 
Administration, formally acknowledge the 
Fox River watershed plan and utilize the 
plan recommendations in its administra- 
tion and granting of loans and grants-in- 
aid for rura l  water and waste disposal 
facilities and for watershed development 
programs. 

6. It is recommended that the U. S. Depart- 
ment of Agriculture, Agricultural Stabili- 
zation and Conservation Service, formally 
acknowledge the Fox River watershed plan 
and utilize the plan recommendations in its 
administration of the Cropland Adjustment 

Program and the Agricultural Conserva- 
tion Program, with particular respect to 
the various natural resource conservation 
practices. 

7.  It is recommended that the U. S. Depart- 
ment of Agriculture, Soil Conservation 
Service, formally acknowledge the Fox 
River watershed plan and utilize the plan 
recommendations in its administration and 
granting of federal aids for resource con- 
servation and development and multiple- 
purpose watershed projects and in its 
provision of technical assistance to land- 
owners and operators for land and water 
conservation practices. 

8. It is recommended that the U. S. Depart- 
ment of Army, Corps of Engineers, for- 
mally acknowledge the Fox River water- 
shed plan and resume i ts  suspended flood 
control study of the Fox River watershed, 
giving due consideration and weight in the 
completion of that study to implementation 
of the following flood control recommenda- 
tions contained in the comprehensive plan 
for the Fox River watershed: the construc- 
tion of levees and channel improvements in 
the City of Waukesha, the construction of 
levees and channel improvements in the 
City of Burlington, and the construction of 
a multiple-purpose reservoir on Sugar 
Creek. It is further recommended that the 
Corps of Engineers continue to cooperate 
with any local or  state units and agencies 
of government in their requests for assist- 
ance in the construction of the aforemen- 
tioned projects. 

SUBSEQUENT ADJUSTMENT OF THE PLAN 
No plan can be permanent in all of i ts  aspects or  
precise in all of i ts  elements. The very definition 
and characteristics of areawide planning suggest 
that an areawide plan, such as a 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 o r  carry any part or  
subject matter into greater detail" in Section 
66.945(9) of the Wisconsin Statutes. 



Amendments, extensions, and additions to the 
Fox River watershed plan will be forthcoming not 
only from the work of the Commission under the 
continuing regional planning programs but also 
from state agencies as  they adjust and refine 
statewide plans and from federal agencies as  
national policies are established o r  modified or  as 
new programs are created or  existing programs 
are  expanded or  curtailed. Adjustments must 
also come from local planning programs, which, 
of necessity, must be prepared in greater detail 
and result in greater refinement 6f the watershed 
plans. This is particularly true with respect to 
the land use and natural resource protection ele- 
ments of the watershed plan. Areawide adjust- 
ments may come from subsequent regional or  
state planning programs, which may include addi- 
tional comprehensive o r  special-purpose planning 
efforts, such as the preparation of regional 
sanitary sewerage 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, area- 
wide, state, and federal agencies of government, 
as well as coordination by the Southeastern Wis- 
consin Regional Planning Commission, which has 
been empowered under Section 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 coordination between local, state, 
and federal programs most effectively and effi- 
ciently and, therefore, to assure the timely 
adjustments of the watershed plan, i t  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 implementation devices to 
the Southeastern Wisconsin Regional Planning 
Commission for consideration as to integration 
into, and adjustment to, the watershed plan. Of 
particular importance in this respect will be the 
continuing role of the Fox River Watershed Com- 
mittee in intergovernmental coordination. 

LAND USE, NATURAL RESOURCE, AND REC- 
REATION PLAN ELEMENT IMPIXMENTATION 

Introduction 
The implementation of the land use, natural 
resource, and recreation elements of the compre- 

hensive Fox River watershed plan is of central 
importance to the realization of the overall water- 
shed plan. These elements, moreover, require 
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, natural resource, 
and recreation-related resource plan elements 
are closely interrelated in nature and support and 
complement one another but also because these 
elements are closely related to the flood control 
and pollution abatement elements of the plan. If, 
for example, urban residential, commercial, and 
industrial growth is properly located within the 
watershed and is not allowed to preempt the nat- 
ural  floodland areas nor destroy the remaining 
wetlands and woodlands, a great deal will be 
achieved with respect to flood control, as well as 
natural resource protection. Similarly, if the 
recommended environmental corridor and other 
high-value natural resource areas a re  acquired 
for natural resource protection 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 implementa- 
tion recommendations are closely interrelated, 
this section has been divided, for convenience in 
presentation and use, into the following major 
subject areas: zoning; land acquisition for natu- 
r a l  resource protection; land acquisition for park 
and outdoor recreation; and woodland and wet- 
land management. 

Zonine Ordinances 
Of all the land use plan implementation devices, 
the most readily available, most important, and 
most versatile, is the application of the local 
police power to the control of land use develop- 
ment through the adoption of appropriate zoning 
ordinances, including zoning district regulations 
and zoning district delineations. The following 
zoning ordinances or  amendments to existing 
zoning ordinances should be adopted by the appro- 
priate county and local units of government within 
the watershed so  as to provide a clear indication 
of the intent to implement the Fox River water- 
shed plan and thereby to provide a framework for 
other planning and plan implementation efforts. 

1. It is recommended that the county zoning 
agencies of the four counties within the 
watershed, in cooperation with the town 
plan commissions and town zoning com- 



mittees, formulate and recommend to 
their respective county board appropriate 
amendments to the county zoning ordi- 
nances, pursuant to Section 59.97(3) of the 
Wisconsin Statutes, to provide district 
regulations, including exclusive use dis- 
tricts and shoreland and floodland regula- 
tions similar to those provided in the 
SEWRPC Model Zoning Ordinance, to- 
gether with changes to the zoning district 
maps to implement the recommended 
watershed land use pattern. 

2. It is recommended that the four county 
boards adopt appropriate amendments and 
changes to the zoning district maps, pur- 
suant to Section 59.97(3) of the Wisconsin 
Statutes, to provide district delineations, 
including f loodway and floodplain regula- 
tory areas, to implement the recommended 
watershed land use pattern. It is further 
recommended that the boards of all towns 
which have filed approval of the County 
Zoning Ordinance or which subsequently 
approve such County Zoning Ordinance file 
a certified copy of the approval of such 
amendments and changes to the zoning 
map, pursuant to Section 59.97(2) and 
59. 97(3)(g) of the Wisconsin Statutes. 

3. It is recommended that the plan commis- 
sions of all cities, villages, and those 
towns which have not filed approval of the 
County Zoning Ordinance formulate and 
recommend to their respective governing 
bodies new zoning ordinances o r  amend- 
ments 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 exclusive 
use districts and shoreland and floodland 

6 ~ 1 1  four coun t i e s  i n  the watershed have a1 ready begun 
to  imp1 emen t  t h i s  recommendation. The Racine Coun t y  

Planning Commi t t e e  has prepared,  and the Racine 
County Board adopted on December 2 ,  1969, a r e v i s e d  
county zoning ordinance containing many o f  the recom- 
mended exc lus i ve  use  d i s t r i c t s  and a l l  o f  the recom- 
mended floodland and shoreland regu la t i ons .  The 
preparation o f  r e v i s e d  zoning d i s t r i c t  maps fo r  each 
o f  the towns i n  Racine County i s  now underway. The 
Kenosha County Zoning Committee and the Walmr th  and 
Waukesha County Park and Planning Commissions are a t  
var ious  s tages  i n  programs des igned t o  r e v i s e  and 
update t h e i r  r e s p e c t i v e  county  zoning ordinances .  

regulations similar to those provided in 
the SEWRPC Model Zoning Ordinance, 
together with appropriate zoning district 
map changes, to reflect the recommended 
watershed land uses. 

4. It is recommended that the respective 
municipal governing bodies, then, adopt 
such zoning ordinances o r  amendments 
thereto, including such zoning district 
maps or  changes thereto, pursuant to Sec- 
tion 60. 74 o r  62.23(7) of the Wisconsin 
Statutes. The zoning of lands in certain 
unincorporated areas should, a s  needs 
dictate, be supplemented jointly by the 
exercise of the extraterritorial zoning 
powers of the cities and villages with the 
towns, pursuant to Section 62.23(7)(a) of 
the Wisconsin Statutes. 

The task of delineating zoning district boundaries 
to reflect the land use plan recommendations in 
the comprehensive watershed plan is as difficult 
as i t  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 of not only the local com- 
munity plan recommendations by the local zoning 
agencies but also the watershed plan recommen- 
dations and their relationships to the local plans. 
In this process the primary environmental corri- 
dors must be broken down into several zoning 
districts as necessitated by the various types of 
natural resources found in such corridors. More- 
over, 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 dis- 
tricts and large estate-type residential districts, 
will be necessary to regulate community growth 
in both time and space in an orderly and economi- 
cal 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 district delineation. 

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 filly developed, residential 
areas and those areas that have immediate devel- 
opment potential and can be economically served 
by municipal utilities and facilities, such as sani- 
tary sewer, public water supply, and schools, 
should be placed in exclusive residential districts 
related to the development densities indicated on 
the recommended watershed land use plan. The 
balance of the proposed future residential land use 
areas should be placed in exclusive agricultural 
districts o r  large estate-type residential districts 
so a s  to act as a holding zone for future develop- 
ment. The use of such holding districts is dis- 
cussed 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, 
neighborhood, or park districts, only when the 
community can economically and efficiently ac- 
commodate the proposed development. 

Agricultural Areas: Areas shown as devoted pri- 
marily 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. Wet- 
lands, woodlands, floodlands, and wildlife habitat 
are as that lie outside the delineated primary envi- 
ronmental corridor but within the agricultural use 
areas on the recommended watershed land use 
plan should be placed in conservancy districts. 

Environmental Corridors: The environmental cor- 
ridors shown on the recommended watershed land 
use plan should be placed immediately into one of 
several zoning districts as dictated by considera- 
tion of existing development; the character of the 
specific resource values to be protected within the 
corridor; and the attainment of the outdoor rec- 
reation, open-space preservation, and resource 
conservation objectives of the watershed plan. 
Prime wildlife habitat areas, wetlands, wood- 
lands, and floodways and floodplains lying in the 
corridors should be placed in conservancy dis- 
tricts. Existing and potential park sites lying in 
the corridors should be placed in park districts 
which permit the development of appropriate 
private and public recreational facilities . The 
remaining area lying in the corridors may then be 
placed in exclusive agricultural use districts or  
in large estate-type residential use districts, 
depending upon the limitations of the soils for 
utilization of on-site sewage disposal systems. 

Other Outdoor Recreation Sites: The remaining 
outdoor recreation sites shown on the recom- 
mended watershed land use plan located outside of 
the environmental corridors should be placed in 
exclusive agricultural, conservancy, or  park dis- 
tr icts  so as  to ensure preservation and availa- 
bility 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 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, as appropriate, their zoning ordinances to 
include special floodland regulations similar to 
those set  forth in Appendix I of SEWRPC Planning 
Guide No. 5, Floodland and Shoreland Develop- 
ment Guide. Such regulations, if properly adopted - - A "  

and enforced, will ensure the substantial main- 
tenance in open uses of all floodways and flood- 
plains in the watershed. It should also be noted 
that such floodland regulations are required in 
addition to any basic zoning district regulations, 
such as 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, for- 
mulate and adopt an effective and reasonable 
floodland zoning ordinance as soon as the neces- 
sary  flood hazard data, such as that provided by 
the Fox River watershed study, become available. 
Failing to do so  may result in the Wisconsin 
Department of Natural Resources acting to exer- 
cise state floodplain zoning powers, pursuant to 
Section 87.30 of the Wisconsin Statutes. 

Shorelands: It is recommended that the four coun- 
ties in the watershed formulate and adopt, under 
Section 59.971 of the Wisconsin Statutes, special 
shore land zoning regulations which would apply in 
unincorporated areas to al l  land lying within 1,000 
feet of a lake, pond, or flowage and 300 feet from 
the bank of a r iver o r  stream o r  to the landward 
side of the floodplain, whichever is greater. A 
model of such special shoreland regulations has 
been set forth in Appendix I of SEWRPC Planning 
Guide No. 5 and seeks to regulate development 
in shoreland areas for the primary purpose of 
improving water quality. In this respect it should 
be noted that specific land use recommendations 
with respect to shoreland areas are available for 



all 45 major lakes in the Fox River watershed in 
the series of lake use reports published under the 
Fox River watershed planning p r ~ g r a m . ~  It should 
be noted further that all four counties in the 
watershed must adopt, pursuant to the State Water 
Resources Act of 1965, such special shoreland 
regulations. 

Property Tax Policies: One of the valid criticisms 
often leveled against the use of exclusive agricul- 
tural 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 rura l  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 particu- 
larly true where communities have allowed sub- 
stantially unregulated land development to occur, 
resulting in extensive urban sprawl. It is this 
kind of development that would be avoided if the 
regional 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  adja- 
cent to, or within, a rapidly urbanizing area and 
particularly so where,poor land use regulations 
have permitted highly dispersed urban develop- 
ment, property tax assessments may reflect the 
public's exaggerated estimate of development po- 
tential. 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 unrealistically high property assessment 
and resultant taxation is to remove the develop- 
ment potential. This may be accomplished 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 

7~ sample l a k e  use  r epor t  has been reproduced i n  f u l l  
i n  Appendix D o f  Volume 1 o f  t h i s  r e p o r t .  Copies o f  
a l l  45  l ake  use r e p o r t s  are  a v a i l a b l e  from the 
C o m i s s i o n  O f f i c e s  a t  a c o s t  o f  $1.00 each. 

covenants would prohibit development and 
would be enforceable by a governmental 
unit in perpetuity or  for some substantial 
time; o r  

3. A governmental unit may purchase the 
development rights. 

All of these private o r  governmental actions will 
serve to permit the local assessor to assess lands 
at their fair market value for agricultural, con- 
servancy, and floodland uses, rather than for 
potential urban uses. It is recommended that all 
cities, villages, and towns within the Fox River 
watershed instruct their assessors that such 
potential tax relief exists for individual property 
owners upon their voluntary sale o r  relinquish- 
ment of potential development rights. It is fur- 
ther recommended that the Wisconsin Department 
of Revenue develop guidelines as to the extent to 
which assessments should be reduced if develop- 
ment potential is effectively removed. 

I t  is recognized that allof the three above methods 
of removing the immediate development potential 
represent techniques largely untried in the South- 
eastern Wisconsin Region, if not in the entire 
nation. At the present time, however, they rep- 
resent the only satisfactory ways in which the 
inconsistencies between the Wisconsin taxing, land 
development, and open-space reservation policies 
can at least partially be overcome! It is clear that 
the entire problem represented by premature land 
development and the effects of property taxation 
needs extensive study within Wisconsin. It is, 
therefore, recommended that the Wisconsin De- 
partment 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 recommend 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 con- 
cerned citizen groups, such as the Wisconsin Tax- 
payers Alliance. The study should review efforts 
by other states to overcome this property tax- 
land development problem and, in particular, the 
efforts being made in the States of New Jersey 
and California. 

 o or fur ther  d i s cuss ion  o f  t h i s  problem, s e e  Chapter 
V I  o f  SEWRPC Technical Report No. 6 ,  Planning Law 
i n  Sou theas tern Wisconsin,  1966. 



Greenway Tax Law Proposal: The problems relat- 
ing to the deterioration and destruction of wood- 
l i d s  within the watershed were discussed in 
Chapter XI1 of Volume 1 of this report. Nearly 
90 percent of the significant remaining woodland 
areas in the watershed, which woodland areas 
cover 11 percent of the watershed area, are in 
private ownership. In order to 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, i t  is recommended that the Wisconsin 
Department of Natural Resources take the lead in 
seeking the necessary state legislation to estab- 
lish a new tax law program designed to provide 
for reduced property taxes on woodlands that 
are managed principally for aesthetic and scenic 
values, for wildlife conservancy, for limited pro- 
duction of forest products, and for watershed pro- 
tection purposes. 

This property tax law, which could be termed 
a "Greenway 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  Department of Natural 
Resources. The proposed law could also include 
a payment by the state to the local governments to 
help offset the reduced taxes. The law should also 
include a penalty clause for withdrawal of wood- 
lands from the program. 

Land Acquisition for Natural Resource Protection 
The recommended Fox River watershed plan 
places great emphasis upon the preservation, pro- 
tection, 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 recommenda- 
tions for land acquisition to protect the natural 
resource base. These include the acquisitionof all 
primary environmental corridors in those areas of 
the watershed designated in the plan to be developed 
for urban land uses by 1990; the acquisition of all 
other primary environmental corridors along the 
main stem of the Fox River; the acquisition of the 
Vernon Marsh wildlife conservancy and temporary 
floodwater storage area; the acquisition of the 
Sugar Creek corridor and reservoir area; and the 
acquisition of selected high-value wetlands and 

woodlands adjacent to publicly owned or  leased 
forest and wildlife areas. A schedule of land 
acquisition costs for implementation of the nat- 
ura l  resource protection plan element is set forth 
in Table 64. It should again be stressed that 
important relationships exist between these land 
acquisition recommendations, which are intended 
primarily for natural resource protection pur- 
poses, and the park and outdoor recreation, flood 
control, pollution abatement, and water supply 
plan elements. 

Urban Environmental Corridors: It is recom- 
mended that Kenosha, Racine, W alworth and 
Waukesha Counties acquire, either through out- 
right purchase of fee simple interests o r  through 
the purchase of development rights, all lands 
designated as primary environmental corridors 
which lie within areas of the watershed expected 
to become urban by 1990. In Kenosha County it is 
recommended that the County Park Commission 
acquire those urban corridors located in the 
Towns of Salem and Wheatland along the Fox 
River and adjacent to Center Lake and those cor- 
ridors located in and adjacent to the Village of 
Twin Lakes. The urban corridor lands recom- 
mended to be acquired within Kenosha County total 
2,014 acres, with the total acquisition cost esti- 
mated at $4,028,000. In Racine County it is rec- 
ommended that the County Highway and Parks 
Committee acquire those urban corridors located 
in the City of Burlington; the Villages of Rochester 
and Waterford; and the Towns of Burlington, Nor- 
way, Rochester, and Waterford. The urban cor- 
ridor lands to be acquired within Racine County 
total 2,832 acres, with the total acquisition cost 
estimated at $5,664,000. It is recommended 
that the Walworth County Park and Planning Com- 
mission acquire those urban environmental cor- 
ridors in the City of Lake Geneva; Villages of 
East Troy, Fontana, Genoa City, and Williams 
Bay; and the Towns of Bloomfield, East Troy, 
Geneva, Linn, and Walworth. The urban corridor 
lands to be acquired within Walworth County total 
3,447 acres, with the total acquisition cost esti- 
mated at $6,894,000. It is recommended that the 
Waukesha County Park and Planning Commission 
acquire those urban environmental corridors in 
the Cities of BrooHield, Muskego, and Waukesha; 
the Villages of Big Bend, Lannon, Menomonee 
Falls, and Pew aukee; and the Towns of Brookfield, 
Mukwonago, Pewaukee, Vernon, and Waukesha. 
The urban corridor lands to be acquired within 
Waukesha County total 6,179 acres, with the total 



T a b l e  64 

SCHEDULE O F  C A P I T A L  COSTS O F  T H E  RECOMMENDED NATURAL RESOURCE 
PROTECTION PLAN ELEMENT O F  THE FOX R l  VER WATERSHED PLAN BY COUNTY BY YEAR: 1 9 7 1 - 1 9 9 0  

Calendar Project 

Annual Average 

Calendar 1 Project 

yeor Yea, 
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20 

a ~ n c l u d e s  the acquis i t ion xn Kenasha County o f  2,014 acres; i n  Racine County o f  2,832 scres; i n  Wpluarth Covnty o f  3.447 scres: and i n  Waukesha County o f  6,179 acres, a l l  
at an estimated average c o s t  o f  $2,000 per acre. 

. Urban 
Envi ronmsntal 

Corridora 
(aunt r  1 

$ 335.666 
335.666 
335.666 
335,666 
335,666 

335.666 
335.666 

335.666 
335,666 
335,666 
335,666 

335.671 -- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

$ 1,026,000 

$ 201,400 

4 t a l  

Annual Average 

blncludes the acquis i t ion in Kenosha County of 1,209 acres: in Racine County of 3,193 acres; and in Waluorth County o f  147 scres, a l l  at m estimated average cost o f  l Z l O  
per acre. 

Urban 
Env~ronnental 

Corrldera 
(County) 

$ 571.500 
574, MO 
574,500 
57 4,500 
571. 500 
571,500 
571,500 
571. 5W 
574,500 
571,500 
571,500 

574. 5W 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

$ 6,894,000 

$ 314,7W 

C ~ n c l u d e s  the acquisition i n  Kenosha County of 1,244 acres; i n  Racine County of 2,166 acres; and i n  Waukeshe County o f  4,036 acres, a l l  a t  an estimated average cost  of 
$700 per acre. 

Kmorha 

High-Value 
wetlandsb 
(State) 

$ 12,090 
12.090 
12.090 
12.090 

12.090 
12.090 

12.090 
12,090 

12.090 
12.090 

12,090 

12.090 
12.090 
12.090 
12.090 
12,090 
12.090 
12.090 
12.090 

- 12,090 

$ 211,800 

$ 12,090 

Urban 
Envlronmntal 

Corridora 
(County) 

a 172.000 

172,000 
472.000 
472.000 

172.000 
'472,000 
472,000 

472,000 
W2.000 
172,MK) 
172,000 

172.000 -- - -- 
-- 
-- -- 
-- 
-- 

$ 5,664.WO 

t 263.200 

d ~ n c l u d e s  the acquis i t ion of 3.424 ecres at an estimated average cost  of  $700 per acre. 

County 

Fox 
Maln Stan 

Envi ronnsntal 
Corridor 
( b u n t r )  

$ -- -- 
-- -- -- -- -- 
-- 
-- 
-- 
- 
-- 

189,525 
169,525 
189.525 
169.525 
169,525 
169,525 
169.525 
189.525 

$ 1.516.200 

$ 75,610 

Racine 

High-value 
Wetlandsb 

(State) 

$ 31,930 
31.930 

31.930 
31,930 
31,930 
31.950 
31.930 

31.930 
31.930 
31.930 
31.930 
31.930 

31.930 
31.930 
31,930 
31.930 
31.930 
31,930 
31.930 

31,930 

$ 638,600 

$ 31,930 

Total 

1,119,788 
1.149,766 
1.1W.786 
I. lW.788 
1,119,766 
1.1W.766 
l.lW,788 
I. 149,786 
l , lW,768 

I ,  149.768 
1,149,788 
1.149,PJZ 

473,105 
473,105 
'473,105 
'473,105 
W3.105 
173. 105 
V3.105 

' 473, 105 

$ 17,582,296 

$ 679,115 

Urban 
Envbronmental 

Corridora 
(County) 

$ 1,029,833 
1,029,833 
1,029,833 
1.029.833 
1,029,833 
1,029,833 
1,029,833 
1,029,833 

1,029,633 
1,029,833 
1,029,833 
1,029,857 -- 

-- 
-- 
-- 
-- 
-- 
-- 
-- 

$12,356,000 

$ 617.900 

Sugar Creek 
Multiple-Purpose 

R e r e ~ o l r  
&read 

(State) 

$ 399 .W 
399,166 
399. U86 

399.U66 
399.W6 
399,470 

-- 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

$ 2,336,800 

$ 399,470 

elnclvdes the acquisition i n  Walwrth County o f  2,967 acres and i n  Waukesha County of 1,402 acres at an estimated average cost  o f  $700 per acre 

Total 

503.950 

503,930 

503.930 
503,930 
503,980 
503,950 

503,930 
503.980 
503,930 
503.930 
503,980 
503.930 
221.455 
221,455 
221 ,155 
22 1 ,  455 
22 1, 455 
221.455 
221.155 
221.456 

$ 7.818.800 

$ 390.9W 

County 

Fox 
Main Stem 

Environmental 
CorridorC 
  aunt^) 

$ -- 
-- 
-- 
-- 
-- 
-- 
-- 
-- -- 
-- 
-- 
-- 

108.650 
106,850 
108.850 
108,850 
108,650 

108,650 
108,850 
108,650 

$ 870.800 

$ 13.540 

f~ncludes  the a c q v i s i t ~ o n  of 2,651 acres a t  an estimated average cost  o f  $ZOO per acre for 876 acres o f  wetlands and 6700 per acre for 1,775 acres of  voodlands a d  open 
1 ands. 

Total 

$ 317.756 
38,756 
347.756 
317.756 

317.756 
317.756 
347.756 

347.756 
317.756 
347,756 

317,756 
317,761 
120,940 
120,940 
120,940 
12~7,940 
120,940 
120.9W 
120.9W 
120,940 

$ 5.IUO.MM 

$ 267,255 

Vernon Marah 
w l ld l l f e  

ConsoNancy 
l r e a f  
(State) 

$ 70.885 
70,685 
70.885 
70.685 
7 0 . 1 5  
70.885 
70,815 

70,685 
70.885 
70,685 
70,865 
7 0 . 1 5  
70,685 

70,865 
70.885 
70.885 
70,685 
70,885 
70.665 

7 0 . 1 5  

$I,117,700 

$ 70,865 

Walwrth County 

High-Value 
wetlandsb 
(State) 

$ 1,170 
1,470 

1.170 
I. 170 
1,170 
I. 170 
I. 170 
1.170 

I ,  470 
I ,  470 
I ,  470 
I ,470 
I ,  170 
I ,  170 
I .  U70 
I .  170 

I ,  170 
I ,170 
I ,  470 
1.470 

$ 29,400 

$ 1,170 

Source: Wisconsin Department o f  Natural Resources and SEWWC. 

Waukesha County 

High-Value 
woodlandse 

(State) 

$ '49,070 
19,070 
49,070 

49.070 
49 ,070 
19.070 
* ,om 

W.070 
19,070 

49,670 
19,070 
19,070 
W ,070 
49.070 
19,070 

49,070 
49,070 
W,070 
19,070 
49.0m 

$ 961,400 

$ 49,070 

High-Value 
Woodlandse 

(State) 

$ 103.845 
103.615 
103.815 
103,815 
103,815 
103.815 
103.8YS 

103.615 
103,6Y5 
103.615 
103,815 
103,815 
103.615 
103,8115 

103,845 
103.615 
103,615 
103,615 
103,845 

103,615 

$ 2,076,900 

$ 103,845 

Fox 
Main Stem 

Envnrmmntal 
Corridorc 
(County) 

$ -- - - -- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

353.150 
353.150 
353,150 
353,150 
353.150 
353, 150 
353, I50 

353.150 

$2,825,200 

$ 141.260 

Total 

$ 1,079,281 
1.U79.281 
1,079,281 
1,079,281 
1.079.281 
1,079,285 

679,816 
679,815 
679,815 

679,815 
679,815 
679,615 
105,315 
105,315 
105,315 
105,315 
105,315 
105,315 
105,315 
105,315 

$ 11,397,100 

$ 568,535 



acquisition cost estimated at $12,358,000. It is 
further recommended that the cities, villages, and 
towns wherein urban environmental corridor land 
is located cooperate with the various county park 
agencies in the acquisition of such corridors 
through preservation in open use by appropriate 
zoning and official mapping, and, where feasible, 
through acquisition by subdivision dedication. 

It is recommended that, because of the possible 
loss of such corridors to various forms of urban 
development, the above designated urban corri-  
dors be reserved and acquired during the first  
12 years of the 20-year plan implementation 
period. In this connection purchase of less-than- 
fee interest of such corridor lands would be con- 
siderably cheaper and would result in more rapid 
preservation in proper use of the designated 
riverine areas. Such acquisition of less-than-fee 
interest may be in the form of scenic easements; 
conveyances of development rights to assure con- 
tinuance of very low-density residential, private 
park and related open-space uses; and grants of 
various public uses and development rights for 
construction and use of park and outdoor recrea- 
tion facilities. These devices, however, should 
be used only when acquisition of the entire fee 
interest is too costly o r  for other reasons is not 
available. Fi rs t  priority in land acquisition, a s  
recommended in the Fox River watershed plan, 
should be given to the designated urban corridors. 

Fox River Main Stem Corridors: It is recom- 
mended that Kenosha, Racine, and Waukesha 
Counties acquire those remaining primary envi- 
ronmental corridors outside of the urban corri- 
dors lying along the main stem of the Fox River. 
In Kenosha County i t  is recommended that the 
Kenosha County Park Commission acquire those 
remaining main stem corridors in the Towns of 
Salem and Wheatland. The remaining main stem 
corridor lands to be acquired within Kenosha 
County total 1,244 acres, with the total acquisi- 
tion cost estimated at $870,800. It is recom- 
mended that the Racine County Highway and Parks 
Committee acquire those remaining main stem 
corridors located in the Towns of Burlington, 
Rochester, and Waterford. The remaining main 
stem corridor lands to be acquired within Racine 
County total 2,166 acres, with the total acquisition 
cost estimated at $1,516,200. It is recommended 
that the Waukesha County Park and Planning Com- 
mission acquire those remaining main stem cor- 
ridors in the Towns of Mukwonago and Vernon. 
The remaining main stem corridor lands to be 

acquired within Waukesha County total 4,036 
acres, with the total acquisition cost estimated 
at $2,825,200. The purchase for public use of 
these remaining main stem corridors, together 
with the purchase of the urban corridors, will 
result in eventual public ownership of the entire 
floodlands of the main stem of the Fox River 
in Wisconsin. 

Vernon Marsh Wildlife Conservancy and Tem- 
porary Floodwater Storage Area: It is recom- 
mended that the Wisconsin Department of Natural 
Resources expand its existing Vernon Marsh 
ownership limits to include all that area indicated 
in the Fox River watershed plan as  constituting 
the Vernon Marsh primary environmental corri- 
dor for wildlife conservancy and temporary flood- 
water storage purposes. This would require the 
acquisition of a total of 2,651 acres of land in 
addition to the 3,896 acres presently under the 
control of the Department of Natural Resources. 
Total acquisition cost is estimated at $1,417,700. 
Acquisition of this additional area by the Depart- 
ment will ensure that the entire valuable wetland 
and floodplain area known as the Vernon Marsh 
will be permanently preserved and protected. It 
was noted in Chapter VI of this volume that, 
although this area has potential as a future water 
supply reservoir, such use would not be required 
at least to the plan design year. Should i t  ever 
become necessary to develop this area as a sur- 
face water supply reservoir, i t  is recognized that 
an agency other than the Department of Natural 
Resources would have to acquire the needed land 
from the Department and construct the necessary 
reservoir. 

Sugar Creek Corridor and Reservoir Area: It is 
recommended that the Wisconsin Department of 
Natural Resources acquire all the lands needed 
for the development of a multiple-purpose reser-  
voir on Sugar Creek in the Towns of LaFayette 
and Sugar Creek in Walworth County. The total 
area needed for this project is 3,424 acres, 
including land adjacent to the reservoir for park 
use; and the acquisition cost is estimated at 
$2,396,800. It is further recommended that the 
Department of Natural Resources develop, in con- 
junction with the reservoir, a multiple-purpose 
state park. Development cost of such a park is 
estimated to be $2,980,000. 

High-Value Wetlands: It is recommended that 
the Wisconsin Department of Natural Resources 
acquire those high-value wetlands identified for 



public acquisition in the Fox River watershed 
plan. Such acquisition, totaling 4,549 acres, would 
include expansion of the existing Tichigan wildlife 
area  in Racine County, Honey Creek wildlife 
area in Racine and Walworth Counties, the Kar- 
cher wildlife area in Kenosha and Racine Coun- 
ties, the New Munster wildlife area in Kenosha 
County, and scattered wetland parcels throughout 
the watershed. Total acquisition cost for these 
high-value wetlands is estimated at $909,800. 

High-Value Woodlands : It is recommended that 
the Wisconsin Department of Natural Resources 
acquire those high-value woodlands identified for 
public acquisition in the Fox River watershed 
plan. Such acquisition, totaling 4,369 acres, would 
include expansion of the existing Kettle Moraine 
State Forest area in Walworth and Waukesha 
Counties. Total acquisition cost for  high-value 
woodlands is estimated at $3,058,300. 

Land Acquisition and Development for Park 
and Outdoor Recreation 
The recommended Fox River watershed plan, in 
addition to the above natural resource protection 
proposals, includes recommendations for regional 
park development and the public acquisition and 
development of certain high-value and park sites. 
It should be noted that many of the recommended 
park and outdoor recreation sites lie within the 
environmental corridors recommended for acqui- 
sition under the natural resource protection plan 
element. Acquisition of these corridors, there- 
fore, will ordinarily result in certain lands being 
acquired and therefore available for ultimate park 
development. In addition to the Sugar Creek site 
discussed above, three major regional park sites 
are  recommended for immediate public acquisition 
and full development within the 20-year plan 
implementation period. Each of these is dis- 
cussed below. A schedule of capital costs by 
county for implementing the outdoor recreation 
element of the Fox River watershed plan is set 
forth in Table 65. 

Minooka Park Site: It is recommended that the 
Waukesha County Park and Planning Commission 
fully develop the Minooka Park site in the Town of 
Waukesha as  a multiple-purpose regional park. 
This park presently has a total area of 297 acres, 
adequate for i t s  intended purpose. Development 
costs of this park site are  estimated at $695,500.~ 

 his park s i t e  has a1 ready been acquired by the 
Waukesha County Park and Planning C o m i s s i o n .  

Western Racine County Park Site: It is recom- 
mended that the Racine County Highway and Parks 
Committee acquire and develop as  a multiple- 
purpose county park the Western Racine County 
Park site along the Fox River in the Town of 
Rochester. This park site would have an area of 
250 acres and would cost an estimated $175,000 
to acquire. Development costs of this park are 
estimated at $625,000. 

Fox River Park Site: It is recommended that the 
Kenosha County Park Commission expand the 
existing Fox River County Park in the Town of 
Salem. Such expansion will require the acquisi- 
tion of 250 acres of land in addition to the 120 
acres of land in public ownership. Estimated 
costs of acquiring and developing the expanded 
park are $175,000 and $625,000, respectively. 

Selected Additional High-Value Park Sites: It is 
recommended that the four county park agencies 
acquire and develop, as the demand dictates, 
additional high-value outdoor recreation sites for 
county parks, as indicated in the Fox River 
watershed plan. Acquisition of these additional 
high-value park sites as county park facilities 
would total 7,227 acres and is estimated to cost 
$2,760,800. Four of these park sites, totaling 
834 acres, are  located in Kenosha County and are 
estimated to cost $351,400 to acquire. Seven of 
these park sites, totaling 1,927 acres, are located 
in Racine County and are  estimated to cost 
$763,000 to acquire. Seven of these park sites, 
totaling 3,065 acres, are located in Walworth 
County and are estimated to cost $326,200 to 
acquire. Five of these park sites, totaling 1,401 
acres, are  located in Waukesha County and are 
estimated to cost $199,500 to acquire. Of the 
total 23 recommended additional high-value out- 
door recreation sites, 12 are located in the pri- 
mary environmental corridors recommended for 
acquisition in the natural resource protection plan 
element and would be acquired if that plan element 
were fully implemented.10 These 12 sites should 
be given priority in any county park land acquisi- 
tions, over and above the three regional park 
si tes discussed above. 

' O ~ h e  e s t ima ted  land a c q u i s i t i o n  c o s t s  s e t  f o r t h  i n  
t h i s  s e c t i o n  do  not  inc lude  the 32 s i t e s  l o c a t e d  i n  
the  primary environmental c o r r i d o r s  recommended t o  
b e  acquired i n  the  natural  resource p r o t e c t i o n  plan 
e l  emen t  . 
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1 Calendar I project 

SCHEDULE O F  C A P I T A L  AND OPERATION AND MAINTENANCE COSTS O F  
M E  RECOMMENDED OUTDOOR RECREATION P L A N  ELEMENT OF T H E  FOX 

R l  VER WATERSHED PLAN BY COUNTY BY YEAR: 1 9 7 1 -  1990 

b ~ n c l u d e s  the development i n  Kenosha County o f  250 acres o f  regional park land: i n  Racine County o f  250 acres o f  regional park land: i n  Waluorth County o f  1.820 acres 

o f  regional psrk land;  and i n  Waukesha County o f  297 acres o f  regional park land ,  a11 a t  an es t imated  c o s t  o f  $1.500 per acre; the  development i n  regional parks of 4 
regula t ion  g o l f  courses a t  an es t imated  c o s t  o f  $250.000 per course; ind  the development i n  Kenorha County o f  20 acres o f  neighborhood parks and 70 acres o f  c o m i t y  
parks; i n  Racine County o f  57 acres o f  neighborhood parks and 190 acres o f  c o m n i t y  parks; and i n  Warkesha County o f  461 acres o f  neighborhood parks and 1,915 acres 

o f  c ~ m v n i t y  parks ,  a l l  a t  es t imated  average c o s t s  o f  53,000 per acre and $7.000 per acre ,  r e s p e c t i v e l y .  No development c o s t s  have been assigned t o  the addi t ional  high- 
v a l u e  park s i t e s  recommended t o  be acquired under the  optimum a l t e r n a t i v e  outdoor recreat ion  plan element. I t  w a s  assumed tha t  development of t h e s e  s i t e s  m u l d  m s t  
l i k e l y  be deferred  u n t i l  a f t e r  t h e  i n i t i a l  20-year p l w  inp lementa t ion  period. 

Calendar 

Year 

1971 
1972 
1973 
1974 
1975 
1976 
1977 
1976 
1979 
1980 
1981 
1982 
I033 
1994 
1985 
1996 
1987 
1988 
I989 
1990 

'Based on es t imated  average c o s t s  o f  $100 per acre o f  developed regional park land  and $200 per acre o f  developed neighborhood and c o m n i t y  park land. 

Land 
~squ#s l t#on '  

(County-Local) 

$ 33,495 
33, 495 
33, U95 
33. U95 
33.495 
33.U95 
33.U95 
33.495 
33.495 
33,495 
15.995 
15.995 
15,995 
15.995 
15.995 
15,995 
15.995 
15.995 
15,995 
15,995 

$ W4,900 

$ 24.745 

Source: Wisconsin Department o f  Natural Resources and SEWRPC 

Project 

Year 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I I 
I2  
13 
I 4  
15 
16 
17 
18 
19 
20 

Total 

Kenorha 

Park and 
Recrsat&on 

F ~ ~ l u t y  
~ o n s t r u c t l o n ~  
(County-~oc.1) 

$ 27,500 
27.500 
27.500 
27.500 
27.500 
69.166 
69, 166 
69.166 
69,166 
69,166 
69.165 
69.166 
69,166 
69.166 
69,166 
69, I66 
69. 166 
69,166 
69,165 
69.176 

$ 1,175,000 

$ 50.750 

Land 
Acqulsltlona 

(County-Local) 

$ 53.665 
53,665 
53.865 
53.865 
53.865 
53,665 
53,665 
53.665 
53,865 
53.665 
36.365 
36.365 
36,365 
36.365 
36,365 
36,365 
36.365 
36.365 
36,365 
36.365 

$ 902,300 

$ 45,115 

Annual Average 

county 

Operation 
and 

Welntenancec 
(County-Local) 

$ 2.450 
4.900 
7.350 
9.800 

12.250 
16,366 
20,482 
24.598 
26,714 
32,830 
36,9116 
41,062 
45.178 
'49,294 
53.410 
57.526 
61.642 
65,758 
69.871 
74, 000 

$ 713,690 

$ 35.722 

Raclne 

Park and 
Recreatuon 
F lc t l l t y  

constructlonb 
(County-Local) 

$ 75,050 
75.050 
75.050 
75.050 
75,050 

116.716 
116,716 
116.716 
116.716 
116,716 
116,716 
116.716 
116,716 
116.716 
116.716 
116,716 
116,716 
116.716 
116,716 
116.726 

$2,126,000 

$ 106.W 

Total 

$ 131,065 
133.515 
135.965 
138,415 
IW.1165 
186.647 
190.763 
194.979 
196.995 
203,111 
189.727 
199,843 
197.959 
202.075 
206,191 
210,307 
2 1 4. 423 
218.539 
222,655 
226,791 

$ 3,736,730 

$ 186.637 

County 

Operation 
.nd 

Wa#ntsnancoc 
(County-Local) 

$ 900 
1.800 
2.700 
3.600 

'&%M 
7.066 
9,632 

12. I96 
14.764 
17.330 
19.896 
22. l 2  
25.026 
27. SBY 
30,160 
32,726 
35,292 
37.658 
W.424 
43.0m 

$ 3W.990 

$ 19.447 

alncludes the  a c q u i s i t i o n  i n  Kenosha County of 250 acres o f  regional park land and 457 acres o f  addi t ional  h igh-va lue  park land: i n  Racine County o f  250 acres o f  regional 
park land  and 1,039 acres o f  addi t ional  h igh-va lue  park land: i n  Waluorth County o f  3,702 acres o f  addi t ional  high-value perk land; and i n  Waukesha County o f  297 acres 
o f  regional psrk land m d  1,327 acres o f  addi t ional  h igh-va lue  park l a d ,  a l l  s t  an es t imated  average c o s t  o f  $700 per acre. 

Land 
Acquisitiona 

(County-~ocai) -- 
$ 129,570 

129,570 
129,570 
129,570 
129.570 
129,570 
129,570 
129.570 
129,570 
129.570 
128.570 
129,570 
129.570 
129.570 
129.570 
1 29,570 
129.570 
129,570 
129,570 
128,570 

$ 2.591,WO 

Total 

$ 61,895 
62.795 
63,695 
64,SBS 
65,495 

109.727 
112.293 
114,859 
117,425 
119.991 
105.057 
107.623 
1 10. I89 
112.755 
115.321 

117.867 
120,453 
123,019 
125,585 
128.171 

(2 ,058 ,830  

$ 102,942 

$ 129.570 

Total 

$ 712.315 
732.795 
750.275 
773.755 
794.235 
863.061 
665,52 1 

907.98 1 

930,411 
952.901 
954,571 
977.031 
999,Wl 

1.021.951 
I.044.4II 
1.0€4.871 
1.089.331 
I , I I I , 7 9 l  
I. 134,251 
1.156.711 

$18,862,690 

Walwrth 

Park and 
Recreation 
Facl i l ty  

constructionb 
(State) 

$ -- -- 
-- 
-- 
-- 

198,666 
196.666 
196,666 
196.666 
196,666 
198.666 
196.666 
196.666 
196,666 
198,666 
196,666 
196,666 
103,666 
196,666 
198,676 

$2.980.000 

Land 
Acquisition' 

(County-~oc.1) 

$ 67,235 
67,235 
67.235 
67,235 
67.235 
67.235 
67,235 
67.235 
67,235 
67.235 
46. W5 
l. W5 
U6. W5 
U6.445 
W,445 
W.415 
46. 445 
46,445 
Y .  W5 
46,445 

$1,136,600 

$ 9w.135 $ IW.000 $ 56,840 

County 

Operation 
and 

Maintenancec 
(State) 

$ -- -- 
-- 
- 
-- 

12.133 
24.216 
36.399 
W, 532 
60,665 
72.798 
84.931 
97,064 

109,197 
121,330 
133,U63 
145,596 
157.729 
169.862 
181,995 

$1, 455,960 

Wwkesha 

Park and 
Recreation 
Faci l i ty  

constructionb 
(County-Local ) 

$ 623.900 
628.800 
623.900 
623.900 
623.900 
670,266 
670.266 
670.266 
670.266 
670,266 
670.266 
670.266 
670.%6 
670,286 
670.16 
670,266 
a 0  , %6 
670 .W 
670.266 
670,276 

$18,173,500 

Total 

$ 129,570 
129.570 
129.570 
129,570 
129.570 
3W.369 
352,502 
364,365 
376.W6 
308,631 
W0.764 
412,897 
425,030 
W , 1 6 3  
449.296 
l l . 4 2 9  
173,562 
WS.695 
W7.626 
509.961 

$ 7 , 0 2 3 . 8 W  

$ 72.798 

County 

Operation 
and 

Yaintanansec 
(County-Local ) 

$ 20,480 
W,9W 
61,UW 
61,920 

102,WO 
124,860 
147.320 
169,780 
I92.2W 
214.700 
237,160 
259.620 
282.080 
304.5W 
321.000 
349.460 
371,920 
394.380 
416.8W 
439.500 

$4.538.U00 

$ 6Y1,675 $ 351.192 f. 231,950 



Other Additional High-Value Outdoor Recreation 
Sites: It is recommended that the four county - 
park agencies or  the cities, villages, and towns 
concerned acquire and develop, as the demand 
dictates, the 16 additional recommended local 
potential park sites in the watershed. Of these 
16 sites, four would be acquired if the recom- 
mended environmental corridor acquisition under 
the natural resource plan element of the water- 
shed plan is fully carried out; and these four sites 
should be given priority in any local park land 
acquisitions. In some cases these additional 
potential outdoor recreation sites would make 
logical additions to existing county park systems; 
in other cases these sites would more appro- 
priately make additions to existing city, village, 
o r  town park systems. The local units of gov- 
ernment involved in the acquisition of these other 
potential outdoor recreation sites are: the Vil- 
lages of Menomonee Falls and Twin Lakes and 
the Towns of Dover, Geneva, LaGrange, Lyons, 
Mukwonago, Norway, Randall, Troy, Waterford, 
and Waukesha. Acquisition of these other out- 
door recreation sites would total 2,115 acres, 
and the land acquisition costs are estimated at 
$1,200,500.11 

Private Park Development: The foregoing outdoor 
recreation land acquisition and development rec- 
ommendations provide for meeting the entire 
anticipated outdoor recreation demand through 
public action. It is, however, fully recognized 
that private recreational development has been 
and will continue to play an important role in 
meeting outdoor recreation demand within the Fox 
River watershed. The future extent of such pri- 
vate outdoor recreation development cannot, how- 
ever, be reliably forecast. It is known that at the 
present time about one-half of the developed rec- 
reation land in the watershed devoted to the five 
major outdoor recreational activities upon which 
the 1990 forecast demand is based is in private 
ownership and operation. This level of private 
activity may continue in the future. To the extent 
that i t  does, it will reduce the need to publicly 
acquire and develop the park and related open- 
space lands. 

" The estimated land acqu i s i t ion  c o s t s  s e t  for th  i n  

t h i s  sec t ion  do not  include the  four s i t e s  located 

i n  the  primary environmental corridor  recommended 

t o  be acquired i n  the  natural resource protect ion 

plan element. 

Park Land Preservation: It is not economically 
desirable o r  financially feasible to acquire all 
of the aforementioned recommended park lands 
and natural resource corridor lands immediately. 
Therefore, certain police powers that a re  avail- 
able to local units of government should be used 
to protect from development those areas recom- 
mended for eventual public acquisition. In addition 
to preserving those natural resource areas and 
park lands recommended to be eventually acquired 
by the use of exclusive agricultural, conservancy, 
and park districts under zoning ordinances and by 
sound floodland zoning regulations, the official 
mapping powers possessed by local units of gov- 
ernment should also be utilized for this purpose. 
Such powers, as well a s  recommended mapping 
survey procedures, a re  shown in Planning Guide 
No. 2, Official Mapping Guide, 1964. 

It is, therefore, recommended that all affected 
cities, villages, and towns in the watershed pre- 
pare and adopt, pursuant to Section 62.23(6) of the 
Wisconsin Statutes, official maps showing thereon 
as  park sites all park sites and as parkways all 
corridors recommended for acquisition in the Fox 
River watershed plan. Such official maps should 
be prepared for both the area encompassed within 
the corporate limits of the municipalities and the 
area within the extraterritorial subdivision plat 
approval jurisdictional area and should be adopted 
by an ordinance similar to that se t  forth in 
Appendix A of SEWRPC Planning Guide No. 2, 
Official Mapping Guide. 

Fox River Scenic Parkway Drive 
It is recommended that the Wisconsin Department 
of Transportation coordinate, through the county 
highway committees of Kenosha, Racine, and Wau- 
kesha Counties, the establishment, over existing 
state, county, and local streets and highways, of 
the recommended Fox River scenic parkway drive. 
It is anticipated that the establishment of this 
scenic parkway drive will consist primarily of the 
design, preparation, and placement of appropriate 
signs identifying the parkway route along i ts  
63 mile length, an effort similar in nature to the 
making of the existing Kettle Moraine scenic drive. 

Woodland and Wetland Management 
The comprehensive Fox River watershed plan also 
includes recommendations for the institution on 
a large scale of sound woodland and wetland man- 
agement practices in an effort to conserve and 
improve these important resources. Implementa- 
tion of this plan element will largely depend on 



actions by private landowners of woodland and 
wetland areas. Technical and financial assistance 
is available to 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 Uni- 
versity Extension Service will provide to all 
landowners, upon request and at no cost, techni- 
cal advice on woodland and wetland management. 
A number of woodland and wetland management 
techniques and measures, such a s  tree planting, 
timber stand improvement, streambank protection, 
and establishment of wildlife cover are  eligible 
for cost-sharing through the Agricultural Conser- 
vation Program conducted by the U. S. Depart- 
ment of Agriculture, Agricultural Stabilization and 
Conservation Service, in cooperation with the 
U. S. Soil Conservation Service, the Wisconsin 
Department of Natural Resources, and the Univer- 
sity Extension Service. Maximum use of such 
technical and financial assistance is essential to 
the implementation of this plan element. 

FLOOD CONTROL PLAN ELEMENT 
IMPLEMENTATION 
The major flood abatement recommendation con- 
tained in the Fox River watershed plan is the 
institution of sound floodland zoning regulations 
throughout the watershed and the acquisition for 
public park and parkway use of all of the flood- 
lands of the main stem of the Fox River. These 
land use recommendations are  supported by cer- 
tain structural flood control elements. A schedule 
of capital costs by county for implementing the 
flood control element of the Fox River watershed 
plan is se t  forth in Table 66. 

Levee Construction and Channel Improvements- 
City of Waukesha 
It is recommended that the City of Waukesha 
undertake the responsibility for the construction 
of dikes and floodwalls within the City as  recom- 
mended in the Fox River watershed plan. The 
construction of such dikes and floodwalls is esti- 
mated to cost $367,000, including the cost of 
acquisition of all necessary lands, easements, and 
rights -of -way. Actual construction of these dikes 
and floodwalls could possibly be accomplished a s  
a general works project by the U. S. Army Corps 
of Engineers. Under such a project, the Corps of 
Engineers, after appropriate detailed engineering 
studies and hearings and upon U. S. Congressional 
approval, would construct the dikes and floodwalls, 
given local assurance that the City would provide 
all the lands, easements, and rights-of -way nec- 

essary  for the construction of the project; that the 
Federal Government would be held free from all 
damages due to the construction of the works; and 
that the City would properly maintain all the works 
after completion in accordance with prescribed 
regulations. Thus, the proposed dike and flood- 
wall construction could be accomplished by the 
City of Waukesha, with the local cost being only 
that necessary to acquire the needed land and 
other easements. In the alternative i t  is recom- 
mended that the City of Waukesha seek assistance 
in the construction of the recommended dikes and 
floodwalls under the watershed assistance pro- 
gram administered by the U. S. Department of 
Agriculture, Soil Conservation Service. 

It is further recommended that the City of Wau- 
kesha, through the Corps of Engineers o r  Soil 
Conservation Service, undertake the necessary 
channel clearing and shaping recommended to be 
accomplished below the Barstow Street Dam to 
improve the characteristics of the river. It is also 
recommended that the City undertake the installa- 
tion of automatic drainage gates a s  recommended 
on 17 storm sewer outlets discharging to the Fox 
River in order to prevent storm sewer backup. 
Finally, i t  is recommended that the City of Wau- 
kesha construct a storm sewer from St. Paul 
Avenue to the Fox River a s  a flood alleviation 
device in the location shown on Map 8. 

Levee Construction and Channel Im~rovements- 
City of Burlington 
It i s  recommended that the City of Burlington 
undertake the responsibility for constructing dikes 
and floodwalls within the City a s  recommended in 
the Fox River watershed plan. The construction 
of such dikes and floodwalls is estimated to cost 
$350,000, including the cost of acquisition of all 
necessary lands, easements, and rights-of-way. 
The actual construction of these recommended 
dikes and floodwalls could be accomplished by 
the U. S. Army Corps of Engineers o r  the 
U. 'S. Department of Agriculture, Soil Conser- 
vation Service, in the same manner a s  outlined 
above in the discussion of levee construction for 
the City of Waukesha. It is further recommended 
that the City of Burlington undertake the minor 
channel clearing and installation of automatic 
drainage gates on 22 storm sewer outlets dis- 
charging to the Fox River a s  proposed in the plan. 

Channel Improvements -Sugar and Honey Creeks 
Certain channel improvements are  recommended 
in the Fox River watershed plan to provide better 

-- 



T a b l e  66 

SCHEDULE OF C A P I T A L  AND OPERATION AND MAINTENANCE 
COSTS OF T H E  RECOMMENDED FLOOD CONTROL P L A N  ELEMENT O F  THE FOX R I V E R  WATERSHED 

PLAN B Y  COUNTY BY YEAR: 1 9 7  1 - 1 9 9 0  

Levee Conrtrvctlon 
i n  the 

Ci ty  o f  8 u r l l q t o n  Calendar 
Year 

1971 
1972 
1973 
197Y 
1975 

1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1 985 
I986 
1987 
1988 
1 989 
1990 

A p r i ~ l t ~ r a I  Drainage 
1.prove"ent. 

on Hoosier Creek 

Operation and 
Yaintsnmcs 

t 500 
500 
5W 
500 
500 
5W 
500 
500 
500 
500 
500 
500 
500 
500 
5W 
500 
500 
500 
500 
500 

Project  
Year 

I 

2 
3 
4 
5 

6 
7 
8 
9 

10 
I I 
12 
13 
1'4 
15 
16 
17 
I 8 
19 
20 

lanosha County 

F l ~ d l u l d  
Residence 
Evacuation 

i n  the 
Sl iver  Lake 

Areaa 

$ 61,800 
61,800 
61,800 
61,800 
61,800 
6 1.800 
61,800 
61.800 
6 1.800 
61,800 
61,800 
61.800 
61.800 
61.800 
61.800 
61,M)O 
61.800 
61.800 
61,800 
6 1.800 

Opsratlon and 
Yaintenanea 

$ 3.290 
3,290 

1.290 
3,290 
3.290 

3.290 
3.290 
3.290 
3.290 
3.290 
3,290 
3.290 
3.290 
3.290 
3,290 
3.290 
3,290 
3,290 
3,290 
3,290 

Operarlon m d  
Yaimtell~nce 

$ 2.790 
2.790 
2.790 
2,790 
2.790 

2.790 
2,790 
2,790 
2.790 
2,790 
2,790 
2,790 
2,790 
2,790 
2,790 
2.790 
2,790 
2.790 
2.790 
2,790 

Total I 4 1,236,000 $ 350,000 1 $ 10,000 1 $ 2W.700 $ 55.800 1 $ 590,700 1 $ 65.800 1 

Facl l  1 ty 
Construction 

$ 1 1 8 . 1 ~  
II8,IW 
118.IW 
I I8. IW 
I I8, IW -- -- 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

Yaukesha County 

Project 
Year Levee Construction 

I n  the 
Ci ty  of Waukesha 

Fael l  I ty Operation and 
construction Maintenance 

I $ -- $ -- $ 36.780 $ 2.1100 t 36.780 $ 2,wo 
2 -- -- 36.780 z?U(M 3s. 780 2. Yo0 
3 -- -- 36.780 2,WO 36.780 2,WO 
U -- -- 36.780 2. UW 36.780 2.400 
5 -- -- 36.780 2. 1100 36,780 2. '400 

6 -- -- -- 2 . w  -- 2.UOO 
9 WY,WO 900 -- 2, U00 WY,OOO 8.300 
8 WU,M)O 900 -- 2, 1100 W4.000 3,300 
9 WY.000 900 -- 2, WO U8U.W 3,300 

10 UBY,M)O 900 -- 2.1100 WU,WO 3.300 
I I WY,WO 900 -- 2, Yo0 WU.WO 3,300 
I2 -- 900 -- 2,UOO -- 3.300 

13 -- 900 -- 2. WO -- 3,300 
I Y -- 900 -- 2. WO -- 3.300 
15 -- 900 -- 2,WO -- 3.3W 
I6 -- 900 -- 2. Ym -- 3.300 
17 -- 900 -- 2. WO -- 3.300 
18 -- 900 -- 2,1100 -- 3.300 

-- 900 -- 2, w o  -- 3.300 3 - 900 - 2,400 -- 3,300 

Walvorth County 

a ~ s s u n e s  an arnual average c o s t  of $61,800. Actual timing of expenditures w u l d  be  determined by the market a v a i l a b i l i t y  of the  160 res idences  t o  be removed. 

Source: U. S .  Soil  Conservation Servzce m d  SEWWC. 

Construction o f  a 

Multiple-Purpose Reservoir 
on Sugar Creek 

Fsci I It). 
Construction 

Operat lm and 
Maintenance 

Agr icul tura l  Oralnape 
Inprovmentr on Sugar 

and Honey Creeks 

Fasi I i ty 
Construction 

ppppppp 

Total 

Operation and 
Maintenance 

Fasi l  i ty 
Construction 

Operation and 
Maintenance 



agricultural drainage in the upper reaches of Sugar 
Creek and Honey Creek. No active farm drainage 
districts a r e  known to exist along either of these 
two tributaries of the Fox River. It i s ,  there- 
fore, recommended that farmdrainage districts be 
organized for the area to be served by the recom- 
mended improvements along Sugar and Honey 
Creeks, pursuant to the provisions of Chapter 88 
of the Wisconsin Statutes. Such districts would be 
formed under the control of the Walworth County 
Drainage Board and would have the powers neces- 
sary  to undertake all types of channel improve- 
ments, a s  well a s  channel maintenance. In lieu 
of the creation of such drainage districts, the 
necessary channel improvement work could be 
accomplished by a cooperative contract commis- 
sion created under Section 66.30 of the Wisconsin 
Statutes. The total estimated cost of the recom- 
mended agricultural drainage improvements on 
Sugar and Honey Creeks is $183,900. It i s  recom- 
mended that technical and financial aid in the 
carrying out of this plan recommendation be sought 
from the U. S. Soil Conservation Service under the 
federal P. L. 566 watershed program. 

Channel Improvements-Hoosier Creek 
It is recommended that the Hoosier Creek Drainage 
District undertake the channel improvements and 
earth dike construction recommended fo r  Hoosier 
Creek and the Hoosier Branch Canal in order to 
provide agricultural flood damage protection and 
improved drainage. The total estimated cost of 
the recommended agricultural drainage improve- 
ments on Hoosier Creek i s  $240,700. It is recom- 
mended that technical and financial aid in the 
carrying out of this plan recommendation be sought 
from the U. S. Soil Conservation Service under the 
federal P. L. 566 watershed program. 

Sugar Creek Reservoir 
It is recommended that the Wisconsin Department 
of Natural Resources sponsor the construction, 
operation, and maintenance of all lands, waters, 
and facilities associated with the proposed Sugar 
Creek Reservoir. As already noted, such reser-  
voir should form the basis for  a multiple-purpose 
state park facility. The total estimated cost of 
the recommended reservoir is $2,420,000. This 
figure does not include cost estimates for land 
acquisition and development of the proposed major 
outdoor recreation facility. I t  is recommended 
that the Department of Natural Resources explore 
the possibility of cooperation and financial par- 
ticipation in the proposed reservoir construc- 
tion with the U. S. Army Corps of Engineers and 

the U. S. Department of Agriculture, Soil Conser- 
vation Service, a s  appropriate. 

Bridge Construction 
It is recommended that any public o r  private body 
constructing o r  financing new bridges o r  replacing 
existing bridges under the perennial stream chan- 
nel system of the Fox River watershed design and 
construct such bridge in accordance with the water 
control facility development objectives and stand- 
ards  set  forth in Chapter 11 of this report and with 
the accompanying design methodology and criteria. 
The cost of bridge replacement and construction 
is not included in the recommended watershed plan 
since i t  is assumed that any structures requiring 
replacement have served their useful life and will, 
in any case, require replacement for  traffic safety 
and transportation system construction, operation, 
and maintenance purposes. 

Floodland Structure Removal 
It i s  recommended that the Kenosha County Park 
Commission, in conjunction with the acquisition 
of land along the main stem of the Fox River, 
acquire and remove 160 residences located within 
the floodway in the Towns of Salem and Wheatland 
a s  these residences come onto the real estate 
market. The total estimated cost of this plan ele- 
ment is $1,235,115. 

Floodland Land Use Controls 
In addition to the zoning of floodlands, a s  recom- 
mended under implementation of the land use 
element of the Fox River watershed plan, i t  is 
recommended that other land use control and 
related measures be undertaken within the Fox 
River watershed. These include corrective mea- 
sures  dealing with obstructions in the channels 
and floodways to regulations requiring floodproof - 
ing of existing structures. 

It is recommended that Kenosha, Racine, Wal- 
worth, and Waukesha Counties formally request 
the Wisconsin Department of Natural Resources 
to survey periodically the bed of the Fox River 
and to institute appropriate legal action to cause 
the removal of materials o r  structures, pursuant 
to Sections 30.11, 30.12, and 30.13 of the Wiscon- 
sin Statutes. It is further recommended that any 
local unit of government lying along the Fox River 
and i ts  tributary streams reports to the Depart- 
ment of Natural Resources, in writing, every 
violation which has o r  may occur relative to 
structures o r  deposits in navigable waters and 
to extension beyond duly-established pierhead 



lines, pursuant to Section 30.14(1) of the Wiscon- 
sin Statutes. 

It is recommended that all cities, villages, and 
towns in the Fox River watershed direct their 
local municipal engineers and building o r  housing 
inspectors to inspect periodically and determine 
whether any structure lying in the floodway o r  
floodplain is in need of extensive repair o r  i s  so 
old o r  so dangerous, unsafe, unsanitary, o r  other- 
wise so unfit for  human habitation as  to be beyond 
repair. Upon such findings municipalities may 
cause the razing of such structure, pursuant to 
Section 66.05 of the Wisconsin Statutes, o r  insti- 
tute action pursuant to Chapter 280 of the Wis- 
consin Statutes. 

It is recommended that all counties, cities, vil- 
lages, and towns in the watershed undertake to 
include in their zoning, building, housing, subdi- 
vision, and sanitary ordinances,. a s  appropriate, 
regulations dealing with the control of seepage, 
sewer backup relief, and protection from overland 
flood flow for dwellings located in the floodlands. 
Such floodproofing regulations should supplement 
sound floodway and floodplain regulations in the 
zoning ordinance to prohibit further urban devel- 
opment of floodlands. 

It is recommended that other supplemental pre- 
ventive measures be taken, including, a s  appro- 
priate, the posting of flood warning signs along the 
100-year recurrence interval flood boundary and 
the design and installation of municipal utilities 
and facilities in such a way a s  to discourage the 
development of floodlands. 

Streamflow Recordation 
It is recommended that Waukesha County continue 
to finance 50 percent of the operation and mainte- 
nance of the existing, continuous, recording stream 
gage in the City of Waukesha under the interagency 
cooperative agreement executed between Waukesha 
County, the Southeastern Wisconsin Regional Plan- 
ning Commission, and the U. S. Geological Survey. 
It is further recommended that the U. S. Geologi- 
cal Survey continue to operate the recording 
stream gage a t  Wilmot and that two additional, 
continuous, flow-recording stream gages be estab- 
lished within the watershed, one on the Mukwonago 
River near the confluence with the Fox River in 
the Town of Mukwonago, Waukesha County, and 
another on the White River in the Town of Bur- 
lington, Racine County. I t  is recommended that 
50 percent of the cost of these two additional 

gaging stations be financed by the Waukesha and 
Racine County Boards, respectively, under an 
interagency agreement to be executed between 
Waukesha and Racine Counties, the Southeastern 
Wisconsin Regional Planning Commission, and the 
U. S. Geological Survey. 

WATER POLLUTION ABATEMENT PLAN 
ELEMENT IMPLEMENTATION 
The pollution abatement facility plan elements 
of the recommended comprehensive Fox River 
watershed plan include the provision of advanced 
waste treatment for additional biochemical o q g e n  
demand and nutrient removal at all major waste 
discharges in the watershed. Within the upper 
Fox River watershed, the plan recommends the 
establishment of an integrated sanitary sewerage 
system, with a system of trunk sewers conveying 
all liquid wastes to a single large sewage treat- 
ment plant located below Waukesha. The plan also 
recommends the provision of advanced waste 
treatment at s ix of the ten existing sanitary sew- 
age treatment plants in the lower watershed, the 
establishment of new sewerage systems at  five 
major lakes in the watershed, and the provision 
of sanitary sewerage service to three additional 
major lakes in the watershed through connection 
to existing sewerage systems. Finally, the plan 
recommends the institution of algae control oper- 
ations a s  necessary at 13 major lakes in the 
watershed; the institution of weed harvesting 
operations as  necessary at 20 major lakes in the 
watershed; the institution of improved soil and 
water conservation practices in the tributary 
drainage area of 17 major lakes in the water- 
shed, including the construction of bench terraces; 
the regulation of the installation of on-site soil 
absorption sewage disposal systems; the conduct 
of stream basin surveys on a regular basis; and 
a continuing water quality monitoring program. 
Schedules of capital c osts for implementing the 
water pollution abatement plan element of the Fox 
River watershed plan are  set  forth by county in 
Tables 67, 68, 69, and 70. 

Upper Fox River Watershed Sewerage System 
The provision of advanced waste treatment at  
municipal sewage treatment plants in the upper 
watershed is essential to the abatement of the 
most severe stream water pollution problems 
existing within the watershed. In order to pro- 
vide the necessary advanced waste treatment, the 
comprehensive Fox River watershed plan recom- 
mends the establishment of a trunk sewer system 
to collect all liquid wastes generated in the upper 
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SCHEDULE OF C A P I T A L  AND OPERATION AND MAINTENANCE COSTS O F  THE RECOMMENDED 
WATER POLLUTION ABATEMENT PLAN ELEMENT OF T H E  FOX R I V E R  WATERSHED P L A N  

FOR KENOSHA COUNTY: 1 9 7 1 - I 9 9 0  

a ~ o r  a d e t a i l e d  breakdown o f  the component lake water q u a l i t y  management plan element c o s t s ,  see Table 52. 

Source: Harra Engineering Company and SEWWC. 

Calendar 
Year 

- 
197 1 
1972 
1973 

1979 

1975 

1976 
1977 
1978 
1979 
i 980 

I981 

1982 
1983 

1989 
1985 

1986 

1987 

1988 
1989 
1990 
- 

Total  

Pro jec t  
Year 

I 
2 

3 
4 

5 

6 
7 

8 
9 

10 
I I 

12 

13 
I 4  
15 

16 

17 

18 

19 
20 

Stream Water 
Q u a l i t y  Improvements 

Advanced Waste 
Treatment 

a t  V i l l a g e  o f  Twin Lakes 

$ 3,228 
- 

$ 118,288 

Fac i l  i t y  
Construct lon - 

$ 36.000 
36.000 
36,000 

36.000 
36,000 

36.000 
36,000 
36.000 
36,000 

36,000 -- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

$ 3,970 $ 197,650 

- 
$ 1,620 $ 37,925 

- 

Operation and 
Maintenance 

$ 119,800 
49,800 

99.800 
49,800 

119,800 

119.800 
49.800 
119,800 
49,800 

119,800 
119,800 

119,800 

119,800 
US. 800 
99,800 

49,800 

99, 800 

119,800 

119,800 
49.800 

$ 1.350 $ 4.165 $ 91,633 

$ 360,000 $ 996.000 

$ 938 

Lake Water Q u l l  i t y  Improvements 

Water Qual i ty  
Management Plan f o r  

Water Q u a l i t y  
Management Plan f o r  

Water Qual i ty 
Management Plan fo r  

F a c i l i t y  
Construct ion 

$ 295.300 

295,300 
29 5,300 
29 5,300 

295,300 

295,300 
295,300 
295,300 
295.300 

29 5.300 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

$ 2,953,000 

S i l v e r  

Faci l i t y  
Constructlon 

$ 6,455 
6,1155 

6,455 
6,955 

6.955 
6. 455 

6.455 
6.955 
6,955 
6,955 - - 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

$ 69.550 

Canp and 

Fac i l  i t y  
Construct ion 

$ 236,575 

236,575 
236,575 

236,575 
236.575 

236,575 
236,575 
236,'35 
236,575 

236,575 -- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- -- 

$ 2,365,750 

El izabeth and 

Fac i l  i t y  
Constructlon 

$ 7,9110 
7,9D 
7,9110 
7.940 

7,9W 

7,9W 
7,940 
7,9110 
7,9110 

7,9W -- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

$ 79,1100 

Water Q u a l i t y  Management 
Plan f o r  

Powers, Tombeau. 
To ta l  

Operat ion and 
Maintenance 

$ 93,910 

93,910 
93.9 10 
93,910 

93,910 

93,910 
93,s 10 
93,910 
93,s 10 
93.910 

93.910 

93,910 
93.9 10 
93,910 
93,s 10 

89,800 

84,800 

84,800 

89,800 
89.800 

$ 1,832,650 

~ a k e ~  

Operation and 
Maintenance 

$ 2,160 
2,160 

2, 160 
2, 160 

2,160 
2,160 

2.160 
2. 160 
2, 160 

2,160 

2.160 
2, 160 

2.160 
2,160 
2,160 -- 

-- 
-- 
-- 
-- 

$ 32,400 

Center Lakesa 

Operation and 
Maintenance 

$ 38,900 

38.900 
38.900 

38.900 
38,900 

38.900 
38.900 
38.900 
38,900 

38,900 
38,900 

38,900 

38,900 
38.900 
38,900 
35,000 

35,000 

35.000 

35, OW 
35.000 

$ 758,500 

Marie Lakesa 

Operation and 
Maintenance 

$ 1,800 
1,800 

1,800 
1,800 

1,800 

1.800 
1.800 
1,800 
1,800 

1,800 
1,800 

1,800 

1,8CO 
1,800 
1,800 -- 

-- 
-- 
-- 
-- 

$ 27.000 

and Benedict 

Fac i l  i t y  
Construct ion 

$ 8,330 
8,330 

8,330 
8.330 

8.330 

8,330 
8,330 
8,330 
8.330 

8,330 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

$ 83.300 

~ a k e s ~  

Operation and 
Maintenance 

$ 1,250 
1,250 
1,250 
1.250 

1.250 

1,250 
1,250 
1,250 
1,250 

1,250 

1.250 
I. 250 

1,290 
1, 250 
1,250 -- .- 

-- 
..- .- 

$ 18.760 
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T a b l e  70 

SCHEDULE O F  C A P I T A L  AND OPERATION AND MAINTENANCE COSTS OF THE RECOMMENDED 
WATER P O L L U T I O N  ABATEMENT PLAN ELEMENT O F  T H E  FOX R I V E R  WATERSHED 

PLAN FOR WAUKESHA COUNTY: 1 9 7 1 -  1 9 9 0  

a ~ o r  6, d e t a i l e d  breakdow, o f  the component stream water q u a l i t y  mtnarment plan element c o s t s  for the upper watershed,  see Appendix f .  

Calendar 
year 

1971 
1972 
1973 
1979 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 

1983 
l98Y 
1985 
1986 
1987 

I988 
1989 
I990 

bfor  a d e t a i l e d  breakdovn of the component lake water q u a l i t y  management plan elanent costs, see Table 52. 

Source: Harra  Engineering Compmy rrnd SEWWC. 

ProJect 
Year 

I 

2 
3 
Y 
5 
6 

7 
8 
9 

10 
I I 
12 
13 
I 9  
15 
I6 
17 

18 
19 
20 

Total  

$ 33,150 $ 76,200 $ 200.63 

Stream Water Qual 

Advanced Waate 
Treatment I n  Upper 

$ 5.738 

Watersheda 

F a c l l l t y  
Conatructlon 

$2,456,800 
2,956,800 
2.956.800 
2,958,800 
2,956,800 
2,956,800 
2,956,800 
2.Y56.800 
2,956.800 
2,956,8a) 

-- 
-- 
- 
-- 
- 
- 
-- 
- 
- - 

$29,566,000 

I ty Improvsnenta 

Advanced Waste 
Treatment 

$ 3,600 

Water Quality 
Management Plan fo r  

Operation and 
Maintenance 

$1,072,000 
1.072,OM) 
1,072,000 
I,ON,000 
1,072,000 
1,072,000 
1,072,000 
1,072,000 
1,072,000 
1,072,000 
1,072,000 
1,072,000 
1,072,000 
1,072,000 
1,072,000 
I.W2,000 
1,072,000 
1,072,MW) 
1,072,000 
I,072000 

$2l,490,000 

Vi l lage of 

Faci l  l t y  
Constructlon 

$ 6 6 , 3 0 0  
66,300 
66.300 
66.300 
66,300 
66,300 
66,300 
66,300 
66,300 
66,300 -- 

-- 
-- -- 
-- 
-- -- 
-- -- 
-- 

$ 663,000 

Phantom 

Fac l l  l t y  
Constructlon 

$ 11,475 
11,475 
ll.475 
11.475 
11,975 
ll.U75 
11,475 
l l.U75 
11.975 
11,975 -- 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

$ l19.750 

Mukvonago 

Operatlon and 
Maintenance 

$ 76,200 
76.200 
76,200 
76, 200 
76,200 

76,200 
76,200 
76,200 
76,200 
76,200 
76,200 
76, 200 
76,200 
76, zw 
76,200 
76.200 
76,200 
76,200 
76,200 
76. 200 

$1,524,000 

Lakeb 

Operatlon and 
Maintenance 

$ 9 , 8 0 0  
9,800 
9,800 
9,800 
9.800 
9.800 
9,800 
9,800 
U,8W 
9.800 
9,800 

9,800 
4.800 
9,800 
U.800 -- 

-- -- 
-- -- 

$ 72,000 

Lake Water qua1 l t y  

Water qua1 l t y  
Management Plan f o r  
~ l t t l  e 

Fac l l  I t y  
Constructlon 

$1101.265 
W1.265 
441,285 
401,265 
1101,265 
1101,265 
W 1,265 
U)1,285 
W1.265 
1101,285 

-- 
-- 
-- 
-- -- 
-- -- 
-- 
-- 
-- 

$9,012,650 

lmprovaenta 

Water Qua l i t y  
Management Plan f o r  

~uakego ~ a k e ~  

Operation and 
Malntenance 

$ 68,900 
68.900 
68,900 
68,900 
68,900 
68,900 
68.900 
68.900 
68.900 
68.900 
68,900 
68,900 
68,900 
68.900 
68,900 
66.000 
66,000 
66,000 
6 6 , W  
66.000 

$1,363,500 

B i g  Muskego 

Facl l  I t y  
Conatructlon 

$ 8,925 
8,925 
8,925 
8.925 
8.925 
8,925 
8,925 
8,925 
8,925 
8,925 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

$ 89.250 

Lakeb 

Operation and 
Maintenance 

$ 18.250 
18.250 
18.250 
18,250 
18,250 
18.250 
18,250 
18,250 
18,250 
18.250 
18,250 
18.250 
18.250 
18.250 
18.250 

-- 
-- 
-- 
-- -- 

$ 273,750 

Water Qual I ty 
Management Plan f o r  

Facl l i t y  
Construction 

$3,369,280 

3,869,290 
3,369,290 
3,369,280 
3,369,290 
3,369,290 
3,369,280 
3,389,280 
3,369,290 
3,369,290 
3,369,290 -- 

-- -- 
-- 
-- -- -- -- -- 

$33,692,900 

~ewaukee 

F a c l l i  ty 
Conatructlon 

$ 429,525 
429.525 
929. 525 
929, 525 
429, 525 
929. 525 
929,525 
929. 525 
929, 525 
929, 525 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

$ 9.2V5.250 

Total  

Operation and 
Maintenance 

$i,286,WO 
1,286.W 
1,286,IMO 
I,B6,WO 
1.286.W 
1,7,86,yOO 
1.286.WO 
1,286,UOo 
1.286.WO 
1.286,WO 
1.286,WO 
1. 286.1100 
1.286,WO 
1.286,W 
1,286.W 
1,251,200 
1,251,200 
1,251,200 
1,251,PO 
1,251,200 

$25,552,000 

~ a k e ~  

Operation and 
Maintenance 

$ 46.250 
'46.250 
46, 250 
46.250 
116,250 
116,250 
46,250 
96.250 
46,250 
46,250 
116,250 
U6.250 
96.250 
46,250 
46.250 
37,000 
37.000 
37,000 
37,000 
37,000 

$ 878,750 



Fox River watershed and to convey these wastes 
to a single large sewage treatment plant located 
below Waukesha. The four existing sewage treat- 
ment plants in the upper watershed would be 
eventually abandoned. It is important to note that 
the recommended sanitary sewerage system con- 
figuration in the upper Fox River watershed is 
only one of three system configurations that could 
meet, through the provision of advanced waste 
treatment, the established water use objectives 
and standards. As noted in Chapter V of this 
volume, all three upper watershed system alter- 
natives could be expected to provide the water 
quality management necessary to meet the afore- 
mentioned objectives and standards. The one- 
plant system alternative is being recommended on 
the basis that it would eliminate the discharge of 
all sewage treatment plant effluent to the stream 
system of the watershed above the City of Wauke- 
sha, would most fully realize the economies of 
scale inherent in the operation of larger plants, 
and would eliminate the need to duplicate expen- 
sive staff and equipment. 

Implementation of this plan recommendation re-  
quires the creation of a new institutional struc- 
ture to build, operate, and maintain the single 
large sewage treatment plant and the primary 
trunk sewer system extending up the river valley 
from the plant to serve the various municipalities 
concerned. Under the plah recommendations, each 
local unit of government within the upper water- 
shed would continue to build, operate, and main- 
tain its own local sewerage system and would, 
therefore, continue to maintain control over the 
staged extension of these local systems, a s  well 
a s  of the geographical areas  to be served by these 
local systems. Thus, each city and village in the 
upper watershed would continue to build, operate, 
and maintain the local collection systems in the 
incorporated areas under the general governrnen- 
tal  powers, while i t  would be necessary for towns 
in the upper watershed to form appropriate sani- 
tary or utility districts to build and maintain the 
local collection system in unincorporated areas. 
The areawide sewerage agency, however estab- 
lished, would provide only the trunk sewer and the 
sewage treatment service to the individual local 
units of government concerned. 

Until very recently, a mechanism assisted for the 
establishment of an institutional structure that 
could readily implement the plan recommendation 
for an integrated sanitary sewerage system to 
serve the upper Fox River watershed in the form 

of a metropolitan sewerage district. As noted in 
Chapter XIV of Volume 1 of this report, however, 
the Wisconsin Supreme Court in 1969 invalidated 
the method by which such metropolitan sewerage 
districts were to be established. As yet, the 
Wisconsin Legislature has not acted to provide 
replacement-enabling legislation for the creation 
of new metropolitan sewerage districts. There- 
fore, this institutional structure i s  not at present 
available for plan implementation. 

Another method exists, however, to implement 
this important element of the Fox River water- 
shed plan. This method would involve the execu- 
tion of a voluntary intergovernmental cooperation 
agreement, pursuant to Section 66.30 of the Wis- 
consin Statutes, between the 12 local governments 
concerned, namely: the Cities of Brookfield, New 
Berlin, and Waukesha; the Villages of Lannon, 
Menomonee Falls, Pewaukee, and Sussex; and the 
Towns of Brookfield, Delafield, Lisbon, Pewaukee, 
and Waukesha. Under this approach each of the 
12 local municipalities would become a signatory 
to an intergovernmental agreement establishing 
a commission o r  other body which would plan, 
build, maintain, and operate the necessary trunk 
sewer system and the single large sewage treat- 
ment plant. The contractual agreement would 
specify all of the necessary arrangements, includ- 
ing such matters a s  membership on the governing 
body, financing, and amethod by which any ensuing 
conflicts could be arbitrated and resolved. There 
already exists within the Southeastern Wisconsin 
Region an excellent example of the use of this 
technique. This example is the North Shore 
Water Utility, cooperatively established by con- 
t rac t  between the City of Glendale and the Villages 
of Fox Point and Whitefish Bay, all in Milwaukee 
County, for the purpose of providing municipal 
water supply service to these three communities. 
This cooperative approach has the advantage of 
avoiding the creation of a special-purpose unit of 
government and relying instead upon the abilities 
and the resources of the existing general-purpose 
local units of government. Certain limitations, 
however, are  inherent in the voluntary nature of 
this approach. These include, among others, the 
fact that there is no means by which allof the con- 
cerned local units of government can be required 
to even consider, much less be compelled to take, 
the necessary cooperative action. Thus, a single 
local unit of government, by electing not to par- 
ticipate in a cooperative intergovernmental ven- 
ture, could thwart the efforts of all of the other 
local units of government concerned in their 



search for a sound solution to a serious and press- 
ing areawide problem. 

It i s  recommended that an effort be made to imple- 
ment the upper Fox River watershed sewerage 
system plan element through the establishment, on 
a voluntary basis, of an intergovernmental coop- 
erative commission. It is further recommended 
that the Waukesha Cour~ty University-Extension 
Service provide a forum for the discussion of this 
plan element among the involved local units of 
government, which discussion should serve to 
remove any obstacles to implementation of the 
plan element. 

Should such an effort to establish an intergovern- 
mental cooperative contract commission fail, i t  
is then recommended that the Wisconsin Depart- 
ment of Natural Resources, acting pursuant to i t s  
statutory responsibilities with respect to water 
resources, as  set forth in Chapter 144 of the 
Wisconsin Statutes, take the lead in initiating the 
necessary legislation to provide once again for the 
establishment of metropolitan sewerage districts. 
It is further recommended that, should such action 
be necessary, the Waukesha County Board of 
Supervisors and each of the 12 local units of gov- 
ernment concerned with the establishment of an 
areawide sewerage system in the upper Fox River 
watershed lend their support in seeking the neces- 
sary  legislation. Altern3tively, i t  i s  recommended 
that the concerned state agencies and units of 
government seek legislation to permit the county 
government to become the mechanism for the 
provision of the necessary areawide sewerage 
service. 

This plan element also recognizes the long- 
standing plans of the Metropolitan Sewerage Com- 
mission of the County of Milwaukee to serve rela- 
tively small areas of the Fox River watershed in 
the Cities of Brookfield, Muskego, and New Berlin 
and the Village of Menomonee Falls. It i s ,  there- 
fore, recommended that the Metropolitan Sew- 
erage Commission of the County of Milwaukee 
contract with the aforementioned units of govern- 
ment for the provision of sanitary sewerage ser-  
vice to these relatively small areas lying west of 
the subcontinental divide but not involving any 
substantial diversion of surface waters across 
this divide. 

Improvement of Existing Sewage Treatment 
in Lower Watershed 
It is recommended that the Cities of Burlington 

and Lake Geneva; the Villages of East Troy, Muk- 
wonago, and Twin Lakes; and the Western Racine 
County Sewerage District undertake such steps a s  
necessary to provide advanced waste treatment 
at the existing sewage treatment plants operated 
by these units of government. 

Establishment of Lake Sewerage Systems 
The provision of sanitary sewerage systems i s  
recommended in the Fox River watershed plan at 
eight major lakes: Browns, Como, Eagle, Little 
Muskego, Pewaukee, Tichigan, Wind, and Camp 
and Center Lakes. At five of the eight lakes- 
Eagle, Tichigan, Wind, Como, and Camp and Cen- 
ter-the recommended sanitary sewerage system 
provides for the treatment of wastes a new sewage 
treatment plant providing secondary treatment 
with disinfection. At the three remaining lakes- 
Little Muskego, Pewaukee, and Browns-waste 
treatment would be provided at  existingor replace- 
ment sewage treatment plants discussed under the 
recommended stream water quality plan element. 

It is recommended that the Lake Pewaukee Sani- 
tary District, Town of Delafield, and the Sanitary 
District No. 1 ,  Town of Pewaukee, which together 
represent the unincorporated area around Pewau- 
kee Lake, along with the town boards of Delafield 
and Pewaukee, cooperate with the other munici- 
palities in the upper Fox River watershed in the 
establishment of an integrated sewerage system 
for the upper watershed area  a s  discussed above. 
This system would provide advanced waste treat- 
ment for the wastes generated in the sanitary dis- 
tricts on Pewaukee Lake. It i s  recommended that 
the sanitary districts assume responsibility for 
constructing the trunk, lateral, and branch sewers 
to collect wastes within the districts. 

It is recommended that the town boards of the 
Towns of Dover, Geneva, Salem, and Waterford 
create, pursuant to Sections 60.301 and 60.315, 
sanitary districts to serve existing and proposed 
urban development around Eagle, Como, Camp 
and Center, and Tichigan Lakes, respectively. 
Such districts, along with the Sanitary District 
No. 1 (Wind Lake), Town of Norway, should be 
charged with the responsibility of implementing 
the recommended lake sanitary sewerage system 
plan elements included in the Fox River watershed 
plan. It is recommended that the Browns Lake 
Sanitary District, Town of Burlington, assume the 
responsibility of implementing the recommended 
sanitary sewerage system plan for Browns Lake, 
and, with the City of Burlington, cooperatively take 



such steps a s  necessary to provide advanced waste 
treatment of the District's waste at the City of 
Burlington sewage treatment plant. It i s  recom- 
mended that the City of Muskego take such steps 
as necessary to expand the existing sewerage 
systems at Little Muskego Lake to serve all urban 
areas around the lake, with the system to be con- 
nected to the Milwaukee Metropolitan Sewerage 
System as  soon as  possible. 

Lake Algae Control and Weed Harvesting 
The comprehensive Fox River watershed plan 
recommends the provision as necessary of con- 
tinuing programs for the chemical control of 
nuisance algal blooms at Big Muskego, Little 
Muskego, Phantom, Pewaukee, Bohner, Browns, 
Eagle, Tichigan, Wind, Como, Camp and Center, 
and Silver (Kenosha County) Lakes, and the pro- 
vision as  necessary of continuing programs for 
the machine harvesting of aquatic weed growths at 
Big Muskego ; Little Muskego ; Phantom; Pewaukee; 
Bohner; Browns; Eagle; Tichigan; Wind; Beulah; 
Como; Pell; Camp and Center; Elizabeth and 
Marie; Powers, Tombeau, and Benedict; and Silver 
@%nosha County) Lakes. 

The provision of lake improvement programs, 
such as  those recommended above, can be accom- 
plished in several ways, depending upon the local 
governmental structure. Cities are  empowered, 
pursuant to Sections 62.11(5) and 62.23(18) of the 
Wisconsin Statutes, to make improvements on 
lakes for the protection and welfare of public 
health and wildlife. Villages, under Sections 61.34 
and 6 1.35 of the Wisconsin Statutes, have similar 
powers to carry  on improvement programs for 
lakes. Towns are specifically given authority in 
Section 60.29(29) of the Wisconsin Statutes to make 
improvements in any lake situated in the town. 
Alternatively, towns may, through Sections 60.301 
and 60.315 of the Wisconsin Statutes, establish 
sanitary districts for a variety of purposes, 
including lake improvement. 

Accordingly, i t  is recommended that the City of 
Muskego undertake the recommended algae con- 
trol and aquatic weed harvesting programs for 
Big Muskego and Little Muskego Lakes; the Vil- 
lage of Pewaukee, the Lake Pewaukee Sanitary 
District, Town of Delafield, and the Sanitary Dis- 
trict No. 1, Town of Pewaukee, cooperatively 
undertake the recommended algae control and 
aquatic weed harvesting programs for Pewaukee 
Lake; the Browns Lake Sanitary District, Town of 
Bur lington, undertake the recommended algae 

control and aquatic weed harvesting programs for 
Browns Lake; the sanitary district recommended 
to be created for sewerage purposes in the Town 
of Dover undertake the recommended algae control 
and aquatic weed harvesting programs for Eagle 
Lake; the sanitary district recommended to be 
created for sewerage purposes in the Town of 
Waterford undertake the recommended algae con- 
trol  and aquatic weed harvesting programs for 
Tichigan Lake; the Sanitary District No. 1, Town 
of Norway, undertake the recommended algae 
control and aquatic weed harvesting programs for 
Wind Lake; the sanitary district recommended to 
be created for sewerage purposes in the Town of 
Geneva undertake the recommended algae control 
and aquatic weed harvesting programs for Como 
Lake; and the sanitary district recommended to be 
created for sewerage purposes in the Town of 
Salem undertake the algae control and aquatic 
weed harvesting programs for Camp and Center 
Lakes. 

It is recommended further that a sanitary district 
be created in the Town of Mukwonago and that this 
district, in cooperation with the Village of Muk- 
wonago, undertake the recommended algae control 
and aquatic weed harvesting programs for Phan- 
tom Lakes; a sanitary district be created in the 
Town of Burlington to undertake the recommended 
algae control and aquatic weed harvesting pro- 
grams for Bohner Lake; a sanitary district be 
created in the Town of Salem and, in cooperation 
with the Village of Silver Lake, undertake the 
recommended algae control and aquatic weed 
harvesting programs for Silver (Kenosha County) 
Lake; a sanitary district be created in the Towns 
of Bloomfield and Randall to undertake aquatic 
weed harvesting programs for Powers, Benedict, 
and Tombeau Lakes; and the Village of Twin Lakes 
undertake the recommended aquatic weed har- 
vesting program for Elizabeth and Marie Lakes. 

Responsibility for these lake improvement pro- 
grams would thus be placed with the appropriate 
general-purpose local unit of government when 
cities and villages are involved and with appro- 
priate sanitary districts when unincorporated 
areas are involved. In the alternative to the 
creation of sanitary districts, i t  is recommended 
that the town governments undertake the recom- 
mended lake improvements programs. 

Soil and Water Conservation Practices 
The comprehensive Fox River watershed plan 
recommends that, in addition to the continu- 



ing programs for the institution of sound soil 
and water conservation practices throughout the 
watershed, specific attention be given to the pro- 
vision of bench terraces with tile outlets on those 
agricultural lands subject to erosion within the 
tributary watersheds of the following 17 lakes : 
Phantom; Pewaukee; Bohner ; Eagle; Wind; Beulah; 
Como; Geneva; Pell; Camp and Center; Elizabeth 
and Marie; Powers, Tombeau, and Benedict; and 
Silver (Kenosha County) Lakes. The basic insti- 
tutional mechanism recommended for achieving 
this objective is the appropriate -county Soil and 
Water Conservation District, together with tech- 
nical assistance provided by the U. S. Soil Con- 
servation Service and cooperating agencies. 

It is accordingly recommended that the Kenosha, 
Racine, Walworth, and Waukesha Soil and Water 
Conservation District Supervisors, pursuant to 
Section 92.09(1) of the Wisconsin Statutes, formu- 
late proposed land use regulations for the purpose 
of conserving soil resources, controlling erosion, 
and reducing water pollution in the Fox River 
watershed. Such regulations should specifically 
include provisions for bench terracing on those 
agricultural lands subject to erosion within the 
tributary watersheds of the aforementioned lakes. 
Such special land use regulations may also include 
the construction of upland water control struc- 
tures, such as  terrace outlets, erosion control 
dams, dikes, ponds, and diversion channels, and 
the institution of sound soil and water conserva- 
tion practices, such as contour farming, grassed 
waterways, reforestation, contour stripcropping, 
and seeding and planting of lands with plants, 
trees, and grasses. It should be noted that such 
special land use regulations require not only a 
recommendation by the County Soil and Water 
Conservation District Board of Supervisors after 
public hearings and approval by the County Board 
but also will require a referendum in which two- 
thirds of the land occupiers affected approve the 
regulations. 

It is further recommended that the U. S. Soil Con- 
servation Service provide staff technical assist- 
ance as necessary in the implementation of this 
watershed plan recommendation. It is also rec- 
ommended that the U. S. Agricultural and Stabi- 
lization Service, through its Agricultural Con- 
servation Program (ACP), give priority to any 
proposals dealing with cost sharing for the con- 
struction of the recommended bench terraces. 
Finally, it should be noted that the town boards of 
the Towns of Mukwonago, Pewaukee , Bur lington, 

Dover, Norway, East Troy, Geneva, Linn, Bloom- 
field, Salem, Randall, and Wheatland could seek 
authority, under Section 60.18(21) of the Wis- 
consin Statutes, should they desire to appropriate 
money under Section 60.29(44) for the purpose of 
assisting in the construction of the recommended 
bench terraces as  natural resource conservation 
projects. 

Septic Tank Sewage Disposal Systems 
It is recommended that Kenosha County, Racine 
County, and Waukesha County,12 as well as all 
cities and villages within the watershed not 
already having done so, adopt sanitary codes, pur- 
suant to Sections 59.07(51), 62.11(5), and 140.09 
of the Wisconsin Statutes, that would prohibit the 
installation of septic tank sewage disposal sys- 
tems on soils within the Region that have "very 
severe limitationslf for such systems, a s  estab- 
lished in the regional soil survey, and prohibit 
septic tank sewage disposal systems on soils that 
have llsevere limitationsf1 for such systems, as 
established in the regional soil survey, unless 
such limitations are  overcome at the time of 
development. These units of government should 
further carefully regulate the installation of such 
systems on soils not having such limitations so 
as  to prevent any further installation of systems 
that are periodically inoperative or  which drain 
directly into surface waters of the watershed. 

By way of supplementing such local regulations, 
it is also recommended that the Wisconsin De- 
partment of Natural Resources, pursuant to Sec- 
tion 144. 025(2)(q) of the Wisconsin Statutes, simi- 
larly prohibit and regulate the installation of 
septic tank sewage disposal systems. In addition, 
i t  is recommended that the Wisconsin Division of 

Health fully utilize the regional soil survey and 
interpretive analyses in prohibiting, under Chap- 
ters  H 62 and H 65 of the Wisconsin Administra- 
tive Code, the subdivision of land for urban 
development, where such development would result 
in health problems created by the inability of the 
soils to absorb properly the sewage effluent. 

Stream Basin Survey 
It is recommended that the Wisconsin Department 
of Natural Resources, pursuant to i ts  pollution 
control powers under Section 144.025 of the 
Wisconsin Statutes, continue to conduct periodic 

l 2  ~ a l  uwrth County has a1 ready adopted the necessary  
s a n i t a r y  code. 



surveys of the Fox River basin, including the 
collection and analyses of water samples, the 
monitoring of major sources of pollution, and the 
preparation of pollution control orders addressed 
to each stream polluter. Such surveys should be 
made within the watershed at regular intervals of 
no more than five years. It is further recom- 
mended that the Department of Natural Resources 
reevaluate any pollution control orders outstand- 
ing in the Fox River basin and result to legal 
enforcement of such orders, pursuant to Sections 
144.025(2)(d), 144.09, and 144. 536 of the Wis- 
consin Statutes. 

Water Quality Monitoring Program 
It is recommended that the Wisconsin Department 
of Natural Resources and the Southeastern Wis- 
consin Regional Planning Commission continue the 
cooperative water quality monitoring program 
previously inaugurated within the Region, increas- 
ing the sampling program to include monthly 
sampling at selected locations and continuous 
sampling during one week of the summer season 
at selected locations. The costs of conducting this 
program are  set  forth in Table 71. 

WATER SUPPLY PLAN ELEMENT 
IMPLEMENTATION 
The water supply elements of the comprehensive 
Fox River watershed plan consist primarily of 
recommendations concerning institution of a sound 
ground water supply management program in the 
watershed, including action to assure the proper 
location and spacing of wells. It is recommended 
that the various municipalities in the watershed 
utilizing the deep sandstone aquifer for water 
supply now or  in the future carefully consider the 
plan recommendations concerning well location 
and spacing, a s  set forth in Chapter VI of this 
volume, so as  to achieve proper utilization of this 
important aquifer. In addition, i t  is recommended 
that the county and local units of government in 
the watershed and in the Region carefully protect 
the recharge areas of this aquifer from improper 
land use development which might reduce the 
amount of recharge water reaching the aquifer o r  
which might result in pollution of the aquifer. 

Vernon Marsh Reservoir Supply Plan 
It has been recommended under the resource pro- 
tection plan element discussed above that the Wis- 
consin Department of Natural Resources acquire 
all of the land necessary for the recommended 
expansion of the Vernon Marsh wildlife conserv- 
ancy and temporary floodwater storage area. It 

is recognized that this area has potential as a 
future water supply reservoir, and the watershed 
plan accordingly recommends that this flexibility 
be maintained for meeting possible development 
needs beyond the plan design year. It is further 
recognized that, should i t  ever become necessary 
to develop this area as a surface water supply 
reservoir, an agency other than the Department 
of Natural Resources would have to acquire the 
needed land from the Department and construct 
the necessary reservoir. 

FINANCIAL AND TECHNICAL ASSISTANCE 
Upon adoption of the various land use, resource 
protection, outdoor recreation, flood control facil- 
ity, and pollution abatement facility watershed 
plan elements and any necessary schedules of 
capital costs, i t  becomes necessary for the area- 
wide 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 exe- 
cution of the recommended plan elements. In 
addition to current tax revenue sources, such as 
property taxes, fees, fines, public utility earn- 
ings, highway aids, educational aids, and state 
collected taxes, the areawide agencies and local 
units of government can also 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 educa- 
tional, 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 & to effec- 
tuate 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 municipal obligations 
not to exceed 5 percent of the equalized assessed 
valuation of its taxable property, with certain 
exceptions, including school bonds and revenue 
bonds. Such borrowing powers, which are related 
directly to implementation of the comprehensive 



SCHEDULE O F  C A P I T A L  AND OPERATI  ON AND MAINTENANCE COSTS 
O F  T H E  RECOMENDED WATER RESOURCES M O N I T O R I N G  PROGRAM 

FOR T H E  FOX R I V E R  WATERSHED BY COUNTY BY YEAR: 1 9 7 1 - 1 9 9 0  

I I I I I I I 

Calendar 
Year 

Pro jec t  
Year 

Construct ion 

-- 
-- 
-- 
-- I 

I 
Maintenance 

I I F a c i l i t y  loperat ion and 1 F a c i l i t y  o p e r a t i o n  and F a c i l i t y  10peration andl F a c i l i t y  loperat ion and 1 

Kenosha County 

Four Water Qua l i t y  

S ta t ions  and One 

Crest Gage 

I 

Construct ion Maintenance 

Racine County 

Six Water pual i t y  

Stations. One Gaging 

Station, and Two 
Crest Gages 

I 

Construct ion 

$ 6,000 
-- 
-- 
-- 
-- 
-- 
-- 
-- -- 
-- 

Maintenance 

Walworth County 

Six Watrr Qua l i t y  
Stat ions 

I 

Waukesha County 

Thir teen Water pual i t y  

Stations, Two Gaging 

Stat ions and One 
Crest Gage 

I 

198 1 

1982 

1983 

1984 

I985 

1986 

1987 

1988 

1989 

1990 

I I 
12 

13 

14 

I 5  

16 

17 

18 

19 

20 

Total 

Annual Average 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

a~nclvdes  an estimated $3DO annual operation and maintenance costs for each water quality monitoring station; m estimated J1.000 mfmual opera- 
tion end ma~ntenance costs for each stream gaging station; and an estimated $150 annual operation and maintenance costs for each crest gage. 

Source: SEWRPC. 

Fox River watershed plan, include: for any and all of their functions. In addition, the 
powers of cooperative contract commissions cre- 

1. The counties may issue bonds for county ated under Section 66.30 of the Wisconsin Statutes 
park and related open-space land acquisi- were recently clarified13 to include borrowing by 
tion and development. the contracting bodies of such commissions for 

acquiring, constructing, and equipping regional 
2. Cities and villages may borrow and issue projects. 

bonds for the construction of water supply 
and distribution systems, sanitary sewer- Federal Loans: Federal advances and loan pro- 
age systems, and sewage treatment plants, grams are available not only for the planning and 
and for park and related open-space land construction of public works but also for resource 
acquisition and development. conservation. A brief description of those fed- 

era l  loan programs of significance to Fox River 
3. Towns may issue bonds for acquiring river watershed plan implementation are: 

fronts, lakeshores , woodlots, and scenic 
and historic sites. 1. Interest free advances for public works 

planning are available to local units of 
Section 60.307 of the Wisconsin Statutes specifi- government from the U. S. Department of 
cally authorizes town sanitary districts to borrow Housing and Urban Development to assist 
money and to issue bonds for the constmction or  in planning essential public works and 
extension of storm sewer, sanitary sewer, and community facilities. These advances are  
water supply systems. Section 66.202 of the Wis- to be repaid when construction begins. 
consin Statutes authorizes metropolitan sewerage 
districts to borrow money and to issue bonds for 2.  Long-term construction loans are avail- 
the construction of sanitary sewerage facilities. able to local units of government under 
Farm drainage boards are  authorized under Sec- 
tion 88.12 of the Wisconsin Statutes to issue bonds 13chapter  238, Laws o f  W i s c o n s i n ,  1965. 

-- 
-- 

1.300 

1, 300 

1, 300 

1,300 

1. 300 

1,300 

1,240 

1. 300 

1,300 

1,300 

$ 26,000 

$ 1.300 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

$ 6,000 

$ 300 

3, 100 

3.100 

3,100 

3,100 

3,100 

3,100 

3,100 

3,100 

3,100 

3,100 

$ 62.000 

$ 3,100 

-- 
-- 
-- 
-- 
-- -- 
-- 
-- 
-- 
-- 
-- 
-- 

1,800 

1.800 

1,800 

1,800 
I ,800 

1,800 

I ,800 

1.800 

1,800 

1,800 

$ 36,000 

$ 1,800 

-- 
-- -- -- 
-- 
-- -- 
-- 
-- 
-- 

6,650 

6.650 

6.6% 

6,650 
6,650 

6,650 

6.650 

6.6% 

6,650 

6,650 

$ 6,000 

$ 300 

$133,000 

$ 6.650 



50,000 population and their agencies from 
the U. S. Department of Housing and Urban 
Development for needed public facilities 
for which financing is not available else- 
where on reasonable terms. 

3. Resource conservation and development 
loans are available to local units of gov- 
ernment and soil and water conservation 
districts from the U. S. Department of 
Agriculture for planning -and carrying out a 
balanced program of resource conserva- 
tion development and utilization. 

4. Low interest forestry loans are available 
to farmers and farm associations from the 
U. S. Farmers Home Administration for 
reforestation and the establishment of for- 
estry practices and programs. 

5. Recreation loans are available to farmers 
from the U. S. Stabilization and Conserva- 
tion Service for purchasing and develop- 
ing land and water recreation resources 
and facilities, including private camping 
grounds, swimming areas, tennis courts, 
cottages, lakes, docks, nature trails, and 
shooting preserves. 

6. Rural water and sewer loans are  available 
to rura l  units of government from the U. S. 
Farmers. Home Administration for devel- 
oping water supply and waste disposal 
systems. To qualify, such rural  units of 
government must have less than 5,500 
population and be unable to obtain financial 
assistance elsewhere. 

Swcial Taxes and Assessments 
Counties and cities have special assessment pow- 
e r s  for park and parkway acquisition and im- 
provements under Sections 27.065 and 27.10(4), 
respectively, of the Wisconsin Statutes. Counties 
are  empowered under Section 27.06 of the Wis- 
consin 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 pur- 
chase of land and other commission expenses. 
Farm drainage boards, town sanitary districts, 
metropolitan sewerage districts, cities, and vil- 
lages also have taxing and special assessment 
powers under Sections 88.06, 63.06, 60.309, 
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 performing 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 available to local units of gov- 
ernment for the financing of park land acquisition 
and development. In general, the local units of 
government and agencies in the Region are eligi- 
ble 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 Outdoor Recreation Aid Program (ORAP): 
This program, administered by the Wisconsin 
Department of Natural Resources, provides grants 
to metropolitan counties and cities in amounts up 
to 50 percent of the cost of acquiring recreational 
lands and rights-in-land to be used for urban area 
park systems. 

Federal Open-Space Program: This program, 
administered by the U. S. Department of Housing 
and Urban Development, provides grants to the 
state and local units of government in amounts up 
to 50 percent of the cost of acquisition and devel- 
opment of land for parks and open spaces, pro- 
vided an areawide intergovernmental open-space 
acquisition agreement is in effect. 

Federal Land and Water Conservation Fund: This 
program, administered by the U. S. Department 
of the Interior, Bureau of Outdoor Recreation, 
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 improvement of outdoor 
recreation areas. 

Federal Cropland Adjustment Program (Green- 
span): This program, administered by the U. S. 
Department of Agriculture, Agricultural Stabiliza- 
tion and Conservation Service, provides grants to 
local units of government in amounts up to 50 per- 
cent of the cost of acquisition and conversion of 
cropland to park and recreation purposes. 

Federal Urban Beautification Program: This pro- 
gram, administered by the U. S. Department of 



Housing and Urban Development, provides grants 
to local units of government in amounts up to 
50 percent of the cost of improving and beautifying 
publicly owned or controlled land. 

Water Supply and Sewerage System Grants 
Several state and federal grant programs are 
available to local units of government for the 
financing of water systems, sewer facilities, 
storm water drainage systems, and sewage treat- 
ment facilities. A brief description of these pro- 
grams follows. 

State Water Resource Program: This program, 
administered by the Wisconsin Department of Nat- 
ura l  Resources, provides financial assistance in 
amounts up to one-third of the total combined 
financing and net interest cost of approved pollu- 
tion prevention and abatement projects. 

Basic Water and Sewer Facilities Program: This 
program, administered by the U. S. Department 
of Housing and Urban Development, provides 
grants up to 50 percent to local units of govern- 
ment, including sewer and water districts, toward 
the cost of constructing water supply, treat- 
ment, storage, and transmission systems; sanitary 
sewer collection and transmission systems; and 
storm water collection and transmission systems. 

Federal Water Pollution Control Program: This 
program, administered by the U. S. Department 
of the Interior, Federal Water Pollution Control 
Administration, provides grants up to 55 percent 
to local units of government toward the cost of 
constructing sewage treatment works and inter- 
cepting sewers that prevent the discharge of 
untreated or  inadequately treated sewage into 
any waters. 

Federal Farmers Home Administration Program: 
A number of programs administered by the 
U. S. Department of Agriculture, Farmers Home 
Administration, provide grants toward the cost of 
developing domestic water supply and waste col- 
lection and disposal systems to rura l  units of 
government up to 5,500 population if these units 
of government are  unable to obtain credit at 
reasonable terms. 

Soil and Water Conservation Grants 
There are  several programs available for con- 
servation and protection of the agricultural lands 
and environmental corridors recommended in the 

Fox River watershed plan for preservation. A 
brief description of these programs follows. 

State Soil and Water Conservation Program: This 
program, administered by the State Soil Conser- 
vation Board, provides grants to the county soil 
and water conservation districts in amounts up to 
50 percent toward the cost of approved soil and 
water conservation projects. 

Federal Agricultural Conservation Program: This 
program, administered by the U. S. Department 
of Agriculture, Agricultural Stabilization and Con- 
servation Service, provides grants in amounts up 
to 50 percent of the total project cost to farmers 
for carrying out approved soil, water, woodland, 
and wildlife conservation practices. 

Federal Resource Conservation and Development 
Program: This program, administered by the 
U. S. Department of Agriculture, provides cost 
sharing up to 100 percent for flood control 
works and up to 50 percent for construction 
of water conservation works and improved land 
use measures. 

Federal Cropland Adjustment Program: This pro- 
gram, also administered by the U. S. Department 
of Agriculture, Agricultural Stabilization and Con- 
servation 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 per- 
cent toward the cost of carrying out good con- 
servation practices, such as establishment of 
vegetative cover, forest cover, good wildlife habi- 
tat, and preservation of natural beauty. 

Federal Multiple-Purpose Watershed Program: 
This program, administered by the U. S. Depart- 
ment of Agriculture, Soil Conservation Service, 
through the State Soil Conservation Board, pro- 
vides cost sharing up to 100 percent to qualified 
sponsors, such as soil and water conservation, 
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, acqui- 
sition of certain recreational land rights, and 
agricultural land planning and treatment. 

State Water Quality Regulation Enforcement Pro- 
gram: This program, administered by the Wis- 



consin 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. 

Water Resources Investigation Program 
The U. S. Department of the Interior, Geo- 
logical Survey, administers a cooperative water 
resources investigation program that provides 
federal matching funds in amounts up to 50 per- 
cent of the cost of projects under the program. 
This program includes the installation, calibra- 
tion, operation, and maintenance of stream gage 
recording stations. 

General Works Projects-U. S. Army Corps 
of Engineers 
Substantial federal financial and technical assist- 
ance 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 at no cost to the local 
unit of government the construction of such flood 
control works as levees, dams, and reservoirs. 
All land, easements, and necessary rights-of-way, 
however, must be provided by the local unit of 
government. In addition, the local unit of gov- 
ernment must agree to maintain and to operate 
all facilities constructed under the program in 
accordance with regulations prescribed by the 
Secretary of the Army. 

Gifts 
Donations of lands, interests in lands, or  monies 
from private individuals and corporations should 
not be overlooked as sources of possible assist- 
ance in regional plan implementation, particularly 
with respect to park acquisition and environmental 
corridor preservation. The potential contribu- 
tions, both in leadership and funds from private 
groups, should not be underestimated. Such gifts, 
either in lands, interests in lands, or  monies, 
may, moreover, be used toward the local contri- 
bution in obtaining various state and federal 
grants. 

Technical Assistance 
Certain federal, state, regional, and county agen- 
cies provide various levels and types of technical 
assistance useful in watershed plan implementa- 
tion to local units of government upon request. 

Limited guidance and assistance is usually pro- 
vided 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 Agri- 
culture, Soil Conservation Service, provides tech- 
nical assistance to local units of government and 
soil and water conservation districts for resource 
conservation, development, and utilization pro- 
grams. The Soil Conservation Service also 
provides technical assistance to local units of 
government in the adaptation of the detailed oper- 
ational soil survey and interpretive analyses to 
urban planning and development problems under 
a "Memorandum of Understandingfl with the 
Commission. 

The U. S. Department of Agriculture, Farmers 
Home Adrninistr ation, provides technical and 
management assistance to farmers and farm 
associations for forestry programs, soil improve- 
ment, fish production, and recreational enterprise. 

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. 

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 recreation. An example 
of such university assistance having a direct rela- 
tionship to watershed plan implementation is the 
educational services on the use and adaptation of 
the detailed operational soil survey and interpre- 
tive analyses being provided under the previously 
cited Memorandum of Understanding between the 
University and the Commission. Since the work 
of the Commission is entirely advisory, the 
importance of organized educational efforts di- 
rected at achieving public understanding and 
acceptance of the regional plans cannot be over- 
estimated. 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 manage- 
ment; and forest planting, protection, manage- 
ment, 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 government for the purpose of 
securing uniformity of water resource protection 
regulations. 

The State Soil Conservation Board 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 i ts  Com- 
munity 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; selection of staff and consultants; 
preparation of planning programs; special base 
and soil mapping; preparation of suggested zoning, 
official mapping, and land division ordinances ; 
information of federal and state aid programs; and 
the review of local planning programs, plan pro- 
posals, ordinances, and most state and federal 
grant applications. In addition, the Commission 
is empowered to contract with local units of gov- 
ernment under Section 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 Con- 
servation Districts are  authorized to cooperate in 
furnishing technical assistance to landowners or  
occupiers and any public o r  private agency in pre- 
venting soil erosion and floodwater and sedimen- 

tation damage and in furthering water conservation 
and development. 

Those counties with park or  planning staffs pro- 
vide certain technical services related to park 
design and general community planning and devel- 
opment problems to local units of government and 
private groups. 

SUMMARY 
This chapter has described the various means 
available and has recommended specific proce- 
dures for implementation of the recommended 
comprehensive Fox River watershed plan. The 
most important recommended plan implementa- 
tion actions are summarized in the following para- 
graphs by level of government, responsible agency 
o r  unit of government, and by plan elements. 

State Level 
Wisconsin Department of Natural Resources: It is 
recommended that the State Natural Resources 
Board and the Department of Natural Resources: 

1. Endorse the comprehensive Fox River 
watershed plan and direct i ts  integration 
into the various conservation, park and 
outdoor recreation, environmental protec- 
tion, water control, and technical and 
financial assistance programs conducted 
by various divisions of the Department. 

2. Conduct periodic water pollution control 
surveys of the Fox River basin and reevalu- 
ate and enforce outstanding pollution con- 
trol orders in accordance with the pollution 
abatement recommendations set forth in 
the Fox River watershed plan. 

3. Cooperate with towns, villages, and cities 
in the watershed in the establishment of 
utility o r  sanitary districts a s  necessary 
to provide sanitary sewerage systems and 
sewage treatment facilities at eight major 
lakes : Little Muskego, Pewaukee , Browns, 
Eagle, Tichigan, Wind, Como , and Camp 
and Center Lakes. 

4. Seek additional state-enabling legislation 
relative to the establishment of areawide 
o r  metropolitan sewerage districts so that: 
a) the Western Racine County Sewerage 
District can expand i t s  boundaries in a logi- 
cal and orderly manner to serve those 



areas designated on the land use plan for 
urban development by 1990; b) a feasible 
alternative exists for the establishment of 
an areawide upper Fox River watershed 
sanitary sewerage system involving the 
construction of a system of trunk sewers 
and one large treatment plant with advanced 
waste treatment facilities below the City 
of Waukesha and the abandonment of all 
existing sewage treatment plants above 
the City of Waukesha; and c) a feasible 
alternative exists for the establishment of 
areawide sanitary sewerage systems and 
sewage treatment plants where necessary 
at the eight major lakes noted above. 

5. Give due weight to the recommended Fox 
River watershed plan in the exercise of 
the Department's various water regulatory 
functions, including the construction of 
dikes and floodwalls in the Cities of Bur- 
lington and Waukesha; channel improve- 
ments in the headwater areas of Sugar and 
Honey Creeks ; channel improvements and 
construction of levees along Hoosier Creek; 
and the construction of a multiple-purpose 
reservoir on Sugar Creek. 

6. Encourage counties and local units of gov- 
ernment in the watershed to follow the 
watershed plan recommendations relative 
to floodland and shoreland zoning when, 
prepared by such local units of govern- 
ment, review i s  made of floodland and 
shoreland zoning ordinances, pursuant to 
Sections 59.971 and 87.30 of the Wiscon- 
sin Statutes. 

Adapt the regional soil survey and analyses 
a s  a guide in regulating the installation of 
soil absorption sewage disposal systems 
within the Region, prohibiting the instal- 
lation of such systems on soils within 
the Region that have very severe limita- 
tions for the absorption of sewage effluent, 
as  determined by the detailed operational 
soil surveys. 

8. Endorse and integrate the environmental 
corridors and other high-value wetlands 
and woodlands shown on the recommended 
Fox River watershed plan into the state 
long-range conservation and outdoor rec - 
reation plans a s  a guide to park and related 

open-space development and to resource 
conservation and management practices 
within the Region. 

Acquire the site recommended for the 
multiple-purpose recreation, flood control, 
and low-flow augmentation reservoir on 
Sugar Creek and establish and develop 
a state park on this site, including the con- 
struction of the reservoir itself. 

Acquire the remaining 2,65 1 acres of land 
needed to complete state acquisition of the 
Vernon Marsh wildlife conservancy and 
temporary floodwater storage area. 

Acquire those recommended high-value 
wetlands totaling 4,549 acres around the 
Tichigan, Honey Creek, Karcher Marsh, 
and New Munster wildlife areas in the 
watershed. 

Acquire those recommended high-value 
woodlands totaling 4,369 acres along the 
western boundary of the watershed as  addi- 
tions to the existing Kettle Moraine State 
Forest. 

Assign the highest appropriate priorities 
to all Land and Water Conservation Fund 
o r  ORAP applications for lands located 
within the urban environmental corridors 
and along the main stem of the Fox River. 

Approve only such applications for  state 
and federal aids in partial support of the 
construction and improvement of municipal 
pollution prevention and abatement facili- 
ties that a re  located and designed in gen- 
eral  accordance with the recommended Fox 
River watershed plan. 

Recommend to the State Legislature that 
consideration be given to the establishment 
of a Greenway Tax Law patterned after 
the well-established Forest Crop Law and 
direct toward providing property tax incen- 
tives for  private landowners who retain 
and manage high-value woodlands through- 
out the watershed and the state. 

Increase the amount of technical aid and 
assistance available to private landowners 
relative to the proper management of wood- 
land and wetland resources. 



Wisconsin Department of Local Affairs and Devel- 
opment: It is recommended that the Department of 
Local Affairs and Development: 

1. Endorse the comprehensive Fox River 
watershed plan and direct i t s  integration 
into the various functions of the Depart- 
ment. 

2. Give due weight to the recommended water- 
shed land use plan elem2nt in reviewing 
proposed annexations, incorporations, and 
consolidations. 

3. Promote implementation of the Fox River 
watershed plan in i ts  program of provid- 
ing technical assistance to local units of 
government. 

4. 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 
recommend appropriate remedial action. 

Wisconsin Department of Transportation: It is rec- 
ommended that the Department of Transportation: 

1. Give due weight to the recommended Fox 
River watershed plan in i t s  transportation 
facility planning and construction activities, 
with particular respect to the replacement 
of bridge structures in the stream valleys 
of the watershed so that the flood con- 
trol objectives of the watershed plan a re  
achieved. 

2. Coordinate the establishment, construction, 
and -maintenance of the recommended Fox 
River parkway scenic drive in cooperation 
with the county highway committees. 

Wisconsin Division of Health: It is recommended 
that the Health and Social Service Board and the 
State Division of Health: 

1. Endorse the comprehensive Fox River 
watershedplan, with particular respect to 
the land use plan element and the rational 
urban service areas implied therein, in 
the exercise of i t s  subdivision review and 
approval powers. 

2. Adapt the regional soil survey and analy- 
ses  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 Soil Conservation Board: It is recom- 
mended that the Wisconsin Soil Conservation Board: 

1. Endorse the comprehsnsive Fox River 
watershed plan, with particular respect to 
the recommended land use plan element, 
including the agricultural land use and 
environmental corridor recommendations, 
a s  a guide in the coordinationof County Soil 
and Water Conservation District projects. 

2 .  Apportion appropriate state and federal 
funds to the County Soil and Water Con- 
servation Districts within the watershed 
to enable them to implement agricultural 
programs which serve to implement the 
recommended watershed plan. 

Local Level 
Kenosha, Racine, Walworth, and Waukesha County 
Boards of Supervisors: It is recommended that 
the County Boards of the four major constituent 
counties comprising the FoxRiver watershed, upon 
the recommendation of the appropriate agencies 
and committees: 

1. Adopt the recommended Fox River water- 
shed plan as i t  applies to each county as  
a guide to the future development of the Fox 
River watershed portion of the county. 

2. Support the establishment of the Fox River 
Watershed Committee by the Southeastern 
Wisconsin Regional Planning Commission 
as  a continuing intergovernmental advisory 
body concerned with watershed plan adjust- 
ment and implementation. 

3. Establish a County Park and Planning Com- 
mission o r  county planning department and 
reassign, as appropriate, all county zoning, 
subdivision, plat review, and park func- 
tions. (Kenosha)l4 

l4paren theses ind ica te  that the recommended action i s  

only  applicable to the named uni t  o r  un i t s  o f  

government. 



4. Officially adopt the comprehensive park 
and parkway elements of the Fox River 
watershed plan upon recommendation of the 
County Park and Planning Commission. 

5. Adopt the recommended llSchedules of 
Capital Costs'l set forth herein for plan 
implementation 'and allocate annually the 
monies as so scheduled, including the pur- 
chase of all lands. designated as urban 
environmental corridor and main stem en- 
vironmental corridor along the Fox River. 

6. Amend the County Zoning Ordinance as i t  
applies to riverine areas to provide for the 
eventual elimination of flood-vulnerable 
structures located in the floodways and 
floodplains of the Fox River through non- 
conforming use provisions and to pro- 
vide for sound floodland use regulations. 
(Kenosha, Walworth, and Waukes ha) 

7. Continue operation and maintenance of 
streamflow gages and establish new gages. 
(Waukesha and Racine) 

8. Amend the County Zoning Ordinance as i t  
applies to the entire watershed to provide 
for the recommended exclusive residential, 
agricultural, conservancy, and park dis - 
tricts. (Kenosha, Walworth, and Waukesha) 

9. Adopt soil conservation land use regula- 
tions as formulated by the Soil and Water 
Conservation District Supervisors. 

10. Adopt a County Sanitary Code applicable 
on a county-wide basis toprovide for regu- 
lation of the design and installation of 
septic tank sewage disposal systems uti- 
lizing the detailed soil survey data. 
(Kenosha, Racine, and Waukesha) 

11. Report to the Wisconsin Department of 
Natural Resources any alleged encroach- 
ments on the navigable channels of the Fox 
River system. 

12. Create or  amend the county subdivision 
control ordinance to prohibit further land 
division and development in the floodways 
and floodplains of the Fox River watershed 
and to provide park land dedication or  fees 
in lieu of dedication. 

13. Support attempts to seek additional state- 
enabling legislation relative to the estab- 
lishment of areawide or  metropolitan sew- 
erage districts. 

14. Cooperate with the Wisconsin Department 
of Transportation in the establishment of a 
Fox River Parkway Scenic Drive. 
(Kenosha, Racine , and W aukesha) 

Kenosha, Racine, Walworth, and Waukesha County 
Park and Planning Agencies: It i s  recommended 
that the Kenosha, Racine, Walworth, and Waukesha 
County Park and Planning agencies : 

1. Recommend to the County Board adoption 
of the recommended outdoor recreation, 
park and parkway, and natural resource 
plan elements of the Fox River water- 
shed plan. 

2. Formulate and petition the County Board to 
amend the existing County Zoning Ordi- 
nance to effectuate the watershed land use 
plan element. 

3. Formulate detailed county plans for the 
ultimate acquisition of all recommended 
urban environmental corridors in the 
watershed, as well as the rura l  environ- 
mental corridors recommended for acqui- 
sition along the main stem of the Fox 
River. 

4. Include in the detailed county park plan 
measures for the removal of existing resi- 
deices subject to first floor inundation by 
the 100-year recurrence interval flood 
within the f loodway. (Kenosha) 

5. Develop the Minooka Park site as  a re-  
gional outdoor recreational area. 
(Waukesha) 

6. Acquire and develop the Western Racine 
County Park site as  a regional outdoor 
recreation area. (Racine) 

7. Expand the existing Fox River Park into 
a regional outdoor recreation area. 
(Kenosha) 



8. Acquire and ultimately develop all addi- 
tional high-value outdoor recreation sites 
as set  forth in the recommended plan. 

9. Request by resolution the Wisconsin De- 
partment of Natural Resources to acquire 
and develop the proposed multiple-purpose 
Sugar Creek Reservoir and park site (Wal- 
worth); the acquisition of additional lands 
in the Vernon Marsh wildlife conservancy 
area (Waukesha); the acquisition of addi- 
tional high-value wetlands for the Tichigan 
and Honey Creek wildlife areas (Racine 
and Walworth), the Karcher Marsh wildlife 
area (Racine) , and the New Munster wild- 
life area (Kenosha) ; and the acquisition of 
high-value woodlands along the western 
boundary of the watershed as additions to 
the existing Kettle Moraine State Forest. 
(Walworth and Waukesha) 

Soil and Water Conservation Districts: It is rec- 
ommended that the Soil and Water Conservation 
Districts of Kenosha, Racine , Walworth, and 
Waukesha Counties: 

1. Adopt the recommended Fox River water- 
shed plan as i t  affects each respective 
District and request those state and fed- 
e ra l  agencies existing in the District to 
provide such assistance as  would serve to 
implement the recommended land use, 
natural resource protection, and water 
pollution abatement plan elements. 

2. Formulate soil and water regulations nec- 
essary to assist in implementation of the 
recommended watershed land use and nat- 
ura l  resource plan elements. 

Common Councils, Village Boards, and Town 
Boards: It is recommended that, upon referral  to, 
and recommendation of, the local plan commis- 
sions, each Common Council, Village Board, and 
Town Board within the watershed, as appropriate 
and as noted: 

1. Support the establishment of the Fox River 
Watershed Committee as a continuing 
intergovernmental coordinating body con- 
cerned with the Fox River watershed plan 
adjustment and implementation. 

2. Adopt the recommended Fox River water- 
shed plan as  a guide to the future develop- 

ment of the community as that plan affects 
each community. 

3. Amend existing or  adopt new local zoning 
ordinances so as to provide land use regu- 
lations similar to those contained in the 
SEWRPC Model Zoning Ordinance and 
adopt changes to the zoning district maps, 
a s  appropriate, to reflect the recommended 
land use plan element of the Fox River 
watershed plan, or  file a certified resolu- 
tion certifying amendments or  resolutions 
to the County Zoning Ordinance. Include 
in such ordinances floodland and shoreland 
regulations, as appropriate and as  neces- 
sary to achieve the objectives of the Fox 
River watershed plan. Such regulations 
should include provision for the discon- 
tinuance of nonconforming uses in the 
f loodw ays and floodplains. 

4. Instruct local assessors that tax relief is 
available to owners of land zoned for agri- 
culture and conservancy use in accordance 
with the recommended Fox River water- 
shed plan. 

5. Amend or adopt land division ordinances, 
a s  appropriate, prohibiting further land 
division and development in the f loodw ays 
and floodplains of the perennial channel 
system of the Fox River watershed and 
assuring park land dedication o r  fees in 
lieu of dedication. 

6. Prepare and adopt o r  amend official maps 
showing, as appropriate, park and parkway 
land use plan elements. 

7. Include floodway and floodplain regulations 
in local building, housing, subdivision, and 
sanitary ordinances. 

8. Consider and give due weight to the rational 
urban service areas implied in the Fox 
River watershed plan in all deliberations 
concerning proposed annexations, consoli- 
dations, and incorporations. 

9. Establish an intergovernmental coopera- 
tive sewerage commission o r  metropolitan 
sewerage commission to provide for an 
advanced waste treatment plant and trunk 
sewer facilities in the upper Fox River 
watershed, together with abandonment of 



existing treatment plants. (Cities of Brook- 
field, New Berlin, and Waukesha; Villages 
of Lannon, Menomonee Falls, Pewaukee, 
and Sussex; and the Towns of Brookfield, 
Delafield, Lisbon, Pewaukee, and Wauke - 
sha, and any existing o r  future sanitary o r  
utility districts in such towns) 

10. Provide for improved sewage treatment, 
including advanced waste treatment a t  
existing plants. (Cities of Burlington and 
Lake Geneva and the Villages of East Troy, 
Mukwonago, and Twin Lakes) 

11. Establish suchsanitary, utility, and metro- 
politan sewerage districts o r  intergovern- 
mental cooperative sewerage commissions 
as  necessary to implement the recom- 
mendations governing the establishment of 
sanitary sewerage systems at the following 
major lakes: Como, Eagle, Little Muskego, 
Tichigan, and Camp and Center Lakes. 
(City of Muskego and the Towns of Dover, 
Salem, and Waterford) 

12. Undertake levee construction and chan- 
nel improvements, including the construc - 
tion of intermittent dikes and floodwalls. 
(Cities of Burlington and Waukesha) 

13. Assist the county park agencies in the 
acquisition of all land lying within the 
urban environmental corridors and the 
rural corridors along the main stem of 
the Fox River. (Cities of Brookfield, Bur- 
lington, and Waukesha; Villages of Big 
Bend, Lannon, Menomonee Falls, Roches- 
ter ,  Silver Lake, and Waterford; and the 
Towns of Brookfield, Burlington, Mukwon- 
ago, Pewaukee, Rochester, Salem, Vernon, 
Waterford, Waukesha, and Wheatland) 

14. Acquire o r  assist  the county park agencies 
in the acquisition of all lands lying within 
the urban environmental corridors not 
located on the main stem of the Fox River. 
(Cities of Brookfield, Burlington, Lake 
Geneva, Muskego, and Waukesha; Villages 
of East Troy, Fontana-on-Geneva Lake, 
Genoa City, Menomonee Falls, Pewaukee, 
Twin Lakes, and Williams Bay; and the 
Towns of Bloomfield, Brookfield, Burling- 
ton, Geneva, Mukwonago, Norway, Pewau- 
kee, Salem, Walworth, and Waukesha) 

16. Acquire and develop allother potential out- 
door recreation sites a s  recommended in 
the Fox River watershed plan and a s  not 
recommended for county level acquisition. 

17. Approve county official maps governing 
park and parkway acquisition adopted pur- 
suant to the recommendations contained 
herein. 

Plan Commissions of the Cities, Villages, and 
Towns Within the Watershed: It i s  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 their governing 
body. 

2. Formulate and recommend to their gov- 
erning body amendments to their existing 
land use control ordinances to effectuate 
the land use plan elements of the water- 
shed plan. 

3. Prepare for submission to their governing 
body detailed local plans relative to the 
acquisition of urban environmental corri  - 
dors and rural  environmental corridors 
along the main stem of the Fox River and 
selected high-value and other potential 
outdoor recreation sites. 

Municipal Water and Sanitary Districts: It i s  rec- 
ommended that any municipal water and sanitary 
district now existing o r  hereinafter created 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 exten- 
sion policies that a re  consistent with the 
rational urban service area  implied by 
the plan. 

2. Implement the recommendations govern- 
ing the establishment of sanitary sewer- 
age systems at  the following major lakes: 
Browns, Pewaukee, and Wind. (Browns 
Lake Sanitary District ; Lake Pewaukee 
Sanitary District; Sanitary District No. 1, 
Town of Pewaukee; and Sanitary District 
No. 1, Town of Norway) 



3. Design and install public water supply and 
sewerage systems so a s  to preclude ser-  
vice by such systems to proposed devel- 
opment located in floodplains, on soils 
having very severe o r  severe limitations 
for  urban development, o r  within the rec- 
ommended regional environmental corri- 
dors and agricultural areas. 

Areawide Level 
Western Racine County Sewerage District: It is 
recommended that the Western Racine County 
Sewerage district: 

1. Acknowledge the recommended Fox River 
watershed plan, including the land use and 
water quality control elements, and there- 
after determine proposed sewer service 
areas in accordance with the plan and 
adopt and adhere to utility extension and 
service policies that are consistent with 
the rational urban service areas implied 
by this plan. 

2. Provide advanced treatment and disinfec- 
tion at the Rochester sewage treatment 
plant. 

3. Support attempts to seek additional state- 
enabling legislation relative to the estab- 
lishment of areawide or  metropolitan 
sewerage districts so as to remove even- 
tually all restrictions to rational service 
area  boundary extensions. 

Hoosier Creek Drainage District: It is recom- 
mended that the Hoosier Creek Drainage District: 

1. Acknowledge the recommended Fox River 
watershed plan and undertake channel im- 
provements and the construction of dikes 
in accordance with the recommendations 
contained therein. 

Federal Level 
U. S. DeDartment of Housing and Urban Develon- 
ment: It is recommended that the U. S. ~ e ~ &  
ment of Housing and Urban Development: 

1. Acknowledge the comprehensive Fox River 
watershed plan and use such plan as a 
guide in the administration and granting of 
federal aids for urban beautification, open- 
space acquisition, park development, and 
sewer and water facilities. 

2. Assign the highest appropriate priorities 
to all applications for urban beautification, 
open-space acquisition, and park develop- 
ment grants that are  in partial support of 
the acquisition and development of those 
sites recommended for public use in the 
plan. 

3. Approve only those applications for sewer 
and water facility grants that are  located 
and designed in accordance with the land 
use and water pollution abatement ele- 
ments of the Fox River watershed plan. 

U. S. Department of Interior, Federal Water Pol- 
lution Control Administration: It is recommended 
that the U. S. Department of Interior, Federal 
Water Pollution Control Administration: 

1. Acknowledge the recommended Fox River 
watershed plan and utilize the plan as a 
guide in the administration and granting of 
federal aids for the construction of sewage 
treatment plants and related facilities 
within the watershed. 

2. Approve only those grant applications for 
the construction of sew age treatment plants 
and related facilities that a re  located and 
designed in accordance with the land use 
and water pollution abatement elements of 
the Fox River watershed plan. 

U. S. Department of Interior, Geological Survey: 
It is recommended that the U. S. Department of 
Interior, Geological Survey: 

1. Continue to maintain a cooperative pro- 
gram of water resources investigation in 
the watershed, including the expansion of a 
continuous stream gaging program within 
the watershed. 

U. S. De~artment of Amiculture. Farmers Home 
Administration: It is recommended that the U. S. 
Department of Agriculture, Farmers Home Ad- 
ministration: 

1. Acknowledge the recommended Fox River 
watershed plan and utilize the plan as a 
guide in the administration and granting of 
loans and aids for water supply and waste 
disposal plants and facilities within the 
watershed. 



2. Approve only those grant applications for 
the construction of water supply and waste 
treatment facilities that are located and 
designed in accordance with the land use 
and water pollution abatement elements of 
the Fox River watershed plan. 

U. S. Department of Agriculture, Soil Conserva- 
tion Service: It is recommended that the U. S. 
Department of Agriculture, Soil Conservation 
Service: 

1. Acknowledge the recommended Fox River 
watershed plan and utilize the plan as a 
guide in the administration and granting 
of federal aids for resource conservation 

and development and for construction of 
multiple-purpose watershedprojects within 
the Region and in the provision of technical 
assistance for land and water conservation. 

U. S. Department of the Army, Corps of Engi- 
neers: It is recommended that the U. S. Depart- 
ment of the Army, Corps of Engineers: 

1. Acknowledge the recommended Fox River 
watershed plan and resume the suspended 
flood control study of the Fox River water- 
shed, giving due consideration and weight 
to the implementation of the levee con- 
struction, channel improvements, and res-  
ervoir construction elements of the plan. 



Chapter X 

SUMMARY AND CONCLUSIONS 

INTRODUCTION 
This report is the second in a series of two vol- 
umes which together present the major findings 
and recommendations of the Southeastern Wis- 
consin Regional Planning Commission Fox River 
watershed planning program. The first  volume, 
published in April 1969, set  forth the basic prin- 
ciples and concepts underlying the study and pre- 
sented in summary form the basic facts pertinent 
to the preparation of a comprehensive plan for the 
physical development of the Fox 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 contained 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 the legal aspects of 
flood control and pollution abatement. 

This, the second and final volume of the series,  
sets  forth watershed development objectives, prin- 
ciples, and standards; presents alternative plans 
for land use and water control facility develop- 
ment, including both flood control and water 
pollution abatement facilities, and for natural 
resource preservation and enhancement within 
the watershed; and recommends a comprehensive 
watershed development plan designed to meet the 
watershed development objectives under existing 
and probable future conditions. It presents esti- 
mates of the costs of implementing the recom- 
mended plan over a 20-year plan implementation 
period and recommends means f o r  plan imple- 
mentation. In addition, this volume provides 
a comparative analysis of the changes which may 
be expected to occur within the watershed by 1990 
if present development trends are  allowed to con- 
tinue without redirection in the public interest. 

WATERSHED DEVELOPMENT OBJECTIVES 
The primary objective of the Fox River water- 
shed planning program is to assist  the federal, 
state, and local units of government in abating 
the serious water and water-related resource 
problems existing within the Fox 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 problems to be abated 
include flood damage, water pollution and con- 
flicting water uses, soil erosion, deteriorating 
fish and wildlife habitat, and the complex effects 
of rapidly changing land use. Accordingly, follow- 
ing ascertainment of present and probable future 
conditions within the watershed,' a framework of 
watershed development objectives with supporting 
principles and standards was established to guide 
the design of alternative land use and water con- 
trol facility plans for the watershed and to pro- 
vide a basis for the evaluation of the relative 
merits of these alternative plans. The nine water- 
shed development and management objectives and 
supporting principles and standards se t  forth in 
this volume relate to land use and water control 
facility development, engineering design, and eco- 
nomic feasibility and were formulated within the 
context of broader regional development objec- 
tives. Briefly, this framework of watershed devel- 
opment objectives and standards envisions afuture 
watershed environment which i s  varied, safe, 
healthful, efficient, and aesthetically pleasing. 

ALTERNATIVE PLANS 
In the preparation of the comprehensive plan for 
the physical development of the watershed, a con- 
certed effort was made to offer for  public eval- 
uation all physically feasible alternative plan 
elements which might satisfy one o r  more of the 
watershed development objectives. Each alter- 
native plan element was evaluated insofar a s  pos- 
sible in terms of engineering, economic, and legal 
feasibility and with respect to the satisfaction of 

1 
The reader may a t  t h i s  po in t  wish to rev iew Chapter 
XV,  "Summary," o f  Volume 1 o f  t h i s  r e p o r t ,  which 
summarizes the  inven tory ,  a n a l y s i s ,  and fo recas t  
f ind ings  o f  the s t u d y ,  thereby desc r ib ing  qual i  ta-  
t i v e l y  and q u a n t i t a t i v e l y  the resource-re1  a t ed  prob- 
1 ens o f  the Fox R iver  watershed requ i r ing  a t t e n t i o n .  
The comprehensive watershed development plan recom- 
mended i n  t h i s  volume i s  addressed  t o  the  r e so lu t ion  
o f  these  problems. 



the watershed development objectives. The alter- 
native plan elements considered can best be visu- 
alized in terms of various combinations of land 
use patterns and water control facilities. 

The land use base element of the comprehensive 
Fox River watershed plan is set within the con- 
text of the adopted regional land use plan. Under 
this plan regional and watershed development 
objectives and standards a re  used to modify 
land use development trends within the Region 
and the watershed in order to achieve a safer, 
more healthful, pleasant, and efficient future 
land use pattern, while meeting the gross land 
use demand requirements of the forecast popu- 
lation and employment levels. The land use 
base element emphasizes the efficient provision 
of utility services, cohesive urban development 
on appropriately suitable soils, preservation of 
prime agricultural lands, preservation of unique 
resource areas,  and protection of floodland areas. 

Under the land use base element, residential 
development within the watershed would be chan- 
neled into low-, medium-, and high-density resi- 
dential areas  developed as  planned neighborhood 
units and providing within each unit all of the nec- 
essary supporting community f a ~ i l i t i e s . ~  Prime 
agricultural areas  and primary environmental 
corridor areas,  including the surface waters and 
associated shorelands and floodlands, and the 
best remaining potential park and related open- 
space sites would be preserved and protected 
from urban development. Existing land uses not 
developed in conformance with these proposals 
would be considered nonconforming, and provi- 
sions would be made for their eventual discon- 
tinuance and removal. The attainment of a sound 
land use pattern throughout the watershed and 
particularly within the riverine areas of the 
watershed thus comprises the basic and most 
important recommendation of the comprehensive 
watershed plan. 

In the adaptation, refinement, and detailing of the 
adopted regional land use plan for the Fox River 
watershed, three alternative natural resource pro- 
tection plan elements and three alternative outdoor 
recreation and related open-space plan elements 

2 
For a d e f i n i t i o n  and explanation o f  the planned 
neighborhood uni t  concept ,  s e e  SEWRPC Planning 
Report  No. 7 ,  Volume 3 ,  Recanmended Regional Land 
Use and Transpor ta t ion P lans -  - 1990, Appendix D .  

were considered. With respect to resource pro- 
tection, the three alternatives considered were: 

1. A minimum alternative, which would pro- 
vide basically for the preservation of the 
remaining, undeveloped primary environ- 
mental corridors of the watershed by 
acquisition for public park and parkway 
purposes in those areas  of the watershed 
which a re  expected to be in urban use by 
1990, the plan design year, and through 
appropriate floodland, shoreland, and con- 
servancy zoning in those areas of the 
watershed which a re  expected to remain 
in rural  use through 1990. In addition, 
this minimum alternative would include 
the acquisition of, for  public use a s  a wild- 
life conservancy and temporary floodwater 
storage reservoir, a potential multiple- 
purpose reservoir site in the Vernon Marsh 
area; a future multiple-purpose reservoir 
site on Sugar Creek; and certain selected 
high-value wetlands and woodlands located 
adjacent to existing publicly owned and 
leased woodland, wetland, and wildlife 
areas in the watershed. The primary 
environmental corridor and related area 
to be acquired under this alternative would 
total about 29,500 acres,  o r  23 percent, of 
the primary environmental corridor area  
within the watershed. 

2. An intermediate alternative, which would, 
in addition to the proposals contained in 
the f irst  alternative, provide for the pres- 
ervation through acquisition for public use 
of all remaining, undeveloped primary 
environmental corridor areas  along the 
main stem of the Fox River in southeast- 
ern  Wisconsin, thus providing for a con- 
tinuous parkway along the Fox River from 
i ts  headwaters in the Village of Menornonee 
Falls to the Illinois State line. The addi- 
tional environmental corridor a rea  to be 
acquired under this alternative would total 
about 7,400 acres, o r  an additional 6 per- 
cent, of the primary environmental corri-  
dor area  within the watershed, over and 
above the f irst  alternative. 

3. An optimum alternative, which would, in  
addition to the proposals contained in 
the f irst  and second alternatives, provide 
for  the public acquisition of additional, 
selected, undeveloped primary environ- 



mental corridor areas,  particularly high- 
value lake-oriented woodlands and wetlands 
within the corridor areas. The additional 
environmental corridor area to be acquired 
under this alternative would total about 
11,200 acres,  o r  an additional 9 percent, 
of the primary environmental corridor 
area  within the watershed, over and above 
the f i rs t  and second alternatives. 

With respect to outdoor recreation, the three 
alternatives considered were: 

1. A minimum alternative, designed to pro- 
vide sufficient public outdoor recreation 
area  within the watershed to meet the 
anticipated user demands of the 1990 resi-  
dent population of the watershed and the 
Region, as  approximated by the adopted 
regional land use development standards of 
10 acres of local park land per thousand 
resident population and 4 acres  of regional 
park land per thousand resident population. 
Included in this alternative was the acqui- 
sition and development of four new major 
regional park sites to supplement the four 
existing regional park sites within the 
watershed, as  well a s  the acquisition and 
development of additional local park sites 
for community and neighborhood use. New 
park area to be acquired under this alter- 
native would total about 5,000 acres,  over 
and above the 2,078 acres of existing park 
land in the watershed. 

2. An intermediate alternative, which would, 
in addition to the proposals contained in 
the f i rs t  alternative, include the acquisition 
and development of additional outdoor rec- 
reation site area needed to meet a por- 
tion of the demand for outdoor recreation 
within the watershed generated by out-of- 
Region users, the additional area  required 
being selected from the best remaining 
high-value potential park sites within the 
watershed. Additional park area  to be 
acquired under this alternative would total 
about 7,200 acres,  over and above the 
f i rs t  alternative. 

3. An optimum alternative, which would, in 
addition to the proposals contained in the 
f irst  two alternatives, provide for the 
preservation of sufficient park land to meet 
all of the outdoor recreational demand 

expected to be generated by out-of-Region 
users. Additional park area  to be acquired 
under this alternative would total about 
5,400 acres,  over and above the f i rs t  and 
second alternatives. 

In addition to the land use base element and the 
alternative natural resource protection and out- 
door recreation plan elements, an uncontrolled 
existing trend land use alternative was prepared 
and evaluated. This alternative is not to be con- 
strued a s  a plan but rather a s  a forecast of one of 
the many possible end results of unplanned devel- 
opment within the watershed. It was intended to 
serve not a s  a recommendation but a s  a basis of 
comparison for the evaluation of the potential 
benefits of the recommended watershed plan. 

Coupled with the foregoing land use plan alterna- 
tives, a number of water control facility alterna- 
tives were explored. These included the following: 

1. For  flood control, in addition to floodland 
zoning and acquisition of floodland areas  
for public park and parkway use: floodland 
evacuation, levee construction and channel 
improvements, reservoir construction, and 
lake level control facilities. 

2. For  stream water pollution abatement: the 
provision of advanced waste treatment for 
both biochemical oxygen demand and nutri- 
ent removal, sewage diversion from the 
upper reaches of the watershed to the 
Milwaukee Metropolitan System, combined 
with the provision of advanced waste treat- 
ment for the lower watershed, the dis- 
posal of sewage effluent on land, teritiary 
treatment for biochemical oxygen demand 
removal with chemical spraying of the 
watercourses to control weed and algae 
growth, and low-flow augmentation utiliz- 
ing Lake Michigan water, combined with 
chemical spraying of the watercourses to 
control weed and algae growth. 

3. For  lake pollution abatement: weed har- 
vesting and algae control, bench terrac - 
ing to control nutrient contribution from 
agricultural runoff, installation of sani- 
tary sewerage systems to control nutrient 
contribution from urban land uses, lake 
mixing, nutrient removal, and algae har- 
vesting. 



Alternative water supply plans were also con- 
sidered, including further development of the deep 
aquifer supply, further development of the shallow 
aquifer supply, and development of surface water 
supplies, the latter particularly through the con- 
struction of a large multi-purpose reservoir in the 
Vernon Marsh area of Waukesha County. 

RECOMMENDED WATERSHED PLAN 
Each of the alternative plan elements considered 
was evaluated individually and in various com- 
patible combinations, and a comprehensive water- 
shed plan synthesized. The resultant compre- 
hensive watershed development plan, which is 
recommended for adoption a s  a guide to the physi- 
cal development of the Fox River watershed, con- 
tains the following salient proposals: 

Land Use Element 
The land use element recommends regulation of 
land use development over the entire watershed 
through local zoning in order to assure the expan- 
sion of urban development into those areas of the 
watershed that can be readily served by central- 
ized public water supply and gravity flow sanitary 
sewerage systems and that are  covered by soils 
suitable for urban uses. The remaining prime 
agricultural areas of the watershed would be pro- 
tected from destruction through urban encroach- 
ment, as  would the remaining primary environ- 
mental corridor areas of the watershed. The 
latter encompass not only the surface water 
resources and associated shorelands and flood- 
lands of the watershed but almost all of the best 
remaining woodlands, wetlands, wildlife habitat 
areas ,  and potential park sites. The environmental 
corridors would be protected from further urban 
encroachment and eventual deterioration and des- 
truction by appropriate floodland, shoreland, and 
conservancy zoning in rural  areas of the water- 
shed and by public acquisition for park and park- 
way purposes in urban areas of the watershed. It 
should be noted in this respect that the floodland 
zoning and acquisition recommendations incor- 
porated in the land use element of the plan con- 
stitute the basic flood control recommendations of 
the watershed plan. 

In addition, the recommended plan provides for 
the acquisition of all of the environmental corridor 
along the main stem of the Fox River from i ts  
headwaters in the Village of Menomonee Falls to 
the Illinois State line for parkway purposes; the 
acquisition of the Vernon Marsh area  in Waukesha 
County for multiple use as  a wildlife conservancy 

area and temporary floodwater storage area and 
for  reservation a s  a potential flood control and 
water supply reservoir; the acquisition of the 
Sugar Creek reservoir site for flood control, 
recreational, and low-flow augmentation purposes, 
and the acquisition of selected high-value wood- 
lands and wetlands adjacent to existing publicly 
owned environmental corridor areas. The plan 
recommends the development of a 63 mile scenic 
parkway drive along the main stem of the Fox 
River, utilizing existing roadways. 

The plan also recommends the acquisition of suf- 
ficient additional park area to meet the 1990 out- 
door recreation demand within the watershed, 
including the demand generated by out-of-water- 
shed and out-of-Region users, a s  well a s  by resi- 
dents of the watershed. Included in this proposed 
recreational land area,  totaling approximately 
17,700 acres,  a re  2,617 acres for the acquisition 
and development of four new regional parks in the 
watershed: the Minooka, Sugar Creek, Western 
Racine County, and Fox River Parks. The recom- 
mended plan would provide sufficient outdoor 
recreation area to meet the forecast user demand 
for the five major outdoor recreation activities 
requiring additional land and thereby avoid dam- 
aging overuse of land, recreational resources, 
and recreational facilities; the concomitant delete- 
rious effects on the resource base; and increasing 
conflicts between recreation users. Implementa- 
tion of the resource protection plan element des- 
cribed in the preceeding paragraphs would result 
in the public acquisition of about 55 percent of the 
required outdoor recreation lands. 

The land use plan element, which includes recom- 
mendations for basin-wide land use development, 
a resource protection element, and an outdoor 
recreation element, is graphically summarized on 
Map 1 6  set  forth in Chapter W of this volume. 

Flood Control Elements 
The recommended plan proposes the abatement of 
flood problems within the watershed through the 
following measures: 

1. The construction of dikes and floodwalls in 
the City of Waukesha to protect the existing 
flood-vulnerable land uses and abate high 
flood damages in this channel reach. 

2. The construction of dikes and floodwalls in  
the City of Burlington to protect the exist- 
ing flood-vulnerable land uses and abate 
high flood damages in this channel reach. 



3. Channel improvements in the headwater 1 
areas  of Sugar and Honey Creeks to pro- 
tect flood-vulnerable agricultural areas  
and improve agricultural drainage. 

4. The construction of a multi-purpose rec- 
reation, flood control, and low-flow aug- 
mentation reservoir on Sugar Creek. 

5. The construction of levees and channel 
improvements along the lower reaches 
of Hoosier Creek to protect flood-vulner- 
able agricultural areas, abate agricultural 
flood damages, and improve agricultural 
drainage. 

6. The removal of 160 existing residences in 
the Silver Lake area of the watershed 
lying within the 10-year recurrence inter- 
val flood hazard lines. These residences 
are  recommended to be removed both 
through public acquisition a s  they come 
onto the market and through the applica- 
tion of the nonconforming use provisions of 
local zoning ordinances. The remaining 
residences in the floodplain along this 
channel reach should be protected by flood- 
proofing through action of the individual 
homeowners. 

The foregoing flood control elements would sup- 
port the recommended land use elements, which, 
a s  already noted, contain the major flood abate- 
ment recommendations; namely, that of floodland 
zoning and acquisition for public park and parkway 
use. The Fox River is presently an extremely 
well-regulated stream; and through the protec- 
tion of i t s  floodland areas  in open use for flood- 
water storage, this desirable characteristic of the 
stream can be preserved as  urbanization proceeds 
within the watershed. 

The foregoing flood control elements would pro- 
vide an average annual flood damage alleviation 
benefit of $144,550 and would substantially protect 
all major flood damage areas within the watershed 
against a 100-year recurrence interval flood with 
potential damages of $1.5 million. 

Stream Water Pollution Abatement Elements 
The recommended plan proposes the abatement of 
stream water pollution problems within the water- 
shed through the following measures: 

The provision of advanced waste treatment 
for biochemical oxygen demand and nutri- 
ent removal and disinfection at all major 
waste discharge locations within the water- 
shed. This would include the provision of 
a single large sewage treatment plant pro- 
viding advanced waste treatment to serve 
the entire upper watershed, along with 
a system of trunk sewers to convey the 
wastes from the upper watershed to this 
plant, and the provision of advanced waste 
treatment facilities at six of the ten exist- 
ing individual sewage treatment plants 
in the lower reaches of the watershed at 
Mukwonago , Waterford-Rochester, East 
Troy, Lake Geneva, Burlington, and Twin 
Lakes, discharging wastes to the Fox 
River system. 

The two existing sewage treatment plants 
located at Silver Lake and GenoaCity would 
continue to be operated as  secondary treat- 
ment plants with post-chlorination for dis- 
infection. The small size of these two 
plants and the consequently relatively small 
contribution of biochemical oxygen demand 
and nutrients to the receiving stream make. 
i t  impractical to recommend advanced 
waste treatment facilities for these two 
plants. Similarly, the two existing sewage 
treatment plants located at  Williams Bay 
and Fontana would continue to be operated 
as  secondary treatment plants, discharging 
their treated effluents to seepage ponds. 

The sewage treatment plant for the upper 
watershed is  recommended to be located 
downstream from the site of the existing 
Waukesha treatment plant. The trunk sewer 
system would extend from the plant site 
below Waukesha to Lannon with the trunk 
sewers generally following the course of 
the Fox River and with branches to Pewau- 
kee and Sussex to provide service to these 
areas. The recommended location of the 
trunk sewers would permit gravity flow 
operation of the trunk sewers, and the four 
existing sewage treatment facilities above 
Waukesha at  Pewaukee, Sussex, Brook- 
field, and Poplar Creek would be aban- 
doned, along with the existing Waukesha 
sewage treatment plant, upon completion 
of the proposed system, thus eliminating 
all municipal waste discharges to the upper 
Fox River system. 



2. The institution of improved soil and water 
conservation practices on the farm lands 
in the agricultural areas of the basin in 
order to minimize the effects of runoff 
from agricultural areas containing silt ,  
fertilizers, herbicides, and pesticides on 
the stream water quality and on fish life. 

3. The connection to public sanitary sewerage 
systems ,of 16 of the 19 major industrial 
waste sohrces and one of the four major 
resor t  waste sources. In addition, the 
plan recommends that all other indus- 
t r ia l  and resor t  waste discharges not 
connected to centralized public sanitary 
sewerage systems be given a level of 
treatment equivalent to secondary treat- 
ment and disinfection. 

Implementation of the recommended stream and 
lake water quality management plan element would 
abate all of the 37 major sources of stream pollu- 
tion existing (1966) within the watershed and 
reduce the municipal waste loadings on the stream 
system from 2,800 pounds of BOD and 390 pounds 
of phosphorus per average day to 900 pounds and 
30 pounds, a 68 percent and 92 percent reduction, 
respectively. Implementation of these recommen- 
dations would provide the stream water quality 
levels necessary to meet the state-established 
stream water use objectives and standards and 
would serve to restore substantially the quality of 
the water in the main stem of the Fox River and 
its major tributaries, thereby facilitating restora- 
tion of a game fishery, consisting of facultative 
species, and the safe use of the stream system 
for partial-body-contact recreational uses. 

Lake Water Pollution Abatement Elements 
The recommended plan proposes the abatement 
of lake pollution problems within the watershed 
through the following measures: 

1. The provision of sanitary sewerage facili- 
ties at Little Muskego, Pewaukee, Browns, 
Eagle, Tichigan, Wind, Como, and Camp 
and Center Lakes. Such facilities would 
be provided at  five of the eight lakes- 
Eagle, Tichigan, Wind, Como, and Camp 
and Center-through the establishment of 
new sanitary sewerage systems and treat- 
ment facilities providing secondary treat- 
ment with use of post-chlorination for 
disinfection. Sewer service at  Little Mus- 
kego Lake would be provided initially at  

a temporary treatment facility and ulti- 
mately through conveyance to the Milwau- 
kee Metropolitan Sewerage Commission 
system. Sewer service for Pewaukee Lake 
would be provided a s  an integral part of 
the proposed upper Fox River watershed 
sewerage system discussed above, with 
eventual advanced treatment of wastes at  
the single large sewage kreatment plant in 
the upper watershed. Sewage treatment for  
wastes from the Browns Lake area  would 
be provided at  the Burlington sewage treat- 
ment plant, which would include advanced 
waste treatment of all wastes. 

2. The provision of bench terraces with tile 
outlets on agricultural lands subject to 
erosion, together with additional appro- 
priate land conservation measures, to 
control pollution from agricultural runoff 
on the tributary watersheds of Phantom; 
Pell; Pewaukee; Bohner; Eagle; Wind; 
Beulah; Como; Geneva; Camp and Center; 
Elizabeth and Marie; Powers, Tombeau, 
and Benedict; and Silver (Kenosha County) 
Lakes. 

3. The provision of chemical control of nui- 
sance algal blooms as  necessary at Big 
Muskego, Little Muskego, Phantom, Eagle, 
Pewaukee , Bohner, Browns, Wind, Como , 
Tichigan, Camp and Center, and Silver 
(Kenosha County) Lakes. 

4. Machine harvesting of the aquatic weed 
growths a s  necessary at  Big Muskego; 
Little Muskego; Phantom; Eagle; Tichigan; 
Pewaukee; Bohner; Browns; Wind; Beulah; 
Como; Pell; Camp and Center; Elizabeth 
and Marie; Powers, Tombeau, and Bene- 
dict; and Silver (Kenosha County) Lakes. 

The installation of the sanitary sewerage systems 
is recommended to eliminate the sanitary hazards 
that may presently exist in the lakes a s  a result 
of inadequate o r  malfunctioning individual on-site 
soil absorption sewage disposal systems and to 
reduce the nutrient input to the lakes. Soil and 
water conservation practices, including the con- 
struction of bench terraces,  are  recommended a s  
the best means of reducing the nutrient input and 
sediment load from agricultural areas  to the 
major lakes within the watershed. The algae con- 
trol and weed harvesting operations a r e  recom- 
mended to alleviate nuisances caused by excessive 
aquatic growths present in the many lakes within 
the watershed. 



Water Supply 
Because the water supply resources of the Fox 
River watershed are not only varied as to source 
but are also renewable, these resources, if care- 
fully used and developed, will be adequate to meet 
the foreseeable demand within the watershed for 
water. The shallow aquifer underlying the water- 
shed can be developed to meet all foreseeable 
demand for domestic and livestock watering pur- 
poses. Increased use of this aquifer for crop 
irrigation may result in some local water short- 
ages and water supply conflicts. This aquifer is 
readily susceptible to pollution, and the quality of 
the water in this aquifer will have to be carefully 
protected. Important to this protection will be 
implementation of the recommendations contained 
in the land use base element of the recommended 
watershed plan, particularly those relating to the 
provision of public sanitary sewerage services to 
urban areas. 

The most dependable source of large quantities of 
high quality water within the watershed is the deep 
sandstone aquifer. With the implementation of a 
good water management program, wells tapping 
this aquifer may be expected to continue to yield 
1 to 2 million gallons per day per well through the 
design year of the plan. Proper well location and 
spacing, however, will be essential if the full 
potential of this source of supply is to be realized, 
as will protection of the recharge areas located 
in western Walworth, Washington, and Waukesha 
Counties. Such protection, particularly from in- 
tensive urban development, will be essential to 
avoid both pollution of this deep aquifer and any 
serious diminutibn of the amount of water avail- 
able for recharge. 

Although the development of an alternative source 
of water supply in the form of a large multi- 
purpose reservoir located in the Vernon Marsh 
area of Waukesha County cannot be recommended 
at the present time for inclusion in the compre- 
hensive watershed plan, the retention of full flexi- 
bility for the development of alternative sources 
of water supply within the watershed to meet the 
needs of development beyond the plan design year 
of 1990 indicates that the lands needed for this 
reservoir should be protected and preserved in 
essentially open use. 

THE UNPLANNED ALTERNATIVE 
The recommended comprehensive watershed plan 
was designed specifically to meet the established 
watershed development objectives and standards, 

which include the water use objectives and sup- 
porting water quality standards established by the 
State of Wisconsin for the Fox River and its major 
tributaries. Implementation of the recommended 
plan can, therefore, be expected to provide a 
safer, more healthful, and more pleasant, as 
well as more orderly and efficient, environment 
within the watershed. Implementation of the rec- 
ommended watershed plan would assist in the 
resolution of many of the existing areawide devel- 
opment problems, would avoid the development of 
new problems, and would do much to protect and 
enhance the underlying and sustaining natural 
resource base. 

The alternative would be to continue recent devel- 
opment trends within the watershed, utilizing only 
local development plans and policies to constrain 
the action of the urban land market in shaping the 
future development pattern within the watershed. 
This unplanned alternative would require the least 
amount of effort on an areawide basis toward 
regulation of development in the public interest 
and would require few restraints on the operation 
of the urban land market in determining the future 
character, intensity, and spatial distribution of 
land use development within the watershed. The 
unplanned alternative, however, could be expected 
to lead to a continued intensification of existing 
environmental problems within the watershed, 
including flooding and water pollution, and could 
be expected to result in the almost total destruc- 
tion of the natural resource base and in the pro- 
duction of a land use pattern which would be as 
disorderly and inefficient as it would be ugly. 
Under the unplanned alternative, average annual 
flood costs within the watershed would be expected 
to increase from $77,000 per year at the present 
time to $112,000 per year in 1990; and damages 
on a single 100-year recurrence interval flood 
could be expected to increase from $857,000 at 
the present to $1.5 million in 1990. The estab- 
lished water use objectives and standards could 
not be expected to be met for over 25 miles, or  
31 percent, of the main stem of the Fox River nor 
for significant reaches of the following major 
tributaries: Bassett Creek, Honey Creek, Pewau- 
kee River, Sussex Creek, and White River. 
Finally, continued deterioration of the quality of 
water in the 45 major lakes of the watershed could 
be expected. 

The need to protect the floodlands of the perennial 
stream system, the best remaining woodlands and 
wetlands, the best remaining wildlife habitat area, 



and the best remaining agricultural areas would 
be ignored, as would the value of developing an 
integrated system of park and open-space areas 
adequate to meet the forecast recreational demand 
and centered on the primary environmental corri- 
dors of the Region. Failure to recognize these 
needs and values has indeed been the case within 
the watershed in the past, as attested to by the 
growing developmental and environmental prob- 
lems. Continuation of these past practices can 
only lead to a further deterioration and destruc- 
tion of the natural resource base of the watershed, 
increasing costs for governmental facilities and 
services, and a decline in the overall quality of 
life within the watershed. 

COST ANALYSIS 
In order to assist the public officials concerned 
in evaluating the elements of the recommended 
Fox River watershed plan, a preliminary capital 
improvements program was prepared with the 
necessary land acquisition and facility construc- 
tion staged and the attendant costs distributed 
over a 20-year plan implementation period. The 
adoption of capital improvements programs for 
implementation of the watershed plan will require 
determination by responsible public officials of 
not only those plan elements which are  to be 
implemented, and the timing of such implementa- 
tion, but also of the principal beneficiaries and 
the available means of financing. 

The full capital investment cost of implementing 
the recommended comprehensive watershed plan 
based on the preliminary capital improvement 
program included in this report is estimated at 
$120 million over the 20-year plan implementa- 
tion period. Of this total cost, $66 million, or  
55 percent, is required for implementation of the 
recommended natural resource base protection 
and recreation-related land use plan elements; 
$29,600,000, or 25 percent, is required for 
implementation of the recommended stream water 
quality improvement elements; $19,561,120, or 
16 percent, is required for implementation of 
the recommended lake water quality improve- 
ment elements; and $4,797,600, or 4 percent, is 
required for the recommended flood control and 
drainage improvement elements. The average 
annual capital cost of total plan implementation 
would be approximately $6 million per year, or  
approximately $24 per capita, the pe rcap i ta  cost 
being based on a population of 250,000 persons or  
somewhat less than the anticipated average resi- 

dent population of the watershed between the 1963 
existing population level of 159,500 persons and 
the anticipated 1990 population level of 359,000 
persons. 

It is very important to note that, of the total 
watershed plan implementation costs of $120 mil- 
lion, an estimated $46 million, or  38 percent, 
would be incurred by the federal, state, and 
local units of government concerned in any case 
simply to provide the facilities necessary to 
accommodate the forecast population growths and 
accompanying urbanization within the watershed. 
Expenditure of these funds in the absence of a 
comprehensive watershed plan would not serve to 
meet the watershed development objectives nor 
the state-established water use objectives and 
standards but could be expected to lead instead to 
a further deterioration of the overall quality of the 
environment within the watershed. Although the 
primary beneficiaries of the implementation of 
the recommended comprehensive watershed plan 
will be the residents of the watershed, certain 
regional, state, and national benefits would accrue 
from full plan implementation. In this respect full 
utilization of all sources of financial assistance of 
the state and federal levels of government is rec- 
ommended. Such utilization could serve to reduce 
the local plan implementation costs for most of 
the plan elements by as  much as 50 percent. 

In order to assess the possible impact of imple- 
mentation of the watershed plan on the public 
financial resources of the local units of govern- 
ment within the watershed, an analysis was made 
of the long-term historic public expenditures by 
the counties, cities, villages, and towns within the 
watershed for public park and public sanitary 
sewerage facilities. This analysis revealed that 
the local units of government in  the watershed had 
expended, over the last 21 years, a total of about 
$36.7 million for the construction, operation, and 
maintenance of public sanitary sewerage facili- 
ties, or  an average annual expenditure of $1.7 mil- 
lion, and about $13.6 million for the acquisition, 
development, maintenance, and operation of parks, 
o r  an average annual expenditure of $0.6 million. 
Based upon these past expenditures, three alter- 
native forecasts were prepared to indicate the 
possible range of future expenditures by local 
units of government within the watershed for pub- 
lic sanitary sewerage and park purposes. When 
the average of the three alternative forecasts for 
both public sanitary sewerage and park purposes 



was compared with the estimated plan implemen- 
tation costs for sewerage and park purposes, i t  
became clear that, in general, the costs of imple- 
menting the watershed plan are such as  to be 
reasonably attainable through continuing the cur- 
rent public expenditure patterns for sanitary 
sewerage purposes and expanding somewhat the 
expenditures for park purposes. 

IMPLEMENTATION 
The legal and governmental framework existing in 
the Fox River watershed is such that the existing 
state, county, and local units of government can 
readily implement all of the major recommenda- 
tions contained in the comprehensive watershed 
plan. In Chapter M of this volume, a com- 
prehensive, cooperative, intergovernmental plan 
implementation program is set forth, which indi- 
cates the specific actions which will be required 
of each level, agency, and unit of government 
operating within the watershed if the recom- 
mended watershed plan is to be fully implemented. 
These levels, agencies, and units of government 
include, at the local level, the governing bodies of 
the cities, villages, towns, and counties within 
the watershed; at the state level, the Wiscon- 
sin Department of Natural Resources, Wisconsin 
Department of Local Affairs and Development, 
Wisconsin Department of Transportation, Wiscon- 
sin Division of Health, and the Wisconsin Soil Con- 
servation Board; and at the federal level, the 
U. S. Department of Housing and Urban Develop- 
ment; the U. S. Department of Agriculture, Soil 
Conservation Service, Farmers Home Administra- 
tion, and Agricultural Stabilization and Conserva- 
tion Service; the U. S. Department of Interior, 
Federal Water Pollution Control Administra- 
tion and Bureau of Outdoor Recreation; and the 
U. S. Department of the Army, Corps of Engi- 
neers. They also include areawide special-purpose 
units of government currently operating within the 
watershed, including the Western Racine County 
Sewerage District and the Hoosier Creek Drain- 
age District. 

The watershed plan element providing for the 
establishment of a single large sewage treatment 
plant below Waukesha which, along with a system 
of tributary trunk sewers, would serve the entire 
upper Fox River watershed, provides the area of 
most concern with respect to plan implementation. 
Implementation of this plan element would enable 
more advanced waste treatment and eventual 
abandonment of the five existing sewage treatment 
facilities in the upper Fox River watershed. The 

responsibility for the provision of sewer service 
in the upper Fox River watershed is presently 
divided between three cities, four villages, and 
five towns. 

One way to implement this plan recommendation 
would be to establish a metropolitan sewerage 
district for the upper Fox River watershed, which 
district would be responsible for the planning, 
construction, operation, and maintenance of the 
large treatment plant and system of trunk sewers. 
Such metropolitan sewerage districts are autho- 
rized by Sections 66.20 through 66.209 of the 
Wisconsin Statutes. Because of a recent Wiscon- 
sin Supreme Court ruling that invalidated the 
procedures for establishing such metropolitan 
sewerage districts, however, this institutional 
structure is not presently available for use. This 
plan element could be implemented, however, 
through the establishment on a voluntary basis by 
the 12 local units of government concerned of an 
intergovernmental cooperative contract commis- 
sion. Under this approach each of the 12 local 
municipalities would become a signatory to an  
intergovernmental agreement establishing a com- 
mission o r  other body which would plan, build, 
operate, and maintain the trunk sewer and the 
single large sewage treatment plant. The con- 
tractual agreement would specify all the neces- 
sary arrangements, including such matters as  
membership on the governing body, financing, 
and a method by which ensuing conflicts could 
be arbitrated and resolved. This cooperative 
approach has the advantage of avoiding the crea- 
tion of another special-purpose unit of govern- 
ment. A serious limitation exists in the voluntary 
nature of this approach, however, in that all of 
the concerned local units of government cannot be 
required to even consider, much less be com- 
pelled to take, such cooperative action. 

Despite this limitation i t  is recommended that an 
effort be made to implement the upper Fox River 
watershed sewerage system plan through the 
establishment on a voluntary basis of an inter- 
governmental cooperative commission. It is fur- 
ther recommended that the Waukesha County 
Extension Service provide a forum for the discus- 
sion of this plan element among the concerned 
local units of government. Should this approach 
fail, it is then recommended that the Wisconsin 
Department of Natural Resources and the con- 
cerned local units of government seek necessary 
enabling legislation to either provide for the 



establishment of a metropolitan sewerage district 
o r  for the county unit of government to become the 
mechanism for the provision of areawide sewer- 
age service. 

Primary emphasis in Fox River watershed plan 
implementation is placed upon actions by the Wis- 
consin Department of Natural Resources; the four 
county boards of the Counties of Kenosha, Racine, 
Walworth, and Waukesha; and by certain individ- 
ual municipal units of government. It is recom- 
mended that the Wisconsin Department of Natural 
Resources continue to conduct periodic water pol- 
lution surveys and reevaluate and enforce pollu- 
tion control orders in accordance with the Fox 
River watershed plan recommendations; encourage 
counties and local units of government in the 
watershed to follow the plan recommendations 
relative to floodland and shoreland zoning; acquire 
the recommended Sugar Creek multiple-purpose 
reservoir site, construct the dam and reservoir, 
and develop a state park site thereon; acquire the 
remaining acreage needed to complete acquisition 
of the Vernon Marsh wildlife conservancy area 
and temporary floodwater storage area; acquire 
certain additional high-value wetlands and wood- 
lands; and recommend to the State Legislature 
that a Greenway Tax Law be established and 
patterned after the well-established Forest Crop 
Law. 

It is recommended that the four county units of 
government establish sound floodland and shore- 
land zoning provisions within the County Zoning 
Ordinance ; adopt. sanitary codes regulating the 
installation of septic tank sewage disposal sys- 
tems; acquire all of the lands designated as urban 
primary environmental corridors in the watershed 
and all lands designated as rural  primary envi- 
ronmental corridors along the main stem of the 
Fox River; acquire and develop regional outdoor 
recreation areas in Kenosha, Racine, and Wauke- 
sha Counties; and acquire additional high-value 
outdoor recreation sites as additions to the county 
park systems. 

It is further recommended that the Cities of 
Brookfield, New Berlin, and Waukesha; the Vil- 
lages of Lannon, Menomonee Falls, Pewaukee, 
and Sussex; and the Towns of BrooHield, Dela- 
field, Lisbon, Pewaukee , and Waukesha undertake 
the necessary cooperative action toward the estab- 
lishment of an areawide sewerage system; that the 
Villages of East Troy, Mukwonago, and Twin 

Lakes and the Cities of Burlington and Lake 
Geneva, as well as the Western Racine County 
Sewerage District, provide for the installation of 
advanced sewage treatment facilities in the exist- 
ing sewage treatment plants operated by these 
agencies; and that the Cities of Burlington and 
Waukesha seek technical and financial assistance 
from the U. S. Army Corps of Engineers o r  the 
U. S. Soil Conservation Service in undertaking 
the recommended levee construction and channel 
improvements, including intermittent dikes and 
floodwalls, within these cities. 

The foregoing enumeration of certain recom- 
mended plan implementation activities for sum- 
mary purposes does not mean that the other 
implementation actions recommended in Chapter 
M of this volume and not repeated here may be 
neglected. In the final analysis, the implementa- 
tion of the recommended Fox River watershed 
plan must proceed in a comprehensive, fully 
coordinated fashion, with the assistance and coop- 
eration of all affected levels, units, and agencies 
of government within the watershed. 

CONC LUSION 
Although the cost of adopting and implementing the 
recommended comprehensive watershed plan for 
the Fox River basin may appear high, the cost of 
not doing so  is even higher, not only as measured 
in monetary terms but also as  measured in terms 
of an irreversible deterioration of the natural 
resource base and decline in the overall quality of 
the environment within the watershed. The failure 
to act upon the plan recommendations in a timely 
manner will inevitably commit local units of 
government within the watershed to the unneces- 
sary expenditure of large amounts of public funds 
for corrective measures. If the existing trends 
in urbanization continue within the watershed, 
those elements of the recommended plan requiring 
public acquisition of land should be substantially 
implemented within the first 10 years of the plan 
design period o r  the opportunity to acquire these 
important lands may be lost for all time. If the 
floodlands of the perennial stream system are  not 
protected from incompatible development as rec- 
ommended in the plan, urban flood damages will 
continue to mount; and the construction of exten- 
sive artificial flood control structures will be 
eventually demanded. If the pollution abatement 
recommendations contained in the plan are not 
implemented, surface water quality may be ex- 
pected to deteriorate rapidly within the watershed; 



and its full development potential will never 
be realized. If the park and related open- 
space acquisition and development recommenda- 
tions contained in the plan are not implemented, 
the growing demand for recreational facilities 
may be expected to press so  heavily upon the rec- 
reational resources of the watershed as to cause 
the serious decline in their quality. 

Time is of the essence, for if the recommended 
plan is not implemented, the urban development 
within the watershed may be expected to over- 
whelm the limited resource base, further intensi- 
fying existing developmental and environmental 
problems and creating new problems which will be 
extremely expensive to solve, if, indeed, solu- 
tions will be at all possible. 
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INTRODUCTION T O  APPENDICES D, E ,  AND 

A comprehensive watershed plan setting forth the general 
location and characteristics of areas subject to inundation 
and of proposed water control facilities i s  necessary a s  a 
statement of how best to achieve agreed-upon, long-range 
watershed development objectives. Such a plan is ,  how- 
ever, quite ineffective as a sound basis for plan implemen- 
tation through the advanced reservation and acquisition of 
land for recommended facility construction, the exercise 
of local land use controls, and the extension of technical 
assistance and advice from the Regional Planning Commis- 
sion to the concerned state and local units and agencies of 
government. It was, therefore, pointed out in the original 
Fox River Watershed Planning Program Prospectus that 
the more precise and definitive data required for the 
advanced reservation of right-of-way, the exercise of land 
use controls, and the proper extension of technical assist- 
ance would be provided a s  an integral part of the compre- 
hensive watershed planning effort for certain reaches of 
the riverine areas of the watershed. 

In the case of areas subject to inundation, such data would 
include large-scale maps showing the precise and accurate 
location of the 10- and 100-year recurrence interval flood 
hazard lines. Consequently, precise planning base maps 
were prepared under the Fox River study for 16.75 square 
miles of riverine area. These maps consist of 1" = 200' 
scale, four-foot-two-foot contour interval topographic 
maps, prepared to National Map Accuracy Standards and 
based upon a monumented control survey network which 
accurately relates the U. S. Public Land Survey System to 
the State Plane Coordinate System, thus permitting the 
accurate correlation of topographic and cadastral (property 
boundary line) data and, more importantly, permitting the 
accurate reproduction in the field of lines shown on the 
maps. These maps were prepared for those riverine areas 
of the watershed expected to experience the most rapid 
urbanization with the next decade, a s  well a s  for those 
areas of the watershed in which floodland evacuation and 
the construction of levees and floodwalls were being rec- 
ommended (see Index Map F-1). The maps show the loca- 
tion of the 10- and 100-year recurrence interval flood 
hazard lines a s  these lines would be effected upon the land- 
scape under the land use and water control facility devel- 
opment recommended in the watershed plan. 

The precise planning base maps were prepared to meet 
the specifications recommended for official mapping in 
SEWRPC Planning Guide No. 2, Official Mapping ~ i i d e ,  
and thereby provide a sound basis for the preparation of 
detailed local development plans and plan implementation 
devices, with particular emphasis upon sound floodland and 
shoreland zoning and upon the reservation of land for the 
ultimate construction of the recommended floodwalls and 
levees. A sample large-scale precise planning base map 
i s  shown on Map F-2. Copies of the precise planning base 
maps may be obtained from the Southeastern Wisconsin 
Regional Planning Commission, together with attendant 
horizontal and vertical control survey data. The Racine 
County Board of Supervisors has also prepared precise 
planning base maps for certain riverine areas of the 
watershed (see Index Map F-1). Copies of these maps may 
be obtained directly from Racine County. 

In order to provide a sound basis for the preparation of 
detailed local development plans and plan implementation 
devices, including the enactment of floodland and shoreland 
zoning ordinances in those areas of the watershed not 
covered by the precise planning base maps, high water and 
streambed profiles were prepared a s  part of the Fox River 
watershed study for 223 miles of major stream channel. 
These profiles are reproduced in Appendix D and indicate 
the high water surface elevations which may be expected 
under the land use and water control facility development 
proposed in the adopted watershed plan for the 10- and 
100-year recurrence interval floods, together with perti- 
nent bridge, culvert, and water control facility locations 
and elevations and streambed profiles. Opposite each pro- 
file in Appendix D is  reproduced a small-scale topographic 
map of the channel reach covered. These topographic maps 
are at  a scale of 1" = 2000t, with 10-foot contour intervals, 
and show the location and extent of the lands anticipated to 
be flooded by the 10- and 100-year recurrence interval 
flood events, a s  determined from the high water surface 
profiles. In order to more readily permit the high water 
surface profiles to be used to refine the location of the 
flood hazard lines through local field surveys, second 
order bench marks referred to Mean Sea Level Datum 
(1929 Adjustment) were se t  on or  near all bridges, cul- 
verts, and dams on the major stream channel network as 
a part  of the watershed study. 

It i s  important to note that the high water surface profiles 
and flood hazard maps prepared under the Fox River 
watershed study are  applicable to flood events which would 
occur under existing conditions of land use and water con- 
t ro l  facility development within the watershed, a s  well as 
flood events which may be expected to occur under future 
conditions of land use and water control facility develop- 
ment within the watershed, a s  recommended in the com- 
prehensive watershed plan. Copies of the high water and 
streambed profiles and accompanying topographic maps 
showing the area  subject to flooding, as reproduced in 
Appendix D, may be obtained from the Southeastern Wis- 
consin Regional Planning Commission at  a scale twice 
that at  which the profiles and maps a re  reproduced in 
Appendix D. 

Accompanying the high water surface profiles are tables 
setting forth selected hydraulic information for each of 228 
bridges1 within the watershed (see Appendix E and Map 
E-1). These data include the bridge location; construction 
date, if known; recommended flow design frequency; bank 
full capacity; instantaneous peak discharge for the lo-,  
50-, and 100-year recurrence interval flood events; cor- 
responding elevations of the upstream high water surface; 
overbank depth; and head loss. 

In 1966 lhere were a total of 261 bridges and culverts on the 260 miles of 
perennial s t r e a m  channel studied under the Fox River watershed planning pro- 
gram. All of these 251 bridges and culverts were inventoried in the Fox River 
watershed study. Twenty-three of the bridges and culverts,  howevcr, have bcen 
excluded f rom the hydraulic analysis summary table presented in Appcndix E 
because they did not significantly affect the hydraulic capacity of the s t rcam 
system. The exclusions consisled of culvcrts in the extreme headwater areas 
of the s t r e a m  sys tem,  very high bridges and long viaducls that do not offer any 
appreciable constriction to flow in the channel floodway and floodplain, and 
bridges which are integral par ts  of dams. 









































































































































































































































































































































































HYDRAULIC DATA SUMMARY FOR BRIDGES OVER THE FOX RIVER 
AND ITS MAJOR TRIBUTARIES 
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H Y D R A U L I C  A N A L Y S I S  SUMMARY S I L V E R  LAKE OUTLET  
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Appendix F 

FLOOD HAZARD MAPS 



Map F-2 
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Appendix H 

MODEL RESOLUTION FOR ADOPTION OF THE 
COMPREHENSIVE PLAN FOR THE FOX 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 Fox River watershed, on the 12th day of November 1965, entered 
into contracts with the Southeastern Wisconsin Regional Planning Commission pursuant to the provisions of Sections 66.30 
and 66.945(12) of the Wisconsin Statutes for the development of a comprehensive plan for the Fox River watershed leading to 
recommendations for the development of water-related community facilities in the watershed, including integrated proposals 
for water pollution abatement, drainage and flood control, land and water use, and park and public open-space reservation, 
to generally promote the orderly and economical development of the Fox River watershed; and 

WHEREAS, such plan has been completed and the Southeastern Wisconsin Regional Planning Commission did on the 4th day of 
June 1970 approve a resolution adopting the comprehensive plan for the Fox 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 acqui- 
sition and preservation, park and outdoor recreation land acquisition and development, floodway and floodplain regulation, 
water control facility construction, floodland evacuation, stream flow recordation, pollution abatement facility construction, 
soil and water conservation practices, stream water quality monitoring, and water supply management and is, therefore, a 
desirable and workable water control and water-related community facility plan for the Fox 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. 12, A Comprehensive Plan for the Fox River Watershed, 
comprised of the following volumes: 

Volume 1. Inventory Findings and Forecasts, published in April 1969, and 

Volume 2. Alternative Plans and Recommended Plan, published in February 1970; and 

WHEREAS, the Commission has transmitted certified copies of its resolution adopting such comprehensive plan for the Fox 
River watershed, together with the aforementioned SEWRPC Planning Report No. 12, 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 Commission 
and believes that the comprehensive plan for the Fox River watershed prepared by the Commission is  a valuable guide, not 
only to the development of the watershed but also of the community, and the adoption of such plan by the (Name of Local Gov- 
erning Body) will assure a common understanding by the several governmental levels and agencies concerned and enable 
these levels and agencies of government to program the necessary areawide and local plan implementation work. 

NOW, THEREFORE, BE IT HEREBY RESOLVED that, pursuant to Section 66.945(12) of the Wisconsin Statutes, the (Name 
of Local Governing Body) on of , 1970, hereby adopts the comprehensive plan for the Fox River watershed 
previously adopted by the Commission as set forth in SEWRPC Planning Report No. 12 as a guide for watershed and com- 
munity development. 

BE IT FURTHER HEREBY RESOLVED, that the clerk transmit a certified copy of this resolution to the South- 
eastern Wisconsin Regional Planning Commission. 

(President, Mayor, or Chairman of the 
Local Governing Body) 

ATTESTATION: 

(Clerk of Local Governing Body) 
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