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SOUTHEASTERN WISCONSIN REGIONAL 
916 NO EAST AVENUE P 0 BOX 769 WAUKESHA WISCONSIN 53187 

February 22,1979 

STATEMENT OF THE CHAIRMAN 

In accordance with Public Law 92-500, the Clean Water Act, and upon the Commission being designated by the Governor 
as the areawide water quality management planning agency, the Commission undertook on July 1,1975, the preparation 
of an areawide water quality management planning program. The findings and recommendations of this program are 
documented in a three-volume report. The first volume presents a summary of the findings of the many inventories 
required to provide the factual basis for determining how best t o  achieve the Congressionally mandated national goal of 
"fishable and swimmable" water quality in the 1,180 miles of streams and 100 major lakes within the Region. This, the 
second volume, sets forth the objectives that the areawide water quality management plan seeks to achieve, together with 
supporting principles and standards. It also presents forecasts of probable future conditions that must be considered in 
the design of alternative plans to  provide clean and wholesome surface waters. Emphasis, however, is on the identification 
and evaluation of the alternative means available for abating water pollution and meeting the specified water use objectives 
under existing and probable future conditions within the Region. A comparison of existing and probable future water 
quality conditions under stated alternative plans is a particularly important part of this plan evaluation. 

Extensive water resources planning efforts have already been accomplished by the Commission. In the alternative analysis 
process, there was reliance upon such plans as the regional land use plan, the various comprehensive watershed plans, the 
regional sanitary sewerage system plan, and the regional park and open space plan. The alternative plans presented herein 
constitute, in effect, a series of policy alternatives derived from detailed point source, nonpoint source, and sludge 
management elements. These are discussed in the summary chapter of this volume, and are intended to  be helpful to  more 
fully understanding the implications of the basic findings of the areawide water quality management planning program. 
The presentation of these policy alternatives includes a comparison of existing water quality conditions to such conditions 
under a "do nothing" alternative, an "intensive point source control" alternative, an "intensive nonpoint source control" 
alternative, and a "maximum practicable point and nonpoint source control" alternative. The information presented in this 
volume is intended to help policymakers select the best plan from among the alternatives available. That plan is presented 
in the third and final volume of the planning report, together with the recommended means for implementation. 

Because of the advisory role of the Commission, the plan recommendations set forth in Volume Three must be viewed 
in the context of the extensive technical work and factual data which underlie those recommendations. Accordingly, the 
Commission recommends that the information contained in this report on the advantages, disadvantages, and costs of 
each alternative evaluated be carefully considered by those officials and interested citizens who will be involved in plan 
adoption and implementation. x;; ,7& 

George C. Berteau, 
Chairman 
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Chapter I 

INTRODUCTION 

This chapter begins the second of three volumes which 
together comprise the major findings and recommenda- 
tions of the southeastern Wisconsin areawide water 
quality management planning program. The first volume 
sets forth the basic principles and concepts underlying 
the study and presents a summary of the relationship 
of the water quality management program to other plans 
for the physical development of the Region; describes the 
existing natural and man-made features of the Region 
which affect, and are affected by, water quality; describes 
the existing level of water quality in the lakes and streams 
of the Region; and sets forth the legal and financial 
structures which are available to support water quality 
management measures. This, the second volume of this 
report, sets forth regional water quality and water quality- 
related development objectives, principles, and standards; 
discusses the growth and changes in population, eco- 
nomic activity, and land use development which may be 
expected and have been planned to occur within the 
Region; and describes alternative plans to  meet the water 
quality objectives. Importantly, this volume summarizes 
the water quality effects and the costs of the alternative 
plans considered and discusses the factors considered in 
arriving at a recommended water quality management 
plan for the Region. 

The third and final volume of this report presents the 
recommended plan together with recommendations 
concerning the means for its staged implementation 
over time. An environmental assessment of the recom- 
mended regional water quality management plan is 
included as an appendix to  the third volume. 

The alternatives presented in this the second volume were 
developed utilizing a seven-step planning process by 
which the factors affecting water quality can be described 
and alternative plans for pollution abatement formulated 
and evaluated. The seven steps involved in this planning 
process are: 1) study organization and design, 2) formula- 
tion of objectives and standards, 3) inventory, 4) analyses 
and forecasts, 5) plan design, test, and evaluation, 6) plan 
selection and adoption, and 7) plan implementation. 
Volume One of this report dealt with the first and third 
steps in this planning process. Volume Three will deal 
with the final two steps of the process. This volume deals 
with steps two, four, and five: formulation of objectives 
and standards, analyses and forecasts, and plan design, 
test, and evaluation. 

A brief description of each of the seven steps comprising 
the planning process is contained in Chapter I1 of the 
first volume of this report, together with a statement 
of the basic principles and concepts underlying the 
water quality planning process and a discussion of the 
watershed as a rational water resources planning unit 

within the Region. Reconsideration of, and elaboration 
on, the three steps in the planning process with which 
this volume is concerned is warranted here. 

FORMULATION OF OBJECTIVES AND STANDARDS 

It was noted in Volume One of this report that planning 
is a rational process for formulating and meeting objec- 
tives. Therefore, the formulation of objectives is an 
essential task which must be undertaken before plans can 
be prepared. The objectives chosen guide the preparation 
of alternative plans and, when converted t o  standards, 
provide the criteria for evaluating and 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 process of formulating objectives has received 
relatively little attention in most planning operations. 
The lack of a comprehensive and tested approach to 
the formulation of objectives and the inherent difficulty 
of resolving the problem of conflicting objectives are 
not sufficient reasons for neglecting in any planning 
operation this fundamental endeavor. 

It is important to  recognize that objectives implicitly 
reflect an underlying value system, because the formula- 
tion of objectives involves a formal definition of a desir- 
able physical system by listing, in effect, the broad needs 
which the system aims to satisfy. Thus, every physical 
development plan is accompanied by its own unique 
value system. The diverse nature of value systems in 
a complex urban society complicates the process of 
goal formulation and makes it one of the most difficult 
tasks of the planning process. This difficulty reflects 
the absence of a clear-cut basis for a choice between 
value systems as well as 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 the given choice 
of objectives, it is possible to  state certain planning 
principles which provide at least some support for the 
choice, and this has been done herein. 

Objectives cannot be intelligently chosen without know- 
ledge of the crucial relationships existing between objec- 
tives and means. This suggests that the formulation of 
objectives is best done by people with prior knowledge 
of the social, economic, and technical means of achieving 
objectives, as well as of the underlying value systems. 
Even so, i t  must be recognized that objectives may 
change as means or plans are selected from among alter- 



natives. In the process of evaluating alternative plans, the 
various alternative plan proposals are ranked according 
to ability to meet objectives. If the best plan so identified 
nevertheless falls short of the chosen objectives, either 
a better plan must be synthesized or the objectives must 
be compromised. The plan evaluation provides the basis 
for deciding which objectives to  compromise. Com- 
promises may take three forms: certain objectives may be 
dropped because 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, quantifiable manner to physical 
development proposals. Only through such a relationship 
can alternative development proposals be properly 
evaluated. This relationship is accomplished through a set 
of supporting standards for each chosen objective. 

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

The use of these advisory committees, together with 
appropriate public informational meetings and hearings, 
appears to  be the most practical and effective way 
available to involve officials, professionals, technicians, 
and citizens in the regional planning process and to 
openly arrive at decisions and action programs which 
can shape the future physical development of the Region 
and the quality of its water resources. Only by combining 
the accumulated knowledge and experience which the 
various advisory committee members possess can a mean- 
ingful expression of desired direction, and magnitude, 
of future regional water quality management be attained. 
One of the major tasks of these advisory committees, 
therefore, is to assist the Commission in the formulation 
of development objectives, supporting principles, and 
standards. Chapter I1 of this volume sets forth the regional 
water quality management planning objectives, principles, 
and standards which have been adopted by the Commis- 
sion after careful review and recommendation by the 
advisory committees concerned. 

ANALYSIS AND FORECASTS 

Volume One of this report noted that analyses and 
forecasts are necessary to  estimate and evaluate future 
conditions which affect water quality. Historical inven- 
tories provide knowledge of past and present physical and 
economic systems and their effects on water quality. 
Forecasts of these same systems allow estimations of 
future water quality conditions to  be prepared and 
compared to the established objectives and standards. 
Where projected water quality fails to meet the objec- 
tives, water quality control facilities and regulations can 
be designed to meet future as well as present needs 
wherever adequate forecasts are available. 

To analyze future water quality conditions, it is necessary 
to forecast the population and economic activity levels 
and land use conditions which will affect water quality 
conditions, water quality management efforts, and the 
public financial resources which are expected to  be avail- 
able to  fund the water quality management measures 
recommended. The Commission has prepared forecasts 
of these parameters as a part of its ongoing regional 
planning program, and these forecasts together with 
a description of the techniques utilized in their prepa- 
ration have been documented in other Commission 
reports.' Good planning practice, as well as federal 
regulations, requires forecasts used in the regional water 
quality management planning to be compatible with 
those used in the preparation of other regional plan 
elements, particularly the regional land use plan. Con- 
sequently, the Commission forecasts were utilized in the 
areawide water quality management planning program 
and are described herein in summary form. 

It should be noted here that water quality control facili- 
ties, like other public works facilities, must be planned 
for anticipated demand at some specific future point in 
time. The target year for the plans is usually established 
by the expected life of the first facilities to be con- 
structed in implementation of the plan. Although it may 
be argued that the design year for some facilities which 
seldom require replacement, such as trunk sewers, should 
be extended farther into the future than for less durable 
facilities, such as treatment plants, practical considera- 
tions dictate that the design year for all components of 
the plan be compatible, and, more importantly, be 
related to  the design year for the underlying, areawide 
land use plan. Careful analysis of design year consid- 
erations was undertaken in the establishment of the 
basic principles and concepts for the areawide water 

' See SE WRPC Technical Report No. 10, The Economy 
o f  Southeastern Wisconsin. December 1975: SE WRPC 
~echnical  Report No.  11, The Population of '~outheas t -  
ern Wisconsin, December 1972; and SE WRPC Planning 
Report No.  25, A Regional Land Use Plan and a Regional 
Transportation Plan for Southeastern Wisconsin: 2000; 
Volume Two, Alternative and Recommended Plans, 
May 1978. 



quality management planning program, as presented 
in Volume One, Chapter I1 of this report. This analysis 
determined that the design year for the program should 
be the year 2000- design year common to the new 
regional land use and transportation plans completed 
and adopted by the Commission in 1978. 

PLAN DESIGN, TEST, AND EVALUATION 

It was noted in Volume One of this report that plan 
synthesis and test form the heart of the planning process 
and that the water quality management plan design 
problem consists essentially of determining from among 
the alternatives available the most cost-effective means 
of abating water pollution and thereby achieving the 
established water use objectives and supporting standards. 
The task of designing the two major components of the 
physical system which controls water quality-the non- 
point source control component and point source control 
component-is a complex and difficult problem. Not 
only does each component constitute in itself a major 
plan design problem in terms of its sheer size, but the 
pattern of interaction between the components is also 
exceedingly complex and dynamic. The nonpoint source 
control component must control pollutants entering 
streams from diffuse sources so as to  meet established 
water use objectives without restricting the use of the 
land in a manner unacceptable to  the public. It must, 
while meeting water use objectives, minimize conflicts 
between urbanization, agricultural production, and water 
quality; maintain an ecological balance for human, animal, 
and plant life; and prevent the creation of public health 
hazards. The point source control component must 
provide for the collection and treatment of the waste- 
waters and attendant pollution loadings and for the 
handling and disposal of the resultant residual solids 
generated by the resident population and economic 
activities of the Region to a degree which enables streams 
to meet agreed-upon water use objectives while maxi- 
mizing the use of existing facilities and minimizing 
overall costs. 

The magnitude of such a design problem nearly reaches 
an insoluble level of complexity; yet, no substitute for 
intuition in plan design has so far been found, much 
less developed to a practical level. Means do exist, how- 
ever, for reducing the gap between the necessary intuitive 
and integrative grasp of the problem and its growing 
magnitude; and these means have been applied to the 
fullest extent presently possible in the regional water 
quality management study. These means center primarily 
on the application of systems engineering techniques 
to the quantitative test of both the nonpoint and point 
source control plan elements. Yet the quantitative tests 
involved, while powerful aids to the determination of 
the adequacy of the plan design, are of limited usefulness 
in actual plan synthesis. Consequently, it is still necessary 
to develop the plans by traditional intuitive "cut-and-try" 

methods and to quantitatively test the resulting design 
by application of simulation techniques where applicable, 
and to then make necessary adjustments in the design 
until a workable plan has been evolved. Finally, and 
most importantly, it should be noted that in both diffuse 
source and point source facility plan synthesis the Com- 
mission had at its disposal far more definitive information 
bearing on the problem than has ever before been avail- 
able. This fact alone has made the traditional plan 
synthesis techniques applied more powerful and useful. 

If the plans developed in the design stage of the planning 
process are to  be practical and workable and thereby 
realized, some techniques must be applied to  quantita- 
tively test the feasibility of alternative measures in 
advance of their adoption and implementation. A plan 
subelement must be sequentially subjected to  several 
levels of review and evaluation including technical and 
economic feasibility; financial, legal, and administrative 
feasibility; and political acceptability. Devices used to  
test and evaluate alternative plan elements range from 
mathematical models used to  simulate water quality 
response in rivers and lakes to  interagency meetings and 
public hearings. To assist in a quantitative analysis of the 
engineering performance and technical and economic 
feasibility of the alternative plan elements considered, 
hydrologic, hydraulic, and water quality models were 
developed and applied in the study. Test and evaluation, 
beyond the quantitative analyses permitted by the model 
application, involved an economic analysis of alternative 
subelements and a qualitative evaluation both of the 
degree to which each alternative water quality control 
plan subelement met development objectives and stan- 
dards and of the legal feasibility of the alternatives. 

SCHEME OF PRESENTATION 

The succeeding chapters of this volume set forth the 
findings of the three steps of the planning process as 
applied in the areawide water quality management 
planning program. Chapter I1 of this volume sets forth 
the objectives, principles, and standards which provided 
the basis for plan design and evaluation. Chapter I11 
describes the forecast and planned changes in population, 
economic activity, and land use which are to  be accom- 
modated in the plan. Finally, in Chapter IV and in 
Appendix C the development and evaluation of alter- 
native plans for point and nonpoint source control-plans 
which must be combined to form a comprehensive 
areawide water quality management plan--are presented. 
In its entirety, this second volume of the final planning 
report setting forth the findings and recommendations of 
the water quality management planning program for 
southeastern Wisconsin is intended to provide the 
foundation for the development, test, and evaluation 
of alternative water quality management plans, and for 
the selection of a recommended areawide water qualitv 
management plan frorn ainonb tnost! aitenratives. 
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Chapter I1 

WATER QUALITY MANAGEMENT OBJECTIVES, PRINCIPLES, AND STANDARDS 

INTRODUCTION 

Because planning is a rational process for formulating and 
meeting objectives, the formulation of objectives must be 
undertaken before plans can be prepared. Because many 
diverse and sometimes conflicting interests are repre- 
sented within the sevencounty Southeastern Wisconsin 
Region, the formulation of objectives presents a particu- 
larly difficult challenge. Because the formulation of 
objectives involves a formal definition of a desirable 
physical system of listing, in effect, the broad needs 
which the system aims to satisfy, objectives implicitly 
reflect an underlying value system. Thus, every physical 
development plan is accompanied by its own unique 
value system. The diverse nature of value systems in 
a complex urban society complicates the process of goal 
formulation and makes it one of the most difficult tasks 
of the planning process. This difficulty reflects, in part, 
the absence of a clear-cut basis for a choice between value 
systems and, in part, the reluctance of public officials to  
make an explicit choice of ultimate goals. Yet, it is 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. 

Sound development objectives for the Region should be 
based upon and incorporate the combined knowledge 
of many people who are well informed about the Region 
and its existing and potential environmental and develop- 
mental problems. The active participation by elected and 
appointed public officials and by citizen leaders in the 
goal formulation process is implicit in the structure of 
the Regional Planning Commission itself and in the 
advisory committees which the Commission has created 
to assist it in its work. In this respect, the Technical 
Advisory Committee on Areawide Wastewater Treatment 
and Water Quality Management Planning is only one of 
many advisory committees which have contributed to 
the formulation of regional development objectives. 
Other committees which have participated in previous 
goal formulation activities which have a direct bearing 
on the objectives, principles, and standards set forth 
herein have been the Technical and Citizen Coordi- 
nating and Advisory Committees on Regional Land Use- 
Transportation Planning, which jointly contributed to  
the formulation of regional land use and supporting 
transportation system development objectives; the 
Technical Coordinating and Advisory Committee on 
Regional Sanitary Sewerage System Planning, which 
contributed t o  the formulation of sanitary sewerage 
system development objectives; and the Root, Fox, 
Milwaukee, Menomonee, and Kinnickinnic River Water- 
shed Committees, which contributed to  the formulation 
of water use and water control facility objectives for 
the respective watersheds. In addition, the Technical 

Coordinating and Advisory Committee on Regional Air 
Quality Maintenance Planning has adopted by reference 
the federal ambient air quality standards which relate 
to  the broad objectives of protecting the public health 
and welfare as part of the regional air quality mainte- 
nance plan. This chapter sets forth the regional develop- 
ment objectives, principles, and standards relevant to  
sound, areawide water quality management planning 
which have been adopted by the Commission under other 
planning programs after careful review and recommenda- 
tion by the advisory committees concerned. In addition, 
a series of new objectives, principles, and standards 
directly related to  the management of water quality 
within the Region is presented. 

BASIC CONCEPTS AND DEFINITIONS 

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

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

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

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

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

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

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

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

WATER USE, QUALITY, AND 
MANAGEMENT OBJECTIVES 

In order to  be useful in the preparation of an areawide 
water quality management plan, objectives must be 



logically sound and related in a demonstrable and mea- 
surable way to  alternative water quality management 
proposals. Only if the objectives are clearly related in 
a measurable manner to  alternative management pro- 
posals can an intelligent choice be made from among 
alternative plans of the one plan which best meets the 
agreed-upon objectives. 

Because water quality is so essential to  the continued 
sound social and economic development of the Region, 
as well as to the protection of the underlying and sustain- 
ing natural resource base, it is essential that the water 
quality management objectives be consistent with other 
regional development objectives. Specifically, the pre- 
viously adopted regional development objectives to be 
integrated into the areawide water quality management 
planning effort are those pertaining to land use develop- 
ment, water control facility development, sanitary sewer- 
age system development, wastewater sludge management 
systems development, and water quality. All of these 
pertain directly to the abatement of water pollution and 
management of water quality within the Region. 

In its planning efforts to  date the Commission has 
adopted, after careful review and recommendation by 
the various advisory committees concerned, nine specific 
regional land use development objectives, four specific 
water control facility development objectives, four 
specific sanitary sewerage system development objectives, 
and six specific wastewater sludge management systems 
development objectives. In addition, seven water use 
objectives and supporting standards have been adopted 
for the various reaches of the stream and lake systems 
of the Root, Fox, Milwaukee, Menomonee, and Kin- 
nickinnic River watersheds. These specific development 
objectives, together with their supporting principles and 
standards, are set forth in full in other Commission 
planning reports. ' 
Land Use Development Objectives 
Six of the nine specific regional land use development 
objectives already adopted by the Commission under 
previous planning programs are applicable to the regional 
water quality management planning effort, and are 
hereby reaffirmed as development objectives under this 
planning program. These are: 

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

' See  SEWRPC Planning Report No. 25, A Regional Land 
Use and a Regional Trans~ortation Plan for Southeastern 
Wisconsin: 2&0, volurnh TWO, ~lternaiiue and Recom- 
mended Plans: SE WRPC Planning R e ~ o r t s  Nos. 9. 12. 13. " .  , . ,  
26, and 32, 'comprehensive Plans for the Root, Fox, 
Milwaukee, Menomonee, and Kinnickinnic River water- 
sheds, respectiuely ; SE WRPC Planning Report No. 16, - - 
A ~ e e i o n a l  ~ani iarv  Sewerage Svstern Plan for South- - " " , - 
eastern Wisconsin; and SE WRPC Planning Report No. 29, 
A Regional Wastewater Sludge Management Plan for 
Sou theastern Wisconsin. 

2. A spatial distribution of the various land uses 
which will result in a compatible arrangement of 
land uses. 

3. A spatial distribution of the various land uses 
which will result in the protection and wise use 
of the natural resources of the Region including 
its soils, inland lakes and streams, wetlands, 
woodlands, and wildlife. 

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

5. The preservation and provision of open space 
to enhance the total quality of the regional 
environment, maximize essential natural resource 
availability, give form and structure to urban 
development, and facilitate the ultimate attain- 
ment of a balanced year-round outdoor recreation 
program providing a full range of facilities for all 
age groups. 

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

In addition to the foregoing six specific regional land use 
development objectives, the following specific land use 
development objective was adopted for the Milwaukee 
River watershed in the development of a comprehensive 
plan for that watershed and is hereby expanded, reaf- 
firmed, and included as a development objective for the 
Region as a whole. 

7 .  The attainment of good soil and water conserva- 
tion practices on both rural and urban land in 
order to reduce storm water runoff; soil erosion; 
and stream and lake sedimentation, pollution, 
and eutrophication. 

Water Control Facility Development Objectives 
Three of the four water control facility development 
objectives already adopted by the Commission under 
its comprehensive watershed planning programs are 
applicable t o  the regional water quality management 
planning effort and are reaffirmed and included as 
specific development objectives for the water quality 
management planning program. These are: 

1. Attainment of sound groundwater resource devel- 
opment and protective practices to minimize the 
possibility for pollution and depletion of the 
groundwater resources. 

2. An integrated system of land management and 
water quality control facilities and pollution 



abatement devices adequate to ensure a quality 
of surface water necessary to  meet the established 
water use objectives. 

3. An integrated system of land management and 
water quality control facilities and pollution 
abatement devices adequate to ensure a quality 
of lake water necessary to achieve established 
water use objectives. 

Sanitary Sewerage System Planning and 
Regional Water Qualitv Management Obiectives - " .. u 

The four specific regional sanitary sewerage system devel- 
opment objectives already adopted by the Commission 
under its sanitary sewerage system plan are directly 
applicable to  regional water quality management plan- 
ning. Because the regional water quality management 
planning program described in this report is somewhat 
broader in scope, however, addressing both point and 
diffuse sources of pollution, these four objectives have 
been expanded and are hereby recommended, along with 
one additional objective, for adoption as the objectives 
applicable to  the development of the regional water 
quality management plan. These are: 

1. The development of land management and water 
quality control practices and facilities-inclusive of 
sanitary sewerage systems-which will effectively 
serve the existing regional urban development 
pattern and promote implementation of the 
regional land use plan, meeting the anticipated 
need for sanitary and industrial wastewater dis- 
posal and the need for storm water runoff control 
generated by the existing and proposed land uses. 

2. The development of land management and water 
quality control practices and facilities-inclusive 
of sanitary sewerage systemsso as to meet the 
recommended water use objectives and support- 
ing water quality standards. 

3. The development of land management and water 
quality control practices and facilities-inclusive 
of sanitary sewerage systems-that are properly 
related to and will enhance the overall quality of 
the natural and man-made environments. 

4. The development of land management and water 
quality control practices and facilities-inclusive 
of sanitary sewerage systems-that are both eco- 
nomical and efficient, meeting all other objectives 
at the lowest cost possible. 

5 .  The development of water quality management 
systems-inclusive of the governmental units and 
their responsibilities, authorities, policies, proce- 
dures, and resources--and supporting revenue- 
raising mechanisms which are effective and locally 
acceptable, and which will provide a sound 
institutional basis for plan implementation 
including the planning, design, construction, 
operation, maintenance, repair, and replacement 
of water quality control practices and facilities, 

inclusive of sanitary sewerage systems, storm 
water management systems, and land manage- 
ment practices. 

M'astewatcr Sludge Management 
Svstems Develo~ment Obiectives 
All six specific regional wastewater sludge management 
system development objectives are hereby recommended 
for inclusion as regional water quality management plan- 
ning objectives. These are: 

1. The development of a regional wastewater sludge 
management system which will effectively sup- 
port the existing regional development pattern 
and serve to aid in the implementation of the 
regional land use plan while meeting the antici- 
pated wastewater sludge handling and disposal 
needs generated by the existing and proposed 
land uses. 

2. The development of a regional wastewater sludge 
management system which will meet established 
air and water use objectives and supporting 
standards; which will not result in pollution of 
the land rendering it unfit for desirable uses; and 
which will be properly related to the natural 
resource base and enhance the overall quality 
of the environment in the Region. 

3. The development of a regional wastewater sludge 
management system which will effectively protect 
the public health within the Region. 

4. The development of a regional wastewater sludge 
management system which will help to maintain 
the productivity of agricultural land. 

5. The development of a regional wastewater sludge 
management system which will maximize the 
recovery and utilization of resources in the 
handling and disposal of wastewater sludges. 

6. The development of a regional wastewater sludge 
management system which is both economical 
and efficient, meeting all other objectives at the 
lowest cost possible. 

Principles and Standards 
Complementing each of the foregoing specific water 
quality management objectives is a planning principle 
and a set of planning standards. These, as they apply to  
the five water quality management planning and develop- 
ment objectives recommended for adoption, are set forth 
in Table 1. These principles and standards facilitate quan- 
titative application of the objectives in plan design, test, 
and evaluation. It should be noted that the planning 
standards herein recommended fall into two groups: 
comparative and absolute. The comparative standards, 
by their very nature, can be applied only through a com- 
parison 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 should not 



WATER QUALITY MANAGEMENT OBJECTIVES, PRINCIPLES, AND STANDARDS 

OBJECTIVE NO. 1 

The development of land management and water quality control practices and facilities-inclusive of sanitary sewerage systems-which will 
effectively serve the existing regional urban development pattern and promote implementation of the regional land use plan, meeting the 
anticipated need for sanitary and industrial wastewater disposal and the need for storm water runoff control generated by the existing and 
proposed land uses. 

PRINCIPLE 

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

STANDARDS 

1. Sanitary sewer service should be provided to all existing areas of m e d i ~ m - ~  or high-densityb urban development and to all areas proposed for 
such development in the regional land use plan. 

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

3. Engineered and partially engineered storm water management facilitiesd should be provided to all existing areas of low-, medium-, and 
high-density urban development and to all areas proposed for such development in the regional land use plan. 

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

5. Lands designated as primary environmental corridors on the regional land use plan should not be served by sanitary sewers except that 
development incidental to  the preservation and protection of the corridors, such as parks and related outdoor recreation areas, and existing 
clusters of urban development in such corridors. Engineering analyses relating to the sizing of sanitary sewerage facilities and storm water 
management facilities should assume the permanent preservation of a l l  undeveloped primary environmental corridor lands in natural open 
space uses. 

6. Floodlandse should not be served by sanitary sewers except that development incidental to the preservation in open space uses of flood- 
lands, such as parks and related outdoor recreation areas, and existing urban development in floodlands not recommended for eventual removal 
in comprehensive plans. Engineering analyses relating to the sizing of sanitary sewerage or storm water management facilities should not assume 
ultimate development of floodlands for urban use. 

f 7. Significant concentrations of lands covered by soils found in the regional soil survey to have very severe limitations for urban development 
even with the provision of sanitary sewer service should not be provided with such service. Engineering analyses relating to the sizing of sew- 
erage or storm water management facilities should not assume ultimate urban development of such lands for urban use. 

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

9. The sizing of sanitary sewerage and storm water management facility components should be based upon an assumption that future land use 
development will occur in general accordance with the adopted regional land use plan. 

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

11. Rural land management practices will be given priority in areas which are designated as prime agricultural lands to be preserved in long- 
term use for the production of food and fiber. 



Table 1 (continued) 

ORlECTlVE NO. 2 

The development of land management and water quality control practices and facilities-inclusive of sanitary sewerage systems-so as to meet 

the recommended water use objectives and supporting water quality standards as set forth on Map 1 and Table 2. 

PRINCIPLE 

Sewage treatment plant effluent, industrial wastewater discharges, and rural and urban runoff are major contributors of pollutants to the 
streams and lakes of the Region; the location, design, construction, operation, and maintenance of sewage treatment plants, industrial waste- 
water outfalls, and storm water management facilities and the quality and quantity of the wastewater from such facilities has a major effect on 
stream and lake water quality and the ability of that water to support the established water uses. 

STANDARDS 

1. The level of treatment to be provided at each sewage treatment plant and industrial wastewater outfall should be determined by water 
quality analyses directly related to the established water use objectives for the receiving surface water body. These analyses should demonstrate 
that the proposed treatment level will aid in achieving the water quality standards supporting each major water use objective as set forth on 
Map 1 and Table 2. 

2. The type and extent of storm water treatment or associated preventive land management practices to be applied within a hydrologic unit 
should be determined by water quality analyses directly related to the established water use objectives for the receiving surface water body. 
These analyses should demonstrate that the proposed treatment level or land management practices will aid in achieving the water quality 
standards supporting each major water use objective as set forth on Map 1 and Table 2. 

3. Domestic livestock should be fenced out of all lakes and perennial streams, and direct storm water runoff from the associated feeding 
areas to the lakes and perennial streams should be avoided so as to contribute to the achievement of the established water use objectives 
and standards. 

4. The discharge of sewage treatment plant effluent directly to inland lakes should be avoided and sewage treatment plant discharges to streams 
flowing into inland lakes should be located and treated so as to contribute to the achievement of the established water use objectives and 
standards for those lakes. 

5. The specific standards for sewage treatment at a l l  sewage treatment plants discharging effluent to Lake Michigan shall be those established 
by the Federal Lake Michigan Enforcement Conference, or the amendments established thereto as a result of other subsequent federal adminis- 
trative and enforcement actions. 

6.  Existing sewage treatment plants scheduled to be abandoned within the plan design period should provide only secondary waste treatment 
and disinfection of effluent unless a further degree of treatment i s  determined to be required to meet the established water use objectives and 
standards for the receiving surface water body. 

7. Interim sewage treatment plants deemed necessary to be constructed prior to  implementation of the long-range plan should provide levels 
of treatment determined by water quality analyses directly related to the established water use objectives and standards for the receiving 
surface water body. 

8. Bypassing of sewage to storm sewer systems, open channel drainage courses, and streams should be prohibited. 

9. Combined sewer overflows should be eliminated or adequately treated to meet the established water use objectives and standards for the 
receiving body of surface water. 

10. Sewage treatment plants should be designed to perform their intended function and to provide their specified level of treatment under 
adverse conditions of inflow, should be of modular design with sufficient standby capacity to allow maintenance to be performed without 
bypassing influent sewage, and should not be designed to bypass any flow delivered by the inflowing sewers, but should incorporate an emer- 
gency bypass facility sufficient to protect sewage treatment equipment against flows in excess of the design hydraulic capacity of the plant. 

1 1 .  All industrial sewage treatment plants should, by 1983, provide the best available wastewater treatment which is economically achievable. 

12. All sanitary sewage treatment plants should, by 1983, provide the best practicable wastewater treatment technology. 

13. By 1985, no pollutants should be discharged by sanitary or industrial sewage treatment plants in amounts which would preclude the 
achievement of the recommended water use objectives or the supporting standards as set forth on Map 1 and Table 2. 

14. The orderly transition of lands from open space, agricultural, or other rural uses to urban uses through excavation, landshaping, and 
construction should be planned, designed, and conducted so as to contribute to the achievement of the established water use objectives 
and standards. 



Table 1 (continued) 

OBJECTIVE NO. 3 

The development of land management and water quality control practices and facilities-inclusive of sanitary sewerage systems-that are 
properly related to and will enhance the overall quality of the natural and man-made environments. 

PRINCIPLE 

The improper design, installation, application, or maintenance of land management practices, sanitary sewerage system components, and storm 
water management components can adversely affect the natural and man-made environments; therefore, every effort should be made in such 
actions to properly relate to these environments and minimize any disruption or harm thereto. 

STANDARDS 

1. New and replacement sewage treatment plants, as well as additions to existing plants, should, wherever possible, be located on sites lying 
outside of the 100-year recurrence interval floodplain. When it i s  necessary to use floodplain lands for sewage treatment plants, the facilities 
should be located outside of the floodway so as to not increase the 100-year recurrence interval flood stage, and should be floodproofed to 
a flood protection elevation of two feet above the 100-year recurrence interval flood stage so as to assure adequate protection against flood 
damage and avoid disruption of treatment and consequent bypassing of sewage during flood periods. In the event that a floodway has not been 
established, or if it i s  necessary to encroach upon anapprovedfloodway, the hydraulic effect of such encroachment should be evaluated on the 
basis of an equal degree of encroachment for a significant reach on both sides of the stream, and the degree of encroachment should be limited 
so as not to raise the peak stage of the 100-year recurrence interval flood by more than 0.1 foot. 

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

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

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

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

6.  Devices used for long-term or short-term storage of pollutants which are collected through treatment of wastewater or through the applica- 
tion of land management practices should, wherever possible, be located on sites lying outside of the 100-year recurrence interval floodplain. 
When it is necessary to use floodplain lands for such facilities, such devices should be located outside of the floodway so as not to  increase 
the 100-year recurrence interval flood stage, and should be floodproofed to a flood protection elevation of two feet above the 100-year recur- 
rence interval flood stage so as to assure adequate protection against flood damage and to avoid redispersal of the pollutants into natural waters 
during flood periods. In the event that a floodway has not been established, or i f  it is necessary to encroach upon an approved floodway, the 
hydraulic effect of such encroachment shall be evaluated on the basis of an equal degree of encroachment for a significant reach on both sides 
of the stream and the degree of encroachment shall be limited so as not to  raise the peak stage of the 100-year recurrence interval flood by 
more than 0.1 foot. This standard is  not intended to preclude the construction of storm water detention-retention facilities, such as small-scale 
cascade basins in series along a stream channel, which by their design require emplacement within a floodway or floodplain. In these cases, the 
effects on water quality and upstream flood stages must be considered explicitly. 

7. There should be no discharge of heavy metals, pesticides, industrial chemicals, or other substances in quantities known to be toxic or hazard- 
ous to fish or other aquatic life. 

8. Water quality should not be degraded beyond existing levels except where a demonstration of economic hardship or compelling social need 
is presented. 

OBJECTIVE NO. 4 

The development of land management and water quality control practices and facilities-inclusive of sanitary sewerage systems-that are eco- 
nomical and efficient, meeting all other objectives at the lowest possible cost. 



Table 1 (continued) 

PRINCIPLE 

The total resources of the Region are limited and any undue investment in water pollution control systems must occur at the expense of other 
public and private investment; total pollution abatement costs, therefore, should be minimized while meeting and achieving all water quality 
standards and objectives. 

STANDARDS 

1. The sum of sanitary sewerage system operating and capital investment costs should be minimized. 

2. The sum of storm water control facility and related land management practice operating and capital investment costs should be minimized. 

3. The total number of sanitary sewerage systems and sewage treatment facilities should be minimized in order to  effect economies of scale and 
concentrate responsibility for water quality management. Where physical consolidation of sanitary sewer systems is uneconomical, administra- 
tive and operational consolidation should be considered in order to  obtain economy in manpower utilization and to minimize duplication of 
administrative, laboratory, storage, and other necessary services, facilities, and equipment. The total number of diffuse pollution control 
facilities should be minimized in order to  concentrate the responsibility for water quality management. 

4. Maximum feasible use should be made of all existing and committed pollution control facilities, which should be supplemented with addi- 
tional facilities only as necessary to serve the anticipated wastewater management needs generated by substantial implementation of the regional 
land use plan, while meeting pertinent water quality use objectives and standards. 

5. The use of new or improved materials and management practices should be allowed and encouraged i f  such materials and practices offer 
economies in materials or construction costs or by their superior performance lead to the achievement of water quality objectives at 
a lesser cost. 

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

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

8. Clear water inflows to the sanitary sewerage system should be eliminated and infiltration should be minimized. 

9. Sanitary sewerage systems and storm water management systems should be designed and developed concurrently to effect engineering 
and construction economies as well as to  assure the separate function and integrity of each of the two systems; to  immediately achieve the 
pollution abatement and drainage benefits of the integrated design; and to minimize disruption of the natural resource base and existing 
urban development. 

OBJECTIVE NO. 5 

The development of water quality management institutions-inclusive of the governmental units and their responsibilities, authorities, policies, 
procedures, and resources-and supporting revenue-raising mechanisms which are effective and locally acceptable, and which wiil provide 
a sound basis for plan implementation including the planning, design, construction, operation, maintenance, repair, and replacement of 
water quality control practices and facilities, inclusive of sanitary sewerage systems, storm water management systems, and land manage- 
ment practices. 

PRINCIPLE 

The activities necessary for the achievement of the established water use objectives and supporting standards are expensive; technically, admin- 
stratively, and legally complex; and important to the economic and social well being of the residents of the Region. Such activities require 
a continuing, long-term commitment and attention from public and private entities. The conduct of such activities requires that the groups 
designated as responsible for plan implementation have sufficient financial and technical capabilities, legal authorities, and general public 
support to  accomplish the specific tasks identified. 



Table 1 (continued) 

STANDARDS 

1. Each designated management agency should develop and establish a system of user charges and industrial cost recovery to  maintain accounts 
to  support the necessary operation, maintenance, and replacement expenditures. 

2. Maximum utilization should be made of existing institutional structures in order to  minimize the number of agencies designated to  imple- 
ment the recommended water quality control measures, and the creation of new institutions should be recommended only where necessary. 

3. T o  the greatest extent possible, the responsibility for water pollution control and abatement should be assigned t o  the most immediate local 
public agency or t o  the most directly involved private entity. 

4. Each designated management group should have legal authority, financial resources, technical capability, and practical autonomy sufficient 
t o  assure the timely accomplishment of its responsibilities in the achievement of the recommended water use objectives and supporting stan- 
dards as set forth on Map 1 and Table 2. 

a Medium-density development is defined as that development having an average dwelling unit density o f  4.4 dwelling units per net residential 
acre, and a net lot  area per dwelling unit ranging from 6,231 to 18,980 square feet. 

b~igh-density development is defined as that development having an average dwelling unit density of 12.0 dwelling units per net residential 
acre and a net lot  area per dwelling unit ranging from 2,439 to 6,230 square feet. 

Low-density development is defined as that development having an average dwelling unit density o f  1.2 dwelling units per net residential 
acre and a net lot  area per dwelling unit ranging from 18,98 1 to 62,680 square feet. 

d~ngineered storm water management facilities are defined here as the systems or subsystems of  storm water catchment, conveyance, storage, 
and treatment facilities comprised of structural controls including natural and man-made surface drains, subsurface piped drains, or com- 
binations thereof, and of  pumping stations, surface or subsurface storage or detention basins, and other appurtenances associated therewith, 
and sized to accommodate estimated flows or quantities from the tributary drainage area as a result o f  a specified meteorologic or hydro- 
logic event. 

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

  re as larger than 160 acres in ex tent. 

Source: SEWRPC. 

only aid in the development, test, and evaluation of plan a ninth objective termed "minimum" and dealing pri- 
implementation measures, but should serve as an aid to  marily with the control of the aesthetic aspects of water 
local government in water quality-related decisions. pollution is applied to all surface waters of the State. 

Svecific Recommended Water Use Obiectives 
and Supporting Water Quality standards 
In Volume One of this report the current water use objec- 
tives adopted by the Wisconsin Natural Resources Board 
and set forth in Chapters NR 102 through NR 105 of 
the Wisconsin Administrative Code were discussed and 
interpreted with respect to  their application to the 
surface waters of the Region. Eight individual water 
use objectives were identified as being currently applied 
throughout Wisconsin, either singly or in combinations. 
These eight water use objectives are: recreation, public 
water supply, warmwater fishery and aquatic life, trout 
fishery and aquatic life, salmon spawning fishery and 
aquatic life, limited fishery (intermediate aquatic life), 
restricted recreational use, and marginal use. In addition, 

In Public Law 92-500 enacted in 1972, the U. S. Con- 
gress set as a national goal to be achieved by July 1, 
1983 water quality which provides for the protection 
and propogation of fish, shellfish, and wildlife, and 
which provides for recreation in and on the water. The 
PL 92-500 goals are frequently referred to as "fishable 
and swimmable" waters. Congress recognized that, as 
a practical matter, more limited use objectives may have 
to be established for some streams and lakes after con- 
sideration by the states of the practical potential of 
streams and lakes for public water supply, propagation 
of fish and wildlife, recreation, agriculture, industry, 
and navigation. Of the above-mentioned specific water 
use objectives currently in use in Wisconsin, those objec- 
tives termed recreation, public water supply, warmwater 



fishery and aquatic life, trout fishery and aquatic life, 
and salmon spawning fishery and aquatic life all directly 
relate to  and are fully compatible with the national goal 
of "fishable and swimmable" waters. The limited fishery 
(intermediate aquatic life), restricted recreational use, 
marginal use, and minimum use objectives all envision 
levels of water quality that will not be fully "fishable 
and swimmable." 

In conducting the regional water quality management 
planning program for southeastern Wisconsin, an attempt 
was made to first assign to  all surface waters in the 
Region an appropriate combination of those use objec- 
tives which would fully meet the 1983 national goal 
of "fishable and swimmable" waters. This assignment 
differed significantly from the water use objectives 
currently in effect within southeastern Wisconsin for 
which many miles of surface streams have been assigned 
morg limited use objectives. An analysis was made of the 
potential of each stream reach and of each major lake 
to  meet objectives consistent with the national goal of 
"fishable and swimmable': waters. This analysis took 
into account the results of inventories of stream and 
lake physical characteristics and conditions, existing 
water quality, sources of pollution in tributary drainage 
areas, character of land uses in tributary drainage areas, 
and location and extent of in-place pollutants. One of the 
planning tools used in the analysis was the hydrologic- 
hydraulic-water quality simulation model, which served 
to synthesize much of the inventory and forecast data. 
This analysis, which is discussed in Chapter IV of this 
volume and which was applied to  a total of 1,180 stream 
miles and to the 100 major lakes in the Region, indicated 
that for reasons relating to  natural conditions, to  gross 
levels of in-place pollutants, or to  essentially irreversible 
man-made improvements such as concrete channelization, 
it would not be practicable to meet the national goal 
of "fishable and swimmable" waters for all surface 
waters in the Region. However, the analysis also indi- 
cated that it would be possible to  significantly upgrade 
the current water use objectives so that many more 
miles of streams could either fully meet the national 
goal, or meet a goal more stringent than the restricted 
and minimum use categories. 

The results of the analysis of the water use objectives 
for the surface waters of the Region are graphically 
summarized on Map 1, which sets forth the Commission- 
recommended water use objectives for streams and lakes 
within the Region. The following five combinations of 
water use objectives have been recognized in the applica- 
tion of such objectives to  the 1,180 mile-stream network 
and the 100 major lakes in the Region: 

1. Salmon spawning fishery and aquatic life, recrea- 
tional use, and minimum standards 

2. Trout fishery and aquatic life, recreational use, 
and minimum standards 

3. Warmwater fishery and aquatic life, recreational 
use, and minimum standards 

4. Warmwater fishery and aquatic life, limited rec- 
reational use, and minimum standards 

5. Limited fishery and aquatic life, limited recrea- 
tional use, and minimum standards 

Of the five water use objective combinations, only the 
first three, providing for a full warmwater fishery and full 
body contact recreational use, are fully compatible with 
the national goal of "fishable and swimmable" waters. 
Of the 1,180 stream miles analyzed in the program, 
1,054 miles, or 89 percent, fall into one of these three 
categories, including 27 miles, or 2 percent, in the trout 
fishery and recreational use category, and 1,027 miles, 
or 87 percent, in the warmwater fishery and recreational 
use category. The salmon spawning fishery and recrea- 
tional use category applies only to portions of the Lake 
Michigan estuaries of five streams. The 1,180-mile stream 
network identified above does not include the Lake 
Michigan estuary portions of any of the regional streams 
that drain to  Lake Michigan. The remaining 126 stream 
miles, or about 11 percent, would not meet the national 
goal of "fishable and swimmable" waters. These stream 
miles generally either have excessive nutrient levels which 
cannot as a practical matter be sufficiently reduced or 
lie within the intensely urbanized portion of the Region 
and have been significantly and permanently altered 
through concrete channelization. Of these 126 stream 
miles, 56 miles, or 5 percent, have been placed within the 
warmwater fishery and limited recreational use category, 
and 70 miles, or 6 percent, have been placed in the 
limited fishery and limited recreational use category. 
Significantly, the restricted use category is not recom- 
mended to be applied within the Region in future years, 
since the analysis indicated that at least a limited fishery 
and partial body contact recreational use, such as wading 
and boating, can be achieved for all streams in the Region. 

Of the 100 major lakes in the Region, 95 lakes fall into 
water use objective categories that are deemed to be fully 
compatible with the national goal of "fishable and swim- 
mable" waters. Of these 95 lakes, one-Lake Geneva-has 
been placed in the trout fishery and recreational use 
category, and 94 have been placed in the warmwater 

- 

2 ~ h e  estuary reaches of the Milwaukee, Menomonee, 
Kinnickinnic, Pike, and Root Rivers and of Oak Creek, 
Pike Creek, and Sauk Creek total about 15 miles in 
length. Where identified on Map 1 and as adopted by 
the Wisconsin Natural Resources Board, the water use 
designation for portions of five estuary reaches is for 
salmon spawning fishery and recreational use. No specific 
water use objectives for the remaining estuary reaches 
were assigned under the areawide water quality manage- 
ment planningprogram. Because of the complexity of the 
estuaries, it is envisioned that supplemental estuary 
studies will have to be undertaken to fully assess the 
water quality related problems of these estuaries and to 
intelligently assign appropriate water use objectives to 
all the estuaries. 





fishery and recreational use category. Of the remaining 
5 major lakes in the Region, one-Mud Lake in Ozaukee 
County-has been placed in the limited fishery and 
aquatic life and limited recreational use category because 
of the natural bog conditions which preclude most 
recreational uses and the maintenance of a warmwater 
fishery. The remaining 4 lakes have been placed in the 
warmwater fishery and limited recreational use category 
because of estimated excessive nutrient loadings to  the 
lakes which cannot as a practical matter be sufficiently 
reduced, resulting in accelerating rates of lake fertiliza- 
tion and attendant aquatic plant growth. 

The specific water quality standards supporting each of 
the recommended water use objectives are documented 
in Table 2. The specific changes from the existing state- 
adopted water use objectives are individually documented 
in Table 3. Finally, Table 4 documents the recommended 
changes between the water use objectives as identified 
in the previous Commission plan elements and the new 
recommended water use objectives. 

SUMMARY 

The task of formulating objectives and standards to  
be used in plan design and evaluation is a difficult but 
necessary part of the planning process. It is readily 
conceded that regional plan elements must advance 
proposals which are physically feasible, economically 
sound, aesthetically pleasing, and conducive to  the 
promotion of public health and safety. The agreement 
of objectives beyond such generalities, however, becomes 
more difficult to  achieve because the definition of 

specific development objectives and supporting standards 
inevitably involves value judgements. Nevertheless, it is 
essential to  formulate such objectives for the manage- 
ment of water quality, and to quantify them insofar 
as possible through standards in order to  provide the 
framework through which the regional water quality 
management plan can be prepared. Moreover, so that 
the plan will form an integral part of the overall frame- 
work of long-range plans for the physical development 
of the Region, the water quality management objectives 
must be compatible with, and dependent upon, other 
regional development objectives. Therefore, the regional 
water quality management objectives and supporting 
principles and standards as set forth in this chapter are 
based upon previously adopted regional development 
objectives, supplementing these only as required to  meet 
the specific needs of the regional water quality manage- 
ment planning program. 

Five development objectives, together with supporting 
principles and standards, were formulated under the 
regional water quality management planning program. 
Four of these were expansions of objectives previously 
adopted under the Commission's regional sanitary sew- 
erage system plan, broadened to incorporate concepts 
pertinent to  the areawide water quality management 
planning program. Together with the land use, related 
water control facility, and wastewater sludge manage- 
ment system development objectives established under 
related Commission work programs, these objectives, 
principles, and standards provided the basic framework 
within which alternative regional water quality man- 
agement plans were formulated and a recommended 
areawide water quality management plan synthesized. 



RECOMMENDED WATER USE OBJECTIVES AND WATER QUALITY STANDARDS 
FOR LAKES AND STREAMS IN THE SOUTHEASTERN WISCONSIN REGION: 2000a 

lnd8vidual Water Use objectivesb Applicable t o  
Southsaltern W8sconsin inland Lakesand Streams 

Combinations of Water Use Oblectiver Applhcable to 
Southeastern Wirconsln Inland Lakes and Streams 

Publlc 
Water 

us1 I U ! I  *"pPlv 
Water Qualhty 

Parameterr 

Maximum T~mperafure (OF). . 
pH Rsngs (S.U.I. . . . . . . .  
Minimum 08rsoived 

Oxygen Imgill . . . .  
Maximum Few1 Cdiform 

Chlorine lmgil! . . . . .  
Maximum Un-ionizsd 
Ammonia Nitrogen Imgill . . 

Maximum Total 
phorphorurk Imgil) 

st.e.ms . . . . . . . . . . . .  
Lakes . . . . . . . . . . . .  

Maximum Total 
D~soIved Solids (mgll! . . . .  

. . . . . . . . .  0 1 h e P . ~ .  

ICountruer I O O ~ I ! .  . . . . .  1 Maximum Total Reriduai 

a Include* SEWRPC infer~rerarianr of all basre water use categories established by the Wisconsrn Deparrmenr of Natural Resources andaddrtional categories esrablflrhed under the amawide wafer quality managemen? planning program. plus those 
combinations of water use categories a ~ ~ l i c a b l e  to  the Sourheastern W,sconsin Region. I t  is recognized rhat under borh extremely hn~h  andextremely low flow conditions, msrream water quality levels can be expected to violafe the erfablrshed 
water qualitv standards for shorr periods of rime without damaging the overaN health of the rtresm. R is important to nore the crrricai differences between rhe off,c(al state and federally adopted water qualiry sfandards-comporedaf "use 
des,gnationr" and "water quality criteria"-and the water use obiectiver and supportin9 standards of the Regional Planning Comm,rrion dercnbed here. The U. S. Environmental Protection Agency and the Wlrconsin Deparfmenf of Natural 
Resources, being regulatory agencies, vti l i le wafer qualify standards sr a basis for enforcemeor actions and comphance mon,foring. This requires thar rhe srandardr have a rigid basis in research ffmdmgs and in  held experience. The Commission, 
bv contrast, must forecast regulations and technology far into the future, dacumenrrng the assumptrons "red ro analyze condifionr andproblems which may nof currently exist anywhere, much less in or near sourheastern Wlrconnn. As a rerulf, 
more recent-andsomerimes more controversial-ctudv findingl musf sometimes be applied. This resulrr from rhe Commisrian% use of the water qualify standards dsas crireria to  measure the relafive ments of alternafive plans. 

Standards presented ,n rhe mble are applicsble t o  lakes larger than 50 acres ,n surface area and to major rtreams of rhe Region ar sec f m h  in Map I .  

1 200408 20040d 200400~  

' AIi wafers shall meet the followin9 minimum standards a? all times and under all fiow conditions: subsrancer rhat will cause objectionable deposits an ?he shore or in the bed of a body of water shall nor be present in such amounfr as to (nfer- 
fere with public rights in waters of the Stare. Floating or submemd debnr, oii, scum, or other marerial rhall nor be present in such amounts as ro lnrerfere wirh publ~c rights m the waters of ?he Stare. Materials producing color. odor, tasce, or 
unslghtitness rhall nor be present 10 amounts found to be of public health rignificmce, nor shall rubstances be present in  amovnrr which are acutely harmful fo animal, plant, or aquafa life. 

dThere shaN be no temperature changes char may adversely affect aquaric life. Natural daily and seasonal temperature fluctuations shall be mamtaned. The maximum remperarure nse at the edge of rhe m,n,ngroneabove ?he en,sfingnafurai 
temperature shall not exceed PF for streams and ?F for lakes. 

.. 

There shall be no significant artificial increases in temperature where natural nout or arockedsaimon reproduction is fo be protected. 

The pH shall be wirhin the range of 6.0 to 9.0 standard units wirh no change greater than 0.5 unit oorsrde rhe esrflmated naturai reasonai max,mom and mmimum. 

1 .. I .. 

Dissolved oxygen and tempearure standards apply to scream3 and the epilimmon of rrraafied lakes and to the unsrratif,ed lakes; rhe dissolved oxygen standard does nor apply to the hypoi,mnron ofrtracif,ed lniake lakes. Trends in the period 
of anaerobic condirioos In the hypolimnion of stratified inlandlakes should be considered important fo the mainrenance of water qualify, hawaver. 

Dissolved oxygen shall nor be lowered to less than 7.0 mgfl during the trout ~pawningsearan 

1 .. I .. 

The di9solved oxygen m rhe Gresr Lakes iribursries used by sfock sslmanids for spawning runs shall not be lowered below natural background donng the period of habitahon 

1 %a11 nor exceeda monthly geometric mean of 2oapm IW m i  baaed on not less rhan five samplesper monrh nnnn mnnfhly geometric mean of 4 0 0  100 ml  in more than lopercenr of all ramplee during 99y month. 

1 200-408 

The valuer Presented for lakes are the critical total phosphorus concentrations which apply only dormg spring when maxrmum mixrng ir underway. In sfreams classrfied for racreaoonal use, the total phosphorus concentratron shall not exceed 
0.1 mg/ l  A ~hoosphoror rrandard doer nor apply to streams and lakes cla~rif led for limiredrecrearional use. 

Not to exceed 500 mgfl as a monthly average nor 750 m g e  

1 20040d 

mThe intake water supply rhall be such rhat by appropriate treatment and adequate safeguards i t  will meet the errabhshed Drlnkrng Water Standards 

"Streams classifiedas trout waters shall not be altered from natural background by effluents thar influence the srmam environment ro such an extent thsr ?root po~olations are adversely affected. 

1 200408 

OUnauthorized concentrations of substances are not permined rhat alone or ,n combination wirh other marerials present are toxic ro fish or other aquatic life. The determinaaon of the t ox i ow  of s subrtance shall be bared upon rhe available 
scientific daa  base. References to be usedin determining the roxrcrcy of a rvbsrance shsllinclode. but not be /rm,ted ro, Oualify Criteria for Wafer EPA-44019-76403, U. S. Environmenral Proteerion Agency, Washingcon. D.C. 1976, and Water 
Quality Criteria 7972. EPA-R3-73003, National Academy of Sciences, National Academy of Engineering. U. S. Government Prinring Office, Warhlngton, D.C., 1974. Querrionr concerning the permissible levels. or changer In the same. o f a  rub- 
rmce, or combinstion of substances, or undefined toxicity to fish and other biota shall be resolved ,n accordance with the methods speofied in Wafer Quairfy Criferra 1972 and Standard Methods for the Examinaoon of Water and Wasrewater, 
14th Edition, American Public Health Asmciation, New York, 1975, or other merhads approved by the Department of Natural Resources. 

Waters imporrant to overall environmental mfegrify tnduding trout streams, scientiffls areas, wild and scenic area. endangered species habmar, and waters of high recreauonal pofentral all are robiecf to further pollution analysis and special 
rtandards and effluent crirens. See Wiaconsio Admmistrarive Code Chapter NR 104.02141lal. whereby chis is to be dererm,ned by rhe Wisconsin Department o f  Narural Resource6 on a case+ysase baas. No waters in routheasrem Wisconrin 
are currently designated under this cafegory as of 1977. 

200408 

4 Lake Michigan rhermal discharge standards, which are intended to minimize the effects on aquatic biofa. apply to facii,cles discharging heated water direcrly to Lake Mlchigan,exeluding fhaf from munlc$uai wasre and water rrearment plants and 
vessels or ships. Such discharges shall nor raise the temperature of Lake Michwgm a t  the boundary of the mbing rone erfablished by the Wisconrn Deparrment of Natural Resources by more rhan ?Fand, except for the Milwaukee and Porr 
Warhington Harbors. rhermal discharges rhall not Increase rhe temperature of Lake Michigan st the boundary of the established mixing zones during the following monrhs above the following limirs: 

January, February, March 4 5 0 ~  July, August, September S ~ F  
April 5 y F  October ~ P F  
May 6 8 F  November 6ooF 
June 7 8 F  December 5 8 F  

1 200-408 1 

After a raview of the ecoiogicai and environmental impact of thermal drxhcharges m excess of a daily average of 500 millron 8TUper hour, mixmg zones are established by the Department of Natural Resou,ces. Any plant or faolicy, ?he construc- 
tion of which (s commenced on or after August 1, 1974. shall be so designed thar the thermal dircharger therefrom to Lake Michigan comply with m,xing zones ertab1,shed by rhe Department. lo establishing a mixing rone, rhe Deparrment wili 
consider ecological and environmental rnformarion obrained from rwdres conducted subsequent to February 7, 7974, andany requirements of the Federal Water Pollution Control Acr Amendments of 1972, or reguiarrans pr~molgeted fherefa. 

' Thrr level of un-ionized ammonia is assumed to be present at the CemPerafure rmge of 70.7PF andpH of 8.0 standard onirs. which are generally fhe critical conditions in the RegTon. sndat ammonia-n,trogen concentrations ofabouf 0.4 mgfl 
Orgreafer. and has been recommended by the U. S. EPA as a water qualrw standard for the prorecflon of fish and other aqwfic life of the type5 found in the natural waters of the Region. 

This level of un-ionized ammonia ,s assumed to be present at fhe tempelafure range of 70 -7PFandpH  o f  8.0 rfandard units, which are generally the criclcal cond,tionr in the Region, andat ammoniaaioogen concen~sfrans of about 3.5 mgfl 
or greater, end has been identified by the U. S. EPA as s maximum concentration for the procecaon of toieranr species of insect life and forage minnows and other aqoaclc life of the types foundin rhe Regson. 

Source: Wisconsin Departmen? of Natural Resources and SEWRPC. 



COMPARISON OF 1976 WISCONSIN NATURAL RESOURCE BOARD-ADOPTED WATER USE 
OBJECTIVES TO THE SEWRPC-RECOMMENDED WATER USE OBJECTIVES 

Rationale for  Change 
Recommended by SEWRPC 

Implementation o f  the planned 
water pollution abatement 
measures wi l l  result i n  a water 
quality sufficient t o  permit the 
assignment o f  an upgraded water 
use objective 

Native trout populations are 
reproducing and are locally 
managed for a trout fishery 

lmplementation o f  the planned 
water pollution abatement 
measures wi l l  result i n  a water 
quality sufficient t o  permit 
the assignment of a higher 
water use objective 

lmplementation o f  the planned 
water pollution abatement 
measures wi l l  result i n  a water 
quality sufficient t o  permit 
the assignment o f  an upgraded 
water use objective 

Native trout populations are 
reproducing and are locally 
managed for a trout fishery 

lmplementation o f  the planned 
water pollution abatement 
measures wi l l  result in a water 
quality sufficient t o  permit the 
assignment of an upgraded water 
use objective 

lmplementation of the planned 
water pollution abatement 
measures wi l l  result in a water 
quality sufficient t o  permit the 
assignment o f  an upgraded 
water use objective 

Implementation o f  the planned 
water pollution abatement 
measures wi l l  result i n  
a water quality sufficient t o  
permit the assignment o f  an 
upgraded water use objective 

Phosphorus levels cannot 1 
as a practical matter be 
sufficiently reduced to  
prevent excessive aquatic 
plant growth and provide 
for ful l  recreational use 

lmplementation of the planned 
water pollution abatement 
measures wi l l  result i n  a water 
quality sufficient t o  permit the 
assignment of an upgraded 
water use objective. 

lmplementation o f  the planned. 
water pollution abatement 
measures wi l l  result i n  
a water quality sufficient t o  
permit the assignment of 
an upgraded water use 
objective 

Water Use Objectives 

as Recommended by SEWRPC 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Trout fishery and aquatic life, 
recreational use, and minimum 
standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Trout fishery and aquatic life, 
recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, limited recreational use, 
and minimum standards 

Warmwater fishery and aquatic 
life, l imited recreational use, 
and minimum standards 

Limited fishery and aquatic life, 
l imited recreational use, and 
minimum standards 

Watershed 

Des Plaines River 

Fox River 

Menomonee River 

Stream Identification 

Salem branch from 
Hooker Lake t o  confluence 
with unnamed tributary i n  
Sections 7 and 18, 
Town of Bristol 

Unnamed tributary t o  a 
tributary of Sugar Creek 
flowing northeast through 
Sections 19 and 20, Town 
of Spring Prairie 

Eagle Creek from Eagle Lake 
t o  CTH J 

Eagle Creek from CTH J to  
confluence with the Fox River 

Genesee Creek upstream of the 
confluence with Spring Creek 

Headwater area of Poplar Creek 
upstream of the Chicago & 
Northwestern Railroad Bridge 

Poplar Creek downstream of  
the Chicago & Northwestern 
Railroad Bridge 

Deer Creek 

West branch, north branch, and 
main stem of Menomonee 
River from headwaters t o  
confluence with Honey Creek 

Main Stem of Menomonee River 
from confluence with Honey 
Creek downstream t o  USH 41 
(Stadium Freeway) 

Main stem of Menomonee River 
from USH 41 (Stadium 
Freeway) t o  Falk Corporation 
Dam 

Water Use Objectives 
as Adopted by the Wisconsin 

Natural Resources Board i n  1976 

Limited fishery, recreational use, 
and minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Marginal aquatic life, recrea- 
tional use, and minimum 
standards 

Limited fishery, recreational 
use, and minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Marginal aquatic life, recreational 
use, and minimum standards 

Limited fishery, recreational use, 
and minimum standards 

Marginal aquatic life. 
recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Restricted use and minimum 
standards 

Restricted use and minimum 
standards 



Table 3 (continued) 

Watershed 

Menomonee River 
(continued) 

Milwaukee River 

Rationale for Change 
Recommended by SEWRPC 

Phosphorus levels cannot as 
a practical matter be sufficiently 
reduced to  prevent excessive 
aquatic plant growth and 
provide for  full recreational use 

Phosphorus levels cannot as 
a practical matter be sufficiently 
reduced to  prevent excessive 
aquatic plant growth and provide 
for ful l  recreational use 

Phosphorus levels cannot as 
a practical matter be sufficiently 
reduced t o  prevent excessive 
aquatic plant growth and provide 
for ful l  recreational use 

Phosphorus levels cannot as 
a practical matter be sufficiently 
reduced t o  prevent excessive 
aquatic plant growth and provide 
for ful l  recreational use 

lmplementation o f  the planned 
water pollution abatement 
measures will result i n  a water 
quality sufficient t o  permit the 
assignment o f  an upgraded 
water use objective 

Phosphorus levels cannot as 
a practical matter be sufficiently 
reduced t o  prevent excessive 
aquatic plant growth and provide 
for ful l  recreational use 

Implementation o f  the planned 
water pollution abatement 
measures wi l l  result i n  a water 
quality sufficient t o  permit the 
assignment of an upgraded 
water use objective 

lmplementation of the planned 
water pollution abatement 
measures will result i n  a water 
quality sufficient t o  permit the 
assignment o f  an upgraded 
water use objective 

lmplementation o f  the planned 
water pollution abatement 
measures wi l l  result in a water 
quality sufficient t o  permit the 
assignment o f  an upgraded 
water use objective 

Implementation o f  the planned 
water pollution abatement 
measures wi l l  result in a water 
quality sufficient t o  permit the 
assignment o f  an upgraded 
water use objective 

Implementation o f  the planned 
water pollution abatement 
measures wi l l  result i n  a water 
quality sufficient t o  permit the 
assignment of an upgraded 
water use objective 

Stream Identification 

Little Menomonee River 

Little Menomonee Creek 

Butler Ditch 

Underwood Creek upstream 
of  Watertown Plank Road 

Underwood Creek downstream 
of  Watertown Plank Road 

Lil ly Creek 

Honey Creek 

Lincoln Creek from headwaters 
t o  Green Bay Road 

Lincoln Creek downstream 
of Green Bay Road 

Indian Creek upstream 
of I H  43 

Indian Creek downstream 
of  IH  43 

Water Use Objectives 

as Adopted by the Wisconsin 
Natural Resources Board i n  1976 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Restricted use and minimum 
standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Restricted use and minimum 
standards 

Restricted use and minimum 
standards 

Restricted use and minimum 
standards 

Restricted use and minimum 

standards 

Restricted use and minimum 
standards 

Water Use Objectives 
as Recommended by SEWRPC 

Warmwater fishery and aquatic 
life, l imited recreational use, 
and minimum standards 

Warmwater fishety and aquatic 
life, l imited recreational use, 
and minimum standards 

Warmwater fishery and aquatic 
life, l imited recreational use, 
and minimum standards 

Warmwater fishery and aquatic 
life, limited recreational use, 
and minimum standards 

Limited fishery and aquatic life, 
l imited recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, l imited recreational use, 
and minimum standards 

Limited fishery and aquatic life, 
l imited recreational use, and 
minimum standards 

Limited fishery and aquatic life, 
l imited recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Limited fishery and aquatic life, 
l imited recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 



Table 3 (continued) 

Watershed 

Minor Streams 
Tributary t o  
Lake Michigan- 
Barnes Creek 

Sucker Creek 

Pike River 

Rock River 

Rationale for Change 
Recommended by SEWRPC 

Implementation o f  the planned 
water pollution abatement 
measures wi l l  result in a water 
quality sufficient t o  permit the 
assignment o f  an upgraded 
water use objective 

Salmon are regularly found i n  
Sucker Creek during the 
spawning season 

Implementation of the planned 
water pollution abatement 
measures wi l l  result in a water 
quality sufficient t o  permit the 
assignment of an upgraded 
water use objective 

lmplementation o f  the planned 
water pollution abatement 
measures wi l l  result in a water 
quality sufficient t o  permit the 
assignment o f  an upgraded 
water use objective 

Implementation o f  the planned 
water pollution abatement 
measures wi l l  result in a water 
quality sufficient t o  permit 
the assignment of an upgraded 
water use objective 

Implementation o f  the planned 
water pollution abatement 
measures wi l l  result i n  a water 
quality sufficient t o  permit the 
assignment o f  an upgraded 
water use objective 

lmplementation of the planned 
water pollution abatement 
measures wi l l  result i n  a water 
quality sufficient t o  permit the 
assignment of an upgraded 
water use objective 

Implementation of the planned 
water pollution abatement 
measures wi l l  result i n  a water 
quality sufficient t o  permit the 
assignment of an upgraded 
water use objective 

lmplementation of the planned 
water pollution abatement 
measures wi l l  result in a water 
quality sufficient t o  permit the 
assignment of an upgraded 
water use objective 

lmplementation o f  the planned 
water pollution abatement 
measures wi l l  result in a water 
quality sufficient t o  permit the 
assignment o f  an upgraded 
water use objective 

Stream Identification 

Barnes Creek 

Sucker Creek at Lake Michigan 

Unnamed perennial stream 
flowing through the Village 
of Sturtevant t o  confluence 
with Pike River 

Unnamed perennial stream 
downstream from Town of 
Somers Ut i l i ty District No. 1 
wastewater treatment plant 
t o  confluence with Pike Creek 

Three unnamed tributaries 
flowing from CTH H east t o  
the confluence with the Pike 
River, with Pike Creek, and 
with portions of the Pike 
River main stem from the 
headwaters t o  the Kenosha- 
Racine County line 

Pike Creek from the head- 
waters t o  the confluence with 
the tributary below the 
Town of  Somers Ut i l i ty 
District No. 1 

Pike Creek from the confluence 
with the tributary below the 
Town of  Somers Ut i l i ty 
District No. 1 t o  the 
confluence with Pike River 

Portions of Jackson Creek 
flowing through Section 12, 
Town of Delavan 

Portions of Little Turtle Creek 
from Lake Road to  the 
RockIWalworth County Line 

Tributary t o  Little Turtle Creek 
flowing westward through 
Sections 4 and 5, 
Town of Sharon 

Water Use Objectives 
as Adopted by the Wisconsin 

Natural Resources Board in 1976 

Restricted use and minimum 
standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Marginal aquatic life, recreational 
use, and minimum standards 

Marginal aquatic life, recreational 
use, and minimum standards 

Restricted use and minimum 
standards 

Restricted use and minimum 
standards 

Limited fishery and aquatic life, 
recreational use, and 
minimum standards 

Marginal aquatic life, recreational 
use, and minimum standards 

Limited fishery and aquatic life, 
recreational use, and 
minimum standards 

Limited fishery and aquatic life, 
recreational use, and 
minimum standards 

Water Use Objectives 
as Recommended by SEWRPC 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Salmon spawning fishery and 
aquatic life, recreational use, 
and minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use. and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 



Table 3 (continued) 

I 

Watershed 

Rock River 
(continued) 

Root River 

Stream Identification 

Unnamed stream west o f  
Village of Sharon 
flowing through Sections 31 
and 32, Town of  Sharon 

Unnamed tributary t o  the 
Kohlsville River 

Root River main stem from 
headwaters t o  W.  Layton 
Avenue 

Hales Corners Creek from 
headwaters t o  STH 24 

Tess Corners Creek 

East branch Root River Canal 
f rom the headwaters t o  
STH 20 

East branch Root River Canal 
f rom STH 20 to  confluence 
with west branch 
Root River Canal 

West branch Root River Canal 
downstream from Village of 
Union Grove sewage 
treatment plant t o  CTH C 

West branch Root River Canal 
f rom CTH C t o  STH 20 

Water Use Objectives 
as Adopted by the Wisconsin 

Natural Resources Board i n  1976 

Marginal aquatic life, recreational 
use, and minimum standards 

Limited fishery and aquatic life, 
recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Marginal aquatic life, recreational 
use, and minimum standards 

Limited fishery and aquatic life, 
recreational use, and 
minimum standards 

Marginal aquatic life, recreational 
use, and minimum standards 

Limited fishery and aquatic life, 
recreational use, and 
minimum standards 

Marginal aquatic life, recreational 
use, and minimum standards 

Limited fishery and aquatic life, 
recreational use, and 
minimum standards 

Water Use Objectives 
as Recommended by SEWRPC 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Limited fishery and aquatic 
life, l imited recreational use, 
and minimum standards 

Warmwater fishery and aquatic 
life, recreational use, 
and minimum standards 

Warmwater fishery and aquatic 
life, recreational use, 
and minimum standards 

Limited fishery and aquatic 
life, limited recreational use, 
and minimum standards 

Limited fishery and aquatic life, 
l imited recreational use, 
and minimum standards 

Limited fishery and aquatic life, 
l imited recreational use, 
and minimum standards 

Limited fishery and aquatic life, 
l imited recreational use, 
and minimum standards 

Rationale for Change 
Recommended by SEWRPC 

Implementation o f  the planned 
water pollution abatement 
measures wi l l  result i n  a water 
quality sufficient t o  permit the 
assignment of an upgraded 
water use objective 

Implementation of the planned 
water pollution abatement 
measures wi l l  result in a water 
quality sufficient t o  permit the 
assignment of an upgraded 
water use objective 

Committed channelization of 
this stream reach wi l l  l ikely 
preclude the establishment and 
maintenance of a warmwater 
fishery and ful l  recreational use 

Implementation o f  the planned 
water pollution abatement 
measures wi l l  result in a water 
quality sufficient t o  permit the 
assignment o f  an upgraded 
water use objective 

Implementation o f  the planned 
water pollution abatement 
measures wi l l  result i n  a water 
quality sufficient t o  permit the 
assignment o f  an upgraded 
water use objective 

The water use objectives 
designated "marginal aquatic 
l ife" and "limited fishery 
(intermediate and aquatic l ife)" 
were both incorporated as 
"limited fishery" under the 
areawide water quality 
planning effort. Bottom 
sediments and channel 
characteristics preclude 
ful l  recreational use 

Bottom sediments and 
channel characteristics 
preclude ful l  recreational use 

The water use objectives 
designated "marginal aquatic 
life" and "limited fishery" 
(intermediate aquatic l ife)" 
were both incorporated as 
limited fishery" under the 
areawide water quality 
planning effort. Bottom 
sediments and channel 
characteristics preclude 
ful l  recreational use 

Bottom sediments and 
channel characteristics 
preclude ful l  recreational use 



Table 3 (continued) 

Hoods Creek 

Watershed 

Root River 
(continued) 

lmplementation o f  the planned 
water pollution abatement 
measures wi l l  result i n  a water 
quality sufficient t o  permit 
the assignment o f  an upgraded 
water use objective 

Stream Identification 

Root River Canal downstream 
of the confluence o f  the east 
and west branches of the Canal 

Limited fishery and aquatic life, 
recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

I 
Source: SEWRPC. 

Water Use Objectives 
as Adopted by the Wisconsin 

Natural Resources Board i n  1976 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Sheboygan River Portions of the Onion River 
main stem within the Region 

Implementation o f  the planned 
water pollution abatement 
measures wi l l  result i n  a water 
quality sufficient t o  permit the 
assignment o f  an updated 
water use objective 

Water Use Objectives 
as Recommended by SEWRPC 

Limited fishery and aquatic 
life, limited recreational use, 
and minimum standards 

Marginal aquatic life, recreational 
use, and minimum standards 

Rationale for Change 
Recommended by SEWRPC 

Upstream pollutant discharges 
and bottom sediments and 
channel characteristics 
preclude the establishment 
and maintenance of 
a warmwater fishery and 
impede ful l  recreational use 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 



RECOMMENDED CHANGES TO WATER USE OBJECTIVES 
PREVIOUSLY ADOPTED BY THE SEWRPC IN WATER QUALITY-RELATED PLANS 

Watershed 

Fox River 

Stream Reach or Lake 

Genesee Creek from 
headwaters t o  confluence 
with Spring Creek 

Tributary t o  Sugar Creek i n  
Sections 19 and 20, 
Town of Spring Prairie 

Lake Geneva 

Buena Lake 

Echo Lake 

Kee Nong Go Mong Lake 

North Lake 

Peters Lake 

Silver Lake 
(Walworth County) 

Rationale for  Revision 

Field investigations indicate an 
existing trout population 

Field investigations indicate an 
existing trout population 

Field investigations indicate an 
existing trout population 

Analyses indicate that nutrient 
loads t o  the lake cannot as 
a practical matter be sufficiently 
reduced t o  prevent excessive 
aquatic plant growth which 
inhibits recreational use 

Analyses indicate that nutrient 
loads t o  the lake cannot as 
a practical matter be sufficiently 
reduced t o  prevent excessive 
aquatic plant growth which 
inhibits recreational use 

Analyses indicate that nutrient 
loads t o  the lake cannot as 
a practical matter be sufficiently 
reduced t o  prevent excessive 
aquatic plant growth which 
inhibits recreational use 

Analyses indicate that a com- 
bination o f  nutrient reduction 
measures and lake rehabilitation 
techniques can likely provide 
the potential t o  recreational 
use and the maintenance of 
a warmwater fishery 

Analyses indicate that a com- 
bination of nutrient reduction 
measures and lake rehabilitation 
techniques can likely provide 
the potential for recreational 
use and the maintenance o f  
a warmwater fishery 

Analyses indicate that a com- 
bination o f  nutrient reduction 
measures and lake rehabilitation 
techniques can likely provide 
the potential for recreational 
use and the maintenance of 
a warmwater fishery 

Previous 
SEWRPC-Recommended 

Water Use objectivea 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Restricted use and minimum 
standards 

Restricted use and minimum 
standards 

Restricted use and minimum 
standards 

Revised 
SEWRPC-Recommended 

Water Use Objective 

Trout fishery and aquatic life, 
recreational use, and 
minimum standards 

Trout fishery and aquatic life, 
recreational use, and 
minimum standards 

Trout fishery and aquatic life, 
recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, limited recreational use, 
and minimum standards 

Warmwater fishery and aquatic 
life, l imited recreational use, 
and minimum standards 

Warmwater fishery and aquatic 
life, limited recreational use, 
and minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 



Rationale for Revision 

Analyses indicate that the 
upgraded water quality 
condition can likely be 
achieved 

Analyses indicate that the 
upgraded water quality 
condition can likely be 
achieved 

Analyses indicate that nutrient 
loads cannot as a practical 
matter be sufficiently reduced 
t o  prevent excessive aquatic 
plant growth which inhibits 
recreational use 

Analyses indicate that nutrient 
loads cannot as a practical 
matter be sufficiently reduced 
t o  prevent excessive aquatic 
plant growth which inhibits 
recreational use 

Analyses indicate that nutrient 
loads cannot as a practical 
matter be sufficiently reduced 
t o  prevent excessive aquatic 
plant growth which inhibits 
recreational use 

Analyses indicate that nutrient 
loads cannot as a practical 
matter be sufficiently reduced 
t o  prevent excessive aquatic 
plant growth which inhibits 
recreational use 

Analyses indicate that nutrient 
loads cannot as a practical 
matter be sufficiently reduced 
t o  prevent excessive aquatic 
plant growth which inhibits 
recreational use 

Analyses indicate that the 
upgraded water quality 
conditions can likely be 
achieved 

Analyses indicate that the 
upgraded water quality 
conditions can likely be 
achieved 

Analyses indicate that the 
upgraded water quality- 
conditions can likely be 
achieved 

Analyses indicate that the 
upgraded water quality 
conditions can likely be 
achieved 

Analyses indicate that the 
upgraded water quality 
conditions can likely be 
achieved 

Stream reach has been lined 
with concrete, thereby reducing 
habitat for fish and aquatic 
life and reducing its potential 
fo r  recreational use 

Revised 
SEWRPC-Recommended 

Water Use Objective 

Limited fishery and aquatic life, 
l imited recreational use, and 
minimum standards 

Limited fishery and aquatic life, 
l imited recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, l imited recreational use, 
and minimum standards 

Warmwater fishery and aquatic 
life, l imited recreational use, 
and minimum standards 

Warmwater fishery and aquatic 
life, l imited recreational use, 
and minimum standards 

Warmwater fishery and aquatic 
life, limited recreational use, 
and minimum standards 

Wa mwater fishery and aquatic 
life, l imited recreational use, 
and minimum standards 

Limited fishery and aquatic 
life, l imited recreational use, 
and minimum standards 

Limited fishery and aquatic 
life, l imited recreational use, 
and minimum standards 

Limited fishery and aquatic 
life, limited recreational use, 
and minimum standards 

Limited fishery and aquatic 
life, l imited recreational use, 
and minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Limited fishery and aquatic 
life, limited recreational use, 
and minimum standards 

Watershed 

Kinnickinnic River 

Menomonee River 

Milwaukee River 

Stream Reach or Lake 

Kinnickinnic River 

Wilson Park Creek 

Menomonee River main stem 
from headwaters t o  USH 41 
(Stadium Freeway) 

Little Menomonee River 

Butler Ditch 

Little Menomonee Creek 

Underwood Creek upstream of 
Watertown Plank Road 

Underwood Creek downstream 
of Watertown Plank Road 

Menomonee River main stem 
from USH 41 (Stadium 
Freeway) t o  Fal k Corporation 
Dam 

Honey Creek 

Lincoln Creek upstream of  
Green Bay Road 

Lincoln Creek downstream of 
Green Bay Road 

Indian Creek upstream of  
IH  43 

Table 4 (continued) 

Previous 
SEWRPC-Recommended 

Water Use objectivea 

Restricted use and minimum 
standards 

Restricted use and minimum 
standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Restricted use and minimum 
standards 

Restricted use and minimum 
standards 

Restricted use and minimum 
standards 

Restricted use and minimum 
standards 

Restricted use and minimum 
standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 



Table 4 (continued) 

a The previous SEWRPC-recommended water use objectives were presented i n  SEWRPC Planning Reporr No. 16, A Regional Sanitary Seweraqe Svstem Plan for 
Southeastern Wisconsin, for al l  watersheds except the Menornonee River watershed. For  the Menomonee River watershed, the water use objectives were presented 
in SEWRPC Planning Report No. 26, A Comprehensive Plan for the Menomonee River Watershed. 

Source: SEWRPC. 
I 

Watershed 

Milwaukee River 
(continued) 

Minor Streams 
Tributary t o  
Lake Michigan 

Rock River 

Root River 

Stream Reach or Lake 

Mud Lake 

Pike Creek 

Sucker Creek estuary 

Crooked Lake 

Root River main stem from 
headwaters t o  W. Layton 
Avenue 

Root River Canal 

Previous 
SEWRPC-Recommended 

Water Use objectivea 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Restricted use and minimum 
standards 

Warrnwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Revised 
SEWRPC-Recommended 

Water Use Objective 

Limited fishery and aquatic 
life, l imited recreational use, 
and minimum standards 

Warmwater fishery and aquatic 
life, recreational use, and 
minimum standards 

Salmon spawning fishery and 
aquatic life, recreational use, 
and minimum standards 

Warmwater fishery and aquatic 
life, l imited recreational use, 
and minimum standards 

Limited fishery and aquatic 
life, l imited recreational use, 
and minimum standards 

Limited fishery and aquatic 
life, l imited recreational use, 
and minimum standards 

Rationale for Revision 

The bog conditions i n  Mud Lake 
preclude the maintenance of 
a warmwater fishery and most 
recreational uses 

Analyses indicate that the 
upgraded water quality 
conditions can likely be 
achieved 

Salmon are regularly found in 
Sucker Creek during the 
spawning season 

Analyses indicate that nutrient 
loads t o  the lake cannot as 
a practical matter be sufficiently 
reduced to  prevent excessive 
aquatic plant growth which 
inhibits recreational use 

Stream reach is committed t o  be 
channelized. thereby reducing 
habitat for fish and aquatic l ife 
and reducing its potential for 
recreational use 

Analyses indicate that the 
levels o f  water quality required 
t o  support recreational use and 
the maintenance of a warmwater 
fishery probably cannot be 
achieved as a practical matter 



Chapter I11 

ANTICIPATED GROWTH AND CHANGE 

INTRODUCTION 

Change is one of the basic characteristics of the modem 
world, and urban growth, decay, and renewal are among 
the most important aspects of this change. No nation, 
state, or region which participates in modem life can 
escape the effects of urban change; and no part of daily 
life can avoid being influenced in some way by forces 
rooted in this complex process. Changes in population 
size, composition, and distribution; in economic activity 
and employment levels; in personal income and public 
financial resources; and in land use are all inevitable and 
all have the potential to affect water quality within the 
Region. Volume One, Chapter 111 of this report presented 
data which described the changes in these factors that 
have occurred over the recent past within southeastern 
Wisconsin. This chapter presents the results of attempts 
to forecast the probable magnitude and direction of 
anticipated changes in these factors, and thereby to  
provide a basis for the development of a regional water 
quality management plan. It should be noted that the 
forecast population and planned land use data for the 
year 2000 used in preparation of the regional water 
quality management plan are common to the data used in 
the preparation of the Commission's regional land use 
and transportation plans, as well as to other functional 
elements of the comprehensive regional plan for south- 
eastem Wisconsin, including the regional air quality 
attainment and maintenance plan. 

In any consideration of forecasts, it is important to 
understand the basic concepts underlying forecasting 
methodology in general, the methods used to prepare 
the forecasts under consideration in particular, and the 
consequent limitations of these forecasts. Therefore, the 
methodologies and assumptions used in the preparation 
of the forecasts presented herein are briefly described. 

Many methods have been developed for forecasting 
change in a region, such as southeastern Wisconsin. Some 
of these methods are quite simple. Some are highly 
complex. But all are ultimately based upon historical 
experience and, in general, rely on a combination of 
mathematical formulation and professional judgment to 
analyze this experience and project it into the future. 
The principal difference between or among any of the 
forecasting methods is generally reflected in the differing 
emphasis upon these two basic elements. At one extreme, 
a method may involve little or no mathematical formula- 
tion and may depend almost entirely upon the exercise 
of professional judgment by a person or by a group of 
persons. Because the variables entering into these fore- 
casts are most often not clearly defined, even in the 
minds of their authors, such forecasts are generally not 
capable of reduction to a precise procedure which can 

be expressed mathematically. At the other extreme, 
a method may depend almost entirely upon mathematical 
formulation and require little exercise of professional 
judgment. Such forecasts, founded as they are in a precise 
procedure, may be readily replicated once the rules of 
the procedure are established. These procedural rules may 
be called forecasting models, and, if expressed in mathe- 
matical terms, may be designated as mathematical fore- 
casting models. 

I t  is important to understand that the forecasts based 
upon mathematical forecasting models are not necessarily 
more accurate than forecasts based largely upon experi- 
enced professional judgment. Forecasts based upon 
models, however, have two great advantages: they require 
that the underlying assumptions be explicitly stated; and 
they permit the effects of differing underlying assump- 
tions to be quantitatively determined. To date, no single 
mathematical or judgmental method of forecasting any 
of the basic components of regional change has proven 
to be more accurate than any other. For this reason, it is 
generally unwise to rely on the results of a single method 
of forecasting, but to  utilize, if possible, a number of 
methods; compare the results; and then, after careful 
consideration of any differences, select the "best" esti- 
mate utilizing the most experienced professional 
judgment available. As measurements of the actual 
magnitude of change become available in the future, the 
forecasting methods can be evaluated by comparing the 
deviation of the observed magnitude of change from the 
original "best" estimates obtained by alternative methods. 
This evaluation procedure permits assessment of the 
validity of the assumptions incorporated into the differ- 
ent forecasting methods and results in refinement of 
these methods. This procedure has generally been fol- 
lowed in the preparation of forecasts for the regional 
water quality management plan. It should be noted that 
many of the basic forecasts presented herein-particularly 
the demographic, economic, and land use demand fore- 
casts-were initially prepared by the Commission under 
the regional land use and transportation planning efforts? 

'See SEWRPC Technical Report No. 11, The Population 
of Southeastern Wisconsin, December 1972; SE WRPC 
Technical Report No. 10, The Economy o f  Southeastern 
Wisconsin, December 1972; and SEWRPC Planning 
Report No. 25, A Regional Land Use Plan and a Regional 
Transportation Plan for Southeastern Wisconsin: 2000, 
Volume One, Inventory Findings, April 1975, and 
Volume Two, Alternative and Recommended Plans, 
May 1 9 78. 



The use of these basic forecasts herein helps assure full 
coordination of the Commission land use and transpor- 
tation planning efforts with the areawide water quality 
management planning efforts. 

In any consideration of forecasts, it must be recognized 
that no one can "predict" the future and that all fore- 
casts, however made, involve uncertainty and, therefore, 
must always be used with great caution. Forecasts cannot 
take into account events which are unpredictable, but 
which may have a major effect upon future conditions. 
Such events include wars; epidemics; major social, 
political, and economic upheavals; and radical institu- 
tional changes. Moreover, both public and private 
decisions of a less radical nature than the foregoing can 
be made which may significantly affect the ultimate 
accuracy of any forecast. The very act of preparing fore- 
casts which present a distasteful situation to  society 
may lead to actions which will negate those forecasts. 
For these reasons, forecasting, like planning, must be 
a continuing process. As otherwise unforeseeable events 
unfold, forecast results must be revised and, in turn, plans 
which are based on such forecasts must be reviewed and 
revised accordingly. 

Population 
The basic procedure followed in the preparation of the 
regional population forecasts presented herein can be 
summarized in the following steps: 

1. Independent projections were made of the 
regional population to the year 2000 by four 
different demographic techniques. These included 
a regression technique, which converted indepen- 
dently prepared national population projections 
to regional projections; a technique of projecting 
population developed by C. Horace Hamilton 
and Josef Perry;3 a basic cohort survival tech- 
nique; and a modified cohort survival technique. 

2 ~ n  planning practices, it is conventional t o  distinguish 
between "projections" and "forecasts." The former term 
refers to  the result o f  the application o f  techniques in 
which facts about population, employment,  or other 
factors are used t o  make conditional statements about 
such factors at  later points in time. These projections 
imply continuation o f  a stated set o f  trends. A n  uncon- 
ditional assertion about a future condition is formally 
termed a forecast. Completely unconditional assertions 
are, however, seldom, i f  ever, made for planning pur- 
poses. Hence, the term "forecast" as used herein refers 
t o  population and employment projections used as 
inputs t o  nondemographic and noneconomic aspects 
of plan preparation. 

The  Hamilton-Perry projection technique has only one 
broad albeit important assumption; that is, that the 
age-specific rates o f  fertility, mortality, and migration 
which operated during the base period of the projection 
will continue unchanged during the projection period. 

Utilizing the basic cohort survival technique 
alone, 15 population projections were prepared, 
each based upon different assumptions concern- 
ing trends in fertility and migration rates. 

2. The separate population projections were con- 
verted to employment projections, and indepen- 
dently prepared employment projections were 
converted to population projections based on an 
analysis of the relationship between total regional 
population and employment. 

2. A single "best" set of population estimates 
was then selected from the complete array 
of projections. This selection was made on 
the basis of an analysis of the distribution of 
the array of projections supplemented by the 
judgment of the Commission staff and Com- 
mission advisory committees. 

The above procedure produced a forecast of total 
resident population for the Region to the year 2000. 
Estimates of the future age and sex characteristics of 
the regional population were provided by the cohort 
survival computation and its attendant assumed fertility, 
mortality, and migration rates which produced the 
selected population forecast. Estimates of the future 
number of households and average household size of the 
regional population were developed on the basis of 
historic trend information. 

Employment 
To forecast economic activity and, more particularly, 
employment within the Region, individual employment 
projections were made for each of the dominant and 
subdominant industry groups within the Region. These 
employment projections were summed, together with the 
projections of the remaining employment, to arrive at 
a total employment projection for the Region in the 
year 2000. 

For each dominant and subdominant industry group, 
a range of employment was projected for the year 2000 
from a series of inputs which included: 

1. An analysis of historic trends of selected char- 
acteristics for each industry group including 
employment, value added by manufacture, 
average hourly earnings, and indices of indus- 
trial production. 

2. An extrapolation of the employment trends in 
each industry group in the Region from 1950 
to 1970. 

3. A multiple regression analysis of national, east 
north-central states, Wisconsin, and regional 
employment in each industry group from 1950 
to 1970. 

4. A questionnaire survey of 165 manufacturing 
firms in the Region. 



5. Industry outlooks to 1980 as published by the 
U. S. Department of Commerce. 

6. Unpublished forecasts to the year 2000 of 
national and east north-central states employment 
by industry group grepared by the National 
Planning Association. 

7. Recent studies of regional business attitudes 
published by the Bureau of Business Research 
of the University of Wisconsin. 

8.  Work force industry projections to the year 1980 
published cooperatively by the state government. 

From the range of projections so provided, a final regional 
employment forecast was selected by the Commission 
staff and Commission advisory committees for use in 
the reevaluation of the adopted plans. It should be 
emphasized that the forecast employment levels pre- 
sented herein are intended to reflect long-term trends 
and do not presume to account for variations caused by 
short-term changes in the business cycle. 

Land Use 
The projection of land use demand as set forth herein is 
concerned with total regional land use needs regardless 
of spatial distribution, and is not to be confused with 
the recommendations for land use contained in the 
regional land use plan. The regional projections of land 
use demand are based upon projections of historic trends 
in land use development. These trend projections were 
used in the land use plan design process as a point of 
departure, but the adopted land use plan seeks to modify 
the future land use conditions from those projections. 

The projections of total land use demand to the year 
2000 were accomplished by determining the actual 
average annual change in land use in each of eight major 
land use categories over the period 1963 through 1970. 
This average annual change was then projected to the 
year 2000, and the change in each of the land use cate- 
gories so calculated for the 1970 to 2000 period was 
added to or subtracted from the 1970 existing land use 
to obtain the regional total land use demand for the 
year 2000. 

4 ~ h e  National Planning Association is a priuate, non- 
profit, research organization made u p  of various standing 
committees composed of leaders from different specialties 
and fields. The Association issues policy statements on  
matters o f  public concern and disseminates a variety of 
data, including demographic and economic forecasts o n  
both a national and regional basis. 

Public Financial Resources 
The methodology used in forecasting the probable future 
level of public financial resources available for plan imple- 
mentation was based upon an extrapolation of historic 
trends. The forecasts, therefore, do not take into account 
the effects of any potential changes in the manner in 
which the revenues are collected and allocated. Desirable 
as it might be to anticipate significant future realignments 
in the amounts and sources of the revenues and incor- 
porate the anticipated effects of such realignment into 
the forecasts, it is not possible to do so in the absence of 
knowledge about the exact change to be introduced into 
the system and the time at which such a change is imple- 
mented. Two basic forecasts of public expenditures were 
prepared for the water quality management plan. A fore- 
cast was made of the total local government expenditures 
which may be expected to occur within the Region over 
the planning period, and a forecast was made of the total 
water quality management-related expenditures which 
may be reasonably expected to be made within the 
Region. Total local government expenditures (excluding 
school districts) were forecast as follows: historic expen- 
ditures from all sources were first adjusted to  constant 
1976 dollars by using the Consumer Price Index (CPI) 
for all items in the Milwaukee area as compiled by the 
U. S. Department of Labor, Bureau of Labor Statistics. 
The following assumptions concerning the future rates 
of change in total local government expenditures were 
then examined : 

1.  Assumed continuation of the historic trends 
in the percentage annual change in total expen- 
ditures from 1960 through 1972 using an 
exponential curve to  approximate and extend 
the data series. 

2. Assumed continuation of the historic trends in 
the percentage annual change in per capita 
expenditures from 1960 through 1972 using an 
exponential curve to  approximate and extend 
the data series. 

3. Assumed continuation of the historic trends 
in the percentage annual change in total 
expenditures from 1960 through 1975 using 
an exponential curve to approximate and extend 
the data series. 

4. Assumed continuation of the historic trends in 
the percentage annual change in per capita 
expenditures from 1960 through 1975 using an 
exponential curve to  approximate and extend the 
data series. 

5. Assumed continuation of the historic trends in 
the absolute annual change in per capita expendi- 
tures from 1960 through 1972 using linear regres- 
sion techniques to  identify and extend the 
historic trend line from the existing data. 

6. Assumed continuation of the historic trends in 
the absolute annual change in per capita expen- 
ditures from 1960 through 1975 using linear 



regression techniques to identify and extend the 
historic trend line from existing data. 

7. Assumed continuation of the historic trends in 
the absolute annual change in total expenditures 
from 1960 through 1972 using linear regression 
techniques to identify and extend the historic 
trend line from existing data. 

8. Assumed continuation of the historic trends in ' 

the absolute annual change in total expenditures 
from 1960 through 1975 using linear regression 
techniques to identify and extend the historic 
trend line from existing data. 

9. Assumed continuation of the historic trends in 
the absolute annual change in per capita expen- 
ditures from 1970 through 1975 using linear 
regression techniques to identify and extend the 
historic trend line from existing data. 

No attempt was made to identify the percentage annual 
growth trend in per capita expenditures from 1970 to 
1975 since a scatter diagram or plot of these existing 
data points indicated a pattern inappropriate to this form 
of analysis. 

Total water quality management-related expenditures 
were forecast to the year 2000 simply by calculating the 
historic ratio of such expenditures to total expenditures, 
and applying this ratio to forecast total expenditures. 
Since water quality expenditures, as a proportion of total 
local government expenditures, have remained relatively 
stable over the period of record, this technique was 
deemed a reasonable one. 

POPULATION FORECASTS 

Background 
In the 120-year period from 1850 to 1970, the resident 
population of the Region increased more than 14-fold. 
This represents an average annual growth rate of 2.6 per- 
cent, slightly greater than that of the State of Wisconsin 
and nearly double that of the United States over the same 
period. The regional population growth rate, however, 
has decreased in recent years. From 1960 to 1970, the 
resident population of the Region increased by only 
1.2 percent annually, the second lowest population 
growth rate over any decade since 1850. Only the decade 
from 1930 to 1940 showed a slower annual rate of 
population growth-0.6 percent-reflecting the effects of 
the severe national economic depression of that decade. 

Regional population increases since 1940 have been 
principally due to natural increase, one of the two major 
components of population change. Natural increase 
accounted for 67 percent of the total population increase 
within the Region from 1950 to 1960 and all of the 
population increase from 1960 to 1970. Migration 
accounted for 33 percent of the growth from 1950 to 
1960. From 1960 to 1970, however, this migration 
pattern reversed itself and a net population out-migration 
from the Region occurred. 

During the first three decades of the 1900's, the highest 
rates of population growth occurred in the now-urban 
counties of Kenosha, Milwaukee, and Racine. Since 
1930, however, the highest rates of population increase 
have occurred principally in the suburban and rural 
counties of Ozaukee, Washington, and Waukesha. The 
40-year trend of population decentralization from 
the urban centers to  the suburban and rural areas of 
the Region has important implications for both land 
use and water quality management planning since the 
changing demands for public facilities and services, 
including sewerage facilities and services that result 
from this population shift, will affect both the older 
urban centers and the suburban and rural-urban fringe 
areas of the of the Region. 

Regional population increases over the last two decades 
have been accompanied by significant changes in the age 
structure of the population. From 1950 to 1960 rapidly 
rising birth rates and declining death rates resulted in 
increases in the proportion of the regional population 
made up of persons under 20 years of age and 65 years 
of age and older, while the "labor force" segment of the 
population, from 20 to 64 years of age, actually declined 
by more than 8 percent. From 1960 to 1970, however, 
declining birth rates resulted in a decrease in the propor- 
tion of the total regional population made up of persons 
under 10 years of age and an increase in the proportion 
of the population made up of persons 20 to 64 years of 
age. The proportion of the population 65 years of age 
and older increased by 1 percent from 9 percent of the 
total population in 1960 to 10  percent in 1970. 

One population characteristic of particular importance 
to land use and therefore to water quality management 
planning is the number and size of households. From 
1950 to 1970 the total number of households in the 
Region increased faster than did the total population 
residing in households, resulting in a decline in average 
household size from 3.4 persons per household in 1950 
to 3.3 in 1960 and to 3.2 in 1970. This decline in the 
average number of persons per household is due in part 
to the dramatic increases in the number of one-person 
households and to the rapidly declining birthrates since 
the mid-1960's. 

Probable Future Population Levels 
The various population proiections prepared by applica- - - -  
tion of the techniques described earlier in this chapter 
ranged from a high of 3.8 million persons to a low of 
1.9 million persons for the Region in the year 2000 (see 
Table 5). Based upon consideration of the assumptions 
concerning birth, death, and net migration rates inherent 
in these projections, and upon comparisons of these 
projections to  independently prepared employment 
forecasts, the probable range of the future resident popu- 
lation level of the Region was established at between 
1.9 and 2.4 million persons by the year 2000. Within 
this range, a forecast level of 2.2 million persons was 
finally selected by the Commission staff and advisory 
committees as the basis for preparation of a new year 
2000 regional land use plan and supporting public facili- 
ties plan, including the areawide water quality manage- 



PROJECTED REGIONAL POPULATION IN THE 
YEAR 2000 USING VARIOUS COMBINATIONS OF 

FERTILITY AND MIGRATION ASSUMPTIONS 

a Current refers to 1970 fertility and mortality rates and to 1960-70migra- 
tion rates. 

Projection 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Selected by Commission staff and advisory committees as the probable 
upper l imit of re~rionalpopulation irj 2000. 

Selected by Commission staff and advisory committees as the best fore- 
cast of regional population in  2000. 

Fertility and M~gration Assumptions 

Contlnuation of currenta fert i l~ty and mortality 
rates to 2000; migration rates at 195060 
level. 

Reduction in fertility to replacement level 
from 1975 to 2000; migration rates at 

1950-60 level; current mortality. 
Continuation of current fertility and mortality 

rates to 2000; migration rates at 1950-70 
level. 

Reduction In fertility to replacement level 
from 1975 to 2000; migration rates at 

1950-70 level; current mortality. 
Continuation of current fertility and migration 

rates through 1980, then replacement level 
fertility to 2000; migration rates between 
the current and the 1950-70 levels to 2000; 
current mortality. 

Cont~nuation of current fertility, mortality. 
and migration rates to 2000. 

Continuation of current fertility rates to 
1985 then replacement level fertility to 
2000; continuation of current mortal~ty 
and migration rates to 2000. 

Contlnuat~on of current fert i l~ty rates to 
1980, then replacement level fert~l i ty 
to 2000; continuation of current 
mortality and m~gration rates to 2000. 

Reduction in fertility rates to replacement 
level from 1975 to 2000; continuation of 
current mortality and migration rates. 

Reduction in fertility rates to  below 
replacement level from 1975 to 1985, 
then replacement level fertility to 2000; 
reversal of net out-migration of the 1960's 
to net in-migration from 1970 to 2000; 
current mortality. 

Continuation of current fert~l i ty and migration 
rates to 1985, then replacement level 
fertility and no m!gration to 2000; 
current mortality. 

Continuation of current fertility and mortality 
rates to 2000; no migration. 

Reduction in fertility to below replacement 
level from 1975 to 1985, then replacement 
level fertility to 2000; slowdown in the 
out-migration of the 1960's to a slight 
net in-migration by 2000; current mortality. 

Reduction in fertility rates to replacement 
level from 1975 to 2000; continuation of 
current mortality rates; no migration. 

Reduction In fert i l~ty to below replacement 
level from 1975 to 1985, then replacement 
fertility to 2000;continuat1on of current 
out-migration and current mortality. 

Selected by  Comm,ssion staff and advisory committees as the probable 
lower l imit of regional population in 2000. 

2000 
Population 

3,756,400 

3,532,000 

3,167,700 

2,968,400 

2,701,700 

2.684.1 00 

2,590,100 

2,560,300 

2,506,800 

2,427,000~ 

2,380,800 

2,338,300 

2,219,300~ 

2,175,200 

1,971,800~ 

Source: SEWRPC. 

ment plan. This forecast population level is based on an 
assumed reduction in the age-specific fertility rates to 
below replacement level by 1985 and then a gradual 
increase to replacement level from 1985 to the year 
2000, and on an assumed halt of regional out-migration 
by 1985 with no substantial net in- or out-migration 
occurring thereafter. 

The assumptions of this forecast appear reasonable in 
light of recent trends in birthrates and expected fertility, 
and in light of the anticipation that out-migration should 
soon reach its limit due to fundamental changes in the 
components of migration. In the past, migration was 
largely characterized by rural people moving into urban 
areas of the eastern, north-central, and midwestern states. 
This rural pool of potential migration has effectively 
disappeared, however, and migration is presently char- 
acterized by a shift of population from the mature 
industrialized areas of the eastern, north-central, and 
midwestern states to the southern and western states in 
response to  the newly developing industrial economies 
there, with the attendant creation of economic and job 
opportunities. In time, that shift may be expected to 
diminish as the unit labor costs in the southern and 
western states approach those existing in the north- 
eastern, north-central, and midwestern states, and as 
the growing environmental and developmental problems 
of the southern and western states begin to increase the 
costs associated with further urban development there. 

Using the overall regional population forecast as a control 
total, individual population forecasts were developed 
for each of the seven counties comprising the Region. 
Specific assumptions about migration, fertility, and 
mortality were developed for each individual county 
based upon historical trends in that county and assump- 
tions about future trends. For this reason, the assump- 
tions vary between and among the individual counties. 
The assumptions of the forecasting model were then 
iteratively refined until the county forecasts summed 
to the regional forecast. This procedure is advantageous 
in that it permits the regional forecast to  be used as 
a control on the county forecasts. Theoretically, the 
potential relative error of a regional population forecast 
should be less than the potential relative error of 
a county population forecast, since the assumptions 
about future migration, fertility, and mortality can be 
less specific at the regional level and since the Region 
affords a larger base population upon which to make 
a forecast. The net effect of developing the county fore- 
casts within the constraints of the regional forecast 
should be to reduce the potential relative error of the 
individual county population forecasts. 

As shown on Table 6, the Region's forecast population 
for the year 2000 represents an increase of about 
429,400 persons, approximately 24 percent over the 
1975 estimated regional population of 1,789,900 persons. 
Generally, the revised county population forecasts indi- 
cate continued rapid population growth in Ozaukee, 
Washington, and Waukesha Counties, with slower rates of 
population growth in Kenosha, Racine, and Walworth 
Counties. Milwaukee County, currently experiencing 



Table 6 

REGIONAL POPULATION FORECAST BY COUNTY: 1970-2000 

a These figures represent final 1970 Census of Population and Housing county totals after all adjostments and reallocations have been made by 
the Census Bureau. As such, these totals may not agree with county population totals shown in other tables in this publication. Adjusted 
population totals give no information about the social and economic characteristics of the reallocated population, making i t  impossible to 
recompile tables of  population characteristics to reflect adjusted totals. However, in no county in the Southeastern Wisconsin Region does the 
final county population total differ from the preliminary county population total by more than 0. I percent. This is not sufficient to affect 
the reliability of any table containing the preliminary population totals. 

County 

Kenosha . . . . 
Milwaukee. . . 
Ozaukee . . . . 
Racine. . . . . . 
Walworth. . . . 
Washington . . 
Waukesha. . . . 

Region 

These figures represent the final 1975 Wisconsin Department o f  Administration estimates. 

Source: U. S. Bureau of  the Census, Wisconsin Department o f  Administration, and SEWRPC. 

Population 

a population decline, would continue to lose population 
until about 1980, when its population would be expected 
to stabilize and then to begin increasing. The population 
increase forecast between 1980 and 2000, however, is 
not expected to fully offset the decrease forecast for the 
1970 to 1980 decade, resulting in a small absolute decline 
of 4,700 persons between 1970 and 2000. Washington 
and Ozaukee Counties are expected to show the largest 
relative population gain, increasing by 124 percent and 
109 percent, respectively, from 1970 to 2000. 

The population forecast envisions a significant decline 

Estimated 

in the overall rate of population growth within the 
Region over the next two to three decades. Additionally, 
the age and sex composition of the regional population 
is expected to  change in accordance with anticipated 
declines in birthrates and changes in migration patterns. 

1 970a 

117,917 
1,054,249 

54,461 
170,838 
63,444 
63,839 

23 1,338 

1,756,086 

The number of males in the population is expected to  
increase at a slightly slower rate-26 percent-than the 
number of females-29 percent-with the resulting expec- 
tation that the ratio of males to females will decline from 
0.943 in 1970 to 0.922 by 2000. Expected changes in 
the age composition of the population of the Region are 
presented in Figure 1 and can be summarized as follows: 

1 975b 

126,651 
1.01 2,536 

64,932 
178,916 
67,511 
76,579 

262,746 

1,789,871 

Forecast 

1. The age group from 0-4 years of age, representing 
the preschool population, is expected to  increase 
from about 152,000 persons in 1970 to nearly 
161,000 persons in the year 2000, an increase 
of 9,000 persons, or 6 percent, over the fore- 
cast period. 

Difference: 1970-2000 

1980 

139,200 
1,014,500 

76,200 
185,600 
74,700 
90,900 

292,300 

1,873,400 

2. The age group from 5-14 years of age, represent- 
ing the elementary school age population, is 
expected to decrease from about 367,900 persons 
in 1970 to about 337,300 persons by the year 
2000, a decrease of about 30,600 persons, or 
8 percent, over the forecast period. 

Number 

56,883 
- 4,649 
59,539 
46,862 
36,156 
79161 

189,262 

463,214 

3. The age group from 15-19 years of age, represent- 
ing the high school age population, is expected 
to decline from about 162,200 persons in 1970 
to about 151,700 persons by the year 2000, 
a decrease of about 10,500 persons, or 6 percent, 
over the forecast period. 

Percent 

48.2 
- 0.4 

109.3 
27.4 
57.0 

124.0 
81.8 

26.4 

1990 

159,900 
1,022,200 

97,400 
203,600 

86,600 
117,600 
356,600 

2,043,900 

4. The age group from 20-64 years of age, represent- 
ing the working age population of the Region, is 
expected to increase from about 894,600 persons 

2000 

174,800 
1,049,600 

1 14,000 
217,700 

99,600 
143,000 
420,600 

2,219,300 



in 1970 to about 1,296,400 persons by the year 
2000, an increase of about 401,800 persons, or 
45 percent, over the forecast period. 

5. The age group 64 years of age and older, repre- 
senting the elderly population of the Region, is 
expected to increase from about 168,700 persons 
in 1970 to about 272,900 persons by the year 
2000, an increase of about 104,200 persons, or 
62 percent, over the forecast period. 

These forecast changes in the age and sex composition 
of the population have important implications for land 
use and, therefore, water quality management planning. 
Initially, these expected changes in population character- 
istics indicate a reduced need for new school facilities 
at all levels of education, the reduced need reflecting the 
expected decline in fertility rates from 1970 to 1985, 
and the maintenance of replacement fertility rates there- 
after. Forecast age changes indicate that the labor force 
may be expected to increase substantially, and will 
contain a larger percentage of persons between the ages 
of 30 and 54 years of age. Accordingly, the number of 
persons who will be seeking work within the Region may 
be expected to  increase substantially, as will the need to 
provide jobs for these persons. Finally, these changes 
indicate that the segment of population over 64 years 
of age, both in the next 30 years and later as the large 
working population grows older, may be expected to 
show the largest relative increase of all age groups, 
indicating a general aging of the population which will 
bear upon the demand for housing over at least the 
next 25 years. 

Along with the forecast increases in population will 
come increases in the number of households in the 
Region. Forecasts of increases in the number of house- 
holds have particularly important implications for land 
use and, therefore, water quality planning, since it is 
the household population which creates much of the 

demand for the various land use categories and support- 
ing facilities and services. As shown in Table 7, the 
number of households in the Region is expected to  
increase from about 536,500 in 1970 to about 747,700 
by 2000, an increase of about 39 percent. Implicit 
in the forecast are the assumptions that the same pro- 
portion of the total population will reside in households 
in 2000 as did in 1970, and that average household size 
will continue to decline from its 1970 level. These 
assumptions are based on an extrapolation of past trends 
in these population characteristics. The forecast reduc- 
tion in average household size reflects the assumption 
that crude birthrates in the forecast period will remain 
substantially below the pre-1970 rates. This forecast 
increase in the number of households within the Region 
by 2000 can be expected to  manifest itself in part in an 
increased demand for housing. 

Figure 1 

PERCENT CHANGE I N  POPULATION OF THE REGION 
BY SELECTED AGE GROUP: 1970-2000 

PRESCHOOL 
AGES 0 - 4  

I 1 51 Y'ElRJ OF ALE 

I 

I 
1 

A h n  0-3ER 

TOTAL POPULATION 

-20  0 2 0  4 0  6 0  8 0  

PERCENT 

Source: U. S. Bureau of the Census and SEWRPC. 

Table 7 

ESTIMATED AND FORECAST HOUSEHOLDS I N  THE REGION BY COUNTY: 1970-2000 

Number Persons Number 
of 

Households 

42,800 
358.900 

21,200 
55.100 
22.000 
25,300 
80,200 

Household 
Population 

156,860 
997.671 

96.558 
198.963 
79.81 1 

1 16,344 

Persons 

Population Household 

171,466 3.02 
1,024,335 2.56 

113,012 3.48 

91,768 3.04 
141,468 3.34 
412,149 3.50 

2,166,925 2.90 

Source. U. S. Bureau of  the Census and SEWRPC. 



As shown in Table 8 and Figure 2, the regional popu- 
lation is expected to increase by about 27 percent over 
the forecast period, from 1.76 million persons in 1970 
to  2.22 million persons by the year 2000. The regional 
population growth rate will thus be somewhat higher than 
that expected for the nation-24 percent-and somewhat 
lower than that expected for the State-32 percent-over 
the same period. A slower rate of population growth in 
the Region than in the State would represent a departure 
from historic trends, and is indicative of the higher rates 
of population growth expected in outlying areas of the 
State-particularly in the northern and western counties. 

EMPLOYMENT FORECASTS 

Background 
Population and employment levels in the Region have 
historically followed quite similar patterns because 
population migrations between geographic areas are 
largely dependent upon the availability of jobs in these 
areas. The rapid historic growth of population in the 
Region, therefore, may be attributed in part to the 
increasing economic activity in the Region since the early 
1900's. During the last two decades, significant changes 
in the distribution of economic activity within the 
Region have occurred as economic activity has decen- 
tralized from locations in the long-established urban 
areas to new suburban and rural locations. This trend is 

consistent with population movements over these past 
two decades and characterizes the highly diffuse nature 
of recent urban development within the Region. 

The labor force in the Region increased from 540,000 
persons in 1950 to 638,700 persons in 1960, an increase 
of 1 8  percent. This growth rate was greater than that for 
both the State and the nation during this period. From 
1960 to 1970 the regional labor force grew by another 
17 percent to 744,500 persons, a growth rate slower 
than that for both the State and nation during this 
period. Between 1970 and 1975 the regional labor force 
expanded by an additional 87,000 persons, or by about 
12 percent, to the 1975 level of 831,500. This growth 
rate was again less than that of both the State and nation 
during this same period. The number of jobs in the 
Region increased from 552,700 in 1950 to 647,900 in 
1960, 741,600 in 1970, and 779,000 in 1975. 

Economic activity within the Region is heavily con- 
centrated in capital goods manufacturing. In 1970 the 
manufacturing sector of the economy represented 34 per- 
cent of the total jobs in the Region. By 1975 manufac- 
turing employment had decreased to about 32 percent 
of the total jobs, but remained the dominant economic 
activity within the Region. Other important sectors of 
the economy include private services, which remained 
stable at about 27 percent of the total employment in 

Figure 2 
Table 8 

POPULATION PROJECTIONS AND FORECASTS FOR THE 
REGION, WISCONSIN, AND THE UNITED STATES: 1970-2000 

a SEWRPC projections. 

Year 

1970 
1980 
1990 
2000 

Percent Difference 

1970-2000 

Wisconsin Department of Administration, Wisconsin Population 
Projections, Third Edition, June 1975. 

Figures include armed forces abroad and are Series Vprojections 
with immigration, published by the U. S. Bureau of  the Census 
in Current Population Report Series P-25, No. 480, April 1972. 

Population 

(in thousands) 

Source: U. S. Bureau of the Census, Wisconsin Department o f  
Administration, and SEWRPC. 

I?egiona 

1,756 
1,873 
2,044 
2,219 

26.4 

COMPARISONS OF POPULATION PROJECTIONS 
AND FORECASTS FOR THE REGION, WISCONSIN, 

A N D  THE UNITED STATES: 1970-2000 

wisconsinb 

4,418 
4,820 
5,384 
5.84 1 

32.2 

0 1910 1975 1980 1985 1990 1995 2 0 0 0  0 

YEAR 

Source: U. S. Bureau of the Census, Wisconsin Department of 
Administration, and SEWRPC. 

250.000 

United statesC 

204,800 
220,664 
237,678 
254,502 

24.3 

UNITED STATES 

i 
- 2 5 0 , 0 0 0  



the Region in 1970 and 1975, and trade, which increased 
from 19 percent of total employment in 1970 to more 
than 20 percent in 1975. The largest relative change in 
employment occurred in the government and educational 
services sector, which increased by almost 20 percent 
between 1970 and 1975. This trend of declines in regional 
manufacturing jobs and increases in jobs in the public 
and private services reflects national trends of increased 
demand for consumer goods and services, as well as the 
decentralization of manufacturing activity away from 
the older manufacturing belt in the northeast and north- 
central parts of the nation to the developing industrial 
economies in the southeastern and western parts of the 
country. Overall employment in the Region increased by 
more than 37,000 jobs, or by about 5 percent, between 
1970 and 1975; however, 1975 was an atypical year 
since the nation, State, and Region were then in 
the midst of an economic recession which severely 
reduced employment. 

Future Employment 
Under the conditions and assumptions discussed in 
SEWRPC Technical Report No. 10, The Economy of 
Southeastern Wisconsin, December 1972, employment 
in the Region by the year 2000 was projected to range 
from 994,500 to 1,101,400 jobs. From this range a fore- 
cast regional employment level of 1,048,000 jobs was 
selected. This forecast employment total was then 
allocated to the seven counties of the Region based upon 
an extrapolation of employment trends in each county 
over the period 1950 through 1970. Monitoring of 
employment levels from 1971 to 1974 and comparison 
of those levels against the forecast, particularly at  the 
county level, led to a reevaluation of the employment 

forecast with respect to both changing trends in the 
individual county employment patterns and the forecast 
changing population characteristics noted in the preced- 
ing section of the chapter on future population. 

In light of the most recent population forecasts, which 
pointed to a reduction from previously forecast levels 
in the number of school-age children, it was determined 
that forecast employment in the educational services 
category was perhaps too high. Accordingly, forecast 
employment in this category was subsequently reduced 
by 32,000 jobs. Employment forecasts for all other 
categories were deemed to be still valid and were not 
changed. This revision resulted in a regional employ- 
ment forecast of 1,016,000 jobs for the year 2000- 
32,000 jobs less than originally forecast for that year. 
These 1,016,000 jobs were then allocated to each of the 
seven counties comprising the Region on the basis of 
county employment trends over the period 1955 through 
1974. A comparison of the year 2000 employment fore- 
casts with 1970 and 1975 estimated employment is 
shown in Table 9. 

The distribution and staging of the regional employment 
forecast for each of the seven counties for the years 
1980, 1990, and 2000 are shown in Table 9 and Figure 3. 
Regional employment is expected to increase to  833,000 
jobs by 1980, to 924,500 jobs by 1990, and to the fore- 
cast level of 1,016,000 jobs by 2000. The year 2000 
regional employment forecast indicates an expected 
increase of 274,400 jobs, or 37 percent, over the 1970 
level. This represents an average annual increase of 
9,150 jobs, or 1.2 percent, over the next 30 years. 

Table 9 

ESTIMATED EMPLOYMENT AND REGIONAL EMPLOYMENT FORECAST BY COUNTY: 1970,1975,1980,1990, AND 2000 

Source: SEWRPC. 

County 

Kenosha . . . . . 
Milwaukee. . . . 
Ozaukee . . . . . 
Racine. . . . . . . 
Walworth. . . . . 
Washington . . . 
Waukesha. . . . . 

Region 

Employment 

Estimated 

1970 

39,200 
51 0,900 

17,900 
6 1,900 
24,200 
20,300 
67,200 

741,600 

1975 

46,700 
51 5,700 
20,200 
68,600 
25,700 
22,600 
79,500 

779,000 

Forecast Difference: 1970-2000 

1980 

44,200 
538,400 
24,600 
73,100 
29,900 
25,500 
97,300 

833,000 

Number 

15,100 
82,700 
20,100 
33,600 
17,000 
15,700 
90,200 

274,400 

Percent 

38.5 
16.2 

112.3 
54.3 
70.2 
77.3 

134.2 

37.0 

1990 

49,300 
566,000 
3 1,300 
84,300 
35,500 
30,800 

127,300 

924,500 

2000 

54,300 
593,600 
38,000 
95,500 
41,200 
36,000 

157,400 

1.01 6,000 



Figure 3 

FORECAST EMPLOYMENT LEVELS IN THE 
REGION BY COUNTY: 1970-2000 

0 I I 0 
1970 1975 1980 1985 1990 1995 2000 

YEAR 

Source: SEWRPC. 

Milwaukee and Waukesha Counties are expected to have 
the largest absolute increases in employment-82,700 and 
90,200 jobs, respectively-while Kenosha and Washington 
Counties are expected to  have the smallest absolute 
increases-15,100 and 15,700 jobs, respectively. The 
largest relative rates of employment growth are expected 
in Ozaukee and Waukesha Counties-112 percent and 
134 percent, respectively-while the smallest relative rate 
of employment growth, 1 6  percent, is expected in 
Milwaukee County. Employment in Milwaukee County is 
expected to decline in relation to  the regional total, 
reflecting a continued decentralization of economic 
activity from the highly urbanized areas of the Region. 
While Milwaukee County's employment is expected 
to increase from 510,900 jobs in 1970 to 593,600 jobs 
by 2000, the County's share of total regional jobs is 
expected to decline from 69 percent to 58 percent. 

Waukesha County is expected to  increase its share of 
regional jobs from 67,200 jobs in 1970, representing 
9 percent of total regional employment, to  157,400 jobs 
by the year 2000, or to more than 15 percent of the 
regional employment. The Counties of Ozaukee, Racine, 
Walworth, and Washington are all expected to increase 
their share of regional employment by about 1 percent 
between 1970 and 2000, while Kenosha County is 
expected to maintain its share of regional employment 
at about 5 percent over the forecast period. 

These expected trends in forecast county employment are 
generally consistent with expected population increases 
from 1970 to 2000 which reflect an overall decentraliza- 
tion of population and economic activity from the estab- 
lished urban areas of the Region to suburban and rural 
locations. This phenomenon is not unique to the South- 
eastern Wisconsin Region, but is now characteristic of 
many of the older established urbanized areas of the 
nation. It  should be emphasized that the forecasts reflect 
the use of certain documented data and stated assump- 
tions and judgments concerning trends in economic 
activity within the Region. As new data reveal new 
trends, revisions will undoubtedly have to be made to 
the forecasts in order to  maintain their usefulness. 
Further, the forecasts presented do not take into account 
variations caused by short-term business cycles or any 
unpredictable economic dislocation. 

Major industry group employment forecasts to the year 
2000 are shown in Table 1 0  and Figure 4. Between 1970 
and 2000 employment in the trade, government, and 
education services, and in private services groups may 
be expected to show relative increases greater than 
the regional employment increase of 37 percent. Employ- 
ment in manufacturing, while increasing at  a rate approxi- 
mately 1 0  percent below the regional employment rate 
increase, may be expected to continue to be the largest 
employment group with 320,300 jobs by 2000. Private 
services may be expected to constitute the second largest 
employment group with 276,800 jobs in that year. 
Agriculture is the only industry group expected to  
decline in employment from 1970 to 2000. As shown 
in Table 10, agricultural employment in the Region 
is expected to decline from 10,600 jobs in 1970 to 
7,500 jobs in the year 2000, a decrease of 3,100 jobs, 
or 29 percent. This expected decline in agricultural 
employment in the Region is a continuation of an 
established trend and is due, in part, to the continued 
mechanization of farming processes, the increasing size 
of the farms within the Region, and the loss of farmland 
in the Region through the conversion of land from agri- 
cultural to urban use. 

Generally, the rapid increases in employment expected 
in the service and other consumer-oriented industry 
groups and the corresponding slower rates of employ- 
ment growth expected in the manufacturing industry 
groups by the year 2000 are continuations of already 
established trends. These represent a change in the 
orientation of the regional economy over the past 
20 years and were probably brought about by the matura- 
tion of the Region's manufacturing base and subsequent 



increases in consumer spending for services and retail 
goods. It should be noted, however, that recently enacted 
business and industry tax changes in Wisconsin, which 
are intended to provide investment incentives especially 
to manufacturing industries, may encourage expansion of 
existing manufacturing industries as well as encourage 
new manufacturing industries to locate in the Region. 

Since the manufacturing industry group represents the 
largest single regional employer in 1970, a breakdown of 
the major manufacturing industry forecast employment 
level is shown in Table 11 and Figure 5. As shown, the 
largest relative increase in employment from 1970 to the 
year 2000 is expected in the fabricated metals industry. 
The forecast employment level in this industry indicates 
an increase of 16,800 jobs, or 68 percent, from 24,600 
jobs in 1970 to a forecast level of 41,400 jobs in the 
year 2000. The expected growth in employment in the 
fabricated metals industry is based on an increasing 
demand for such products as metal cans and containers 
used in food packaging. 

The primary metals industry is expected to show an 
employment increase from 22,500 jobs in 1970 to 
32,400 jobs in the year 2000, an increase of 9,900 jobs, 
or 44 percent. The expected increase in employment 
for this industry is based upon a projected increase in 
demand for primary metal products, such as ferrous 
castings. This demand is expected to increase by 3 per- 
cent annually through the 1970's. 

Figure 4 

FORECAST EMPLOYMENT LEVELS I N  THE REGION 
BY MAJOR INDUSTRY GROUP: 1970-2000 
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Table 10 

FORECAST EMPLOYMENT LEVELS I N  THE REGION BY MAJOR INDUSTRY GROUP: 1970,1975,1980,1990, AND 2000 
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Source: SEWRPC. 

Major Industry Group 

Agriculture. . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  Construction 

Manufacturing . . . . . . . . . . . . . . . . . .  
Trade . . . . . . . . . . . . . . . . . . . . . . . .  
Transportation, Communication, 

and Utility . . . . . . . . . . . . . . . . . . .  
Private Services. . . . . . . . . . . . . . . . . .  

. . .  Government and Education Services. 

Total 

Employment 
(in thousands) 

1970 

10.6 
24.0 
251.0 
143.2 

36.0 
198.1 
78.7 

741.6 

Difference 
1970-2000 

Number 

- 3.1 
6.1 
69.3 
63.2 

7.7 
78.7 
52.5 

274.4 

1975 

10.3 
23.3 
248.0 
160.5 

35.1 
207.6 
94.2 

779.0 

Percent 

- 29.2 
25.4 
27.6 
44.1 

21.4 
39.7 
66.7 

37.0 

1980 

9.5 
26.0 
274.1 
164.3 

38.5 
224.4 
96.2 

833.0 

1990 

8.3 
28.0 
297.2 
185.4 

41.2 
250.7 
113.7 

924.5 

2000 

7.5 
30.1 
320.3 
206.4 

43.7 
276.8 
131.2 

1,016.0 



FORECAST MANUFACTURING EMPLOYMENT LEVELS IN THE REGION 
BY MANUFACTURING INDUSTRY GROUP: 1970,1975,1980,1990, AND 2000 

Source: SEWRPC. 

Figure 5 

Manufacturing Industry Gloup 

Food and Related Products. . . . . 
Printing and Publishing. . . . . . . . 

FORECAST MANUFACI UHlNG EMPLOYMENT LEVELS 
IN THE REGION BY MANUFACTURING INDUSTRY GROUP 

1970-2000 

Difference 
1970-2000 

The Region's largest manufacturing employer, nonelec- 
trical machinery and equipment, is expected to show 

eulployrl~ent increase from 68,100 jobs in 1970 to 
91,900 jobs in the year 2000, an increase of 23,800 jobs, 
or 35 percent. Nationally, growth in the output of this 
industry is projected to range from 5 to  6 percent 
anliually tk~ruugh the 1970's. In addition, national 
employment projections in this industry indicate an 
annual rate of growth of 1 5  percent to  the year 2000. 
Within the Region, the nonelectrical machinery industry 
has shs%n locational disadvantages. Thus, increases in 
regional =inpioyment in this industry are seen to be 
relatively modest. 

Nurnber 
- 

- 1.3 
8.4 
9.9 

16.8 
23.8 

6.1 
5.6 
-. 

69.3 

Employment 
( ~ n  thousands) 

One ~ndustry group, food and beverage products, is 
expected to decline in employment between 1970 and 
the year 2000. This iridustry is expected to show an 
absolute decline in employment from 18,900 jobs in 
1970 to 17,600 jobs in the year 2000, a decrease of 
1,300 employees, or 7 percent. The forecast decline in 

Percent 

- 6.9 
56.4 
44.0 
68.3 
34.9 
16.7 
25.4 

- - 

27.6 

this industry is based on employment trends in the 
Region which show slow but steady declines in employ- 

2000 

17.6 
23.3 
32.4 
41.4 
91.9 
42.6 
27.6 
43.5 

320.3 

1970 

18.9 
14.9 

Primary Metals . . . . . . . . . . . . . 25.8 
Fabricated Metals . . . . . . . . . . . 
Machinery . . . . . . . . . . . . . . . . 
Electrical Equipment . . . . . . . . . 36.5 38.5 
Transportation Equipment . . . . . 22.0 23.9 
Miscellaneous Manufacturing. . . . 43.5 13.5 

Total 251 .O 248.0 274.1 

ment over the past two decades. In addilion, many of the 
processes irivolved in food processing, particularly lrr the 
brewing industry, are becoming highly mechanized. This 
forecast level represents a virtual stabilization of employ- 

29.1 
35.8 
83.9 
40.5 
25.8 
43.5 

297.2 

ment in this industry over the next 25 years. 

1975 

19.1 
14.1 

I'he electrical equipment and transportation eyuipnient 
industries Ire expected to  show rr~odest increases in 
zmploymenr from 1970 LO the year 2000. Employmer~t 
in the electrical equipment industry is expected to 
increase by 25 percent over the period. It should be 
noted that the nature of the transportation equipment 
Industry in the Regon, with only a few firms operating 
in a highly competitive market, makes long-term forecasts 
111 this industry's employment subject to a wide range 
of error 

Soutca: St LCISPC 

1980 
- --a 

18.5 
17.7 

Four indt~s~ries-printing and publishing, primary metals, 
fabricated metals, and r~onelectrical machinery--are 

1990 
-- 

18.1 
20.5 



expected to show employment increases greater than the 
increases in total regional manufacturing employment 
from 1970 to 2000. The remaining manufacturing 
industries-food and beverage products, electrical equip- 
ment, and transportation equipmentare expected to  
show employment increases at rates lower than the 
expected employment increases in total regional manu- 
facturing employment. 

LAND USE DEMAND 

Background 
Although the Region has continuously experienced major 
changes in land use since its settlement by Europeans in 
the middle 1800's, the period from 1950 to 1963 was 
marked by particularly drastic changes in land use devel- 
opment. While the population of the Region increased by 
about 433,700 persons, or by 35 percent, over this 
13-year period, the amount of land devoted to  urban use 
increased by 146 percent. Consequently, the density of 
the developed urban area of the Region declined sharply 
from about 8,500 persons per square mile in 1950 to 
about 4,800 persons per square mile in 1963. This urban 
diffusion and decline in urban population density con- 
tinued, but at a more moderate rate, from 1963 to 1970, 

over which period the density of the developed urban 
area of the Region fell further to a level of about 
4,350 persons per square mile. 

About 129,000 acres, or about 202 square miles of land 
in the Region, were converted from rural to urban use 
from 1950 to  1963, or about 15.5 square miles per year. 
About half of the total of the 202 square miles of land 
converted to urban use from 1950 to 1963, or more than 
100 square miles, was converted to residential use. In 
addit& to this conversion for residential use, approxi- 
mately 65,000 acres, or about an additional 100 square 
miles of land, were converted to other urban uses. Major 
changes in the concepts relating to the development of 
major activity centers, such as industrial parks, major 
shopping centers, and higher educational centers, sub- 
stantially increased the land devoted to  these major uses. 
The provision of large areas for offstreet parking in 
conjunction with these various major land uses was 
a major, but not the only, contributing factor to this 
increase in land area devoted to  these uses. 

The changes in land use that occurred within the Region 
from 1963 to 1970 are summarized in Table 12, which 
indicates that a total of 74 square miles of land were 

Table 12 

PROJECTED LAND USE DEMAND IN THE REGION: 1970-2000 

Resident~al. . . . . . . 
High Denstry. . . . 
Medium Density . . 
Suburban and 
LowDensrry. . . . . 

Retall Sales 
and servlceC. . . 
lndurtrlalC . . . 
Transportation. 
Cammunlcat,on, 
and ~ t ~ l t t ~ e s ~  . . 

Governmental and 
l n s t ~ t u t ~ o n a l ~  . . 

Land Use 
Category 

a Based on SEWRPC regional land use inventones conducted In April 1963 and April 1970. 

Based on a 30-yearpropction of the 1963-1970 average annual change. 

Includes related offstreetparktng 

dlncludes only 'Bctive"recreatton areas w,thin parks or parkways and related offstreet parking. All ofher uses w~thrn parks or parkways are tabulated in the appropriate land use category. 

Includes 8 5  acres added to make the 1963 and 1970 data d,rectly comparable. 

Includes water, wetlands, woodlands, unused lands, and quarries. 

Source: SEWRPC. 

Total Projected Land Use 
2000 

Ex<rt,ng Land urea 

Acres 

1963 1970 
Dtfference 

Average Annual Change 
1963 1970 1963 

Square 
M~ler  Acres Acres 

1970-2000 
Projected ~ i f f a r e n c e ~  

Acres 

1970 

of Region Acres 

Square 
Miles Acres 

Square 
Mller 

Square 
Miles Percent Percent 

Square 
M~ler  

Square 
M~les Percent 

Percent 
of Regson 



converted from rural to urban uses during this seven-year 
period, or an average of about 10.6 square miles per year. 
As in the 1950 to 1963 period, about half of the land 
converted during the period 1963 to 1970 was converted 
to accommodate residential use. During this period, 
however, the two major land uses experiencing the 
highest percentage increase were retail sales and service 
lands and lands devoted to recreational use. The land use 
showing the lowest percentage increase during this period 
was the transportation, communication, and utilities cate- 
gory. Agricultural and other open lands were reduced by 
the increases in urban land, the bulk of the loss occurring 
in agricultural lands. 

Probable Future Land Use Demand 
As shown in Table 12, Commission projections indicate 
that if existing trends in land use development continue 
within the Region, contrary to recommendations con- 
tained in the adopted regional land use plan, nearly 
319 square miles of land may be expected to  be con- 
verted from rural to urban use during the 30-year period 
from 1970 to the year 2000, an increase of about 62 per- 
cent over the 1970 urban land totals. The projections 
further indicate that the bulk of this conversion to  urban 
use may be expected, in the absence of a regional land 
use plan and vigorous implementation of that plan, to 
occur within the agricultural areas, with approximately 
2.93 square miles of agricultural land being converted 
during the 30-year period. This projected conversion 
of land from rural to urban use would result in major 
changes in the regional land use pattern. For example, 
in 1970 urban land uses accounted for approximately 
19 percent of the total area of the Region. Based upon 
the projections, nearly 31 percent of the Region would 
be devoted to urban use by the year 2000, a substantial 
increase. Similarly, rural land uses that accounted for 
nearly 8 1  percent of the land area of the Region in 1970 
would be reduced to approximately 69 percent by the 
year 2000. 

Urban population density within the Region is one of 
the important factors which must be considered in the 
preparation of the land use and water quality manage- 
ment plans. Based on the 1970 regional population of 
1,756,086, the forecast regional population for the year 
2000 of 2,219,300 and the projected demand for land, 
major changes in urban densities in the Region may be 
expected to occur. In 1970 the gross population density 
of the developed urban land within the Region approxi- 
mated 4,350 persons per square mile. If the projected 
land use demand is met entirely through the conversion 
of rural land to urban use, the overall density of the 
developed urban area of the Region can be expected 
to fall to  about 2,300 persons per square mile by the 
year 2000. 

It should be noted that these land use projections are 
not plans, nor should the numbers provided by such 
projections be construed as the numbers to which land 
use plans must adhere. In the preparation of alternative 
land use plans, recommendations may be made to change 
the projected course of events in terms of land conversion 
to bring about a more efficient, healthful, and attractive 

regional settlement pattern. Similarly, plans that will be 
prepared using the projections are not t o  be construed as 
forecasts or projections, but as what they are-plans that 
are intended to be used as a guide in shaping regional 
development. Considerable confusion exists concerning 
the difference between a land use plan with accompany- 
ing population distribution, employment, and land use 
data and the forecasts and projections used in the prepa- 
ration of such a plan. It is essential that the significant 
but subtle differences between forecasts, projections, and 
plans be understood. Forecasts and projections are 
intended to indicate what "might be" in the absence of 
plans. Plans recommend what "should be." 

PUBLIC EXPENDITURES FORECAST 

Background 
The implementation of any water quality management 
plan requires that the local units of government which 
represent the public sector of the regional economy, as 
well as the private sector which is comprised of agricul- 
ture, industry, and commerce, have the necessary financial 
ability to fund the areawide plan. It is the purpose of this 
section to discuss the probable future funding capabilities 
of the Region with respect to water quality management 
expenditures, relating this capability to probable total 
public expenditures levels and to  the economic future of 
the Region. A well-financed water quality management 
plan should enhance the economy of the Region by pro- 
viding for efficient use of resources and an environment 
favorable to growth and development. 

From 1960 to  1972, the level of expenditures made by 
the general-purpose units of government in the Region 
showed steady increases; however, since 1972 the levels 
have fluctuated, first dropping and then rising, but not 
exceeding the peak expenditure levels of 1972 as indi- 
cated in Figure 6. This change in the expenditure pattern 
of the local units of government may be attributed to 
a number of reasons. State-imposed levy limits were 
placed in effect in 1972 which limit tax levy increases 
to the rate of increase of total state equalized property 
values. Since the property tax constitutes the largest 
share of local revenues, this limit may be expected to 
affect expenditures as well. An examination of the 
historic growth trend of property values, as set forth 
in Figure 7, indicates, however, that statewide assessed 
valuations have shown continuous growth. In addition, 
since 1972 the State has assumed responsibility for fund- 
ing a number of public services, especially in the area of 
health and social services, thereby lowering the associated 
local expenditures. 

This period of recorded decreases in public expenditures 
was also a period of economic recession at the local, 
state, and national level. This downturn in the economy 
may have had a corresponding impact upon the govern- 
mental spending patterns. Public expenditures, when 
expressed in current dollars, show an apparent increase. 
This apparent increase, however, becomes an actual 
decrease, as shown in Figure 8, when the expenditures 
are converted to constant dollars, due to the extremely 
high inflation rates which occurred in 1973 and 1974. 



Figure 6 Figure 7 

REPORTED EXPENDITURES BY LOCAL UNITS OF 
GOVERNMENT IN THE REGION: 1960-1975 
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Figure 8 

TOTAL EXPENDITURES BY LOCAL UNITS 
OF GOVERNMENT IN THE REGION: 1970-1975 

1970 1971 1972 1973 1974 1975 
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Source: Wisconsin Department of Revenue, Bureau of Municipal Audit 
and SEWRPC. 

Source: Wisconsin Department of Revenue and SEWRPC. 

The increase in expenditures, expressed in constant 
dollars, which occurred in 1975 would seem to be con- 
sistent with the previously established trend and thus 
would signal a return to  the long-term expenditure 
patterns which existed prior to 1973. 

Water quality management-related expenditures reflect 
a pattern similar to those of total expenditures for the 
local units of government, as shown in Table 13. Whereas 
the cause of the decrease in overall expenditures is largely 
speculative, the decrease in water quality management- 
related expenditures is the result of reduced capital 
expenditures as discussed in Volume One, Chapter VII 
of this report. 

The relative expenditure pattern for water quality- 
related items is one of consistency, with water quality 
management-related expenditures ranging from 10.8 per- 
cent to 10.3 percent of the total expenditures made by 
local units of government and averaging 10.6 percent, as 
shown in Table 14. This relative level of expenditure for 
water quality management-related items by the govern- 
ment units is less than the historic expenditures for 
transportation, which averaged about 16 percent of the 
total, and much less than the expenditures for health and 
welfare, which historically constituted almost 30 percent 
of the total expenditures and as such represented the 
largest expenditure category for the governmental units 
in the Region. 

Future Expenditures 
Total expenditures by local units of government (exclud- 
ing school districts) were forecast in constant 1976 



Table 13 

TOTAL REPORTED WATER QUALITY-RELATED EXPENDITURES BY UNIT OF GOVERNMENT I N  THE REGION: 1971-1975 
-- 

a Includes the expenditures for capital projects undertaken by the Metropolitan Sewerage Commission. 

blncludes the expenditures for operation and maintenance of  the Metropolitan Sewerage Commission. 

Source: Wisconsin Department of Revenue, Bureau of Municipal Audit and SEWRPC. 

Unit of Government 

Milwaukee countya. . . . . . . . . . . .  
All Counties 

(excluding Milwaukee County). . . .  
City of ~ i l w a u k e e ~ .  . . . . . . . . . . .  
All Cities 

b (excluding Milwaukee) . . . . . . . .  
Villages . . . . . . . . . . . . . . . . . . . .  
Towns . . . . . . . . . . . . . . . . . . . . .  

Region 

Table 14 

REPORTED WATER QUALITY EXPENDITURES AS A PERCENTAGE OF TOTAL EXPENDITURES 
FOR THE LOCAL UNITS OF GOVERNMENT IN THE REGION: 1971-1975 

Expenditures 
(in millions of constant 1976 dollars) 

Source: SEWRPC. 

Difference 
1971-1975 

dollars using a number of differing assumptions as 
discussed earlier in the chapter. The forecast total expen- 
diture levels for the year 2000 in the Region ranged from 
$1,480 million to $4,070 million, as shown in Table 15. 
Within this range, a level of $2,330 million was selected 
by the Commission staff as being most representative of 
probable future expenditure levels for these reasons: 
first, the method used, linear regression, is internally 
consistent with the methodology used in previous Com- 
mission work efforts; second, the data period of 1960 
through 1975 is the most current sequence available to 
the Commission and as such reflects current economic 

Absolute 

- 15.7 

1.4 
- 5.6 

14.0 
1.6 
1 .O 

- 3.3 

1971 

$ 31.1 

1.1 
34.3 

38.6 
11.4 
2.3 

118.8 

Unit of Government 

. . . . .  Milwaukee County. 
. . . .  Remaining Counties. 

City of Milwaukee. . . . . .  
Remaining Cities. . . . . . .  
Villages . . . . . . . . . . . . .  
Towns. . . . . . . . . . . . . .  

Region 

trends as well as the long-term trends in expenditure 
patterns; and third, this level of $2,330 million represents 
a relatively conservative forecast which reflects the recent 
concerns about government spending and the uncertainty 
of the overall economic environment. This forecast level 
of $2,330 million represents an increase of $1,210 mil- 
lioli, or 108 percent, over the $1,120 million expended 
in 1975, and further represents an annual real growth rate 
of 3 percent in expenditures. This annual growth rate of 
3 percent is about half of the annual growth rate between 
1960 and 1972 and is based on the expected real growth 
which should occur in the national and regional economy. 

1974 

$ 14.2 

2.7 
35.7 

44.9 
6.8 
3.6 

107.9 

Percent 

- 50.5 

127.3 
- 16.3 

36.0 
14.0 
43.5 

- 2.8 

1975 

4.4 
1.7 

11.1 
19.7 
23.0 
16.1 

10.3 

1975 

$ 15.4 

2.5 
28.7 

52.6 
13.0 
3.3 

11 5.5 

1972 

$ 37.3 

1.4 
31.5 

45.2 
8.8 
2.2 

126.4 

Average 

6.6 
1.5 

11.4 
18.8 
19.3 
13.5 

10.6 

1973 

$ 23.6 

2.5 
37.8 

39.0 
15.6 
2.4 

120.9 

1971 

8.6 
1 .O 

11.2 
16.3 
19.8 
11.6 

10.8 

1973 

6.3 
1.6 

12.8 
17.9 
27.4 
10.6 

10.8 

1972 

9.7 
1 .O 
9.5 

18.4 
15.4 
10.0 

10.6 

1974 

4.1 
2.1 

12.6 
21.6 
11.1 
19.3 

10.3 



Table 15 

PROJECTED TOTAL EXPENDITURES BY LOCAL UNITS OF GOVERNMENT I N  THE REGION 
I N  THE YEAR 2000 USING VARIOUS COMBINATIONS OF  METHODS A N D  DATA BASES 

a ~ o e s  not include school districts 

Source: SEWRPC. 

Projection 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

The high forecast amount was felt to be unrealistic since 
it was based on trends which occurred during a period of 
rapid population and economic growth. The low forecast 
level was based on a trend which was largely affected by 
the recent recession, and thus was probably not truly 
indicative of future conditions. The forecast increase in 
total expenditures represents a per capita increase in 
expenditures from $625 in 1975 to approximately 
$1,050 in the year 2000% 68 percent increase. 

Based on the range of total expenditure forecasts, water 
quality expenditures could be expected to range from 
$157 million to $431 million by the year 2000. From 
this range, a value of $247 million was selected as the 
most representative. Thus, water quality-related expendi- 
tures are forecast to  increase from $116 million in 1975 
to about $247 million in the year 2000. This is an 
increase of $131 million, or 113 percent, over the 1975 
expenditure level, and represents about 10.6 percent of 
the total expenditures in the year 2000. This increase 
represents a per capita cost of $111 for water quality 
management-related items in the year 2000. It should be 
noted that this forecast does not take into account the 
outcome of the judgment and appeals pending in Federal 
Courts against the City of Milwaukee, the Metropolitan 
Sewerage Commission of the County of Milwaukee, the 
Sewerage Commission of the City of Milwaukee, and the 
Milwaukee Metropolitan Sewerage District as a result of 
the lawsuit brought by the State of Illinois, which could 
significantly affect this forecast. Table 16 presents the 
projected cash flow of the Metropolitan Sewerage District 
if the stipulated order of the court is upheld. 

The table indicates an annual average expenditure 
commitment for the period 1977 through 1989 of 
$91.2 million, an amount equivalent to almost 48 percent 

Total 2000 ~xpenditures~ 
(in millions of 1976 dollars) 

4,070 
3,885 
2,845 
2,836 
2,672 
2,6 13 
2,358 
2,330 
1,480 

Method 

Compound annual percentage growth 
Compound annual percentage growth 
Compound annual percentage growth 
Compound annual percentage growth 
Linear regression 
Linear regression 
Linear regression 
Linear regression 
Linear regression 

Table 16 

Data Base 

Total expenditures, 1960 through 1972 
Per capita expenditures, 1960 through 1972 
Total expenditures, 1960 through 1975 
Per capita expenditures, 1960 through 1975 
Per capita expenditures, 1960 through 1972 
Per capita expenditures, 1960 through 1975 
Total expenditures, 1960 through 1972 
Total expenditures, 1960 through 1975 
Per capita expenditures, 1970 through 1975 

ANTICIPATED EXPENDITURES BY THE MILWAUKEE 
METROPOLITAN SEWERAGE DISTRICT I N  ACCORDANCE 
WlTH STIPULATION MADE WlTH THE STATE OF ILLINOIS 

a These expenditures are based on the outcome of the initial trial 
and the resulting stipulated judgment order dated November 15, 
1977, which were under appeal by the Metropolitan Sewerage 
District and thus may be altered. Cost data based on estimates 
current to November 15, 1977. 

Time 
Period 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Total 

Annual Average 

Source: Milwaukee Metropolitan Sewerage District and SEWRPC. 

Expenditures Agreed to with 
State of lllinoisa 

(in millions of constant 1976 dollars) 

$ 2.4 
26.1 
46.9 
82.4 
139.8 
187.4 
187.1 
180.5 
155.5 
86.3 
46.6 
22.5 
22.5 

$1 ,I 86.0 

$ 91.2 



of the forecast average annual water quality expenditure 
level of $191 million for the entire Region over the plan 
period. Portions of the required capital investment would 
be eligible for federal and state grants-in-aid which would 
serve to  reduce the local implementation costs. In addi- 
tion, the amortization costs each year-over a long-term 
bonding period-would be far less than the amounts 
committed to construction each year. It  is also expected 
that the abovedescribed forecast expenditures for water 
quality management in the Region would include the 
costs for a portion of the facilities needed to meet the 
requirements of the stipulation. Thus, if the stipulated 
order of the court is upheld, it is expected that the 
related increase in total annual water quality-related 
expenditures will be far less than the increase of almost 
48 percent associated with the stipulation. 

A comparison was made between the selected forecast 
total expenditures based on the historic expenditure 
trend and a total expenditure forecast based on per 
capita trends. As shown in Figure 9, the per capita 
forecast is slightly higher than the total expenditure 
forecast, but tends to reinforce the latter. The expen- 
diture levels which may be expected to occur for all 
purposes and for water quality purposes in the Region 
in the year 2000 as shown in Table 17  and Figure 10, 
are projections based on historic trends and should be 
viewed, therefore, as qualified estimates of the future 
expenditure levels. Any legislative or economic changes 
which may alter the manner in which expenditures are 
made or the amount of expenditures made may interrupt 
historical trends and necessitate the development of 
new forecasts. 

SUMMARY 

One of the very important steps necessary in the formula- 
tion of regional water quality management plans is the 
preparation of forecasts. Forecasts are required of all 

Figure 9 

REPORTED AND FORECAST TOTAL 
EXPENDITURES BY LOCAL UNITS OF 

GOVERNMENT IN THE REGION: 1960-2000 

ON PER CAPITA TRENDS 

=* 2,000 

Z C  - Ln V) - 

5 0 0  1 1 I I 1 1 1 1 I 
1 9 6 0  1 9 6 5  1 9 7 0  1975 1 9 8 0  1985 1 9 9 0  1 9 9 5  2 0 0 0  

YEAR 

future events and conditions which are outside the scope 
of the plan, but which will affect plan design or imple- 
mentation. In the water quality management planning 
process, forecasts of population, economic activity, and 
the demand for land are necessary to provide a basis for 
alternative plan evaluation and the subsequent prepara- 
tion of a water quality management plan to the year 
2000. The forecasts presented herein were developed by 
the Commission for comprehensive, areawide planning 
purposes, and the use of these forecasts for water quality 
management planning helps to assure full coordination 

Table 17 

REPORTED AND FORECAST TOTAL ANNUAL 
EXPENDITURES AND WATER QUALITY-RELATED 

EXPENDITURES BY LOCAL UNITS OF GOVERNMENT 
IN THE REGION: SELECTED YEARS 1975-2000 

Source: SEWRPC. 

Year 

1975 
1980 
1990 
2000 

Figure 10 

REPORTED AND FORECAST TOTAL ANNUAL 
EXPENDITURES AND WATER QUALITY- 

RELATED EXPENDITURES BY LOCAL UNITS 
OF GOVERNMENT IN THE REGION: 1975-2000 

Expenditures 
(in millions of 1976 dollars) 

500 1 1 1 1 1 1 50 
1975 1980 1985 1990 1995 2000 

YEAR 

Total 

$1,120 ' 

$1,448 
$1,890 
$2,331 

Source: SEWRPC. 

42 

Water 
Quality-Related 

$1 15.5 
$1 53.5 
$200.3 
$247.0 

Source: SEWRPC. 



of such planning with regional land use, transportation, 
and other functional planning efforts. 

The folloking points summarize the expected changes in 
regional population and economic activity levels, in 
land use demand, and in public financial resources by 
the year 2000: 

1. The population of the Region may be expected 
to increase by approximately 463,000 persons 
over the 1970 population level of 1.76 million 
persons, Thus, the population forecast envisions 
a significant decline in the overall rate of popula- 
tion growth over the next two to three decades. 
The largest increase in regional population by 
the year 2000-62 percent-will be in the age 
group from 65 years of age and older. Two age 
groups-5-14 years of age and 15-19 years of 
age--are expected to decline by 8 percent and 
6 percent, respectively, by the year 2000. 

2. Employment in the Region is expected to  reach 
1,016,000 jobs by the year 2000, an increase 
of 237,000 jobs, or 30 percent, over the 1975 
employment level of 779,000 jobs. Wholesale 
and retail trade and service jobs may be expected 
to increase at the greatest rates, ranging from 
29 to 33 percent, and may be expected to  provide 
a combined total of 614,400 jobs in the year 
2000. Manufacturing employment, still the largest 
regional major industry employment group, may 
also be expected to  increase by 29 percent to 
about 320,300 jobs in the year 2000. 

3. If recent development trends continue, approxi- 
mately 319 square miles of land may be expected 
to  be converted from rural to  urban uses by the 
year 2000. Thus, 31 percent of the Region would 
be devoted to  urban uses by the year 2000 com- 
pared to 19  percent in 1970. If this projected 
land use demand is met entirely through the 
conversion of rural to urban land use, the overall 
density of the developed area of the Region 
would decline from 4,360 persons per square mile 
in 1970 to 2,300 persons per square mile in the 
year 2000. 

4. Local government expenditures in the Region 
are expected to increase by 108 percent-from 
$1,120 million in 1975 to $2,330 million in the 
year 2000. About 10.6 percent, or $247 million 
of this total expenditure level, is expected to  be 
spent on water quality management-related items. 
This is an increase of $131 million, or 113 per- 
cent, over the 1975 water quality-related expen- 
diture level, and represents a per capita cost of 
$111 for water quality management-related items 
in the year 2000. 

It is evident from the forecasts summarized above that 
the Region in the year 2000 will be quite different from 
the Region as we know it today. Succeeding chapters in 
this report present alternative water quality management 
plans designed to abate pollution and meet established 
water use objectives in the face of these anticipated 
changes, and to preserve and protect the limited and 
irreplaceable natural resources of the Region. 
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Chapter IV 

ALTERNATIVE PLANS 

INTRODUCTION 

The essence of planning is the generation and assessment 
of alternative means of achieving agreed-upon objectives. 
Information presented in Volume One of this report 
concerning related regional planning programs, basic 
planning concepts, the natural and man-made features 
of the Region, the sources of water pollution, water 
quality conditions and trends, and legal and financial 
considerations, and in the previous chapter of this volume 
concerning anticipated growth and change, provides the 
basis for the development and analysis of alternative 
water quality management measures for southeastern 
Wisconsin. The cardinal objective of the regional water 
quality management planning program is to develop 
cost-effective plans for, and thereby assist in, the abate- 
ment of water pollution problems and the attainment of 
levels of water quality in the Region which are consistent 
with established water use objectives. This chapter is 
intended to  present and analyze alternative water quality 
management measures to achieve the agreed-upon water 
use objectives and supporting water quality standards 
for the lakes and streams to the year 2000 through the 
most practical and cost-effective actions for the abate- 
ment of both point and nonpoint sources of pollution. 

In the control of point sources of pollution, alternative 
combinations of physical arrangements-or systems--of 
sewerage facilities and of attendant levels of waste- 
water treatment can be readily postulated utilizing 
well-established engineering practices, all of which will 
achieve specified water use objectives and supporting 
water quality standards, and which differ only in cost. 
Such arrangements, therefore, constitute a true set of 
alternatives from which the best or most cost-effective 
alternative can be selected for adoption and implemen- 
tation. To achieve the recommended water use objectives 
and supporting water quality standards for the inland 
lakes and streams of southeastern Wisconsin, however, 
it will be also necessary to deal with a quite different 
kind of pollution source-that of runoff from both rural 
and urban land. The task of formulating alternatives for 
the abatement of this diffuse, nonpoint source of pollu- 
tion requires an approach somewhat different from that 
for the abatement of point sources of pollution. There 
do exist different physical measures for nonpoint source 
abatement; and combinations of these measures, and of 
the geographic application of these measures, can be 
developed. The development of site-specific rural land 
management practices, however, requires detailed con- 
sideration of a great many factors including not only 
soils, slopes, land use, microclimate, subsurface char- 
acteristics, and existing management practices, but the 
historic management practices, property ownership, 

owner-operator objectives and preferences, available 
land management equipment, investment policies, avail- 
able technical and financial resources, and methods 
by which public agencies seek plan implementation. 
Similarly, the complex and intensive use of urban lands, 
and the still developing state-of-the-art of the control of 
pollution from urban storm water runoff, preclude the 
identification of site-specific practices in a systems-level 
water quality management plan. The complexity of both 
rural and urban nonpoint source abatement, as a practical 
matter, dictates that at the areawide, systems level of 
planning, the plans be limited to an identification of the 
extent and severity of the pollution sources and the 
attendant need for the development of specific control 
measures through local facilities or project level planning. 

Inland lakes represent a particularly difficult problem in 
this respect. The pollutant-sensitive nature of the major 
inland lakes within the Region often requires application 
of a high level of nonpoint source abatement. Many man- 
agement measures already undertaken on a routine basis 
to maintain the lakes in good condition for recreational 
and fishery use and to enhance their aesthetic appeal 
are often of a cosmetic nature and do not result in any 
long-term improvements of the lake water quality. 
Specifically, short-term measures such as weed and 
algae control programs, fish stocking programs, and litter 
clean-up efforts are commonly conducted for lakes in 
the Region, but do not result in significant long-term 
improvements in water quality conditions. Because 
of the value of these measures to the use of the lakes, 
and of the importance of concurrently applying more 
effective long-term control measures, the plan elements 
presented herein for the 100 major inland lakes in the 
Region are not true alternatives in the sense of each 
being capable of achieving the same objectives by dif- 
ferent means. Instead, they are potential management 
actions which will improve lake water quality conditions 
effectively, and to a level which will slow the rate of 
water quality degradation or maintain or enhance, as 
needed, the existing lake water quality conditions. 

In the consideration of the abatement measures presented 
in this chapter, the iterative nature of the water quality 
management planning process must be recognized. This 
process consists of successive cycles of areawide systems 
planning and local project planning efforts, with each 
cycle of local project planning serving to  refine and detail 
preceding cycles of systems planning and each cycle of 
systems planning building upon preceding cycles of 
project planning, incorporating the refinements and 
details of local implementation actions. The recom- 
mendations of the adopted regional sanitary sewerage 
system plan, and the resulting development of detailed 



local facilities plans, represent this kind of planning 
cycle. Accordingly, this chapter presents alternative 
proposals for point source abatement measures only 
where changes since adoption of the regional sanitary 
sewerage system plan indicate the need to  reconsider such 
alternatives at the systems level. Although sewerage facili- 
ties planning has historically provided a good example of 
the cyclical nature of the planning process, the implemen- 
tation of nonpoint pollution source controls can be 
expected to provide an even more dramatic example, 
as local knowledge, community preferences, changing 
social and economic conditions, and continuing research 
influence the implementation of areawide systems plan- 
ning recommendations for water pollution abatement. 
Alternative proposals for the nonpoint source abatement 
measures are presented which complement the recom- 
mended point source abatement measures. 

RELATIONSHIP TO REGIONAL SANITARY 
SEWERAGE SYSTEM PLAN RECOMMENDATIONS 

The regional sanitary sewerage system plan recommenda- 
tions were many and varied and all related in one way 
or another to the attainment of areawide water quality 
management objectives. For the purposes of this chapter 
these recommendations can be considered in three 
categories. First, there are those recommendations 
which remain sound and valid as indicated by a review 
of the regional sanitary sewerage system plan during 
facilities planning efforts completed subsequent to  adop- 
tion of the system plan. Within this category fall the 
majority of the recommendations of the sewerage system 
plan. The systems level recommendations of the adopted 
regional sanitary sewerage system plan for joint sewage 
treatment plants for portions of the Milwaukee Metro- 
politan subregional area are particularly important in 
this respect and are proposed to  be incorporated into 
the areawide water quality management plan without 
change in the number and location of treatment plants. 

These portions include the Milwaukee Metropolitan 
Sewerage District service area with abandonment recom- 
mended for the sewage treatment plants at Menomonee 
Falls, Hales Comers, and Caddy Vista; the Kenosha- 
Racine subregional area, with major treatment facilities 
to be operated by the Cities of Kenosha and Racine; 
the Upper Fox River subregional area, with major treat- 
ment facilities to  be operated by the Cities of Brookfield 
and Waukesha; the portion of the lower Fox River sub- 
regional area proposed to be served by the major facilities 
to be operated by the Western Racine County Sewerage 
District and the Town of Norway Sanitary District No. 1; 
the portions of the Middle Rock River subregional area 
proposed to be served by the major facilities to  be 
operated by the City of Oconomowoc and the Delafield- 
Hartland Water Pollution Control Commission; and the 
portion of the lower Rock River subregional area to  be 
served by the Walworth County Metropolitan Sewerage 
District. In addition, most of the recommendations of the 
regional sanitary sewerage system plan regarding sewerage 
facilities which did not involve detailed consideration 
of joint treatment and interconnection of municipal 
sewerage systems were generally incorporated into the 
areawide plan without change. 

A second set of recommendations are those regarding 
the location and number of treatment facilities which are 
to be reevaluated in various local facilities planning 
programs in the Region, with particular emphasis on the 
configuration of the major sewerage facilities. More 
specifically, local facilities planning programs will address 
the system configurations for the proposed sewer service 
area encompassing the City of Lake Geneva, the Villages 
of Williams Bay, Fontana-on-Geneva Lake, and Walworth, 
and portions of the Towns of Geneva, Lyons, Linn, and 
Walworth; for the sewer service area encompassing the 
Village of Darien and environs, with respect to  possible 
interconnection with the Walworth County Metropolitan 
Sewerage District facilities; for the sewer service area 
encompassed by the Town of Salem Sanitary District 
No. 2; for the sewer service area encompassing the City 
of Cedarburg, the Village of Grafton, and portions 
of the Towns of Cedarburg and Grafton; for the existing 
satellite sewage treatment plants at Thiensville, Ger- 
mantown, New Berlin, Muskego, and Franklin in the 
Milwaukee Metropolitan Sewerage District service area; 
and for portions of the Kenosha-Racine subregional area. 
All of the local facilities planning efforts involving the 
facilities in this second category are presently underway. 

The third set of recommendations are those which were 
reevaluated under the areawide water quality manage- 
ment planning program. Included in this set are the 
recommendations regarding the number and location 
of all public wastewater treatment facilities in the Des 
Plaines River and Root River Canal subregional areas, 
in the West Bend and Tri Lakes sewer service area in the 
upper Milwaukee subregional area, and in the Hartford 
and Pike Lake sewer service areas in the upper Rock 
River subregional area; the evaluation of land application 
of effluent; the need for advanced waste treatment at 
certain wastewater treatment facilities in the Region; 
and the evaluation of the use of privately owned onsite 
sewage disposal systems to  serve isolated enclaves of 
urban development. In addition, the degree of treatment 
and the effluent characteristics of all of the point source 
discharges have been reevaluated considering the estab- 
lished water use objectives and surface water quality 
assessments conducted under the areawide water quality 
management planning program. 

PLAN DESIGN 

The alternative water quality management plans pre- 
sented in this chapter are all based on the new year 2000 
regional land use plan prepared and adopted by the 
Commission in 1977 and on the regional sanitary sew- 
erage system plan,' prepared and adopted by the Com- 

' SE WRPC Planning Report No. 25, A Regional Land Use 
Plan and a Regional Transwortation Plan for Southeastern " 
Wisconsin: 2000, Volume One, Inventory Findings, April 
1975. an and Recommended 

- 
, d Volume Two, Alternative 

Plans, May 1978; and SEWRPC Planning Rc !port No. 16, - 
A Regional Sanitary Sewerage System Plan for South- 
eastern Wisconsin. Februarv 1974. 



mission in 1974. With respect to the regional sanitary 
sewerage system plan, however, the alternatives presented 
herein reflect the revised population, economic activity, 
and land use forecasts set forth in the new regional land 
use plan; the refinement and detailing of the sewerage 
system plan resulting from the facilities planning efforts 
completed within the Region since 1974; the findings 
of the regional sludge management systems planning 
program; the Commission inventories of all known exist- 
ing sources of water pollution in the Region; the current 
stream and lake water quality conditions and historic 
trends in those conditions; the Commission inventory of 
the state-of-the-art of water pollution control;' and the 
Commission hydrologic-hydraulic water quality simula- 
tion data, which provide forecasts of probable future 
and existing stream and lake water quality conditions, as 
well as calculations of the levels of pollution abatement 
necessary to  satisfy applicable water use objectives and 
supporting water quality standards. The process by which 
alternative point, nonpoint, and sludge management plans 
were formulated included: 

1. Determination of the appropriate geographical 
units for analysis of point source control, 
sludge handling and utilization, and nonpoint 
source control; 

2. Identification of year 2000 population and eco- 
nomic activity levels, land uses, sewer service 
areas, and municipal and industrial wastewater 
flows: 

3. Estimation of the extent and severity of existing 
and anticipated water quality problems; 

4. Identification and testing-in logical sequence--of 
various water pollution control measures includ- 
ing various levels of wastewater treatment and 
land management; and 

5. Estimation of costs of control measures. 

These procedural explanations are followed by a discus- 
sion for each of the 12 major watersheds of: existing 

2~~~~~~ Planning R e ~ o r t  No. 29. A Regional Waste- - - ., 
water Sludge Management Plan for Southeastern Wis- 
consin. Julv 1978: SEWRPC Technical R e ~ o r t  No. 21. , " 

Sources of Water Pollution in Southeastern Wisconsin: 
1975, September 1978; SEWRPC Technical Report 
No. 17, Water Quality o f  Lakes and Streams in South- 
eastern Wisconsin: 1964-1 975, June 1978; and SE WRPC 
Technical R e ~ o r t  No. 18. State o f  the Art o f  Water Pollu- 
tion Control in Southeastern Wisconsin, Volume One, 
Point Sources, July 1977, Volume Two, Sludge Manage- 
ment, August 1977, Volume Three, Urban Storm Water 
Runoff, July 1977, and Volume Four, Rural Storm Water 
Runoff, December 1976. 

and probable future sources of pollution and existing and 
probable future water quality conditions under alterna- 
tive pollution control actions. Recommended diffuse 
source control measures necessary to achieve the water 
use objectives and supporting standards for the streams 
and major inland lakes are discussed in Appendix C of 
this volume and were developed as an integral part of 
the nonpoint source abatement plan element design 
process. The chapter itself concludes with a discussion 
of point source abatement measures by subregional area. 

Determination of Geographic Units 
Water quality is affected by many factors which are 

A - 
measured, controlled, estimated, forecast, or managed 
according to different geographic jurisdictions. The 
underlying population and economic activity level fore- 
casts are made at the regional and county level and then 
allocated, in accordance with regional and local land 
use development objectives, to  various combinations of 
subregional civil divisions. The actual control of land use 
development to influence population and economic 
growth in accordance with the land use development 
objectives is exercised at the county and local municipal 
levels. Control of urban storm drainage is organized by 
hydrologic drainage basin within civil divisions. Urban 
land management practices may be executed by county, 
city, village, town, or individual land owners. Rural land 
management practices are executed by individual land 
owners and are influenced by land ownership patterns, 
the type of farming enterprise and the economics related 
thereto, topography, and soil type. Sanitary sewerage 
systems are maintained and operated according to 
subregional areas, which often cross hydrologic water- 
shed boundaries. Thus, the skillful selection of proper 
geographic planning units is essential to the development 
of sound pollution control plans. 

The Commission, as part of its regional sanitary sewerage 
system planning program, delineated geographic subareas 
of the Region which comprised rational sewerage system 
planning areas. The boundaries of these 11 areas were 
delineated according to major natural watershed divides, 
the exterior boundaries of the Region, the existing and 
potential service areas of existing centralized sanitary 
sewerage systems, and existing and probable future areas 
of urban development. The 11 subregional areas are 
described later in this chapter under the discussion on 
the point source element of the water quality manage- 
ment plan. Because of their use for sewerage system 
planning, these areas provided the best available basis 
for organizing the sanitary sewerage system inventory 
and the analyses of point source alternative plan elements 
required for the areawide water quality management 
planning effort. It was necessary, however, to  refine the 
results of these analyses and to  relate them to the water- 
sheds to  which the treated effluents are discharged. This 
chapter relates by subregional area the point pollution 
sources, relying on the analyses by watershed to deter- 
mine the relationship between point and nonpoint 
sources of pollution and the degree of pollutant control 
within a receiving watershed. 



Once the intelligent delineation of analytical areas had 
been completed, and point source recommendations 
had been developed, the analysis of sludge management 
alternatives was conducted. Clearly, each individual site 
of sludge generation provides unique locational and 
volumetric-and even quality-information essential to  
the development of areawide alternatives. However, 
knowledge of existing practices indicated extensive 
overlap-and therefore, potential interactionamong the 
physical areas within which sludge management occurs. 
Accordingly, the Commission analyzed individually or 
categorically the sludge management alternatives for 
the individual treatment plants, but did so in a regional 
context, testing geographic alternatives ranging in con- 
cept from a single, regional system to  a set of independent 
local systems. The results of all such analyses are reported 
according to  the individual treatment facilities, along 
with detailed documentation of the analyses, in SEWRPC 
Planning Report No. 29, A Regional Wastewater Sludge 
Management Plan for Southeastern Wisconsin. 

Nonpoint sources of water pollution are activated, 
and the pollutants transported largely, by hydrologic 
processes. Therefore, the evaluation and resolution of 
such pollution sources are best accomplished according 
to hydrologic drainage area: 12 major inland watersheds 
and subwatersheds thereof. Therefore, wherever appro- 
priate, the hydrologic drainage areas were further 
disaggregated into smaller drainage areas in the water 
quality management plan for the quantification of 
problems, practices, or costs. The analysis of control 
measures to protect lake water quality represents an 
example of a situation requiring the identification of 
a smaller geographic unit. Because the basis for analyses 
were hydrologic units, the quantification of water quality 
problems and plan recommendations sometimes divided 
urban development areas. An example would be the 
estimation and apportionment of pollution control costs 
if the portion of an urban area within one subwatershed 
required higher levels of nonpoint source abatement than 
did the remaining portion of the urban area located 
within another subwatershed. Proper apportionment of 
estimated costs here would require distinction between 
the two subwatersheds within the urban area. 

a controlled existing trends plan, and an uncontrolled 
existing trends plan-in 1966 adopted a regional land 
use plan for the design year 19903 Under its continuing 
land use planning program, the Commission in 1972 
undertook a major reevaluation and revision of that plan, 
based in part upon implementation achieved since 
original plan adoption. In that reevaluation and revision, 
two alternative land use plans were considered for the 
Southeastern Wisconsin Region for the design year 2000: 
a controlled centralization plan and a controlled decen- 
tralization plan.4 The controlled centralization plan 
alternative, as the name indicates, seeks to  promote 
a more centralized pattern of urban development in 
the Region, with virtually all new urban development 
occurring at  medium density, in planned neighborhood 
units, and in areas of the Region which can be readily 
provided with such important urban facilities and services 
as centralized public sanitary sewer, public water supply, 
and mass transit. In contrast, the controlled decentraliza- 
tion plan alternative emphasizes lower density and more 
diffused residential development and the use of onsite 
soil absorption sewage disposal (septic tank) systems 
and private water supply wells. Based upon a careful 
evaluation of these two land use plan alternatives against 
adopted regional land use development objectives and 
standards, the recommendations of the technical and 
citizens advisory committees concerned, and a review of 
the results of a series of public informational meetings 
and public hearings concerning the land use plan alterna- 
tives held throughout the Region in July of 1976 and in 
November and December of 1977, the Commission acted 
to adopt the controlled centralization plan alternatives 
as the new regional land use plan for the year 2000. The 
controlled centralization plan, refined to  incorporate the 
suggestions of interested citizen leaders and local planners 
and engineers and to  reflect detailed community develop- 
ment proposals, is shown in graphic summary form on 
Map 2. 

Identification of Future Populations, 
Land Use, and Sanitary Sewer Service Areas 
The sewer service areas were developed within the 
broader context of the comprehensive, long-range plan- 
ning programs of the Commission. The population and 
economic activity level forecasts, as discussed in Chap- 
ter I11 of this volume, and the implications of these 
forecasts for land use, are fundamental to  the fore- 
casting of point source wastewater discharge loads and 
storm water runoff amounts and characteristics. 

The Regional Planning Commission, after careful con- 
sideration of four significantly different alternative 
land use plans-a corridor plan, a satellite city plan, 

3 ~ e e  SEWRPC Planning Report No. 7, The Regional Land 
Use-Transportation Study, Volume One, Inventory Find- 
ings: 1963, May 1965, Volume Two, Forecasts and 
Alternative Plans: 1990, October 1966, and Volume 
Three. Recommended Re~ional Land Use-Transwortation - 
Plans: 1990, November 1966. 

4 ~ e e  SEWRPC Planning Report No. 25, A Regional Land 
Use Plan and a Regional Transportation Plan for South- 
eastern Wisconsin: 2000, Volume One, Inventory Find- 
ings, April 1975, and Volume Two, Alternative and 
Recommended Plans, May 1978. 
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The basic concepts underlying the recommended land use 
plan for the year 2000 are the same as those underlying 
the regional land use plan for 1990. Like the adopted 
year 1990 regional land use plan, the recommended land 
use plan for the year 2000 recognizes the importance 
of the urban land market in determining the location, 
intensity, and character of future urban development. 
The plan, however, proposes to regulate to  a greater 
degree than in the past the effect of this market on 
development in order to ensure that new urban develop- 
ment occurs at densities consistent with the provision of 
public centralized sanitary sewer, water supply, and mass 
transit facilities and services and in locations where such 
facilities can be readily and economically extended or 
obtained. In so doing, the plan seeks to  provide a more 
orderly and economic development pattern and to abate 
areawide developmental and environmental problems 
within the Region, thereby channeling the results of 
market forces into better conformance with the estab- 
lished regional development objectives. 

As with the adopted year 1990 regional land use plan, 
historic growth trends within the Region under the 
recommended plan for the year 2000 would be altered 
because intensive urban development would occur only 
in those areas of the Region having soils suitable for 
such development and which may be readily provided 
with sanitary sewer, public water supply, mass transit, 
and other essential urban services, and which are not 
subject to  special hazards such as flooding. 

For a description of the specific procedures utilized in 
preparing the recommended regional land use plan 
for the year 2000, and for a more complete description 
of the plan, see SEWRPC Planning Report No. 25, 
A ~ e ~ i o n a l  Land Use Plan and a ~ e ~ i o n a l  %ansportation 
Plan for Southeastern Wisconsin: 2000, Volume Two, 
Alternative and Recommended Plans. The new regional 
land use plan, being the product of a second cycle of 
areawide systems planning, reflects the sanitary sewer 
service areas proposed in the adopted regional sanitary 
sewerage system plan and subsequent facilities planning 
efforts. The new regional land use plan thus provides 
a sound basis for the preparation of the alternative area- 
wide water quality management plans presented in 
this chapter. 

The importance of a sound land use plan to the control 
of point sources of pollution is relatively well recognized, 
since the location, confirmation, and sizing of the phy- 
sical elements of sanitary sewerage systems are directly 
affected by the type, location, and extent of urban land 
development. However, the importance of such a plan 
to nonpoint pollution control has only begun to  be 
appreciated. As demonstrated on Maps 3 and 4, respec- 
tively, the management of existing agricultural lands 
for livestock production and for soil erosion control is 
affected by the potential of such land for transition to  
urban land uses or the property owner's perception of 
that potential. The willingness of land owners to install 
soil and water conservation practices is reduced if they 
perceive their land to  be subject to conversion from 
rural to  urban use. The land use plan serves to identify 
and distinguish between areas which should remain 

permanently in rural use and areas in which urban devel- 
opment can be expected to occur. 

Sewage flows estimates based on forecast as well as 
existing population and economic activity levels and 
land use were forecast for use in the development of 
areawide water quality management plans as described 
in the following sections. 

Point Source Control Design Criteria 
A major finding of the areawide water quality manage- 
ment planning program is that continued abatement of 
point source pollution will be needed to  meet established 
water use objectives and supporting standards within the 
Region. The development of the point source element 
of the water quality plan required determination of the 
most cost-effective means of providing the necessary 
level of control. The engineering design critieria and 
analytic procedures utilized to design, test, and evaluate 
the alternative point source abatement plans were revised 
versions of the criteria and procedures utilized in the 
preparation of the regional sanitary sewerage system 
plan, the revisions being based upon the findings of 
state-of-the-art studies conducted under the areawide 
water quality management planning program. 

The character as well as the quantity of sewage are 
particularly important considerations in the design 
of point source pollution abatement alternatives. 
Consequently, under the areawide water quality manage- 
ment planning program, the design criteria utilized for 
estimating wastewater flow and characteristics under the 
regional sanitary sewerage system plan were carefully 
reviewed. In addition, alternative control measures 
developed under the state-of-the-art studies were incor- 
porated as necessary into the alternative design, test, and 
evaluation of point source pollutant control alternatives. 

Sewage Flow: Sewage flow consists basically of domestic, 
commercial. and industrial wastewater: storm water 
inflow; and groundwater infiltration. One of the most 
important criteria used in the design of sewers is the 
amount of sewage flow contributed from the land uses 
within the drainage areas tributary to  a given sewer. 
Normally, sewage flow is estimated in gallons per capita 
per day (gpcd) or cubic feet per second per acre (cfstacre). 
Several sets of design criteria have been used within the 
Region to estimate wastewater flow, including those 
formulated under the Commission's Fox and Milwaukee 
River watershed studies; those utilized by the Milwaukee- 
Metropolitan Sewerage Commissions; those contained in 
the Recommended Standards for Sewage works: popu- 
larlv called the "Ten-States Standards": those included 
in ihe Rules of the Wisconsin ~epar tment  of Natural 
Resources; and those utilized in the development of the 
regional sanitary sewerage system plan. Each of these 
sets of wastewater design flow criteria is discussed below. 

5 ~ r e a t  Lakes-Upper Mississippi River Board of State 
Sanitary Engineers, Recommended Standards for Sewage 
Works, Public Health Education Service, Revised Edi- 
tion, 1973. 







In both the Fox and Milwaukee River watershed studies, 
design sewage flows were based on relationships between 
population size and average daily sewage flow established 
from empirical data collected from communities of 
varying size throughout the two watersheds. In the Fox 
River watershed study, design sewage flows were based 
on an average daily flow contribution of 120 gpcd in 
communities with populations of less than 5,000, and an 
average flow contribution of 180 gpcd in communities 
with 5,000 or more population. Trunk sewers were sized 
on a peak-to-average flow ratio of 2 to 1 ,  resulting in 
design flows of 240 gpcd and 360 gpcd for the smaller 
and larger communities, respectively. The average daily 
and peak design sewage flows were assumed to include 
normal storm water inflow and groundwater infiltration, 
as well as domestic, commercial, and industrial waste- 
water flows. 

In the Milwaukee River watershed study, average daily 
design sewage flows were based on a contribution which 
varied from 120 gpcd for communities with less than 
1,000 population to  210 gpcd for communities of more 
than 30,000 population. Trunk sewers were sized on 
a peak-to-average flow ratio of 2 to  1 ,  resulting in peak 
design flows ranging from 240 gpcd to 420 gpcd. As in 
the Fox River watershed study, the average daily and 
peak design flows were assumed to  include normal storm 
water inflow and groundwater infiltration, as well as 
domestic and industrial wastewater flows. 

The rules of the Milwaukee-Metropolitan Sewerage Com- 
missions specify that sanitary sewers built by munici- 
palities and connected to  the Sewerage Commission's 
trunk or interceptor sewers be sized on the basis of 
a peak flow contribution of 0.015 cfslacre in areas where 
the population ranges from 10 to 14  persons per gross 
residential acre, and on the basis of a contribution of 
0.020 cfs/acre in areas where the population ranges from 
1 5  to  20 persons per gross residential acre. These design 
flow rates are equivalent to  a peak contribution ranging 
from 650 gpcd to 970 gpcd, and include allowances for 
storm water inflow and groundwater infiltration. Where 
the population is less than 10  or more than 20 persons 
per gross residential acre, special studies are required 
to  determine the peak design flow criteria to  be used. 

Trunk and interceptor sewers under the jurisdiction 
of the Milwaukee-Metropolitan Sewerage Commissions 
are designed on the basis of a 450 gpcd instantaneous 
peak flow. 

The Ten-States Standards recommend that sanitary 
sewers be sized using a minimum average daily design 
flow of 100 gpcd and a peak design flow of at least 
250 gpcd. Design criteria used in the Fox and Milwaukee 
River watershed studies closely approximate the Ten- 
States Standards recommendations. The Rules of the 
Department of Natural Resources set forth sanitary 
sewer sizing procedures similar to those included in the 
Ten-States Standards. 

In the regional sanitary sewerage system planning pro- 
gram, criteria were developed relating average daily 
and instantaneous peak sewage flows to the major land 
use categories identified in the adopted regional land 
use plan. Criteria were also developed pertaining to  
allowances for normal groundwater infiltration and storm 
water inflow. Based upon an analysis of wastewater 
treatment plant flow and water supply system pumpage 
records for selected communities throughout the Region, 
it was determined that an average daily sewage flow 
contribution of 125 gpcd would be utilized in the regional 
study for sizing sewerage system components. This base 
flow was intended to include all domestic, commercial, 
and industrial sewage contributions exclusive of storm 
water inflow or groundwater infiltration. This per capita 
base flow was then used in combination with ground- 
water infiltration and storm water inflow allowances to  
develop design sewage flows based upon distribution 
of the forecast population at a medium density defined 
as 10.2 persons per gross acre. It  was determined that 
a variable peak-to-average ratio for sanitary sewage, 
excluding infiltration and storm water inflow, would be 
utilized to design trunk sewers, with the ratio varying 
from a low of 2.5 to 1 to a high of 5.0 to  1 ,  depending 
upon the population of the service area tributary to the 
given sewer. The trunk sewer design criteria selected for 
use in the regional sanitary sewerage system plan are 
summarized in Table 18  and are discussed in more detail 
in SEWRPC Planning Report No. 16, A Regional Sanitary 
Sewerage System Plan for Southeastern Wisconsin: 1974. 

Under the areawide water quality management planning 
program, available hydraulic loading information was 
obtained for each municipal sanitary sewerage system. 
Data on the specific components of the wastewater flow 
were analyzed and compared to the data obtained under 
the regional sanitary sewerage system plan which had 
been developed based upon seven selected communities 
in the Region. Based upon an analysis of wastewater 
treatment plant flow, water supply system pumpage 
records, and local facilities planning documents, the 
average daily sewage flow contributions for domestic, 
commercial, and industrial sources within the Region 
were estimated. These data are summarized in Table 19  
and are included in detail in Chapter I11 of SEWRPC 
Technical Report No. 21, Sources of Water Pollution in 
Southeastern Wisconsin: 1975. 

Analysis of the data utilized to develop Table 19 indi- 
cates that, in general, there is a significantly higher per 
capita contribution of wastewater in the communities 
of the Region with higher populations due principally to  
higher industrial wastewater contributions. It has been 
concluded that sewer sizing for developing areas under 
the areawide water quality management plan should be 
based upon areas which, in general, do not exhibit the 
larger industrial wastewater flow contributions exhibited 
in the present wastewater contributions of the larger, 
more industrialized cities in the Region. The regional 
average of 121 gpcd based upon an average of all of 



Table 18 

CRITERIA FOR TRUNK SEWER DESIGN FLOWS UTILIZED IN THE REGIONAL SANITARY SEWERAGE SYSTEM PLAN 
AND INCORPORATED INTO THE AREAWIDE WATER QUALITY MANAGEMENT PLANNING PROGRAM 

a Al l  sanitary service areas were assumed to  be composed o f  medium-density urban land uses with 10.2 persons per gross acre. The size, in acres, o f  the sanitary 
sewer service area resulting from this assumption is obtained by dividing the population served by 10.2 people per gross acre. 

Sanitary Sewer Service Area 

In the development o f  the regional sanitary sewerage system plan design criteria, the infi ltration rate and the storm water inflow rate for medium-density residen- 
tial land use were each 0.6 gallons per minute (gpml per acre o f  residential area served. Since population density is assumed to  be 10.2 people per gross acre, 
infi ltration and storm water inf low may each be expressed on a per capita basis as 85 gallons per capita per day Igpcdl. 

1990 
Population 

0- 2,000 
2.000-1 0.000 

10,000-20.000 
20,000+ 

Sanitary Sewer Service Area 

Source: SEWRPC. 

Sanitary Sewage 

Implicit Sizea 
(acres) 

0- 196 
196- 982 
982-1,960 

1,960+ 

1990 
Population 

0- 2,000 
2,000-1 0.000 

10.000-20.000 
20,000+ 

Total Instantaneous Peak Flow ( in equivalent units) 

the individual community treatment plant per capita 
contributions would not be significantly weighted by the 
larger per capita contributions of the industrialized cities. 
Thus, an average daily flow contribution of 125 gpcd can 
realistically be utilized in the areawide water quality 
management plan for sizing sewerage system components 
in most areas. This is the same value as utilized in the 
regional sanitary sewerage system plan and closely 
approximates the regional average value of 121 gpcd 
indicated in Table 19 when the average is not weighted 
to  reflect the population of the sewered community. 

Average 
Daily 

Contribution 
(gpcd) 

125 
125 
125 
125 

Implicit sizea 
(acres) 

0- 196 
196- 982 
982-1.960 

1,960+ 

Gallons per 
Capita per Day 

795 
670 
545 
483 

It was determined that a variable peak-to-average ratio 
for sanitary sewage, excluding infiltration and storm 
water inflow, would be utilized to  design trunk sewers, 
with the ratio varying from a low of 2.5 to 1 to a high 
of 5.0 to  1,  depending upon the population of the 
service area tributary to the given sewer. Table 20 pre- 
sents the peak-to-average daily flow ratios adapted from 
data presented in ASCE Manual of Engineering Practice 
No. 37, Design and Construction of Sanitary and Storm 

lnfi ltrationb 

Sewers, utilized in the areawide water quality manage- 
ment and planning program and previously utilized in the 
regional sanitary sewerage system planning program. 
Where minimum flow velocities required investigation, 
the ratio of average daily to minimum flow was assumed 
to  be the same as the ratio of peak flow to average 
daily flow. 

Storm Water lnf lowb 

Average 
Daily 

Contribution 
(gpcd) 

85 
85 
85 
85 

Percent 
of Total 

100.0 
100.0 
100.0 
100.0 

As previously noted, in addition to allowing for waste- 
water flow from residential, commercial, institutional, 
and industrial land uses, allowances were made in the 
design criteria for storm water inflow and groundwater 
infiltration. An analysis of the existing sewer system 
infiltration and inflow rates experienced in the Region 
was conducted under the areawide water quality manage- 
ment and planning program. Results of that analysis are 
reported in detail in SEWRPC Technical Report No. 21. 
The regional per capita infiltration rate calculated as the 
average of the individual infiltration rates experienced in 
the sanitary sewerage systems of the Region was 84 gpcd, 
or about 0.59 gallons per minute (gpm) per acre. Average 

Average 
Daily 

Contribution 
(gpcd) 

85 
85 
85 
85 

Percent 
of Total 

Instantaneous 
Peak Flow 

78.6 
74.6 
68.8 
64.8 

Percent 
of Total 

Instantaneous 
Peak Flow 

10.7 
12.7 
15.6 
17.6 

Peak-to- 
Average 
Ratio 

5 
4 
3 
2.5 

Percent 
of Total 

Instantaneous 
Peak Flow 

10.7 
12.7 
15.6 
17.6 

Peak 
Daily 

Contribution 
(gpcd) 

625 
500 
375 
313 

Million Gallons 
per Day 

0- 1.59 
1.34- 6.70 
5.45-1 0.90 
9.67+ 

Gallons per 
Acre per Day 

8.1 20 
6,830 
5,550 
4,930 

Cubic Feet 
per Second 

0- 2.46 
2.08-1 0.40 
8.45-1 6.90 

15.0+ 

Cubic Feet per 
Second per Acre 

0.01 26 
0.01 06 
0.00860 
0.00765 



Table 19 

SANITARY SEWAGE FLOW COMPONENT SUMMARY 

a Includes all domestic, commercial, and industrial sewage contributions exclusive of storm water inflow or groundwater infiltration. 

b~verage is calculated as the mean value of the individual community per capita values included in Appendices D and E of SEWRPC Technical 
Report No. 21. 

Average per Capita Contribution 
Weighted by the Population 

of the Tributary ~ r e a '  

(gpd) 

108 
20 
65 

193 

~ v e r a ~ e  is calculated as the total daily contribution within the Region divided by the contributing population. This value is notably in flu- 
enced by the contributions in the larger communities such as the Cities of Milwaukee, Racine, and Kenosha. 

Average per Capita Contribution 
Not Weighted by the Population 

of the Tributary ~ r e a ~  

( g ~ d )  

89 
16 
16 

121 

componenta 

Domestic. . . . . .  
Commercial . . . .  
Industrial. . . . . .  

Total 

Source: SEWRPC. 

Range of 
Average per Capita 

Contribution 

( g ~ d )  

47 - 133 
0 -  36 
0 -  95 

47 - 264 

Table 20 

RATIO OF PEAK FLOW TO AVERAGE DAILY FLOW 
UTILIZED TO DETERMINE TRUNK SEWER SIZES 

Population Range 
Ratio of Peak Flow to 
Average Daily Flowa 

0 - 2,000 . . . . . . . . . .  
2,000 - 10,000 . . . . . .  
1 0,000 - 20,000 . . . . .  
More than 20,000 . . . .  

a This ratio applies to sanitary sewage flow but not to infiltration 
and storm water inflow. 

Source: Adapted by Harza Engineering Company from ASCE 
Manual No. 37, Design and Construction of Sanitary 
and Storm Sewers, 1969, p. 33. 

inflow on a regional basis was estimated to  be 125 gpcd, 
or about 9.88 gpm per acre. The combined per capita 
contribution noted above for infiltration and inflow of 
209 gpcd is in the same order of magnitude but slightly 
higher than the value of 170 gpcd utilized in the develop- 
ment of the regional sanitary sewerage system plan, based 
upon an analysis of sample sewer systems serving typical 
low-, medium-, and highdensity neighborhoods with 
a conservative allowance for infiltration and inflow of all 

the components of the sewer system. The findings of the 
areawide water quality management planning program 
would be expected to be somewhat higher than the 
theoretical values estimated since they reflect conditions 
in certain areas with significant sewer system rehabilita- 
tion needs. It is expected that the quantity of infiltration 
and inflow will be reduced in the future due to the 
conduct of sewer system rehabilitation programs. For 
sewer design purposes, it is concluded that an allowance 
of 170 gpcd is a conservative estimate to be utilized in 
sewer sizing for the peak flow contribution from infiltra- 
tion and inflow. Utilizing this value, the criteria for trunk 
sewer design utilized in the regional sanitary sewerage 
system plan and noted in Table 18 are applicable for 
systems level analysis under the areawide water quality 
management planning program. 

SEWRPC Planning Report No. 16 included a detailed 
discussion illustrating that this procedure to  size trunk 
sewers is sufficiently precise for the stated purpose 
of evaluating alternative trunk sewer configurations 
and selecting the most economic system; that is, the 
procedure will adequately determine the relative costs 
between alternative sewerage system configurations. 

The design criteria summarized in Table 1 8  were utilized 
in the areawide water quality management planning 
program to size all sewerage system components except 
sewage treatment plants. The criteria were not, however, 
used to  size trunk sewers lying within the service area of 
the Milwaukee-Metropolitan Sewerage Commissions, 
where the long-range system plan adopted by those 
Commissions were incorporated into the regional system 



plan without change. Refinements, including possible 
staging beyond the plan design year, are expected to  be 
developed under the present facilities planning program 
being conducted by the Milwaukee Metropolitan Sew- 
erage District. Modifications developed under that 
planning program are being coordinated with the regional 
planning programs and, upon completion, will be incor- 
porated into the areawide water quality management 
planning program. 

Wastewater treatment plants are frequently sized to  
treat wastewater at an average daily flow rate, including 
a constant groundwater infiltration volume. Plants can 
be sized at relatively small additional costs to provide 
a hydraulic capacity of several times the average design 
flow rate without bypassing, but with a loss in treatment 
efficiency. Generally, the flow at wastewater treatment 
plants is more than the average daily flow from about 
8 a.m. until about 8 p.m., and is less than the average 
daily flow for the remainder of the day. The concentra- 
tions of suspended solids and fiveday biochemical 
oxygen demand (BOD5) are also greater than the average 
concentrations during the period when the flow is higher. 

In the areawide water quality management planning 
program, the design capacity of wastewater treatment 
plants was obtained by adding to the 1975 average waste- 
water flow the estimated incremental wastewater flow 
resulting from the planned resident population change 
between the year 1975 and the design year 2000, based 
on a flow rate of 210 gpcd. A constant rate of infiltration 
was assumed at 85 gpcd which, when added to  the 
assumed wastewater flow rate of 125 gpcd, provided the 
design flow of 210 gpcd. 

The average design wastewater flow components of 
125 gpcd for domestic flow and 85 gpcd for infiltration 
were utilized in the sanitary sewerage system plan as 
documented in SEWRPC Planning Report No. 16, and 
correspond closely to  the average values of 121 and 
84 gpcd for average sewage flow and infiltration contribu- 
tions indicated by the analyses of existing wastewater 
treatment plant loadirlgs conducted under the areawide 
water quality management planning effort. Since waste- 
water effluent standards as well as treatment plant design 
generally address the requirement for monthly average 
limitations, design criteria have been established such that 
the maximum monthly average wastewater flow can be 
adequately treated. Thus, the design flow loading rate of 
210 gpcd was reviewed to  determine its suitability for 
a design basis, for achievement of monthly average limits 
when also considering the effect of possible flow reduc- 
tion practices which could be expected in the future. 

In addition to wastewater contributions from domestic, 
commercial, and industrial sources, infiltration contribu- 
tions to  treatment plant wastewater flow have been 
considered in establishing an annual average or maximum 
monthly design loading. The contribution of wastewater 
from inflow is an important consideration in establishing 
design flows over relatively short periods of time such as 
daily or hourly peak flow periods, but is not generally 

a major consideration in establishing annual or monthly 
average design flow conditions. As previously noted, the 
average per capita infiltration contribution of wastewater 
in the Region is 84 gpcd. Detailed groundwater infiltra- 
tion and clear water inflow analyses of sewer systems 
conducted under various local facilities planning efforts 
in the Region report varying degrees of sewer system 
rehabilitation as cost effective in reducing infiltration 
and inflow. Table 21 summarizes the portion of the 
infiltrationlinflow determined to be excessive in several 
of the infiltrationlinflow analyses conducted for sewerage 
systems in the Region. This excessive infiltration/inflow 
is generally considered to be the portion which can be 
cost effectively removed when comparing the cost of the 
correcting infiltration/inflow conditions with the cost of 
wastewater treatment and conveyance. 

Reported percentages of existing infiltration and inflow 
which can be cost effectively removed vary from none 
to more than 75 percent. However, removals of 50 to 
70 percent are generally found to be the maximum 
practical except in cases where the infiltration and 
inflow are unusually high portions of the total system 
flow. The reduction in inflow generally accounts for 
a greater percentage of the total reduction in infiltration 
and inflow. It was assumed that infiltration contribution 
would be reduced by 20 percent. This reduction, when 
applied to the 84 gpcd regional infiltration contribution, 
results in a per capita infiltration contribution of about 
67 gpd. The use of a 125 gpcd design wastewater flow 
from domestic, industrial, and commercial sources 
assumes water use and associated wastewater loading will 
not continue to increase in accordance with historic 
trends. It is expected that the increasing awareness of 
the need 1.0 conserve natural resources, along with the 
establishment of policies regarding the use of flow 
reduction techniques and the institution of wastewater 
treatment and conveyance charges based upon usage, will 
stop this trend which resulted in an increase in domestic 
water use from 67 gpcd to 88  gpcd from 1960 to 1970. 

As documented in SEWRPC Technical Report No. 21, 
the ratio of maximum monthly average flow to annual 
average wastewater flow tributary to  the wastewater 
treatment plants in the Region is 1.37. This variability 
of wastewater flow is due in part to  infiltration con- 
tributions which are affected by seasonal variations 
in groundwater elevations. The reduction in infiltration 
and inflow previously discussed should also be reflected 
in a reduction in the ratio of maximum monthly average 
flow to annual average wastewater flow. Therefore, i t  
was assumed that a reduction in the regional ratio of 
maximum monthly average flow to  annual average 
wastewater flow from 1.37 to 1.20 could be effected. 
This ratio of 1.20, when applied to a per capita waste- 
water flow of 125 gpd and a per capita infiltration 
contribution of 67 gpd, results in a design flow loading 
rate of 217 gpcd. For systems planning purposes, this 
value is sufficiently close to the 210 gpcd utilized in 
the regional sanitary sewerage system plan to  warrant 
continued use of that value in the areawide water quality 
management planning program. 



Table 21 

REPORTED EXCESSIVE INFILTRATION A N D  INFLOW I N  SELECTED SANITARY SEWER SYSTEMS OF THE REGION 

a Reported percentage of removal o f  the least cost alternative based on studies to determine i f  inf i l t rat ion~nf low was excessive. Percentages of  
removal which wil l be most cost effective wil l be refined in a sewer system evaluation survey. 

Community 

City of Cedarburg . . . . . . . . . . . . . . . . . . . . . . . . . .  
City of Kenosha . . . . . . . . . . . . . . . . . . . . . . . . . . .  
City of ~ i l w a u k e e ~ .  . . . . . . . . . . . . . . . . . . . . . . . .  
City of Port Washington . . . . . . . . . . . . . . . . . . . . . .  
City of Racine . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
City of West Bend. . . . . . . . . . . . . . . . . . . . . . . . . .  
City of Whitewater . . . . . . . . . . . . . . . . . . . . . . . . .  

~ a t a  obtained from In filtration/ln flo w Analysis of the Separated Sanitary Sewer System, City o f  Milwaukee, Wisconsin, Volume One, by 
Donohue and Associates, lnc., 1976. 

Data obtained from Sanitary Sewer System Infiltration/lnflow Analysis from Interceptor Project No. 865 and Tributary Systems, Volume One, 
by Donohue and Associates, Inc., 1976. Study area encompasses the northeast area of the Metropolitan Sewerage District, principally the 
communities o f  Bayside, Brown Deer, Fox Point, River Hills, and Thiensville, and portions of  Glendale, Milwaukee, and Mequon. Further 
studies, including of other portions of the sewer systems lying within the service area of the Milwaukee-Metropolitan Sewerage Commissions, 
are being conducted during 1978. Preliminary findings of  that study indicate the existence of excessive infiltration and inflow and recom- 
mend that a sewer system evaluation survey be conducted in most of the service area. 

Percent Reduction Determined 
to be Cost Effective 

d ~ a t a  obtained from Metropolitan Sewerage District of the County of Milwaukee, Intercepting Sewer Project No. 813, Infiltration/lnflow 
Analysis, by Donohue and Associates Inc., 1975. Study area includes the Village of  Germantown and the Village of a)fenomonee Falls. 

Infiltration 

70 
5oa 
- - 
- - 
. - 
. . 

70 

72 
Village of Dousman . . . . . . . . . . . . . . . . . . . . . . . . .  -. 0 
Village of Grafton . . . . . . . . . . . . . . . . . . . . . . . . . .  - - 0 
Village of Jackson . . . . . . . . . . . . . . . . . . . . . . . . . .  - - 78 
Village of Mukwonago . . . . . . . . . . . . . . . . . . . . . . .  . - 50 
Village of Oconomowoc . . . . . . . . . . . . . . . . . . . . . .  -. 50 

Source: SEWRPC. 

Village of Slinger. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Village of Union Grove. . . . . . . . . . . . . . . . . . . . . . .  

Caddy Vista Sanitary District. . . . . . . . . . . . . . . . . . .  
Milwaukee Metropolitan Sewerage commissionsC . . . . .  
Milwaukee Metropolitan Sewerage commissionsd . . . . .  
Western Racine County Sanitary District. . . . . . . . . . .  

Wastewater Characteristics: The strength of domestic 
sewage is most commonlv measured in terms of sus- 

Inflow 

70 
7oa 
- - 
.. 

- - 
- - 
80 

pended solids and BOD; In the regional sanitary 
sewerage system planning program, average daily per 
capita contributions of 0.21 pound of suspended solids 
and BOD5 each were assumed. The nitrogen loading to 
a municipal wastewater treatment plant was assumed 
to  be 0.054 pound per capita per day as total nitrogen, 
with 0.027 pound per day-approximately 50 percent 

Infiltration 
and Inflow 

70 
- - 

12 
70 

57-65 
0 
- - 

- - 
- - 

- - 
-. 

-. 

. - 
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nitrogen, 0.003 pound, was assumed to be in the nitrate 
form. Phosphorus waste loads were assumed in the 
regional sanitary sewerage system planning program to 
total 0.014 pound (as elemental phosphorus) per capita 
per day. 
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Table 22 

COMPARISON OF 1975 REGIONAL WASTEWATER CHARACTERISTICS TO THE WASTEWATER 
CHARACTERISTICS UTILIZED I N  THE REGIONAL SANITARY SEWERAGE SYSTEM PLAN 

a Average is calculated as the mean value of the individual treatment plant per capita values. 

b~verage is calculated as the total regional influent loading in pounds per day divided by the tributary population. 

Source: SEWRPC. 

Parameter 

Five-Day Biochemical Oxygen Demand. . . .  
Suspended Solids. . . . . . . . . . . . . . . . . . .  
Organic Nitrogen. . . . . . . . . . . . . . . . . . .  
Ammonia-Nitrogen . . . . . . . . . . . . . . . . .  
Total Phosphorus . . . . . . . . . . . . . . . . . .  

The per capita contributions of treatment plant influent 
parameters which were determined under the areawide 
water quality management planning program are com- 
pared to  the regional design values utilized in the devel- 
opment of regional sanitary sewerage system plan in 
Table 22. The detailed data utilized in developing the 
regional average values are reported in Chapter I11 of 
SEWRPC Technical Report No. 21. 

The regional BOD5 and suspended solids per capita 
contributions are much greater when calculated on 
a population-weighted basis, reflecting the much higher 
per capita contributions in the larger and generally more 
industrialized communities. Because of the variability in 
the per capita contributions exhibited throughout the 
Region, particularly with respect to BOD5, the analysis 
of alternatives conducted under the areawide water 
quality management planning program did not establish 
a single per capita contribution of wastewater influent 
characteristics in the development and analysis of alterna- 
tive plans. Rather, the known characteristics of existing 
influents at individual treatment plants were utilized in 
applying alternative treatment practices and the cost and 
effectiveness of these practices to  the public wastewater 
treatment systems. The development of the point source 
water pollution control practices, and the cost and effec- 
tiveness of those practices, was based upon a categorical 
grouping based upon the influent characteristics of the 

Regional Sanitary 
Sewerage System 
Plan Design Value 

(pounds per 
capita per day) 

0.21 
0.21 
0.024 
0.027 
0.01 

treatment plants in the Region. This procedure is docu- 
mented in SEWRPC Technical Report No. 18, State of 
the Art of Water Pollution Control for Southeastern 
Wisconsin, Volume One, Point Sources. 

Identification and Test of Control Measures: The basic 
procedure used to  develop the alternative water quality 

Average Wastewater Strength Based upon 
Inventory Conducted under the Areawide Water 

Quality Management Planning Program 

management plans described herein was to  identify 
the factors affecting water quality in each reach of 
lake and stream system studied-factors which included 
stream and lake flow conditions, existing and forecast 
point source discharges to  the surface water system, 

~ v e r a ~ e ~  
Not Weighted 
by Population 
(pounds per 

capita per day) 

0.16 
0.19 
0.01 1 
0.016 
0.01 

and existing and potential diffuse sources of pollution. 
These factors were evaluated to  identify possible effective 

Average b 

Weighted 
by Population 
(pounds per 

capita per day) 

0.49 
0.53 
0.009 
0.016 
0.01 

approaches to  required water pollution abatement. 
By an iterative process, the level of reduction required 
in point and nonpoint sources of pollution t o  meet 
applicable water quality standards as represented by 
water quality-duration relationships forms the basis 
for the location and design of alternative point and 
diffuse source control measures. Table 23 presents a 
a generalized summary of the methods and assumed 
range of effectiveness of practices for the control of 
point sources of pollution from wastewater treatment 
plants used in the plan development. This information, 
as well as cost data fundamental to the development 
of plan alternatives set forth in this chapter, is presented 
in more detail in Volume One of SEWRPC Technical 
Report No. 18. 



Table 23 

GENERALIZED SUMMARY OF METHODS AND EFFECTIVENESS OF POINT SOURCE 
WATER POLLUTION CONTROL MEASURES 

Expected Effluent 
Effluent Criteria Unit ~rocesses~ Quality (mg/ilc 

1 Five.Day Biochemical 
Oxygen Demand: 30 mgll 

ve,Day Biochemical 
Oxygsn Demand: 30 mgll 

Total Phosphorus: 1 mgll' 

Five.Day Biochemical 
Oxygen Demand: 20.30 

Suspended Solids: 15.35 
Totai Phosphorus: 9.18 
Ammonla.Nitrogen: 9.15 

Five.Day Biochemical 
Oxygen Demand: 16.30 

Suspended Solids: 15.26 
Total Phosphorus: l e  
Ammonia.Nitrooen: 8.15 

3 Five.Day Biochemical 
Oxygen Demand: 20 mgll 

F~ve.Day B~ochsm~cal 
Oxygen Demand: 15.20 

Suspended Sol~ds 12-25 
Totai Phosphorus 8.15 
Ammonla-Nltrogen 9 15 

F~ve.Dry B~ochsm~cal 
Oxygen Demtnd: 16 mgll 

Five-Day Biochemical 
Oxygen Demand: 15 rngll 

Totai Phosphorus: 1 mg/le 

PS+AS+FC+M or F~ FiveBay Bio~Asm~cal 
or Oxygen Demand: 16 

CS+FC+M or F Suspended Sollds: 10.20 
Totai Phosphorus 9.15 
Ammonla Nltrogen 9-15 

C+PS+AS+C+FC+F~ F~ve-Day B~ochem~cal 
or Oxygen Demand 12-15 

CtPS+TF+C+FCtF Suspended Sollds 5-15 
Total Phosphorus le 
Ammon~a-Nltrogen 9 15 

Five-Day Biochemical 
Oxygen Demand: 15 mgll 

Total Phosphorus: 1 mg/le 
Ammonia-Nitrogen: 1.5 mgll 

Five-Day Biochemical 
Oxygen Demand: 10-15g 

Suspended Solids: 1 2-2og 
Total Phosphorus: lgfe 
Ammonia-Nitrogen: 1.5g 

Five-Day Biochemical 
Oxygen Demand: 15 rngll 

Ammonia-Nitrogen: 1.5 mgll 

Five-Day Biochemical 
Oxygen Demand: 10-1!ig 

Suspended Solids: 1 2-2og 
Total Phosphorus: 9 - 1 5 ~  
Ammonia-Nitrogen: l.!jg 

Five-Day Biochemical 
Oxygen Demand: 10 mgll 

Total Phosphorus: 1 mg/le 
Ammonia-Nitrogen: 1.5 mgll 
Dissolved Oxygen: 6 mgll 

(minimum) 

Five-Day Biochemical 
Oxygen Demand: 8-log 

Suspended Solids: 5- lzg 
Total Phosphorus: 
Ammonia-Nitrogen: l.sg 
Dissolved Oxygen: 6.0 

(minimum) 

Five-Day Biochemicai 
Oxygen Demand: 5 mgll 

Total Phosphorus: 1 mg/le 
Ammonia-Nitrogen: 1.5 mg/l 
Dissolved Oxygen: 6 mgll 

Five-Day Biochemical 
Oxygen Demand: 3-5g 

Total Phosphorus: 1 .og 
Ammonia-Nitrogen: 1.5g 
Dissolved Oxygen: 6 . 0 ~  

(minimum) 

aAs defined i n  SEWRPC Technical Report No. 18, Stare of the A r t  of Water Pollution Control for Southeastern Wisconsin, Volume One, 
Point Sources. 

b~ll treatment levels include pretreatment and chlorination uni t  processes. 

Qualify variations due to varying influent conditions and type of treatment unifs utilized 

d~er t iary  treatment uni t  no t  required with influent having l ow  wastewater characteristic strength. 

I n  addition to the levels noted, another treatment step was utilized i n  the development and evaluation o f  po int  source control alternatives 
that step providing a high level o f  advanced waste treatment producing an effluent total phosphorus concentration of about 0.1 mg/l This 
higher level of treatment assumes use o f  an effluent land application system or o f  two-stage chemical clarification and filtration Prior to 
discharge to the surface waters. 

Other biological secondary systems can be substituted for activated sludge. 

LEGEND 

AC - Activated Carbon 
A L  . Aerated Lagoon 
AS . Activated Sludge 
BD - Rotating Biological Contactor 
C - Chemical Treatment 
CS - Contact Stabilization 
EA . Extended Aeration 
F . Filter 
FC - Final Clsrifirr 
IC . Intermediate Clarifier 
LA - Lend Application 
M . Micrortruinsr 
N . Nitrification 
P . Post Aeration 
PL . Polishing Lagoon 
PS . Primary Sodimentation 
TF  . Trickling Filter 

Removals for land application schematics depend on soil type and cropping practice. 

Source: SEWRPC. 



For the assumed design year 2000 conditions, point 
source alternative analyses considered controls needed 
to attain effluent concentrations of BOD5, suspended 
solids, ammonia-nitrogen, phosphorus, and fecal coliform 
generally determined to be needed to achieve the adopted 
water use objectives and water quality standards for each 
stream of the Region. In addition, treatment or waste- 
water controls associated with the Wisconsin Pollution 
Discharge Elimination System (WPDES) permit process 
and the federal- and state-defined requirements for "best 
available t e c h n o ~ o g ~ " ~  were considered. Finally, con- 
necting industrial discharges to the public sanitary 
sewer system was considered, as was providing the 
degree of wastewater control needed to provide a con- 
tinued surface water discharge. Conversely, eliminating 
industrial connections discharging unpolluted waste- 
waters to  the public sewer systems and discharging that 
waste to the surface waters was considered. 

In order to recommend point and diffuse source control 
measures, the sources of pollution that were resulting in 
the violation of water quality standards needed to be 
determined. In general, it was found that diffuse source 
controls were not substitutable for point source controls. 
Point sources were usually found to be the primary cause 
of phosphate phosphorus and un-ionized ammonia- 
nitrogen violations, while fecal coliform violations were 
usually generated by the effects of diffuse sources. 
Dissolved oxygen problems within the Region were 
usually caused by high oxygen demand from bottom 
deposits and benthic organisms. (Bottom deposits are 
attributable t o  excessive historical and existing point 
source discharges, flow relief devices, and diffuse source 
loadings.) These dissolved oxygen problems in most cases 
are expected to  be abated by the implementation of the 
recommended point source controls and minimum 
diffuse source controls. Additional point source controls 
beyond those proposed in SEWRPC Planning Report 
No. 16 were relatively ineffective in ameliorating fecal 
coliform problems under year 2000 land use conditions, 
and diffuse source controls were not generally effective in 
controlling instream phosphate-phosphorus or un-ionized 
ammonia-nitrogen levels, especially in rural areas. Hence, 
a true alternative selection of additional point source 
controls versus diffuse source controls seldom existed. 
In cases where alternative selections between point 
and diffuse source controls did exist, the least costly 
pollution abatement measure was always apparent and 
that control measure was thus recommended. 

' ~ e ~ u i r e d  effluent limitations for industrial point 
sources which must be achieved no later than July 1,1983 
using the best available technology economically achieu- 
able, as defined for a category or class o f  point source by 
the actions o f  the Administrator of the U. S. Environ- 
mental Protection Agency. (See Section 301(32)B(2)A 
o f  Public Law 92-500.) 

Diffuse Source Control Design Procedures 
A major finding of the areawide water quality manage- 
ment planning program is that a moderate level of non- 
point or diffuse source pollution abatement will be 
needed to meet the recommended water use objectives 
and supporting standards. The development of the 
nonpoint source element of the water quality plan was 
based upon the determination of a required level of 
reduction of diffuse source pollutants. 

Existing and Planned Land Use Conditions: Year 1970 
land use conditions. 1985 stage planned land use con- - - 
ditions, and design ykar 2000 planned land use conditions 
and attendant resident population and employment levels 
were developed by the Commission as part of the land 
use planning program and were used to identify existing 
areas suited to specific practices, along with the probable 
change in the extent of these areas over the design period. 
These forecasts allowed cost estimates to  be developed to  
the design year. Livestock populations identified in 
a 1975 Commission inventory were used to develop cost 
estimates of animal waste control systems. Although total 
livestock populations have been declining within the 
Region, no further declines in such populations are 
assumed to occur through the year 2000. The estimated 
livestock management costs, however, are based upon 
the number of animals in livestock herds in excess of 
25 equivalent animal units. (An animal unit is equal to  
the waste production of a 1,000-pound cow.) Any future 
decline in total livestock populations should generally 
occur through the loss of smaller herds and, therefore, 
should not significantly affect the cost estimates. 

Identification and Test of Control Measures: The basic 
arocedure used to develop the alternative water quality - - 
management plans described herein was to identify the 
factors affecting water quality in each reach of the stream 
and lake systems studied-factors which included lake 
and stream bottom and flow conditions as well as existing 
and potential sources of pollution. These factors were 
analyzed and evaluated to  identify possible effective 
approaches to required water pollution abatement. 

The level of reduction in pollutant accumulations on the 
land surface required to  meet applicable water quality 
standards, as represented by the water quality-frequency- 
duration relationships, forms the basis for the location 
and design of alternative diffuse source control measures. 
Table 24 sets forth the diffuse source control measures 
applicable to general land uses and diffuse source activi- 
ties, along with the estimated maximum level of pollution 
reduction which may be expected upon implementation 
of the applicable measures. The table also includes 
information pertaining to the costs of developing the 
alternatives set forth in this chapter, which are presented 
in more detail in SEWRPC Technical Report No. 18, 
Volume Three, Urban Storm Water Runoff, and Volume 
Four, Rural Storm Water Runoff. The recommended 
level of reduction was based on the water quality simula- 
tion analyses discussed below for each watershed. 



Table 24 

GENERALIZED SUMMARY OF METHODS AND EFFECTIVENESS OF 
DIFFUSE SOURCE WATER POLLUTION CONTROL MEASURES 

Applicable 
Land Use 

Urban 

Control ~ e a s u r e s ~  

Litter and pet waste 
control ordinance 

Improved timing and efficiency 
of street sweeping. leaf 

collection and disposal, and 
catch basin cleaning 

Management of onsite sewage 
treatment systems 

Increased street sweeping 

Increased leaf and clippings 

collection and disposal 

Assumptions for 
Costing Purposes 

Ordinance administration and 
enforcement costs are 
expected t o  be funded by 
violation penalties and 
related revenues 

No significant increase in 
current expenditures 
is expected 

Replace one-half of estimated 
existing failing septic systems 
with properly located and 
installed systems and replace 
one-half with alternative 
systems, such as mound 
systems or holding tanks; all 
existing and proposed onsite 
sewage treatment systems are 
assumed to  be properly main- 
tained; assume system life of 
25 years. The estimated cost 
of a septic tank system is 
$2,300 and the cost o f  an 
alternative system is $4,500. 
The annual maintenance cost 
o f  a disposal system is $45. 
A holding tank would cost 
$1,300 with an annual opera- 
t ion and maintenance cost o f  
$1,200. However, because 
septic system management is 
an existing function necessary 
for the preservation o f  public 
health and the maintenance of 
drinking water supplies, these 

costs are not  included as part 
o f  the areawide water quality 
maintenance plan 

Estimate curb miles based on 
land use, estimated street 
acreage, and Commission 
transportation planning 
standards; assume one street 
sweeper can sweep 2,000 curb 
miles per year: assume sweeper 
life of 10 years; assume residen- 
tial areas swept once weekly, 
commercial and industrial 
areas swept twice weekly. The 
cost of a vacuum street sweeper 
is approximately $38,000. The 
cost of the operation and main- 
tenance of a sweeper is about 
$10 per curblmile swept. 

Assume one equivalent mature 
tree per residence plus five 
trees per acre i n  recreational 
areas; 75 pounds o f  leaves per 
tree; 20 percent of leaves in 
urban areas not  currently 
disposed of properly. The cost 
of the collection o f  leaves i n  
a vacuum sweeper and disposal 
is estimated at $25 per ton 
of leaves 

Summary ~ e s c r i p t i o n ~  

Prevent the accumulation of 
l itter and pet wastes on streets 
and residential, commercial, 

industrial, and recreational 
areas 

Improve the scheduling of these 
public works activities, modify 

work habits of personnel, and 
select equipment t o  maximize 
the effectiveness of these 

existing pollution control 
measures 

Regulate septic system 
installation, monitoring, 
location, and performance; 
replace failing systems with 
new septic systems or 
alternative treatment 
facilities; develop alternatives 
t o  septic systems; eliminate 
direct connections t o  drain 
tiles or ditches; dispose of 

septage at sewage treatment 
facility 

On the average, sweep all streets 
in urban areas an equivalent o f  
once or twice a week with 
vacuum street sweepers; require 
parking restrictions t o  permit 
access t o  curb areas; sweep all 
streets at least eight months per 

year; sweep commercial and 
industrial areas with greater 
frequency than residential areas 

Increase the frequency and 

efficiency o f  leaf collection 
procedures in fall; use vacuum 
cleaners t o  collect leaves; 
implement ordinances for leaves, 
clippings, and other organic debris 
t o  be mulched, composted, or 
bagged for pickup 

Approximate Percent 
Reduction of 

Released ~ o l l u t a n t s ~  

2-5 

2-5 

10-30 

30-50 

2-5 



Table 24 (continued) 

Assumptions for 
Costing Purposes 

Determine curb miles for street 
sweeping; vary percent o f  
urban area sewed by catch 
basins by  watershed f rom 
Commission inventory data; 
assume density of 10 catch 
basins per curb mile; clean 
each basin twice annually by 
vacuum cleaner. The cost of 
cleaning a catch basin is 
approximately $8 

Increased costs, such as for 
slower transportation move- 
ment, are expected t o  be 
offset by benefits such as 
reduced automobile corrosion 
and damage to  vegetation 

Applicable 
Land Use 

Urban 
(continued) 

Summary I3escriptionb 

Increase frequency and efficiency 
of catch basin cleaning; clean at 
least twice per year using vacuum 
cleaners; catch basin installation 
in new urban development not 
recommended as a cost-effective 
practice for  water quality 
improvement 

Reduce use of deicing salt on 
streets; salt only intersections 
and problem areas; prevent 
excessive use of sand and other 
abrasives 

Control ~ e a s u r e s ~  

Increased catch basin cleaning 

Reduced use of deicing salt 

Improved street maintenance Increase street maintenance and 
and refuse collection and repairs; increase provision o f  by approximately 15 percent. 

disposal trash receptacles in public areas; The annual cost per person 

improve trash collection is about $4 

Approximate Percent 
Reduction of 

Released ~ o l l u t a n t s ~  

2-5 

Negligible for pollutants 
addressed in this chapter but  
helpful for reducing chlorides 
and associated damage 
to  vegetation 

Parking lo t  storm water 
temporary storage and 
treatment measures 

Onsite storage-residential 

schedules; increase cleanup o f  
parks and commercial centers 

Construct gravel-filled trenches, 
sediment basins, or similar 
measures t o  store temporarily 
the runoff f rom parking lots, 
rooftops, and other large 
impervious areas; i f  treatment is 
necessary, use a physical- 
chemical treatment measure 
such as screens, dissolved air 
flotation, or a swirl concentrator 

Remove connections t o  sewer 
systems; construct onsite storm 
water storage measures for 
subdivisions 

5-10 

5-10 

Design gravel-filled trenches for 
24-hour, five year recurrence 
interval storm; apply t o  o f f -  
street parking acreages. For 
treatment-assume four-hour 
detention time. The capital 
cost o f  storm water detention 
and treatment facilities is 
estimated at $9,000 per acre 
o f  parking lot  area, with an 
annual operation and main- 
tenance cost o f  about $100 
per acre. 

Remove roof drains and other 
connections t o  sewer system 
wherever needed; use lawn 
aeration i f  applicable; apply 
dutch drain storage facilities 
t o  15 percent of residences. 
The capital cost would approxi- 
mate $200 per house, with 
an annual maintenance cost 
o f  about $10 



Table 24 (continued) 

Assumptions for 
Costing Purposes 

Design all storage facilities for 
a 1.5 inch o f  runoff event, 
which corresponds approxi- 
mately t o  a five-year 
recurrence interval event with 
a storm event being defined 
as a period of precipitation 
with a minimum antecedent 
and subsequent dry period 
o f  f rom 12 t o  24 hours; 
apply subsurface storage 
tanks t o  intensively developed 
existing urban areas where 
suitable open land for surface 
storage is unavailable; design 
surface storage basins for 
proposed new urban land, 
existing urban land not  
storm sewered, and existing 
urban land where adequate 
open space is available at the 
storm sewer discharge site. The 
capital cost for storm water 
storage would range from 
51.000-510.000 per acre of 
tributary drainage area, with 
an annual operation and 
maintenance cost o f  about 
$20-540 per acre 

T o  be applied only in combina- 
t ion with storm water storage 
facilities above; general cost 
estimates for microstrainer 
treatment and ozonation were 
used; same costs were applied 
t o  existing urban land and 
proposed new urban develop- 
ment. Storm water treatment 
has an estimated capital 
cost of from $900-57.000 per 
acre of tributary drainage area, 
with an average annual opera- 
t ion and maintenance cost o f  
about $35 per acre 

Costs for Soil Conservation 
Service (SCSI-recommended 
practices are applied t o  
agricultural and related rural 
land; the distribution and 
extent o f  the various prac- 
tices were determined from 
an examination of 56 existing 
farm plan designs within the 
Region. The capital cost of 
conservation practices ranges 
from 50.30-51 4 per acres of 
rural land, with an average 
annual operation and main- 
tenance cost o f  f rom $2-54 
per rural acre 

Applicable 
Land Use 

Urban 
(continued) 

Rural 

Control ~ e a s u r e s ~  

Storm water storage-urban 

Storm water treatment 

Conservation practices 

Summary iJescriptionb 

Store storm water runoff f rom 
urban land in surface storage 
basins or, where necessary, 
subsurface storage basins 

Provide physical-chemical 
treatment which includes screens, 
microstrainers, dissolved air 
flotation, swirl concentrator, or 
high-rate filtration, and/or 
disinfection, which may include 
chlorination, high-rate disinfec- 
tion, or ozonation t o  storm 
water following storage 

Includes such practices as strip 
cropping, contour plowing, crop 
rotation, pasture management, 
critical area protection, grading 
and terracing, grassed waterways, 
diversions, wood lo t  management, 
fertilization and pesticide manage- 
ment, and chisel tillage 

Approximate Percent 
Reduction of 

Released ~ o l l u t a n t s ~  

10-35 

10-50 

Up to  50 



Table 24 (continued) 

Applicable 
Land Use 

Rural 

(continued) 

Approximate Percent 
Reduction of 

Released ~ o l l u t a n t s ~  

50-75 

50-75 

75-90 

reduce peak runoff rates. Berms 
could be constructed parallel 

Control ~ e a s u r e s ~  

Animal waste control system 

Base-of-slope detention storage 

Assumptions for 
Costing Purposes 

Cost estimated per animal unit; 
animal waste storage (liquid 
and slurry tank for costing 
purposes) facilities are 
recommended for all major 
animal operations within 
500 feet of surface water and 
located in areas identified as 
having relatively high potential 
for severe pollution problems. 
Runoff control systenls recom- 
mended for all ot:ler major 
animal operations. It is 
recognized that dry manure 
stacking facilities are signifi- 
cantly less expensive than 
liquid and slurry storage tanks 
and may be adequzte waste 
storage systems in many 
instances. The estimated 
capital cost and avnraqe 
operation and maintenance 
cost of a runoff control system 
is $90 per animal unit and 
$10 per animal unit, respec- 
tively. The capital cost of 
a l iquid and slurry storage 
facility is about $425 per 
animal unit, with an annual 
operation and maintenance 
cost o f  about $30 per unit. 
An  animal unit is the weight 
equivalent of a 1,000-pound 
COW 

Construct a low earthen berm at 
the base of agricultural fields, 
along the edge of a floodplain, 
wetland, or other sensitive 
area, design for 24-hour, 
10-year recurrence interval 
storm; berm height about four 
feet. Apply where needed in 
addition t o  basic conservation 
practices; repair berm every 
10 years and remove sediment 

and spread on land. The esti- 
mated capital cost of base-of- 
slope detention storage would 
be about $250 per tributary 
acre, with an annual opera- 
t ion and maintenance cost 
of $1 0 per acre 

Apply t o  all appropriate agricul- 
tural lands for a maximum level 
o f  pollution control. Utilization 
o f  this practice would exclude 
installation of many basic 
conservation practices and 
base-of-slope detention storage. 
The capital cost o f  bench 
terraces is estimated at $625 
per acre, with an annual opera- 
t ion and maintenance cost o f  
$45 per acre 

Summary ~ e s c r i p t i o n ~  
- 

Construct stream bank fencing 
and crossovers t o  prevent access 
of all livestock t o  waterways; 
construct a runoff control system 
or a manure storage facility, as 
needed, for major livestock 
operations: prevent improper 
applications of manure on frozen 
ground, near surface dl-ainage- 
ways, and on steep slopes; 
incorporate !manure into scil 

Store runoff f rom agricultural land 
t o  allow solids t o  settle out and 



Table 24 (continued) 

Applicable 
Land Use Control ~ e a s u r e s ~  

Assumptions for 
Costing Purposes Summary ~ e s c r i p t i o n ~  

Urban and 
Rural 

Approximate Percent 
Reduction of 

Released ~ o l l u t a n t s ~  

Public education programs 

Cor1struction erosion control 
practices 

Conduct regional- and county- 
level public education programs 
t o  inform the public and provide 
technical information on the 
need for proper land manage- 
ment practices on private land, 
the recommendations for 
management programs, and the 
effects of implemented measures; 
develop local awareness programs 
for citizens and public works 
officials; develop local contact 
and education efforts 

Construct temporary sediment 
basins; install straw bale dikes; use 
fiber mats, mulching and seeding; 
install slope drains t o  stabilize 
steep slopes; construct temporary 
diversion swales or berms upslope 
f rom the project 

lndeterminate For first 10 years includes 
cost of one person, materials, 
and support for  each 25,000 
population. Thereafter, the 
same cost can be applied t o  
for  every 50,000 population. 
T h e  cost of one person, 
materials, and support is 
estimated at $33,000 per year 

Assume acreage under construc- 
t ion  is the average annual 
incremental increase in urban 
acreage; apply costs for  
a typical erosion control 
program for a construction 
site. The estimated capital cost 
and operation and maintenance 
cost for construction erosion 
control is $2,200 and $400 
per acre under construction, 
respectively 

Materials storage and runoff 
control facilities 

Enclose industrial storage sites w i t h  
diversions; divert runoff t o  
acceptable out let  or storage 
faci l i ty ;  enclose salt piles and 
other large storage sites in crib 
and dome structures 

Assume 40 percent of industrial 
areas are used for storage and 
t o  be enclosed by diversions; 
assume existing salt storage 
piles enclosed by cribs and dome 
structures. T h e  estimated capital 
cost of industrial runoff control 
is $1,100 per acre of industrial 
land. Material storage control 
costs are estimated at $30 per 
ton of material 

Stream protection measures Provide vegetative buffer zones 
along streams t o  fi l ter direct 
pollutant runoff t o  the stream; 
construct stream bank protection 
measures, such as rock riprap, 
brush mats, tree revetment, jacks, 
and jetted w i l low poles 
where needed 

Apply a 50-foot-wide vegetative 
buffer zone on each side of 
15 percent of the stream 
length; apply stream bank 
protection measures t o  
5 percent of the stream length 
Vegetative buffer zones are 
estimated t o  cost $21,200 
per mile of stream, and 
streambank protection 
measures cost about $37,000 
per stream mile 

Pesticide and fertilizer 
application restrictions 

Match application rate t o  need: 
eliminate excessive applications 
and applications near or into 
surface water drainageways 

Cost included in public 
education program 

a 
N o t  al l  control  measures are evaluated for each watershed. The characteristics o f  the watershed, the estimated required level o f  pol lut ion reduction needed t o  

meet the applicable water quality standards, and other factors wi l l  influence the estimation o f  costs o f  specific practices for  any one watershed. Al though the 
control  measures costed represent the recommended practices developed a t  the regional level on the basis o f  the best available information, the local implementa- 
t ion Process shouldprovide more detailed data and identify more efficient and effective sets of practices t o  apply t o  local conditions. 

Critical area protection 

For a more detailed description o f  pol lut ion control  measures for diffuse sources, see SEWRPC Technical Report No. 18, State of the A r t  o f  Water Pollution 
Control for Southeastern Wisconsin, Volume Three, Urban Storm Water Runoff, and Volume Four, Rural Storm Water Runoff. 

The approximate effectiveness refers t o  the estimated amount o f  pol lut ion produced b y  the contributing category (urban or rural) that could be expected t o  be 
reduced b y  the implementation o f  the practice. The effectiveness rates wou ld  vary greatly depending on the characteristics of  the watershed and individual diffuse 
sources. I t  should be further noted that practices can have only a "sequential"effect, since the percent pol lut ion reduction of a second practice can only be 
applied against the residual pol lutant load which is n o t  controlled b y  the first practice. For example, t w o  practices o f  50 percent effectiveness wou ld  achieve 
a theoretical total  effectiveness o f  only 75 percent control  o f  the init ial load. Further, the general levels o f  effectiveness reported i n  the table are n o t  necessarily 
the same for al l  pollutants associated w i th  each source. Some pollutants are transported b y  dissolving i n  water and others b y  attaching t o  solids in  the water; 
the methods summarized here reflect typical pol lutant removal levels. 

Emphasize control of areas 
bordering lakes and streams; 
correct obvious erosion and 
other pollution source problems 

Source: SEWRPC. 
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The practices to be considered for each watershed 
depend, among other things, on the estimated level of 
diffuse source pollution loading reduction found neces- 
sary to satisfy the applicable water use objectives and 
standards to the year 2000, and on the physical charac- 
teristics of the watershed. The sets of practices recom- 
mended for various levels of diffuse source pollution 
control are presented in Table 25. However, not all 
practices are needed, applicable, or cost-effective for all 
watersheds, due to variations in pollutant loadings and 
land use and natural conditions among the watersheds. 
Thus, these practices are proposed for general systems 
analysis purposes only; specific practices applicable and 
recommended for any given locality must be developed 
along local planning and design efforts. Such efforts 

could account for such local conditions as current land 
management practices and equipment availability. This 1 
level of planning is proposed as a local element of the 
continuing water quality management planning program 
for the Region, to  be conducted by local community 
leaders, planners, resource managers, and engineers, with 1 
the assistance of county, regional, and state agencies. 
A locally prepared plan for nonpoint abatement measures 
should be better able to blend knowledge of current 
problems and practices with a quickly evolving tech- 

~ 
nology to achieve a suitable, site specific approach to  
pollution abatement. It should be noted that wherever 1 
possible, the recommended practices are cost-effective ' 
with regard to  water quality management for a specific 
watershed or lake drainage basin. 

I 

Table 25 

ALTERNATIVE GROUPS OF DIFFUSE SOURCE WATER POLLUTION CONTROL MEASURES 
PROPOSED FOR STREAMS AND LAKE WATER QUALITY MANAGEMENT 

a In addition to diffuse source control measures, lake rehabilitation techniques may be required to  satisfy lake water quality standards. 

Pollution 
Control 

Category 

Minimum or Low-Cost 
Diffuse Source 
Control practicesa 

Additional 
Diffuse Source 
Control practicesa 

The required level o f  diffuse source reduction is identified for each watershed from the water quality analyses and for each lake tributary area from annualphos- 
phorus load analyses. The percent reduction refers to  the portion o f  pollutant runoff from urban or rural land-excluding pollutants controlled by minimum 
practices-which can be controlled by the implementation o f  those practices. 

Groups o f  practices are presented here for general analysis purposes only. Not all practices are applicable to, or recommended for, all lake and stream tributary 
watersheds. For costing purposes, construction erosion control practices, public education programs, and material storage facilities and runoff  control are 
considered urban control measures and stream protection is considered a rural control measure. 

Level of 
~ o l l u t i o n ~  
Control 

Variable 

50 percent 

75 percent 

More than 75 percent 

The provision o f  bench terraces would exclude most basic conservation practices and base-of-slope detention storage facilities. 

I 
Source: SEWRPC. I 

Practices t o  Control 
Diffuse Source Pollution 

from Urban  rea as' 

Public education programs, litter and pet 
waste control, restricted use of fertilizers 
and pesticides, construction erosion control, 
septic tank system management, critical area 
protection, improved timing and efficiency 
of street sweeping, leaf collection, and 
catch basin cleaning, material storage facilities 
and runoff control 

Above, plus: Increased street sweeping, 
improved street maintenance and refuse 
collection and disposal, increased catch 
basin cleaning, stream protection, increased 
leaf and vegetation debris collection 
and disposal 

Above, plus: An additional increase in street 
sweeping, use of onsite storm water storage 
measures in residential areas, parking lot 
storm water runoff storage and treatment, 
use of urban storm water storage facilities 

Above, plus: Urban storm water treatment 
with physical-chemical and/or disinfection 
treatment measures 

Practices t o  Control 
Diffuse Source Pollution 

from Rural o re as' 

Public education program, fertilizer and 
pesticide management, critical area 
protection, crop residue management, 
chisel tillage, pasture management, 
contour plowing, livestock waste 
control, construction erosion control 

Above, plus: Crop rotation, contour 
strip-cropping, grass waterways, 
diversions, wind erosion controls, 
terraces, stream protection 

Above, plus: Base-of-slope detention 
storage 

Bench terracesd 



It must be noted that urban areas have characteristics 
that differ from rural areas and complicate preparation 
of a diffuse source pollution abatement plan. Because 
man, along with his structures and activities, dominates 
the urban portion of the watershed, there are many more 
ways in which diffuse source pollution is generated in an 
urban area and, therefore, many different measures avail- 
able to mitigate that pollution. Some urban diffuse 
source pollution control measures can be accomplished 
at  only minimal cost, with the basic requirement being 
cooperative efforts by an enlightened public and imple- 
menting authorities. These low-cost measures include: 
litter and pet waste control ordinances; proper applica- 
tion of chemical and organic fertilizers and pesticides 
to lawns, golf courses, and park land; control of debris 
through provisions of ample trash receptacle areas and 
voluntary actions; improved general housekeeping prac- 
tices; improved timing and efficiency of street sweeping, 
leaf collection, and catch basin cleaning; and critical area 
protection. In addition, public education programs are 
needed to  provide technical information, as well as to 
inform the public of the progress of the planning and 
implementation programs, the effects of implemented 
measures, and the revisions in the initial plan. These 
low-cost measures have been combined with others 
considered to  be needed for sound land management 
and minimum water quality protection, including con- 
struction erosion control and proper management of 
onsite wastewater treatment systems, into a category 
of urban practices which are generally recommended 
throughout the Region regardless of the degree of urban 
diffuse pollutant control needed to  meet water use 
objectives. It is expected that the implementation of 
these practices will be beneficial in controlling adverse 
water quality conditions not specifically simulated 
under the areawide water quality management plan- 
ning program, such as pollution from sediment or toxic 
and hazardous substances or limited localized pollution 
problems. For rural areas, minimum land management 
practices-inclusive of proper fertilizer and pesticide 
management, critical area protection, residue manage- 
ment, chisel tillage, pasture management, contour plow- 
ing, livestock waste control, and construction erosion 
control, as well as public education programs, should 
be implemented to protect the water quality and are 
generally recommended throughout the Region. 

The analyses presented in SEWRPC Technical Report 
No. 21, which identified the relative magnitude of all 
significant pollution sources, were used to  determine 
the need for additional diffuse source control beyond 
the level achieved by the implementation of minimum 
practices. The minimum practices-particularly construc- 
tion erosion control, management of onsite sewage 
disposal systems, and livestock waste control-frequently 
were estimated to  achieve a high level of diffuse source 
pollution control. If further diffuse source controls were 
needed, the practices presented in Table 25 were con- 
sidered. In this way, only the most cost-effective diffuse 
source controls needed to meet water use objectives are 
recommended. As noted earlier, point and diffuse source 
controls were generally not substitutable. Point sources 

were usually found to be the primary cause of phosphate 
phosphorus and unionized ammonia-nitrogen violations, 
while fecal coliform violations were usually generated by 
the effects of diffuse sources. Hence, a true alternative 
selection of additional point source controls versus 
diffuse source controls seldom existed. In cases where 
alternative selections between point and diffuse source 
controls existed, the least costly pollution abatement 
measure was generally apparent and that control measure 
was recommended. 

Certain assumptions were necessary for development of 
systems level recommendations for urban storm water 
control. Urban storm water storage and treatment struc- 
tural measures were considered as alternative pollution 
abatement measures only when a maximum level of 
urban diffuse source control was necessary. Design and 
cost criteria for these measures were developed from the 
Commission inventories of storm sewer drainage area 
outfall locations and tributary land use, SEWRPC Tech- 
nical Report No. 18, Volume Three, Urban Storm Water 
Runoff, and SEWRPC Study Volume Memoranda per- 
taining to urban diffuse source control practices. All 
storage measures were designed to store 1.5 inches of 
runoff, which corresponds approximately to  a five-year 
recurrence interval precipitation event--an event defined 
as a period of precipitation with a minimum antecedent 
and subsequent dry period of from 1 2  to 24 hours. This 
event was chosen for the areawide systems level planning 
and was based on the expected range of pollutant 
removal and costs of various runoff design capacities and 
on the need to utilize an event which would be consistent 
with the needed storage dewatering time. Refinements in 
the storage capacity should be considered at the local 
planning level to  coordinate the storage facilities with 
the hydraulic design considerations utilized in design of 
local storm water drainage systems. A subsurface storage 
tank was considered only where the urban area served 
was already developed and storm sewered, and the logical 
storm water storage site was in intensive use, precluding 
surface storage basins. In general, proposed new urban 
development, or existing urban development, whose 
primary tributary area was lightly developed or open 
land was assumed to be amenable to application of the 
less expensive surface storage basins. The level of urban 
storm water treatment, if needed, was determined by 
identifying the percentage of an urban area to be served 
by physical/chemical treatment or by disinfection, as 
estimated from water quality analyses and treatment 
effectiveness estimates. While, in general, storm water 
storage and treatment measures were not found to  be 
needed based on a systems level analysis, it is anticipated 
that these measures will be appropriate alternative 
pollution abatement measures to  be considered in local 
planning activities. 

Estimation and Evaluation of Costs of Control Measures 
The economic aspects of point and diffuse source con- 
trols are important to the selection of alternative control 
measures and the recommendation of a water quality 
plan. With respect to water quality management planning, 
the cost effectiveness of a given practice refers to the 



cost of that practice and the potential pollution load 
reduction that may occur from the implementation of 
that practice. Therefore, the most cost-effective practice 
provides the largest potential pollution reduction for 
the smallest cost. 

The monetary costs of structural alternatives can be 
evaluated using the cost curves presented in SEWRPC 
Technical Report No. 18, Volume One, Point Sources. 
The report includes major design criteria on each curve. 
The cost basis for all curves in August 1976 and the costs 
of individual diffuse source control practices are based 
on the costs presented in SEWRPC Technical Report 
No. 18, Volume Three, Urban Storm Water Runoff, and 
Volume Four, Rural Storm Water Runoff. To accelerate 
the capital costs to estimated January 1978 costs, a factor 
of 1.09 may be applied 

The costs obtained from the cost curves are sufficiently 
accurate for areawide systems planning and should be 
refined during project planning. At the areawide systems 
level of planning, the cost information is used to compare 
alternatives on a consistent basis. 

The costs and technical effectiveness of control practices 
were estimated and a cost analysis was conducted for 
each alternative plan and for the recommended year 2000 
point source control level. The cost analysis provides an 
important basis for the evaluation of the economic 
aspects of the alternative plans considered. It must be 
recognized, however, that no management decision is 
based on economics alone, and other considerations will 
also influence decisionmaking. 

The cost estimates for diffuse source controls presented 
for lake drainage basins are the expected costs to reduce 
pollutant loads to the direct tributary drainage area of 
each lake, and exclude costs to reduce pollutant loads to 
major streams which discharge into the lake. The costs 
required for the major inflow streams to satisfy stream 
water quality standards are included in the watershed 
stream costs. The level of diffuse source control required 
for a lake does not affect the recommended diffuse 
source controls needed for inflow streams unless the lake 
cannot realistically satisfy the nutrient standard without 
additional inflow nutrient reductions. If additional 
diffuse source controls are needed for inflow streams, the 
increased cost is presented for the lake. 

Design Period and Economic Life: The physical life of 
a property is that period between the original acquisition 
and final disposal of the property. The physical life of 
a given property is usually longer than the economic 
life. The economic life is defined as the period after 
which the incremental benefits from continued use 
no longer exceed the incremental cost of operation. 
In the economic analyses conducted under the areawide 
water quality planning program, the time period over 
which a facility is totally depreciated is made equal to 
the economic life. 

A 25-year design period was selected for the areawide 
water quality planning program. This design period is 
consistent with that utilized by the Commission in its 

other planning programs and, in particular, represents 
the design period utilized for the regional land use plan. 
It  is recognized, however, that the economic life of 
sanitary sewers and certain other structural control 
facilities may exceed that of the plan design period. 
Accordingly, for purposes of the economic analyses, 
an economic life of 50 years was assumed for sewers, 
force mains, lagoons, storage structures, and land; an 
economic life of 25 years was assumed for pumping and 
lift stations and wastewater treatment facilities. 

While the plan design period is 25 years, from 1975 to  
2000, the economic analysis period runs from 1975 to  
2025, based on the longest economic life of components 
of the areawide water quality management plan. Cost 
computations under the plan assume that construction 
of major system elements such as sewers, pumping and 
lift stations, and wastewater treatment plants and that 
the acquisition of land will begin between 1980 to 1985. 
All costs, however, are expressed in 1976 dollars. 

Following the principles of engineering economic analy- 
ses, no escalation of costs for construction, operation, 
maintenance, or replacement was considered. In the 
economic evaluations, provisions for the replacement 
of shorter-lived components are incorporated in total 
economic costs through the selection of an economic life. 
The economic analyses of alternatives assumes replace- 
ment of facilities at specific life intervals. Although it 
can be rightly argued that concrete structures have longer 
lives than 25 years, it can be countered that sewers may 
have longer lives than 50 years. Therefore, the relative 
economic comparisons will result in the same conclusions. 
A salvage value was credited to facilities whose economic 
life extended beyond the year 2025. For example, a sewer 
with a life of 50 years assumed to be constructed in 1995 
was given a credit for 20 years of life after 2025. 

Interest Rate: An interest rate of 6 percent was used 
in all of the economic analyses under the regional area- 
wide water quality management planning program. 
The 6 percent interest rate had previously been used 
by the Commission in economic evaluations under 
the Root, Fox, Milwaukee, and Menomonee River 
watershed studies and regional sanitary sewerage system 
plan. While interest rates from 4 to  10 percent are often 
proposed for studies of this nature, a value of 6 percent is 
considered reasonable because it represents the approxi- 
mate rate to citizens on conservative investments and, 
therefore, is representative of the cost to the individual 
of foregoing opportunities for investment elsewhere. 
Current U. S. Environmental Protection Agency guide- 
lines recommend using 6 318 percent interest rate instead 
of the 6 percent rate generally used by the Commission. 
The difference between these two rates is slight and 
of no real consequence. Evaluation of the economic 
analysis factors as a function of interest rate and length 
of analysis period showed that no significant change in 
the relative costs of alternative plans would result if the 
higher interest rate were used. 

Depreciation and Salvage Values: For the purpose of 
the economic analyses conducted under the planning 
program, it was assumed that all of the facilities would 



depreciate at  an average annual rate over the economic 
life. At the end of economic life it was assumed that no 
value remained; thus, no salvage values were included in 
the economic analyses except for those facilities with 
an economic life extending beyond the year 2025. 

Construction Capital Costs: The construction costs of 
all facilities included in the plan were estimated from 
the series of curves presented in SEWRPC Technical 
Report No. 18  for point source control cost estimation. 
These construction costs were multiplied in the economic 
analyses by a factor of 1.35 to obtain capital costs. The 
additional 35 percent of the estimated construction costs 
is added to account for unforeseen items in the cost esti- 
mates (contingencies), engineering and legal fees, adminis- 
trative costs, and financing costs. The multiplier was 
derived as shown in the following tabulation. 

Construction Cost = 

Contingencies = 

Subtotal 1.15 

Engineering = 1.15 x 0.08 = 0.092 
Legal and 

Administrative = 1.15 x 0.02 = 0.023 
Interest during 

Construction = 1.15 x 0.045 = 0.052 

Subtotal 1.317 

Financing = 1.317 x 0.03 = 0.039 

Total (rounded) 1.35 

The methods utilized to estimate costs of diffuse source 
control measures were based upon more generalized 
estimating techniques and do not specifically include 
a factor to cover the costs of contingencies, engineering 
and legal fees, administration costs, and financing costs. 
These added costs for diffuse source controls are highly 
variable and are dependent upon the type of practice. 
In most cases, the additional costs are made up chiefly 
of implementing management agency direct staff costs. 
These costs should be developed as part of local plan- 
ning costs. 

Present Worth and Annual Costs: Four terms are com- 
monly used in preparing economic analyses of important 
engineering projects. These are the single payment 
present worth factor (PWF), the uniform series present 
worth factor (SPWF), the gradient present worth factor 
(GPWF), and the capital recovery factor (CRF). 

The single payment present worth factor converts the 
cost of a single expenditure at  some future time to 
a value at  present or close to  the present. The uniform 
series present worth factor converts a series of future 
uniform annual payments to equivalent present value. 
Where annual payments are increasing by a fixed amount 
per year, the gradient present worth factor is used to 
determine the present value of the series. This factor, 
multiplied by the gradient (annual increase), is added to 
the present worth of a series of payments, each equal 
the amount of the first year's payment to obtain total 

present worth. In a 10-year series, the gradient is equal 
to the difference between the tenth year cost and the 
first year cost divided by the time base minus one year. 
The divisor is always one less than the series length 
because the amount of the gradient is zero for the first 
period. This factor was applied to sewage treatment plant 
operation and maintenance costs, assuming that they 
increase in a straight line from the period of initial 
operating flow to the period of maximum flow at plant 
capacity. After the facility is operating at  capacity, the 
present worth of operation and maintenance costs is 
calculated as the present worth of a uniform annual series 
starting at a point in the future equal to the gradient 
time base. 

The present worth of future single, uniform, or non- 
uniform annual series payments is always less than the 
absolute value of the single payment or the sum of the 
annual payments. The capital recovery factor converts 
a lump payment at the beginning of a period into a series 
of uniform annual payments over the length of the 
period. The sum of these uniform annual payments is 
always greater than the lump payment. 

The following is an example of the use of present worth 
and annual cost analyses: 

Assume that a sewage treatment plant designed with 
10 million gallons per day (mgd) of capacity is to be 
constructed immediately at  a cost of $5.5 million. 
The initial flow is 3 mgd and the plant will reach the 
design flow in 25 years. The annual operation and 
maintenance cost at  3 mgd is $0.11 million and the 
annual operation and maintenance cost at 10 mgd is 
$0.29 million. The present worth of this plant for 
a 50-year operation period is computed as follows 
(all values in millions of dollars): 

Present worth of initial construction = $5.5 
Present worth of replacement at  25 years = PWF 6% 

(5.50) = 0.2330 ($5.50) = $1.3 
25 

Present worth of operation and maintenance 

Total present worth = $5.5 + $1.3 + $3.1 = $9.9 

The annual cost calculation is as follows: 

Annual cost of construction 

Annual cost of operation and maintenance 

Total annual cost = $0.63. 



different means of water pollution control must be 
reported in terms of their probable effects on physical 
and chemical characteristics of the lakes and streams in 
the Region, and on the ability of the lakes and streams to  
support the intended water uses. Accordingly, baseline or 
existing water quality conditions were described in two 
ways. In Volume One, Chapter IV of this report a sum- 
mary of historical and existing water quality conditions 
at 87 field sampling locations is presented. This informa- 
tion was then used to verify the results of simulating 
existing water quality conditions utilizing the hydrologic- 
hydraulic water quality simulation model. The simulation 
model was calibrated against field data collected during 
selected storm events and dry weather periods at 36 sam- 
pling stations from September 1 ,  1976 through April 1,  
1977. The simulated existing conditions were then 
summarized in water quality concentration-frequency 
curves, which in turn were compared to the applicable 
water quality standards to prepare the water quality 
standards achievement charts presented in this chapter. 
The results were also analyzed considering the known 
water pollution sources within the watershed, as 
summarized in Volume One, Chapter V of this report. 
Simulation results were summarized for selected points 
on the hydrologic stream network, as well as for selected 
lakes, to provide for comparisons to data from the 
87 field sampling locations, and to evaluate the water 
quality effects of the various physical features within the 
watershed. The respective areas between and tributary to 
the selected points used for analysis of simulation results 
are hereafter referred to as "water quality analysis areas," 
and constitute portions of the principal watersheds. 

The water quality characteristics and problems of the 
watershed can be quantified not only for existing condi- 
tions but for the forecast conditions for the year 2000, 
based on the regional land use plan and on the regional 
sanitary sewerage system plan recommendations as they 
were amended herein. The results of the initial year 2000 
simulation, which incorporated the initially estimated 
point source controls, were used to determine the need 
for alternative abatement levels for nonpoint source 
control as well as added point source control. Depending 
on the severity, extent, and spatial distribution of the 
remaining water quality problems identified, selected 
combinations of diffuse and point source controls were 
tested as reported in the watershed and subregional area 
discussions below. 

The water quality standards associated with each of the 
water use objectives were presented in Chapter I1 of this 
volume. Results of the water quality simulation analyses 
indicated that achievement of the water quality standards 
on an absolute basis--that is, 100 percent of the time-was 
not feasible given the natural conditions in the Region 
and given the known techniques for water pollution 
control. A review of hourly simulated values for streams 
which exhibited a low level of violation (5-10 percent) 
indicated that neither the duration nor intensity of the 
violations were severe. Furthermore, an evaluation of 
relatively clean unpolluted streams in the Region indi- 

cated that even these streams do not satisfy the water 
quality standards 100 percent of the time. It  must be 
recognized, therefore, that exceeding the standards for 
brief periods would not generally affect the intended 
use of the surface waters. 

In the past, water quality has often been evaluated only 
during low flow periods in order t o  determine the effects 
of point sources. However, how often these standards are 
exceeded under periods of high flow, or during storm 
events following long intervening periods of dry weather 
and the associated pollutant buildup on the land surface- 
conditions which cause high pollutant washoff from the 
land surface--cannot be determined by applying the 
standards to all stream flows less than or equal to  the 
7 day-10 year flow conditions. Generally, such conditions 
have been found to have a significant 'effect on the 
achievement of water use objectives. Thus, the assessment 
of forecast water quality conditions against the physical 
and chemical criteria in the water quality standards was 
based upon the percent of time the water quality condi- 
tions were in compliance with the specified limits. Under 
this method, statistical analyses were prepared from the 
results of the continuous water quality simulation model- 
ing to determine the percent of time a given standard 
is exceeded. These analyses included periods of high 
flow or moderate flow as well as periods of low flow. 
A 95 percent compliance level-meaning water quality 
standards shall be met 95 percent of the time-was 
selected as the criterion for those parameters which 
directly affect aquatic organisms--dissolved oxygen, 
temperature, un-ionized ammonia-nitrogen, and pH. 
A 90 percent compliance level was selected as the cri- 
terion for those parameters which do not directly affect 
aquatic organisms-phosphorus and fecal coliform. The 
analyses indicated that the achievement of an additional 
5 percent compliance level for phosphorus and fecal 
coliform-which were found to  be primarily related to 
recreational use potential-would frequently require an 
extremely high level of additional pollution control. 

The water quality model utilized in the analyses simu- 
lates the phosphate form of phosphorus-the form 
which is most readily available for use by plants and 
consequently for the production of weeds and algae. 
The typical proportions of total phosphorus represented 
by phosphate-phosphorus are reported in the technical 
literature as ranging from approximately 25 percent in 
rural areas to  60 percent in urban areas.' In sewage treat- 
ment plant effluents in the Region, Commission analyses 
indicate that about 70 percent of the total phosphorus is 
in the phosphate form. Under low flow conditions, an 
even higher proportion-up to  100 percent-of the total 
phosphorus in streams may be expected to  be in the 
form of phosphate-phosphorus. Commission stream 
sampling studies indicate that phosphate-phosphorus 
generally constitutes the majorityabout 55 percent- 

7See  International Joint Commission, Pilot Watershed 
Studies Summary Report, June 1978, and W. F. Cowen 
and G. Fred Lee, Phosphorus Availability in Particulate 
Materials Transported by Urban R u n o f f ,  Journal WPCF, 
48:3580-591, March 1976. 



of the total phosphorus in the streams of the Region. 
Since phosphate comprises the majority of the total 
phosphorus, and since the hydrologic-hydraulic water 
quality simulation model in the planning program could 
not be used to simulate total phosphorus, the results 
of the model simulation of phosphate-phosphorus were 
utilized to test the conformance of alternative plans 
against the total phosphorus standard of 0.1 mg/l. This 
is analogous to applying a less stringent interpretation 
of the instream total phosphorus standard. The resulting 
instream total phosphorus concentration implied by 
a 0.1 mg/l phosphate-phosphorus value would be equal 
to about a 0.14 mg/l value of total phosphorus assuming 
a 70 percent proportion of phosphate-phosphorus. 
Assuming only 55 percent of the total phosphorus con- 
centration to be phosphate, the implied total phosphorus 
would be only about 0.18 mgll. Given the state-of- 
the-art of water quality simulation modeling and the 
current level of precision and quantification in biological 
research, this was deemed to be a sufficiently precise 
measure of the achievement of an instream phosphorus 
standard. It should be further noted that the simulation 
techniques used, like the physical measurements used 
as a basis for the simulation modeling, are not 100 per- 
cent accurate. Thus, i t  would not be wise to require too 
strict a compliance with simulated values and standards. 

For each of the 232 simulation model water quality 
readout locations in or tributary to the Region, or down- 
stream from the Region, the various simulation runs 
yielded a series of computed hourly values for at least 
eight water quality parameters. A voluminous amount 
of water quality data was thus computed in the simula- 
tion process. Since it  was not practicable to display, 
examine, and analyze this voluminous data series, 
statistical analyses were performed to produce water 
quality-frequency curves for the parameters at each loca- 
tion and for each of the different conditions evaluated 
for each watershed. 

A water quality-frequency curve is similar to the flow- 
frequency curve commonly used in hydrology, and 
is a graph indicating on the horizontal axis the percent 
of time during which an indicated level of a water 
quality measure-indicated on the vertical axis-is met 
or exceeded. Water quality-frequency relationships repre- 
sent the overall impact of all the hydrologic-hydraulic- 
water quality processes that were simulated over the 
three-year period, weighing their impact against the 
frequency and magnitude with which they occur. The 
water quality-frequency curves were based on the universe 
of water quality values that were generated during simula- 
tion of the stream systems and permit an estimation of 
the percent of time that a desired water quality level may 
be expected to be maintained. 

Water quality achievement charts for 125 of the simula- 
tion sites located on major streams in the Region were 
prepared from the water quality-frequency curves by 
reporting for each applicable water quality parameter 
the estimated probability of achieving the specified 
level. Figure 11 presents an example of a water quality- 
frequency curve for dissolved oxygen, along with the 
derived water quality achievement chart for an applicable 

EXAMPLE OF WATER QUALITY FREQUENCY 
CURVE AND WATER QUALITY ACHIEVEMENT 

CHART FOR DISSOLVED OXYGEN 
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standard of a minimum of 5.0 mg/l. For each different 
water quality condition--e.g., existing or future land use, 
point source abatement controls, nonpoint source abate- 
ment controls, or combinations thereof-the simulation 
results in a different water quality-frequency curve. 
The curve can be interpreted for the recommended 
water quality standard, resulting in a new amplitude 
of bars presented on the water quality achievement 
chart. It should be noted that a changed water quality 
standard, such as 3.0 mgll of dissolved oxygen, would 
also prompt a reinterpretation of the water quality 
frequency curve. Utilizing the simulation results, the 
degree of pollutant control needed for the attainment 
of the 90 and 95 percent compliance levels for the 
parameters evaluated was then determined. In examining 
the water quality-frequency curves, judgment of the 
degree of achievement attained is required, as any 
absolute compliance level is not practical. In some cases, 
depending on the severity and extent of the violations 
or the slope of the frequency-duration c w e ,  pollutant 
control levels which approached the selected water 
quality standard achievement level were judged as ade- 



quate. In other cases, when the levels of pollutant control 
needed could be estimated from completed simulations, 
a final simulation-to represent the recommended level 
of control-was not developed, in order to  limit cost of 
the water quality modeling program. 

The water quality-frequency curves and achievement 
charts could not be used directly to assess the violation 
of the ammonia-nitrogen standard because the toxic 
level varies with other parameters, such as temperature 
and pH, which change seasonally. The relation of simu- 
lated total ammonia-nitrogen levels to the applicable stan- 
dard for un-ionized ammonia-nitrogen was assessed by 
utilizing the analysis of daily total ammonia-nitrogen 
simulation results at  selected stations and the normally 
expected relation between total ammonia-nitrogen levels 
and un-ionized ammonia-nitrogen levels in the Region. 

Stream Channel Rehabilitation 
The ability of streams in southeastern Wisconsin to 
satisfy desired water use objectives is contingent on the 
tributary pollution loads to  the stream and the instream 
characteristics. In recognizing the need to  harmonize 
these two management aspects within a comprehensive 
water quality plan, the Commission proposes stream bank 
protection measures as a best management practice, in 
addition to land management measures. Stream bank - 
protection measures-primarily designed to prevent 
erosion and preserve stream side vegetation-are most 
applicable to natural stream channels. However, portions 
of streams which flow through the highly urbanized 
areas of the Regionsuch as the Menomonee and Kin- 
nickinnic River watersheds-have undergone major 
channel modifications. These channelized stream reaches 
require specialized management techniques to provide 
a suitable habitat for fish and other aquatic life which 
serve as important indicators of the chemical and 
biological condition of a stream. 

Channel modifications-more commonly called chan- 
nelization-may include one or more of the following 
major changes to the natural stream channel, all designed 
to increase the capacity of the channel: straightening, 
widening, and deepening; placement of a concrete invert 
and concrete sidewalls; and construction of culverts to 
carry the stream under roads and railroads as needed. In 
some instances, a completely new length of channel may 
be constructed so as to bypass a natural channel reach, as 
has been done for a portion of Underwood Creek in the 
City of Wauwatosa. The function of channel modifica- 
tions or enclosures are to  yield a lower, hydraulically 
more efficient waterway through which a given flood 
discharge can be conveyed at a much lower flood stage 
relative to  that which would exist under natural or 
prechannelization conditions. 

Modified channels, such as those shown in Figure 12, 
are detrimental to the support of fish and aquatic life 
for the following reasons: 

1 .  They eliminate habitat areas needed by fish, 
aquatic insects, and benthic organisms. These 
habitat areas provide food, shelter, and spawn- 

ing substrate necessary for the support of fish 
and other aquatic animals. 

2. They eliminate plant substrate. Besides providing 
food, shelter, and spawning substrate for aquatic 
animals, aquatic plants provide oxygen to the 
water, remove nutrients, and trap sediments and 
other pollutants. Plants also provide shade, 
thereby lowering the temperature of the stream. 

3. Some structures and dams provide barriers to 
the migration of fish and other aquatic animals, 
often necessary for feeding, spawning, and 
colonization purposes. 

In addition, the aesthetic qualities of modified channels 
are generally poor, thereby reducing recreational use 
potential. Temporary storage of pollutants within the 
stream channel is also minimized, thereby increasing 
the first flush pollutant load effects on downstream 
receiving waters. These factors indicate that habitat 
improvement techniques, in addition to  water pollution 
control measures, may need to be implemented to satisfy 
fish and aquatic life objectives within these channelized 
stream reaches. 

The basic approach t o  improving the biological potential 
of a modified stream channel is to 1)  provide protective 
areas where a suitable sediment substrate may at least 
temporarily accumulate; 2) increase vegetative growth; 
and 3) eliminate barriers to aquatic animal migration. 
Table 26 presents a description of selected measures 
which could be used to increase the biological potential 
of existing and future modified channels, and Figure 13 
shows a sample design for a rehabilitated channelized 
stream section. In addition to  providing suitable habitat 
for aquatic life, stream channel rehabilitation enhances 
the aesthetic qualities of the stream and-through tem- 
porary sediment storage, aeration, increased shading, and 
biological nutrient uptake-improves the water quality 
of the stream. It  is recognized that most of these rehabili- 
tation measures by their nature decrease the hydraulic 
efficiency of the stream channel. However, in many cases 
the hydraulic efficiency could be maintained at a level 
which would not preclude achievement of flood control 
design. A site-specific study would be required to deter- 
mine the potential of each stream reach t o  provide 
biological habitat and at  the same time be acceptable 
for flood control purposes. 

Since techniques are available to rehabilitate channelized 
streams, the Commission considered classifying chan- 
nelized stream reaches for warmwater or limited fishery 
and aquatic life u s e a s  opposed to  restricted use-if 
water quality standards could be achieved. Local study 
efforts should be carried out to determine the feasibility 
of these channel rehabilitation techniques in selected 
stream reaches, and to  demonstrate the effectiveness of 
the techniques in providing for the support of a warm- 
water or limited fishery while not interfering signifi- 
cantly with the intended hydraulic performance of 
the modified channels. 



Figure 12 

EXAMPLES OF EXISTING CHANNEL MODIFICATIONS IN THE MENOMONEE RIVER WATERSHED 

MAJOR CHANNELIZATION ALONG UNDERWOOD CREEK IN THE ClTY OF WAUWATOSA 

View from N. 115th Street Looking Wsrt lupotream) 
View from Near lOZnd Street and 

Fisher Parkway LwkingWert lupstream) 

MAJOR CHANNELIZATION ALONG THE MENOMONEE RIVER IN THE ClTY OF MILWAUKEE 

View from Wi~consin Avenue Looking Soufh Idownstream) 

Viewfrom Wixonrin Avenue Looking North (upstream) 

NONPOINT SOURCE POLLUTION 
PRIORITY AREA ANALYSIS 

To supplement the fmdings of the hydrologic-hydraulic- 
water quality simulation studies, identify potential high 
pollution areas, determine the relative urgency of imple- 
menting nonpoint source controls, provide for the most 
cost-effective development of practices and prioritize the 
initiation of project planning, a special analysis was 

conducted of both the rural and url reas of the 
Region to identify spatial differences in nonpoint source 
pollution potential. The analysis identified subbasins as 
having a very high, high, moderate, low, or very low 
potential for diffuse pollutant contributions and thereby 
suggests priority areas for diffuse source control activi- 
ties. The information derived from this analysis is useful 
in interpreting the model simulation of existing and 
probable future conditions, as well as in interpreting the 
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Table 26 

SELECTED BIOLOGICAL LIFE HABITAT REHABILITATION MEASURES 
FOR EXISTING AND PLANNED CHANNEL MODIFICA'TIONS 

Source: SEWRPC. 

Description and Application 

Use various methods below to  create riffle-pool sequence. Riffles are 
sections of streams containing rocks, gravel, or other coarse substrate 
in which the current is swift enough to  remove silt and sand. Riffles 
should occur at intervals equal t o  five t o  seven channel widths. 
A water depth of six inches is desirable. Riffles help aerate the 
stream and provide ideal biological habitat. Pools are deeper, slower 
sections of streams and provide valuable food and resting and refuge 
areas for fish. Pools ideally should be designed so that the sediments 
are not completely flushed out during storm events 

Low dams provide a pooling effect and accumulate sediment for 
biological habitat. Dams should be low enough to  provide for  
fish migration 

Wing defectors provide a riffle-pool effect and accumulate 
sediment. They provide cover for fish and other aquatic life 

Installation of rocks create a riff le effect and provide cover for fish 
and other aquatic life. They also temporarily trap some sediment 

Plant erosion-resistant native grasses, shrubs, and trees as close as 
practical t o  the stream channel t o  provide cover, food supply, and 
shade. Provide buffer strip along channel 

Remove dams, drop structures, chutes, and steep grades which cannot 
be crossed by migrating fish and other aquatic life. Construct 
alternative grade control structures 

The low f low channel cross-section should approach a natural stream 
condition. The bottom width o f  the channel and the channel grade 
can be varied t o  create a riffle-pool sequence 

Constructed channels should be aligned as much as possible with 
the natural stream curvature 

Preserve native vegetation and wetlands as much as possible t o  
provide shade trees and shrubs and maintain the water quaity, 
environmental, and aesthetic benefits o f  wetlands 

Various storage measures may be incorporated into the channel 
bank design t o  temporarily store runoff, reduce size 
requirements for downstream channels, and accumulate 
sediment, thereby providing suitable biological habitat 

Do  not construct steep drop structures which cannot be 
crossed by fish or other aquatic life 

Construction erosion controls are essential for channel 
modification projects. Stabilize the exposed surface, control 
runoff, and prevent sediment delivery t o  the stream 

Existing Modified Channels 

Planned Modified Channels 

Rehabilitation Measure 

Riffle and Pool Development 

Installation of Low Gabion, 
Rock, or Concrete Check Dams 

Installation of Gabion or Rock 
Wing Deflectors 

Use of Scattered Rocks 

Vegetation Improvement 

Removal of Barriers t o  
Migrating Species 

Channel Section and Grade Design 

Avoidance of Straight Channels 

Vegetation and Wetland Preservation 

Installation of Channel Bank Reservoirs 

Avoidance o f  Barriers t o  
Migrating Species 

Use o f  Construction Erosion Controls 



Figure 13 

SELECTED BIOLOGICAL HABITAT REHABILITATION TECHNIQUES FOR CHANNELIZED STREAMS 

Source: SEWRPC. 

Table 27 

NONPOINT SOURCE POLLUTION POTENTIAL DESIGNATION CRITERIA FOR RURAL AREAS 

a s re as with known severe erosion problems as identified in the Commission rural land management practice survey by local officials and 
farmers were also given a very high designation regardless of other characteristics of the subbasin. 

Characteristic 

Slope of Subbasin a 

Greater than 12 percent . . . .  
6 - 12 percent. . . . . . . . . . .  
4 - 6 percent. . . . . . . . . . . .  
Less than 4 percent . . . . . . .  

Source: SEWRP C. 

Percent of Subbasin Area Devoted to Row and Vegetable cropsa 

Greater than 50 Percent 

Very High 
Very High 
Very High 
Moderate 

26 Percent - 50 Percent 

Very High 
Very High 
High 
Low 

Less than 26 Percent 

Very High 
High 
Low 
Very Low 



In addition, livestock operations were classified as to 
their potential for causing water pollution problems 
and the urgency and methods for controlling pollutant 
runoff from these operations. Animal herds consisting 
of less than 25 equivalent animal units were generally 
considered not to represent major long-term problems in 
the Region. Operations with greater than 25 equivalent 
animal units and located more than 500 feet from 
a major drainageway or continuous surface water were 
classified as having low potential for causing pollution 
problems. Operations with greater than 25 equivalent 
animal units and located less than 500 feet from a major 
drainageway or continuous surface water and on slopes 
of less than 2 percent were classified as having a moderate 
potential for causing pollution problems. Operations with 
greater than 25 equivalent animal units and located less 
than 500 feet from a major drainageway and on slopes of 
greater than 2 percent were identified as critical pollution 
sources. For costing purposes, manure storage facilities 
were generally recommended for critical livestock pollu- 
tion sources located in subbasins of very high or high 
potential, although the actual implementation of live- 
stock waste control measures requires detailed planning 
efforts and water quality evaluation. A distance of 
500 feet from a surface water has been identified in 
studies as reducing livestock pollution runoff by at least 
90 percent. Areas of greater than 2 percent slope often 
require some form of land management practice and are 
susceptible to  erosion problems. 

Also presented in the rural priority pollution problem 
analyses are subbasin designations for the level of con- 
servation practice measures implemented since 1964. 
Subbasins with more than 20 conservation practices 
were identified as having a high level of current control; 
subbasins with six to 20 conservation practices were 
identified as having a moderate level of current control; 
and subbasins with less than six conservation practices 
were designated as having a low level of control. 

Urban Pollution Priority Areas 
The prioritization of the pollution potential of urban 
areas is more complex than that for rural areas, due to 
the numerous cultural alterations which overshadow 
the effects of the physical characteristics of the land 
surface. Accordingly, an Urban Pollution Potential Index 
(UPPI) was developed t o  systematically analyze the 
expected water quality effects of various urban land 
uses and activities. 

It has been shown that the most important variables 
affecting pollutant loads from urban areas are generally 
the proportion of industrial, open, and transportation 
land uses, the storm sewer characteristics, and the phy- 
sical and environmental condition of the housing and 
adjoining land.8 In addition, the type of sanitary sewage 
disposal system utilized, the land slope, the percent of 
the land which is impervious, and the stream density 
all influence urban diffuse source pollutant loads. These 

*AVCO Economic Systems Corporation, Stormwater 
Pollution from Urban Land Activity, 1970. 

criteria were allocated UPPI "points" to allow for the 
comparison of urban subbasins. The decision of what 
level, or magnitude, of any criteria would constitute 
a high, moderate, or low pollution potential was made 
following a sample application of the index in the 
Region, which was designed to provide a reasonable 
distribution of the three pollution priority categories for 
each criteria. The urban pollution priority criteria and 
the UPPI point allocations are presented in Table 28. 
The following criteria were considered in the evaluation 
of urban pollution potential. 

Land Use: Industrial and transportation land use activi- 
ties. along with construction activities, contribute the - 
highest unit-area pollutant loads to  surface waters. The 
presence and magnitude of these activities are therefore 
indicative of the pollution potential of a subbasin. A high 
proportion of open or unused land would also increase 
the pollution potential of a subbasin, since such lands 
are likely to be subjected to construction activities and 
are often sites of refuse accumulation and soil erosion. 

Impervious Area: The proportion of a subbasin which 
is impervious affects water quality. As the percent 
impervious area increases, pollution potential increases, 
due to increased human activity, debris accumulation, the 
destruction or disturbance of vegetation, and increased 
storm water runoff rates. 

Exterior Housing Condition: The Commission, in an 
effort to provide insight into the physical condition of 
housing units, conducted an exterior condition survey 
of more than 15,000 housing units throughout the 
Region in 1972. Each housing unit in the sample was 
observed and the unit rated according to the number 
of "defect points" assigned. Defect points were assigned 
for the condition of such structural elements as founda- 
tion, exterior walls, roof, chimney, gutter, downspouts, 
siding, windows, doors, and porch; the need for painting 
or repair; accumulated debris; and the condition of 
nearby buildings and the immediate neighborhood. Hous- 
ing units in poor physical condition tend to contribute 
more pollutants to storm water runoff. 

Storm Sewer Service: Subbasins served by properly 
installed and maintained surface drainage systems with 
channels lined with pervious material have a lower poten- 
tial for pollution than channels lined with impervious 
materials. Pervious channel linings slow runoff and 
increase infiltration and plant uptake of nutrients. A sub- 
basin served by a storm drainage system consisting mainly 
of subsurface conduits and impervious-lined channels has 
a relatively higher pollution potential since nearly all 
pollutants carried in the increased runoff will be trans- 
ported through the storm drainage system to the stream. 
If only a portion of a subbasin is served by an impervious 
storm sewer, a moderate pollution potential is indicated. 

Sanitary Sewer Service: Privately owned onsite sewage 
disposal systems, especially if located on unsuitable soils 
or if improperly installed or maintained, have a high 
potential for contributing to  surface water pollution. 



Table 28 

NONPOINT SOURCE POLLUTION POTENTIAL DESIGNATION CRITERIA FOR URBAN AREAS 

a These criteria are applied to subbasins in the Region which contain significant amounts of urban land. 

Urban criteriaa 

Percent Subbasin Industrial Land. . . . . . 
Percent Subbasin Open Land. . . . . . . . . 
Percent Subbasin Transportation Land . . 
Percent Subbasin Impervious. . . . . . . . . 
Exterior Housing Condition. . . . . . . . . . 

Storm Water Drainage System Type . . . . 

Method of Sewage Disposal. . . . . . . . . . 

Criteria points are allocated as follows, and summed to provide a subbasin rating: 

Pollution Poten tial 
Low Moderate Hiah 

Unit 

Percent 
Percent 
Percent 
Percent 
Defect 
pointsC 

. . 

--- 
points 0 I 2 

Land Slope. . . . . . . . . . . . . . . . . . . . . Percent 
Stream Density (stream length 

The exterior housing condition is determined by the average number of defect points assigned to each surveyed housing unit in the subbasin 
during the Commission's exterior housing condition survey conducted in 1972. 

Index Rating Category for Specific Criteria b 

Source: SEWRPC. 

The provision of sanitary sewer service will decrease 
the potential for sanitary waste discharges. If only part 
of a subbasin is served by sanitary sewers, a moderate 
pollution potential is assigned. 

High 

More than 25 
More than 50 
More than 25 
More than 48 
More than 10 

Storm water 
management drainage 
system-subsurface 
conduits and 
impervious 
material channels 

Onsite sewage 
disposal systems 

More than 4 

More than 10 

Low 

Less than 6 
Less than 10 
Less than 10 
Less than 30 
Less than 4 

Surface 
drainage-pervious 

material channels 

Sanitary 
sewer service 

Less than 2 

Less than 5 

Land Slope: Pollution potential increases with slope since 
the amount and rate of storm water runoff and trans- 
ported pollutants is greater for land areas with higher 
slopes. A slope of 2 percent or more is commonly used 
as an indicator of the need for soil erosion controls. 

Moderate 

6-25 
10-50 
10-25 
30-48 
4-1 0 

Portions of subbasin 
served by storm water 
management systems 
with subsurface conduits 
and impervious 
material channels 

Portions of subbasin 
served by sanitary 
sewer service 

2-4 

5-1 0 

Stream Density: Stream density was selected as a measure 
of pollution potential since areas nearest streams are most 
likely to contribute pollutants to  the stream. A subbasin 
with a high stream density would have a larger proportion 
of its land area close to the stream. 

Urban Pollution Potential Classification 
Using the criteria discussed above, the Commission 
identified categories of relative urgency for nonpoint 
source pollution control. The categories serve to  simplify 
the continuum of the numeric rankings, and provide 
a parallel to the five categories of rural nonpoint source 
pollution potential. To develop these categories, a trial 
application, or sample analysis, of the UPPI was com- 
pared to a SEWRPC staff ranking of the relative nonpoint 
source pollution potential of 279 hydrologic subbasins 
located in several trial application areas selected to  
represent a wide range of pollution potential conditions. 
The staff ranking was based on a working familiarity 
with the technical literature pertaining to  nonpoint pollu- 
tion, knowledge about historic water quality conditions 
in the Region as derived from the Commission continuing 



1 water quality monitoring program, application of the 
water quality simulation model, and attendant pollution 

~ source inventory data: The trial applications included 
areas representative of relatively high potential for 
pollution, such as the Menomonee Industrial Valley 
in Milwaukee and portions of the Kinnickinnic River 
watershed, and areas representative of relatively low 
potential for pollution, namely the Village of Muk- 
wonago and the Village of River Hills. The high level 
of industrial and transportation land use activities in the 
Menomonee Valley can be expected to contribute high 
pollutant loads to surface water drainage systems. The 
Village of Mukwonago, by contrast, is an example of 
a well-maintained small community, largely residential 
in nature and tributary to  the Mukwonago River which, 
based on existing water quality data and model simula- 
tions, is one of the cleanest streams within the Region 
draining any significant proportion of urban residential 
area. The Village of River Hills provides an example 
of a suburban, low-density, residential area with large 
lots, but served by a sanitary sewerage system. Other 
sample analysis areas included portions of the Region- 
such as part of the City of Milwaukee and the City of 
West Bend--considered to  be representative of a moderate 
or typical pollution potential. 

Figure 14 presents the results of the initial analysis based 
on this trial application of the urban pollution potential 
index, depicting the relationship of the computed UPPI 
for each subbasin to the overall distribution. The trial 
subbasins exhibited UPPI values ranging from 3 to 
16, with a mean of about 8 and a median of 7.  Since 
3 percent of the values exceeded 1 2  and 4 percent of 
the values were less than 5, these two limits were selected 
as the lower limit of the highest potential category and 
the upper limit of the lowest category, respectively. For 
the remaining middle range, as set forth in Figure 14, 
about 52 percent of the trial subbasins were clustered 
within one point of the mean. Therefore, a central range 
of 7 to 10 was selected, leaving two more "intermediate" 
categories. The resulting five categories for urban poten- 
tial pollution index classification are set forth in Table 29. 

Pollution potential maps and discussions are presented 
for each watershed in this chapter. The results of the 
Commission assessment of existing water quality condi- 
tions are also presented for each watershed. These water 

Figure 14 

DISTRIBUTION OF URBAN POLLUTION POTENTIAL INDEX 
NUMERIC RANKINGS FOR SAMPLED HYDROLOGIC 

SUBBASINS IN SOUTHEASTERN WISCONSIN 

" DISTRIBUTION AND CLASSIFICATION BASED ON T H E  
ANALYSIS OF 279 SUBBASINS. 

URBAN POLLUTION POTENTIAL RATING 

Source: SEWRPC. 

VERY LOW 

Table 29 

URBAN POLLUTION POTEN'TIAL CLASSIFICA'TION 

LOW 

quality conditions, as designated from the Commission's 
water quality index, reported in Volume One, Chapter IV 
of this report, are rated as poor, fair, good, or excellent. 
Also presented are designations of which water quality 
standards are met or violated under simulated existing 
conditions. Fundamental to  the above application and 
use of the urban and rural pollution potential criteria 
is the target percentage of diffuse source pollution 
reduction required to meet recommended water quality 
use objectives and supporting standards under existing 
conditions for each subbasin, as determined by the water 
quality simulation analyses. Source: SEWRPC. 

MODERATE 

Pollution Potential 
Classification 

Very High . . . . . . . . . . .  
High . . . . . . . . . . . . . . .  
Moderate. . . . . . . . . . . .  
LOW . . . . . . . . . . . . . . .  
Very Low . . . . . . . . . . .  

HIGH 

Urban Pollution 
Potential Index 

13-1 8 
11-12 
7-1 0 
5-6 
0-4 

VERY HlGH 



INLAND LAKE WATER QUALITY ANALYSES 
AND EVALUATION OF PLAN ALTERNATIVES 

The 100 major lakes-lakes of 50 acres or more in size- 
and numerous smaller lakes in southeastern Wisconsin 
have been subjected to increased pollutant loadings as 
a result of the physical development of the Region. 
Because lakes characteristically "store" or accumulate 
pollutants, they are more susceptible to water quality 
problems than are streams, and the cumulative effects 
of malfunctioning septic tank systems, livestock waste 
contributions, urban and rural runoff, and other diffuse 
pollution sources are often manifested in algae blooms, 
excessive aquatic weed growth, fish kills, undesirable 
forms of fish life, and damage to benthic communities. 
These manifestations of pollution in turn affect recrea- 
tional uses of and land values around the lakes. 

Lake water quality problems are generally directly or 
indirectly caused by the increased fertility of lakes, 
a process referred to  as eutrophication. Technically 
speaking, eutrophication and water quality deterioration 

are not synonomous. Eutrophication is a natural process 
and all lakes "age" through time--generally accompanied 1 
by increased productivity and increased sedimentation. 
Natural eutrophication, however, is a very slow process, 
as evidenced by the apparent healthy and generally 
oligotrophic or mesotrophic-young or middle-aged- ~ 
condition of relatively undisturbed lakes in the Region 
after approximately 10,000 years of natural eutrophica- 
t i o i ~ . ~  As shown in Figure 15, however, the effects of 
man-made modifications can greatly accelerate the 1 
eutrophication rate. 

' ~ o s t  lakes in southeastern Wisconsin were formed when 
the most recent continental glaciers, those of the Wis- 
consin glaciation period, receded from the area, leaving 
imbedded ice blocks, or kettle holes, and a disrupted 
drainage pattern behind. The glaciers are believed to have 
receded from southeastern Wisconsin approximately 
10,000 years ago. 

Figure 15 

COMPARISON OF THE RELATIVE RATE OF LAKE EUTROPHICATION UNDER NATURAL AND MAN-INDUCED CONDITIONS 

Source: S. M. Born and D. A. Yanggen. Understanding Lakes and Lake Problems, Inland Lake Demonstration Project, Upper Great Lakes Regional Commission, 1972. 
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Water quality is generally defined in terms of water use 
objectives and supporting water quality standards, and 
even eutrophic lakes may have "good" water quality in 
that they may support abundant fish populations and 
high-quality recreational activities. This distinction 
between natural and cultural eutrophication is important, 
since surface waters-including lakesshould generally 
achieve water quality suitable for recreational use and 
for the maintenance of fish and aquatic life if technically 
and economically feasible and if such achievement is 
not precluded by natural conditions. Some lakes in the 
Region are naturally limited and unable to accommodate 
certain water uses even under undisturbed conditions. 
The areawide water quality management plan should 
result in actions to achieve the proposed water quality 
objectives by preserving the lakes presently in good con- 
dition, and by enhancing the degraded water quality of 
other lakes--except those naturally use limited-which do 
not satisfy the objectives at the present time. A systems 
level plan can present alternative solutions for lake water 
quality problems, but local planning and implementation 
efforts are necessary to design the detailed "plan" for 
each lake. A certain minimum level of diffuse source 
control is universally recommended for all lakes, how- 
ever, in order to ensure that basic water quality goals are 
achieved for each lake. 

While significant advances have been made in the state- 
of-the-art of lake management, refinements and further 
research will enhance the technical basis needed for 
plan implementation. In particular, the widespread 
implementation of lake management measures will 
require additional investigation and documentation of 
nutrient loading criteria or limits, and of lake rehabilita- 
tion techniques. 

Nutrient Loading Criteria 
Because of the complexity and dynamic nature of 
nutrient pollution affecting lake water quality, detailed 
lake studies are required in order to thoroughly describe 
and fully understand such pollution. Methodologies have 
been developed, however, which may be used to  indicate 
what level of pollutant loading can be tolerated by a lake 
before excessive aquatic plant growth occurs. Many 
studies-including detailed studies of 20 lakes in the 
Region conducted by the Commission and the Wisconsin 
Department of Natural Resources-have indicated that 
phosphorus is most often the nutrient which limits 
aquatic plant growth in southeastern Wisconsin lakes. 
A study of Madison, Wisconsin lakes" concluded that 
nuisance aquatic plant growth would occur if inorganic 
phosphorus and inorganic nitrogen concentrations 
exceeded 0.01 mg/l and 0.3 mg/l, respectively, during 
spring overturn. The total annual phosphorus load, 
however, is the most common criterion used in lake 
pollution studies in Wisconsin since nitrogen seldom 
limits plant growth and is freely available to lakes from 
natural sources and nitrogen fixation from the atmo- 

lo  Clair N. Sawyer, Fertilization o f  Lakes by Agricultural 
and Urban Drainage. J. New Engl. Waste Works Associa- 
tion, 51:109-127, 1947. 

sphere by certain bacteria and algae. Another study 
substantiated the critical values of the above-mentioned 
study and developed total annual phosphorus loading 
criteria per unit of lake surface area as a function of the 
mean depth of the lake." Further refinements of this 
development expressed the critical total phosphorus load 
as a function of mean depth and lake flushing rate. 
expressing a critical load which corresponded to an inlake 
concentration of about 0.02 mg/l total phosphorus 
during spring overturn.'' The use of total phosphorus 
concentrations as a water quality standard provides 
results similar to those when using annual phosphorus 
loading criteria, since total phosphorus concentrations, as 
estimated herein, are directly proportional to the annual 
phosphorus load. 

Table 30 summarizes the maximum total phosphorus 
concentration criteria associated with foor different 
combinations of water use objectives as set forth in 
Chapter I1 of this volume. The achievement of these 
concentrations is the goal of pollutant control strategies 
in the inland lake water quality analyses and in the 
plan alternatives. 

Table 30 

RECOMMENDED LAKE WATER USE 
OBJECTIVES AND CORRESPONDING TOTAL 

PHOSPHORUS CONCENTRATION STANDARDS 

a Although no  phosphorus standard is recommended for these water use 
objectives, reducing phosphorus loads will reduce the severity, extent, and 
duration o f  water quality problems. Therefore, sound land management 
practices for phosphorus control are recommended for lakes classified for 
limited recreational use. 

Water Use Objectives 

Trout  Fishery and Aquatic Life, 
Recreational Use, and 
Minimum Standards. . . . . . . . . . . .  

Warmwater Fishery and Aquatic Life 
Recreational Use, and 
Minimum Standards. . . . . . . . . . . .  

Warmwater Fishery and Aquatic Life, 
Limited Recreational Use, 
and Minimum Standards . . . . . . . . .  

Limited Fishery and Aquatic Life, 
Limited Recreational Use, 
and Minimum Standards . . . . . . . . .  

Source: SEWRPC. 

Maximum Total 
Phosphorus Concentration 
(mg/ l )  at Spring Overturn 

0.02 

0.02 

a . . 

a . . 

" Richard A. Vollenweider, Scientific Fundamentals of 
the Eutrophication of Lakes and Flowing Waters, with 
Particular Reference to Nitrogen and Phosphorus as 
Factors in Eutrophication. Organization for Economic 
Cooperation and Development, Director for Scientific 
~ f f a i r s  (DAS/CSI/68.27) Paris, France, 1968. 

Richard A. Vollenweider and P. J. Dillon. The Awwlica- - 
tion of Phosphorus Loading Concept to Eutrophication 
Research, N.R.C. Technical Report 13690: 1975. 



The hydrologic-hydraulic-water quality simulation model 
utilized as an analytical tool in the areawide water quality 
management planning program provides estimates of 
phosphate phorphorus-as opposed to total phosphorus- 
concentrations for all flow-through and headwater lakes 
in the Region. When derived from a properly calibrated 
model, total phosphorus concentrations during spring 
overturn can be estimated from simulated phosphate- 
phosphorus concentrations and be directly compared to 
the total phosphorus standards set forth in Table 30 to 
determine whether the lake water quality exceeds the 
standards and what level of phosphorus loading reduc- 
tion, if any, is necessary to satisfy the standards. It was 
initially intended that the calibration data collected for 
the 20 lakes studied under the areawide water quality 
management program could be extrapolated to the 
remaining 80 major lakes in the Region. However, 
subsequent analyses indicated that the water quality of 
lakes for which adequate calibration data were lacking 
were poorly simulated. Moreover, the collection of such 
data for all major lakes was beyond the scope of the 
initial planning program. Accordingly, the Commission 
sought a procedure to estimate nutrient concentrations in 
lakes which could utilize existing inventory data, provide 
a reasonably accurate indication of existing water quality, 
predict the probable effects of reduced nutrient inputs 
to lakes, and compare to an accepted water quality 
criterion. Such a procedure, which was reported by 
Dillon and ~ i ~ l e r ' ~  and is described below, was utilized 
for lakes where suitable model calibration data were 
lacking. The inland lake water quality analyses also 
incorporated the findings of the previously mentioned 
special lake water quality monitoring and analysis pro- 
gram presently being conducted for 20 lakes as part 
of the areawide water quality management planning 
program in coordination with the Wisconsin Department 
of Natural Resources inland lake renewal and water 
quality research programs. Available results from these 
special lake studies have been incorporated into the 
analysis included in this chapter, as well as into the 
computer simulation analyses of properly calibrated 
lakes. The data sources available for all major lakes 
existing within the Region are indicated in Table 31. 

Thus, methods to estimate a total phosphorus concen- 
tration-thereby permitting use of a total phosphorus 
criterion-were investigated. Dillon and Rigler deter- 
mined that the steady-state total phosphorus concen- 
tration for a flow-through or headwater lake during 
spring overturn could be estimated by: 

where: 

[PI represents the total phosphorus concentration 
during spring overturn; mg/l 

L represents the unit area loading of total phos- 
2 phorus; gramstmeter /year 

- z represents the mean depth; meters 
p represents the flushing rate of the water in the 

lake, as 1 ; per year 
hydraulic residence time 

R represents the fraction of total phosphorus load- 
ing retained in the lake, estimated by: 

where : 

qs represents areal water loading to lake; meterslyear 
e represents the base of the system of natural 

logrithms having the approximate numerical 
value 2.71828. 

The steady-state total phosphorus concentration and the 
required level of diffuse source pollution reductions can 
be estimated for flow-through and headwater lakes as 
shown below in a sample computation for Cross Lake in 
Kenosha County: 

Sample Application: Flow-through 
or Headwater Lakes-Cross Lake 

L(1-R) [PI =- - 
z P 

490 1bs = 222 460 ams 0.632 grams per meter L =  - 
2 

A = per year 87 acres 352,089 meter 

7? = 3.6 meters 
p = 0.474 times per year 

qs = 599,815 meter3 per year input = meters per year 
352,089 meter2 

R =0.833 

0.632 = 0.062 mg/l total phosphorus 
= 3.6 (0.474) 

Required Nonpoint Source Control: Total Phos- 
phorus Standard - 0.02 mg/l 

Therefore, required nonpoint source control = 

Phosphorus Standard 
(Lake Phosphorus Concentration 

= 68 percent 

l 3  P. J. Dillon and F. H. Rigler, A Simple Method for 
Predicting the Capacity o f  a Lake for Development Based 
on Lake Trophic Status. J. Fish. Res. Board Can. 32: 
151 9-1 531. September 1975. 



Table 31 

AVAILABLE DATA SOURCES FOR THE ANALYSES OF 100 MAJOR LAKES IN SOUTHEASTERN WISCONSIN 

Watershed 
and Lake 

Des Plaines River Watershed 

George . . . . . . . . . . . . . . .  
Hooker . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  Paddock 
Shangrila/Benet. . . . . . . . . .  

Fox River Watershed 
Army . . . . . . . . . . . . . . . .  
Benedict . . . . . . . . . . . . . .  
Beulah. . . . . . . . . . . . . . . .  
Big Muskego. . . . . . . . . . . .  
Bohner . . . . . . . . . . . . . . .  
Booth . . . . . . . . . . . . . . . .  
Browns . . . . . . . . . . . . . . .  
Buena . . . . . . . . . . . . . . . .  
Camp . . . . . . . . . . . . . . . .  
Center. . . . . . . . . . . . . . . .  
Corn0 . . . . . . . . . . . . . . . .  
Cross. . . . . . . . . . . . . . . . .  
Denoon . . . . . . . . . . . . . . .  
Dyer. . . . . . . . . . . . . . . . .  
Eagle. . . . . . . . . . . . . . . . .  
Eagle Spring. . . . . . . . . . . .  
Echo. . . . . . . . . . . . . . . . .  
Elizabeth . . . . . . . . . . . . . .  
Geneva . . . . . . . . . . . . . . .  
Green . . . . . . . . . . . . . . . .  
Kee Nong Go Mong . . . . . . .  
Lilly . . . . . . . . . . . . . . . . .  
Little Muskego . . . . . . . . . .  
Long. . . . . . . . . . . . . . . . .  
Lower Phantom . . . . . . . . .  
Lulu . . . . . . . . . . . . . . . . .  
Marie . . . . . . . . . . . . . . . .  
Middle. . . . . . . . . . . . . . . .  
Mill. . . . . . . . . . . . . . . . . .  
North . . . . . . . . . . . . . . . .  
Pell . . . . . . . . . . . . . . . . . .  
Peters . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . .  Pewau kee. 
Pleasant. . . . . . . . . . . . . . .  
Potters . . . . . . . . . . . . . . .  
Powers . . . . . . . . . . . . . . .  
Saylesville Mill Pond . . . . . .  

. . .  Silver (Kenosha County). 

. . .  Silver (Walworth County) 
Spring. . . . . . . . . . . . . . . .  
Tichigan . . . . . . . . . . . . . .  
Upper Phantom. . . . . . . . . .  
Voltz . . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  Wandawega 
. . . . . . . . . . . . .  Waubeesee 

Wind. . . . . . . . . . . . . . . . .  

Calculation 
Using Dillon and 
Rigler Method 

X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

Detailed 
Lake 

Study 

X 

X 

X 

X 

X 
X 

X 

X 

X 

X 

Available Data 

Calibrated Water 
Quality Model 

Simulation 

Sources 

Uncalibrated 
Water Quality 

Simulation 

X 
X 
X 

X 
X 
X 
X 

X 
X 
X 

X 

X 
X 

X 
X 
X 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 



Table 31 (continued) 

Watershed 

and Lake 

Rock River Watershed 

. . . . . . . . . . . . .  Ashippun. 
Bark . . . . . . . . . . . . . . . . .  
Beaver. . . . . . . . . . . . . . . .  
Comus. . . . . . . . . . . . . . . .  
Cravath . . . . . . . . . . . . . . .  
Crooked . . . . . . . . . . . . . .  
Delavan . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  Druid 
Five . . . . . . . . . . . . . . . . .  
Fowler . . . . . . . . . . . . . . .  
Friess . . . . . . . . . . . . . . . .  
Golden . . . . . . . . . . . . . . .  
Hunters. . . . . . . . . . . . . . .  
Keesus. . . . . . . . . . . . . . . .  

. . . . . . . . . . . . .  LaGrange. 
Lac La Belle. . . . . . . . . . . .  
Loraine . . . . . . . . . . . . . . .  
Lower Genesee . . . . . . . . . .  
Lower Nashotah . . . . . . . . .  
Lower Nemahbin. . . . . . . . .  
Middle Genesee. . . . . . . . . .  
Moose. . . . . . . . . . . . . . . .  

. . . . . . . . . . . . .  Nagawicka 
North . . . . . . . . . . . . . . . .  

. . . . . . . . . . .  Oconomowoc 
Okauchee. . . . . . . . . . . . . .  
Pike . . . . . . . . . . . . . . . . .  
Pine . . . . . . . . . . . . . . . . .  
Pretty . . . . . . . . . . . . . . . .  
Rice . . . . . . . . . . . . . . . . .  
School Section . . . . . . . . . .  
Silver . . . . . . . . . . . . . . . .  
Tripp . . . . . . . . . . . . . . . .  
Turtle . . . . . . . . . . . . . . . .  
Upper Nashotah . . . . . . . . .  
Upper Nemahbin. . . . . . . . .  

. . . . . . . . .  Waterville Pond. 

. . . . . . . . . . . .  Whitewater. 

Calculation 

Using Dillon and 
Rigler Method 

hAilwaukee River Watershed 

. . . . . . . . . . .  Barton Pond. 

Big Cedar. . . . . . . . . . . . . .  
Green . . . . . . . . . . . . . . . .  
Little Cedar . . . . . . . . . . . .  
Lucas . . . . . . . . . . . . . . . .  
Mud . . . . . . . . . . . . . . . . .  
Silver . . . . . . . . . . . . . . . .  
Smith . . . . . . . . . . . . . . . .  
Spring. . . . . . . . . . . . . . . .  
Twelve . . . . . . . . . . . . . . .  
Wallace . . . . . . . . . . . . . . .  
West Bend Pond . . . . . . . . .  

Source: SEWRPC. 
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For a landlocked lake without an outlet, however, R 
would equal 1.0 and the above equation could not 
be used. An alternative equation for estimating total 
phosphorus concentrations, as described by Dillon and 
~ i g l e r , ' ~  would be: 

where : 

d = sedimentation rate, estimated by l0; per year 
Z 

A sample application for landlocked lakes is shown below 
for Peters Lake in Walworth County: 

Sample Application : Landlocked Lakes-Peters Lake 

761 lbs. - 345,500 grams - 1.33 grams er L=-- 
64 acres 259,008 meter2 - meter 8 per 

year 
Z = 0.91 meter 

a = p  lo = 10.99 per year 
0.91 

p = 6.70 times per year 

1.33 - 0.08 mg/l total 
Ip1 = 0.91 (10.99 + 6.70) - phosphorus 

Required Nonpoint Source Control: Total phos- 
phorus standard--0.02 mg/l. 

Phosphorus Standard ' ' [Lake Phosphorus Concentration I 

= 75 percent 

Estimates of total phosphorus concentrations, provided 
in Appendix C, are determined by either the meth- 
odology indicated above or by simulation modeling, for 
all lakes over 50 acres in size in the Region, under exist- 
ing and plan year 2000 land use conditions. The required 

l4 Ibid. 

level of nonpoint source control is also indicated as 
calculated by either the methodology described above 
or by simulation modeling. 

As noted previously, the Dillon and Rigler method of 
calculating the expected total phosphorus concentration 
during spring overturn and the desired degree of phos- 
phorus source control was utilized as an alternative to  the 
hydrologic-hydraulic-water quality model simulation 
method when adequate lake sampling data were not 
available for satisfactory model calibration. A comparison 
and analysis of the results of these two alternative 
methods of evaluating lake phosphorus conditions for 
lakes which had been simulated and for which suitable 
calibration data were available are presented in Table 32. 
This comparison indicates that the two methods yield 
similar results. Therefore, if sufficient calibration data 
were available, the water quality simulated data were 
used for the plan analyses; if calibration data were not 
available, the Dillon and Rigler method described above 
was used. In all cases where detailed lake study reports 
were available, those reports were also used in assessing 
needs and alternative control measures for the lake. 

Lake Rehabilitation Techniques 
Although preventing further deterioration, the reduction 
of nutrient inputs lakes in southeastern Wisconsin will 
not necessarily result in the elimination of existing water 
quality problems. In eutrophic lakes, especially in the 
presence of continued mixing or an anaerobic hypolim- 
nion (the lower layer of a stratified lake), significant 
amounts of phosphorus may continue to be released from 
the sediments to the overlying water column. Further- 
more, macrophytes (weeds) may continue to  grow 
prolifically in nutrient-rich bottom sediments, regardless 
of the nutrient content of the overlying water. The 
previously described models for estimating total phos- 
phorus concentrations developed by Dillon and Rigler do 
not take these factors into account, and in many lakes of 
the Region, the indicated water quality improvements 
expected from a reduced nutrient input will be inhibited 
or prevented by these conditions. If this occurs, or if 
other characteristics of a lake result in restricted water 
use potential, the application of lake rehabilitation 
techniques should be considered. 

The applicability of specific lake rehabilitation tech- 
niques is highly dependent on lake characteristics. 
Figure 16 shows the relationship between lake character- 
istics and lake rehabilitation techniques potentially 
applicable in southeastern Wisconsin. The success of any 
lake rehabilitation technique can seldom be guaranteed 
since the state-of-the-art is still in the very early stages of 
development. Because of the relatively high cost of 
applying most techniques, a cautious approach to imple- 
menting lake rehabilitation techniques is desirable, with 
the widespread use of any technique being contigent on 
further actual experience in the field. Lake rehabilitation 
techniques should be applied first to lakes in which: 
1) nutrient inputs to the lake have been reduced to below 
the critical level; 2) there is the greatest probability of 



Table 32 

COMPARISON OF SPRING TOTAL PHOSPHORUS CONCENTRATIONS ESTIMATED BY THE 
WATER QUALITY SIMULATION MODEL A N D  BY THE DILLON A N D  RIGLER METHOD TO 
TOTAL PHOSPHORUS CONCENTRATIONS MEASURED I N  1976 FOR CALIBRATED LAKES 

a The study year 1976 received below average precipitation. Hence, the values shown represent a dry year condition, whereas the simulation 
model and Dillon and Rigler method values represent an average year condition. 

The water quality model simulates phosphate-phosphorus, not total phosphorus. Simulatedphosphate-phosphorus values were multiplied by 
a factor of two to estimate total phosphorus concentrations. 

Lake 

Big Cedar. . . . . . . . .  
. . . . . . . . . . .  Eagle. 

Geneva . . . . . . . . . .  
Little Cedar . . . . . . .  
Pewau kee. . . . . . . . .  
Pike . . . . . . . . . . . .  
Silver . . . . . . . . . . .  

Source: SEWRPC. 

Watershed 

Milwaukee River 
Fox River 
Fox River 
Milwaukee River 
Fox River 
Rock River 
Milwaukee River 

Spring Total Phosphorus Concentration (mg/l) 

success based upon the results of the studies recom- 
mended below to be conducted prior to implementing 
a lake rehabilitation program; and 3) the possibility of 
adverse environmental impacts is minimal. 

Lake rehabilitation techniques that are applicable to  
southeastern Wisconsin include dredging, sediment 
covering or consolidation, nutrient inactivation, hypo- 
limnetic aeration, and total aeration. Other techniques, 
perhaps more properly classified as lake management 
practices, would include macrophyte harvesting or 
chemical control, algae chemical control, and fish man- 
agement. The applicability of experimental techniques, 
such as biological control, selective discharge, algae 
harvesting, dilution/flushing, and inflow treatment, 
requires additional study. A brief description of lake 
rehabilitation techniques is set forth in Table 33. 

Dillon and 
Rigler Method 

0.07 
0.10 
0.04 
0.05 
0.1 2 
0.18 
0.08 

Measured 
1 976a 

0.04 
0.05 
0.03 
0.05 
0.07 
0.02 
0.02 

In order to ascertain the need for lake rehabilitation 
techniques for a given lake and to obtain additional 
information required on the lake and its water quality, 
studies should be conducted to  identify and characterize 
specific sites of shore erosion, upland erosion, septic tank 
system conditions, livestock sources, fertilization rates 
and amounts, and pet waste and debris accumulations; 
and to determine whether high nutrient concentrations 
and excessive aquatic plant growth continue after 
nutrients inputs are reduced. If water quality problems 
continue to occur, lake restoration and rehabilitation 
procedures should be implemented after determining: 

Simulation 
~ o d e l ~  

0.1 1 
0.1 1 
0.06 
0.09 
0.09 
0.05 
0.1 1 

1. the depth, composition, and nutrient release rate 
of the bottom sediments; 

2. the types, location, and extent of algae, macro- 
phytes, zooplankton, fish, and benthic organisms; 

3. the chemical and physical characteristics and sea- 
sonal changes of the lake water quality; 

4. the location, extent, flow rates, flow directions, 
and chemical characteristics of groundwater 
inflow and outflow; and 

5. the in-lake flow patterns and other hydraulic 
phenomena affecting water quality. 

Once the physical, chemical, and biological characteristics 
of a lake are understood, local decisions can be made to 
implement the appropriate lake rehabilitation techniques 
to abate existing water quality problems which cannot be 
eliminated solely by reducing nutrient input. 

Controlling Nutrient Inputs t o  Lakes 
The same practices recommended to control diffuse 
source pollutant loads to streams, as shown in Tables 
24 and 25, are recommended to control such loads 
to  lakes as well. The individual practices to  be applied 
in a given lake basin must be selected on the basis of 
detailed local lake district planning efforts, involving 
active public participation. Septic tank system manage- 



Figure 16 

APPLICABILITY OF LAKE REHABILITATION TECHNIQUES I N  SOUTHEASTERN WISCONSIN 

F 
I REDUCE NUTRIENTINPUT I 

LEGEND 

NOTE: This flgure represents a general lnterpretatloh of the crlterla used In selecting alternative lake rehabllltatlon techniques Alternatives other than those noted above may be applicable as lndlcated by detalled fleld 
studles for any glven lake or porttons of any lake. 

OD 
W Source: Wsconsin Department of Natural Resources and SEWRPC. 



Table 33 

DESCRIPTION OF LAKE REHABILITATION TECHNIQUES APPLICABLE TO SOUTHEASTERN WISCONSIN 

Technique 

Dredging 

Sediment Covering 

Sediment Consolidation 

Nutrient Inactivation 

Hypolimnetic 
(bottom) Aeration 

Total Aeration 

Macrophyte 
(weed) Harvesting 

Description and Effectiveness 

Dredging is one o f  the most commonly used techniques 
and is effective in deepening lakes. A hydraulic dredge 
is often used. Benefits are an increased depth, possible 
induced lake stratification, and therefore reduced 
mixing of the sediments and water layers, removal of 
a suitable bottom substrata for macrophytes, improved 
navigation, and, i f  nutrient-poor sediments can be 
exposed, reduced nutrient release from sediments 

Covering lake sediments may prevent release of 
nutrients and organic material f rom the sediments, 
prevent continued resuspension of the sediments, 

inhibit macrophyte growth by elimination of 
suitable bottom stabilization, and minimize water 
loss via infi ltration. Several cover materials have 
been proposed, including sand, clay, plastic, rubber, 
f l y  ash, and gels 

This technique involves lake drawdown and sediment 
drying. The dewatering reduces the volume of the 
sediments, which are highly organic, and increases 
the lake depth. The effects are irreversible; the 
sediments will no t  expand upon lake refilling 

This promising technique has worked effectively for 

stratified lakes. The treatment may convert nutrients 
in to  a form unavailable for plant uptake, remove 
nutrients from the water column, and prevent 
release of nutrients from the sediments. The most 
commonly used material is alum (an aluminum 
compound), although iron compounds, ion exchange 
resins, fly ash, and clay have been proposed. 
Application may be on ice surfaces or under ice 
cover, or through water surface broadcast or 
subsurface manifold injection. This technique is 
effective in reducing algae problems 

The intent of this technique is t o  increase the 
dissolved oxygen content i n  the hypolimnion of 

stratified lakes without destroying the stratification. 
Typically, bottom water is l ifted t o  the surface via 
a vertical tube and oxygenated water is returned t o  
the hypolimnion. The decomposition of organic 
matter is increased and nutrient release is decreased. 
Available habitat for desirable fish species may 
be increased 

The prevention of fish winterkill and the destratifi- 
cation of lakes t o  provide oxygen to  bottom layers 
are the primary intents of this technique. The general 
approach has been to  circulate and thereby destratify 
lakes by pumping or injecting compressed air t o  the 
water bottom. The effect of destratification during 
winter is the maintenance of an open water area, 
which increases photosynthesis and oxygen diffusion 
from the air 

Harvesting macrophytes with mechanical harvesters 
increases the recreational use potential o f  lakes 
infested with excessive plant growth 

Disadvantages 

Possible adverse environmental effects: increased 
turbidity during operation, nutrient release from 
disturbed sediments, and high costs 

Unknown ecological and environmental impacts, 
possible return of macrophytes i f  an organic layer 
is deposited above the covering, possible algae 
problems i f  macrophytes are eliminated, and 
questionable long-term effectiveness 

Sediment chemical changes may occur, increasing 
nutrient release t o  the water 

Limited applicability 

The ecological effects of aeration need t o  be more 
thoroughly addressed. The practice is too expensive 
t o  be feasible in lakes larger than one or two  hundred 
acres in size 

The destratification effects eliminate cold water areas 
during summer required for some fish species 

The macrophytes must be harvested every year and 
disposal may be a problem. Some nutrients are removed 
from the lake but  the amounts are usually minimal i n  
terms o f  the total nutrient content o f  the lake 



Table 33 (continued) 

Chemical Control 

Technique 

Excessive macrophyte growths, algae blooms, and 
undesirable fish populations may be controlled by 
chemical treatment. I t  is most applicable i n  highly 
eutrophic lakes where nutrient loads cannot be 
sufficiently reduced and where severe water use 
restrictions occur 

Because o f  the potential adverse effects o f  adding 
poisonous chemicals t o  lakes, this technique requires 
cautious use i n  only the most extreme circumstances 

I I 
Description and Effectiveness 

Inf low Treatment 

Disadvantages 

It is possible t o  treat inflowing surface runoff by 
many o f  the same procedures recommended for 
treatment of urban runoff. Additional encouraging 
treatment procedures have been proposed but  few 
have been tested 

Required high levels o f  sophisticated equipment and 
technical expertise and high costs have prevented the 
adequate demonstration of this technique 

Dilution/Flushing I This technique involves the replacement of nutrient- 
rich lake water with nutrient-poor water from 
a stream or the groundwater. The method may 
be effective i n  reducing algae blooms 

Biological Controls 

Long-term effects are questionable. Dilution/flushing 
is probably not applicable t o  most lakes i n  the Region, 
which are characteristically shallow and contain 
nutrient-rich sediments 

Selective Discharge 

This technique is a highly desirable approach and is 
inexpensive. Techniques are generally categorized 
into predator-prey relationships; species manipula- 
tion; and pathological reactions. Control organisms 
being evaluated include the white amur (grass carp), 
walleye, northern pike, snails, crayfish, waterfowl, 
insects, aquatic mammals, plant viruses, and 
fish ~arasites 

This technique is still i n  the experimental stage and 
possible adverse environmental impacts could 
be substantial 

Selective discharge involves the release of nutrient- 
rich, anaerobic water from the hypolimnion of 
a eutrophic lake. Nutrient levels are reduced and 
dissolved oxygen i n  the hypolimnion is increased 

a~ discussion o f  the environmental effects o f  dredging activities is presented i n  
Wisconsin, Chapter V, "Diffuse Pollution Sources." 

Further research on the overall effectiveness of this 
technique is needed, and it appears that the water 
quality of downstream reaches would be 
adversely affected 

Source: Wisconsin De~ar tment  o f  Natural Resources and SEWRPC. 

ment, livestock waste control, restricted fertilizer applica- 
tions, and the prevention of pet waste accumulations and 
shoreland erosion are particularly important control 
measures for lakes. Furthermore, certain related prob- 
lems, such as excessive rough fish populations, with the 
resulting reduction in water clarity, and poor shoreland 
management practices and beach litter may also be 
addressed during the local planning effort. 

As part of the technical analyses, a determination had to 
be made of the approximate percent of the pollutant 
loadings that reached a major inland lake as a result of 
manure produced by livestock in a direct drainage area 
to the lake. A literature search revealed very limited 
published research information on this matter. The con- 
clusions of this literature search are recorded in SEWRPC 
Technical Report No. 21, Sources of Water Pollution in 
Southeastern Wisconsin: 1975, Chapter V, "Diffuse 
Sources of Water Pollution in the Region." One of the 
conclusions reached was that about 20 percent of the 
pollutant loading from such manure eventually reached 
the lake. Subsequent to the completion of the water 
quality planning work, the International Joint Com- 
mission studies on pollution from land use activities 
contributed research results that indicated that manure 
loadings to local waterways range from 5 to 10  percent 

SEWRPC Technical Report No. 21, Sources o f  Water Pollution in Southeastern 

of the total livestock waste generated. This conclusion is 
published in D. W. Draper, J. B. Robinson, D. R. Coote, 
"Estimation and management of the contribution by 
manure by livestock in the Ontario Great Lakes Basin 
to the ~ h o s ~ h o r u s  loading of the Great Lakes." published 

ure, 
~ochester ,  New York, 1978. Since livestock waste 
control was considered a basic minimum practice and 
incorporated in the plan recommendation for the entire 
Region, this recent research finding does not significantly 
affect plan recommendations or costs for inland lake 
management. Moreover, a check of the accuracy of the 
estimated inlake phosphorus concentrations against 
selected measured values available indicated that the 
analytic results were reasonable. 

Concluding. Remarks-Lake Water - - a 

Quality Analytic Procedures 
This section has discussed the analytical techniques used 
in the areawide water quality management planning 
program to develop initial proposals aimed at the preser- 
vation or enhancement of lake water quality in the 
Region. The long-term maintenance or enhancement of 
lake water quality will require substantial technical 
expertise and monetary expenditures, along with the 



realization by citizens and local and state planning 
agencies that the effectiveness of the practices and the 
absolute avoidance of adverse environment impacts 
cannot be guaranteed, given the current state-of-the-art. 
Proper technical support and monitoring programs, how- 
ever, together with additional research and development, 
should maximize the chance of successful lake manage- 
ment and minimize adverse environmental impacts. 

DIFFUSE SOURCE WATER POLLUTION 
CONTROL MEASURES FOR STREAMS 

The inventory and analysis phases of the water quality 
management planning program presented in Volume One 
of this report identified and characterized water pollution 
problems in the Region. This section presents water 
quality management measures intended to resolve stream 
water pollution caused by diffuse sources of pollution. 
Water quality conditions are discussed for the flowing 
streams of the Region, as are the recommended manage- 
ment practices and control measures and the attendant 
costs. The following discussion presents the results of 
the water quality analyses for existing and probable 
future conditions, and presents diffuse source manage- 
ment practices, along with the associated costs. Lake 
water quality analyses and the design and cost of diffuse 
source pollution abatement measures for the direct 
drainage areas of the 100 major lakes in the Region are 
addressed in Appendix C. 

The existing land use conditions and associated diffuse 
sources of pollution in southeastern Wisconsin are 
discussed for each watershed in Volume One, Chapter V 
of this report. Hourly streamflow and water quality 
conditions for each watershed were simulated under 
existing land use and channel conditions for a represen- 
tative three-year period using the hydrologic-hydraulic 
water quality simulation model, and the results were 
statistically analyzed for 169 stream locations within the 
Region. The areas immediately tributary to the stream 
simulation model output locations are hereafter referred 
to as water quality analysis areas. The water quality of 
all major streams and their major tributaries was also 
simulated under the year 2000 planned land use condi- 
tions, as graphically summarized on Map 2 in this chapter. 

Existing and Forecast Water Qualitv - v ., 
Conditions and Required Pollution Controls 
The simulation of existing water quality conditions 
served as a baseline for the year 2000 simulations with 
and without various levels of diffuse source pollutant 
loading reductions and provided for the calibration of 
a model using water quality sampling data obtained 
in 1976 and 1977 by the Commission. The following 
discussion presents the percent of time the applicable 
water quality standards are satisfied under existing land 
use conditions as well as under year 2000 planned land 
use conditions with only the point source controls, as 
recommended in a later section of this chapter, and with 
point source controls coupled with various reductions in 
diffuse source pollutant loadings, thereby identifying the 
level of pollution control required within the various 
water quality analysis areas of each watershed to meet 
the applicable water quality standards for temperature, 

dissolved oxygen, un-ionized ammonia-nitrogen, fecal 
coliform, and phosphorus. Also presented for each water- 
shed are the estimated diffuse source control costs and 
a discussion of the areas of differing pollution potential 
within each watershed. 

Des Plaines River Watershed 
The water quality of the Des Plaines River and its major 
tributaries was simulated for 88 stream reaches and . 

the associated subbasins, with the results reported and 
statistically analyzed for 1 0  simulation sites under exist- 
ing conditions and under plan year 2000 conditions with 
various levels of pollution control. The locations of these 
10 simulation sites and the corresponding tributary water 
quality analysis areas are shown on Map 5 and presented 
in Table 34. The following discussion and Figures 17  
through 26 present the percent of time the recommended 
water quality standards for temperature, dissolved 
oxygen, un-ionized ammonia-nitrogen, fecal coliform, and 
phosphorus are met under existing land use conditions 
as well as under year 2000 planned land use conditions 
with point source controls only, and with point source 
controls coupled with a 50 percent reduction in diffuse 
source pollutant loadings. All streams in the Des Plaines 
River watershed are classified for warmwater fishery and 
aquatic life, recreational use, and minimum standards. 

Table 34 

LOCATION OF WATER QUALITY ANALYSIS AREAS 
I N  THE DES PLAINES RIVER WATERSHED 

with Brighton Creek 

with Center Creek 

with Salem Branch 
A t  the confluence with the 

Des Plaines River main stem 

Source: SEWRPC. 



Map 5 

WATER QUALITY ANALYSIS AREAS IN THE DES PLAINES RIVER WATERSHED 

LEGEND 

WATER Q U A L I T Y  S I T E S  A N D  A R E A S  - WATER QUALITY ANALYSIS AREA 

BOUNDARY AND NUMBER 

WATER QUALITY SIMULATION S I T E  

WATER QUALITY SAMPLING S T A T I O N  

S E W E R  S E R V I C E  A R E A S  AND P R I M A R Y  
L A N D  U S E S  

EXISTING SEWER S E R V I C E  AREA 
1975-SEPARATE 

~ ~ ~ ; ~ ; ~ D A k N ~ J E a ~ ~ ~ T A L  SEWER 

UNSEWERED URBAN DEVELOPMENT 
2 0 0 0  

( 5 8 g A R Y  ENVIRONMENTAL CORRIDOR 

P R I M E  AGRICULTURAL L A N D  2 0 0 0  

OTHER RURAL L A N D  2 0 0 0  

P O I N T  S O U R C E S  O F  P O L L U T I O N  

E X l S T l N G  PUBLIC SEWAGE TREATMENT 

@ P L A N T  TO B E  R E T A I N E D  AND T O  
DISCHARGE E F F L U E N T  T O  L A N D  

EX lST lNG PUBLIC SEWAGE TREATMENT 
P L A N T  T O  BE ABANDONED 

;;;;Sly; ;;I;$T;AZF TREATMENT 

~ : ~ " , = ' " , S ' ~ ' J ~ ' ~ ~ ~ ~ ~ ~ ~  TREATMENT 

KNOWN POINT SOURCE OF WASTEWATER 
OTHER THAN SEWAGE TREATMENT 
P L A N T  OR FLOW RELIEF DEVICES 

The Des Plaines River watershed has an area of 132 square miles and ranks sixth in size and tenth in total resident population of the 12 watersheds in the Region. 
Within the Des Plaines River watershed there ere 88 identified hydrologic subbasins grouped into 10 water quality analysis areas, each related to a water quality 
simulation output site. Also located within the watershed are four sites for which water quality saipling data were obtained as part of various Commission work 
programs. In  1975 there ware 22 point sources of water pollution-including thrw sewage flow relief devices not shown on this map-in the watershed which had 
to be considered in the water quality analyses along with the nonpoint sources. The watershed is expected to undergo a moderato level of urbanization over the 
planning period, since the 1970 and plan year 2000 urban areas comprise 9 and 14 percent of the total watershed area, respectively. 

Source: SEWRPC 

Temperature: It is apparent from Figures 17 through 
26 that the temperature standard of 8 9 ' ~  is satisfied 
within the Des Plaines River watershed and that pollutant 
loading reductions have a negligible effect on tempera- 
ture. The temperature standard may be expected to be 
exceeded less than 1 percent of the time. 

Dissolved Oxygen: In general, only minimum diffuse 
source controls will be necessary to satisfy the warm- 
water fishery and aquatic life dissolved oxygen standard 
of 5 milligrams per liter (mg/l) within the Des Plaines 
River watershed. However, severe dissolved oxygen prob- 
lems are indicated in all analysis areas except areas 5 and 
7, which are drained by Brighton Creek and the Salem 
Branch, respectively. These problems are caused by high 

oxygen demand from bottom deposits and benthic 
organisms, and are estimated to be primarily attributable 
to  historical and existing contributions from both point 
and diffuse sources. Upon the control of these point 
sources and the implementation of minimum diffuse 
source controls under plan year 2000 conditions, it is 
likely that these bottom deposits will either stabilize or 
be assimilated by the stream system. If, following the 
implementation of pollution control measures, the 
benthic oxygen demand is not sufficiently reduced, the 
possibility of chanbel dredging activities should be 
investigated to facilitate the stabilization of some sever0 
areas. A 50 percent reduction in the oxygen demand 
from the bottom deposits will achieve the desired level 
of dissolved oxygen. 



Figures 17-24 

EXPECTED WATER QUALITY STANDARD ACHIEVEMENT FOR WATER QUALITY ANALYSIS AREAS OF THE 
DES PLAINES RIVER WATERSHED FOR ALTERNATIVE LEVELS OF WATER POLLUTION CONTROL 

Figure 17 

WATER QUALITY ANALYSIS AREA 1 

Figure 18 

WATER QUALITY ANALYSIS AREA 2 

Figure 19 

WATER QUALITY ANALYSIS AREA 3 
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F~gure 20 

WATER QUALITY ANALYSIS AREA 4 

Figure 21 Figure 22 

WATER QUALITY ANALYSIS AREA 5 WATER QUALITY ANALYSIS AREA 6 

1 APPL'A""A"""8'0~,'C""'S 

W A 2 M W I I T I R  FlSHEP" AND *9UAT,C  L i F S  AN" .l?PFI,"Ni\ l . i  WARMWATER F l S H E l "  A N D A O U L T C  LlFE AND R IC . IAT ,ONALUI .  

Figure 23 Figure 24 

WATER QUALITY ANALYSIS AREA 7 WATER QUALITY ANALYSIS AREA 8 
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Figures 25-26 

EXPECTED WATER QUALITY STANDARD ACHIEVEMENT FOR WATER QUALITY ANALYSIS AREAS OF THE 
DES PLAINES RIVER WATERSHED FOR ALTERNATIVE LEVELS OF WATER POLLUTION CONTROL 

Figure 25 Figure 26 

WATER QUALITY ANALYSIS AREA 9 WATER QUALITY ANALYSIS AREA 10 
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Fecal Coliform: All water quality analysis areas within tribute diffuse source pollutants to  surface waters. 
the Des Plaines River watershed may be expected to Map 6 indicates the areal extent of the various levels of 
satisfy a fecal coliform standard of 200/400 mem- diffuse source pollution potential in the watershed, and 
brane filter fecal coliform counts per 100 milliliters Table 36 summarizes the areal extent and relative propor- 
(MFFCC/100 ml) under a diffuse source pollutant load- tions of the pollution potential classifications for urban 
ing reduction of 50 percent. and rural areas. 

Phosphate-Phosphorus: Water quality analysis areas The pollution potential classification analysis for the 
1,  2 , 8 ,9 ,  and 10 will require a 50 percent level of diffuse Des Plaines River watershed indicated relatively little 
source control to  satisfy the phosphorus standard of variation in urban pollution potential, with more than 
0.1 mg/l at least 90 percent of the time. Analysis areas 
3 through 7 are expected to  satisfy the standard at 

Table 35 
least 90 percent of the time without diffuse source 
controls assuming the recommended point source con- 
trols are implemented. REQUIRED DIFFUSE SOURCE CONTROL LEVELS 

FOR WATER QUALITY ANALYSIS AREAS 

Un-ionized Ammonia-Nitrogen: Analyses of seasonal 
variations in estimated un-ionized ammonia-nitrogen 
levels in the Des Plaines River watershed indicate that 
the standard of 0.02 mg/l should seldom be exceeded. 
Diffuse source controls should not be necessary to  
satisfy the un-ionized ammonia-nitrogen standard in 
the watershed. 

Summary: Table 35 presents the general level of diffuse 
source pollutant loading reductions and bottom oxygen 
demand reductions necessary to satisfy the applicable 
water quality standards for the Des Plaines River water- 
shed. Required reduction values are shown for each water 
quality analysis area and for each pollutant for which 
a standard has been recommended. 

IN THE DES PLAlNES RIVER WATERSHED 

Identification of Pollution Priority Problem Areas: The a Requires reduction in benthic oxygen demand, which is expected to 

hydrologic subbasins in the Des Pldnes River water- result i f  point source controls and minimum diffuse source controls are 

shed were classified according to selected criteria which implemented. 

indicate the existing potential of a subbasin to  con- Source: SEWRPC. 

Water 
Quality 
Analysis 

Area 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Percent Diffuse Source Load Reduction Required 

Phosphorus 

50 
50 

Minimum 
Minimum 
Minimum 
Minimum 
Minimum 

50 
50 
50 

Un-ionized 
Ammonia-Nitrogen 

Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 

Dissolved 
Oxygen 

~ i n i m u m ~  
~ i n i m u m ~  
~ i n i m u m ~  
~ i n i m u m ~  
Minimum 
~ i n i m u m ~  
Minimum 
~ i n i m u m ~  
~ i n i m u m ~  
~ i n i m u m ~  

Fecal 
Coliform 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 



Map 6 

DIFFUSE SOURCE POLLUTION POTENTIAL IN THE DES PLAINES RIVER WATERSHED: 1975 

LEGEND 

HYDROLOGIC BOUNDARIES 

- WATERSHED 

-- SUBWATERSHED 

- CC.2 .- SUBBASIN AND NUMBER 

RURAL AREA OF VERY HIGH POTENTIAL 

RURAL AREA OF HIGH POTENTIAL 

URBAN AREA OF MODERATE POTENTIAL 

RURAL AREA OF MODERATE POTENTIAL 

URBAN AREA OF LOW POTENTIAL 

RURAL AREA OF LOW POTENTIAL 

RURAL AREA OF VERY LOW POTENTIAL 

SUBBASINS WlTH EXISTING CONSERVATION 
PRACTICES IMPLEMENTED AT 6-19 SITES 
(NO SYMBOL SHOWN FOR 5 OR FEWER 
SITES) 

KNOWN LIVESTOCK HERDS WlTH MORE 
T H A N  25 EQUIVALENT ANIMAL UNITS 

LOCATED WITHIN 500 FEET FROM 
A STREAM 

LOCATED MORE THAN 500 FEET 
FROM A STREAM 

COMPARISON O F  SIMULATED WATER Q U A L I T Y  
DATA TO T H E  RECOMMENDED WATER QUALITY 
STANDARDS A T  SIMULATION OUTPUT SITES 

FECAL COLIFORM TOTAL PHOSPHORUS 

@ STANDARDS ARE MET 

STANDARDS ARE NOT MET 

STREAM REACHES WlTH COMPUTED WATER 
QUALITY INDEX RATINGS - FAIR WATER QUALITY 

The hydrologic subbasins in the Des Plaines River watershed were classified according to selected criteria including land use, land characteristics, storm water 
drainage systems, waste treatment systems, and the age and condition of the housing stock, which were taken together as an indicator of the potential for nonpoint 
source pollution. Of the total 2,317 acres devoted to urban land uses in the watershed, more than 90 percent recorded a moderate potential rating for nonpoint 
source pollution. Of the 82,310 acres devoted to rural land uses in the watershed.9 percent was estimated to have a high or very high pollution potential,51 percent 
a moderate potential, and the remaining 40 percent a low or very low potential for nonpoint source.pollution. Thus, as of 1975, the Des Plaines River watershed 
exhibited a moderate potential for urban nonpoint source pollution and a variable but generally moderate potential for rural nonpoint source pollution. 

Source: SEWRPC. 

90 percent of the analyzed urban areas receiving a mod- 
erate rating. Less than 10 percent of the rural area is 
designated by a high or very high pollution potential 
rating, with more than 85 percent of the area being 
classified as having low or moderate potential. The largest 
area of high rural pollution potential covers U. S. Public 
Land Survey Sections 9, 16, 17, 18, and 19 in the Town 
of Paris in Kenosha County. In general, the southern half 
of the watershed has a lower rural pollution potential 
rating than does the northern half. 

Control of Pollutant Runoff from Urban Land: Minimum 
and low-cost urban diffuse source pollution control 
practices alonesuch as public education programs; litter 
and pet waste control; improved timing and efficiency of 

street sweeping, leaf collection, and catch basin cleaning; 
proper use of fertilizers and pesticides; industrial and 
commercial material storage facilities and runoff control 
measures; and critical area protectionshould provide 
a sufficient level of urban diffuse source pollution control 
in the Des Plaines River watershed. Construction erosion 
control practices and proper management of onsite 
sewage treatment systems will also be necessary for the 
abatement of diffuse source pollution. 

Control of Pollutant Runoff from Rural Land: Minimum 
rural land management practices-inclusive of proper 
fertilizer and pesticide management, critical area protec- 
tion, residue management, chisel tillage, pasture manage- 
ment, and contour plowingshould be implemented to 



Table 36 Table 37 

AREAL DISTRIBUTION OF DIFFUSE POLLUTION 
POTENTIAL CLASSIFICATIONS WITHIN THE 

DES PLAINES RIVER  WATERSHED:^ 1975 

a Includes areas tributary to the four major lakes in the watershed. 

The urban-rural designations represent the generalized land cover inventory results for 
the hydrologic subbasins. 

Source: SEWRPC. 

protect the water quality of the Des Plaines River water- 
shed. Animal waste runoff control systems, consisting of 
barn eaves troughs for storm water control, surface water 
diversions, settling basins, and holding ponds, are needed 
to sufficiently reduce pollutant loadings from all animal 
operations. In addition, those animal operations located 
less than 500 feet from a stream and in very high or high 
pollution potential areas (see Map 6) may require storage 
through the winter in a dry stacking system incorporating 
runoff control or a liquid or slurry storage system, with 
no winter spreading of manure in order to  avoid spread- 
ing on frozen ground and the attendant high rates of 
surface runoff. The control of livestock waste runoff is 
expected to sufficiently alleviate fecal coliform and 
phosphorus problems in the watershed. 

Cost Estimate: Implementation of the recommended 
diffuse source control plan would involve a total capital 
cost between 1975 and the year 2000 of $4.0 million, 
of which $2.8 million, or 70 percent, would be for 
urban practices and $1.2 million, or 30 percent, would 
be for rural practices, and an average annual operation 
and maintenance cost of $228,000, of which $30,000, or 
1 3  percent, would be for urban practices and $198,000, 
or 87 percent, would be for rural practices. The cost 
estimates for each management practice are summarized 
in Table 37. 

Fox River Watershed 
The water quality of the Fox River and its major tribu- 
taries was simulated for 578 stream reaches A d  their 
associated subbasins, with the results reported and 
statistically analyzed for 57 stream simulation sites 
under existing conditions and under plan year 2000 
conditions with various levels of pollution control. To 
facilitate the presentation of the analyses in this section, 
the areas tributary to  the simulation sites were aggre- 
gated into 17 water quality analysis areas, and data are 
presented herein only for the corresponding most down- 
stream simulation site within each area. The locations 
of the simulation sites and the corresponding 17  water 
quality analysis areas are shown on Map 7 and presented 
in Table 38. The following discussion and Figures 27 

ESTIMATED COST OF Dl FFUSE SOURCE 
POLLUTION CONTROL MEASURES FOR THE 

DES PLAINES RIVER WATERSHED 

rce Controls . . . . . . . . . . . . . 
Industrial and Commercial 

Material Storage Facilities 

a The proper maintenance and replacement of the remaining septic tank 
systems are recommended to help improve the water quality of the Des 
Plaines River watershed. However, because septic tank systems manage- 
ment is an existing function necessary for the preservation of public 
health and the protection of private drinking water supplies, this cost 
is not included in the water quality management plan. The estimated 
expenditures for septic system management for the stream plan element 
include a capital cost over the period of 1975-2000 of $2,815,000, and 
an average annual operation and maintenance cost of $91,000. 

Lowcost urban controls include pet waste and litter control, fertilizer 
and pesticide use restrictions, public education programs, improved timing 
and efficiency of street sweeping, leaf collection, and catch basin cleaning, 
and critical area protection. 

Minimum conservation practices include crop residue management, chisel 
tillage, pasture management, con tour plowing, fertilizer and pesticide 
management, and critical area protection. 

Source: SEWRPC. 

through 43 present the percent of time the applicable 
water quality standards for temperature, dissolved 
oxygen, un-ionized ammonia-nitrogen, fecal coliform, 
and phosphorus are met under existing land use condi- 
tions as well as under year 2000 planned land use condi- 
tions with point source controls only, and with point 
source controls coupled with a 50 percent reduction 
in diffuse source pollutant loadings. 

A portion of Genesee Creek, a tributary of Sugar Creek, 
and Palmer Creek in the Fox River watershed are clas- 
sified for trout fishery and aquatic life and recreational 
use. The water use designation for the remaining streams 
in the Fox River watershed is for warmwater fishery and 
aquatic life and recreational use. 

Temperature: It is apparent from Figures 27 through 
43 that the temperature standard of 8 9 ' ~  is satisfied 
within the Fox River watershed and that pollutant 







Table 38 

LOCATION OF WATER QUALITY ANALYSIS 
AREAS IN THE FOX RIVER WATERSHED 

Source: SEWRPC. 

Water Quality 
Analysis Areas 

as Presented 
on Map 7 

t 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

loading reductions have a negligible effect on tempera- 
ture. The temperature standard may be expected to  
be exceeded less than 1 percent of the time. 

Dissolved Oxygen: In general, only minimum diffuse 
source controls will be necessary to satisfy the warm- 
water fishery and aquatic life dissolved oxygen standard 
of 5 milligrams per liter (mg/l) within the Fox River 
watershed. However, severe dissolved oxygen problems 
are indicated in water quality analysis areas 1, 2, 3, 4, 5, 
7, 11, 12, 13, and 14. These problems are caused by high 
oxygen demand from bottom deposits and benthic 
organisms, and are estimated to be primarily attributable 
to historical and existing contributions from both point 
and diffuse sources. Upon the control of these point 
sources and the implementation of minimum diffuse 
source controls under plan year 2000 conditions, it is 

Location of Most Downstream 
Draining the Water Quality 

Location 

Fox River 
Town of Brookfield, north o f  
Capitol Drive, wert o f  Barker Road 

Surrex Creek 
Tawn o f  Pewaukee, at confluence 
of Susrex Creek w i th  the Fox River 

Poplar Creek 
Tawn of 8roakfleld.at confluence 
o f  Poplar Creek with the Fax River 

Fox River 
Town of Pewaukee. CTH SS 
east o f  CTH M 

Pewaukee River 
Town of Pswaukee, south o f  I H  94  

Fan River 
Clty of Waukerha, eart of CTH HI,  
north of CTH I 

Fox Rivsr 
Town of Mukwonago, south of 
CTH ES upstream of 
Mukwonaga R ~ v e r  

Mukwonaga River 
Town of Mukwonago, 
north of STH 15 

Fox River 
Village of Waterford, north of 
STH 83, wert of STH 20 

Wlnd Lake Drainage Canal 
Town of Rochester, west of STH 20  

Eagle Creek 
Town of Rochester, eart of STH 83, 
north o f  CTH A 

Fox River 
City of Burlington, wsrt  of CTH W, 
north of STH 11 

Honey Creek 
Town of Burlington, wert o f  
the Soo Line right-of-way 

Sugar Creek 
Town of Spring Prairie, 
wert of CTH DD 

White River 
Town of Spring Prairie. 
north o f  STH 36 

Fox River 
Town of Salem, at state l ~ n e  
west of CTH B 

Nipperrink Creek 
V~llage of Genoa Clty, 
at the state line 

likely that these bottom deposits will either stabilize or 
be assimilated by the stream system. If following the 
implementation of pollution control measures, the 
benthic oxygen demand is not sufficiently reduced, 
the possibility of channel dredging activities should be 
investigated to facilitate the stabilization of some severe 
areas. A 50 percent reduction in the benthic oxygen 
demand will usually achieve the desired level of dissolved 
oxygen in the stream. 

Point 
Analys~s Area 

U. S. Public 
Land Survey 
Designation 

T7N. WOE, Section 6 

T7N. R19E. Section 1 

T7N. R19E. Section 19 

T7N. R19E, Section 24 

T7N, R19E. Section 25 

T6N, R19E, Section 16 

T5N. R18E. Sect~an 30  

T5N. R19E, Section 30  

T4N. R19E. Section 35  

T3N. R19E. Section 1 

T3N. R19E. Section 14 

T3N. R19E. Section 32  

T3N. R19E. Section 1 9  

T3N. R18E.Section 13 

T3N. R18E, Section 36  

T l N .  R20E. Section 31 

T l N ,  R18E. Section 35  

Fecal Coliform: The fecal coliform standard of 200/400 
membrane filter fecal coliform counts per 100 milliliters 
(MFFCC/100 ml) is satisfied for water quality analysis 
areas 8 through 1 2  and 16 under year 2000 land use 
conditions with no reductions in diffuse source pollutant 
loadings. An estimated 50 percent reduction in diffuse 
source fecal coliform loads is indicated for analysis areas 
1 ,  5, and 14. Seventy-five percent of the diffuse source 
fecal coliform loads will need to  be controlled before 
the applicable standard can be satisfied in analysis areas 
2 , 3 , 4 , 6 , 7 , 1 3 , 1 5 ,  and 17. 

Phosphate-Phosphorus: Under year 2000 land use condi- 
tions with recommended point source controls, most of 
the Fox River watershed is not anticipated to require 
diffuse source controls to satisfy the applicable recrea- 
tional use phosphorus standard of 0.1 mg/l. However, 
some urban areas within analysis area 3, which is drained 
by Poplar Creek and Deer Creek, and area 13, which is 
drained by Honey Creek, will require a 50 percent 
reduction in diffuse source phosphate loadings to satisfy 
the applicable standard. The violations in area 3 are 
attributed to urban land runoff and malfunctioning septic 
systems. Rural land and livestock waste runoff is the 
primary phosphorus source in area 13. 

Un-ionized Ammonia-Nitrogen: Analyses of seasonal 
variations in estimated un-ionized ammonia-nitrogen 
levels in the Fox River watershed indicate that the level 
of 0.02 mg/l should seldom be exceeded. Diffuse source 
controls should not be necessary to  satisfy the un-ionized 
ammonia-nitrogen standard in the watershed. 

Summary: Table 39 presents the general level of diffuse 
source pollutant loading reductions necessary to satisfy 
the applicable water quality standards for the Fox 
River watershed. Required reduction levels are presented 
for phosphate-phosphorus, dissolved oxygen, un-ionized 
ammonia-nitrogen, and fecal coliform. Diffuse source 
controls are needed to meet the fecal coliform standard 
throughout most of the watershed and the phosphorus 
standard in a few areas. 

Identification of Pollution Priority Problem Areas: The 
hydrolo& subbasins in the Fox River watershed were - 
classified according to selected criteria which indicate 
the existing potential of a subbasin to contribute diffuse 
source pollutants to surface waters. Map 8 indicates 
the areal extent of the various levels of diffuse source 
pollution potential in the watershed, and Table 40 
summarizes the areal extent and relative proportions 
of the pollution potential classifications for urban and 
rural areas. 



Table 39 

REQUIRED DIFFUSE SOURCE CONTROL LEVELS 
FOR WATER QUALITY ANALYSIS AREA 

IN THE FOX RIVER WATERSHED 

7 

Water 
Quality 
Analysis 

Area 

' 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

1 Percent Diffuse Source Load Reduction Required 

Dissolved 
Oxygen 

~ i n i m u m ~  
~ i n i m u m ~  
~ i n i m u m ~  
~ i n i m u m ~  
~ i n i m u m ~  
Minimum 
~ i n i m u m ~  
Minimum 
Minimum 
Minimum 
~ i n i m u m ~  
~ i n i m u m ~  
~ i n i m u m ~  
~ i n i m u m ~  
Minimum 
Minimum 
Minimum 

Fecal 
Coliform 

50 
More than 50 
More than 50 
More than 50 

50 
More than 50 
More than 50 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
More than 50 

50 
More than 50 
Minimum 
More than 50 

Un-ionized 
Ammonia-Nitrogen 

Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 

Phosphorus 

Minimum 
Minimum 

50  
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Mimirnum 

50 
Minimum 
Minimum 
Minimum 
Minimum 

a Requires reduction in benthic oxygen demand, which is expected to result 
if point source controls and minimum diffuse source controls are imple- 
men red. 

Source: SEWRPC. 

Table 40 

AREAL DISTRIBUTION OF DIFFUSE 
POLLUTION POTENTIAL CLASS1 FICATIONS 

WITHIN THE FOX RIVER  WATERSHED:^ 1975 

alncludes total areas tributary to the major lakes in the watershed. 

b ~ h e  urban-rural designations represent the generalized land cover inventory results for the 
hydrologic subbasins. 

Source: SEWRPC. 

Pollution 
Potential 

Classification 

Very High . . 
High . . . . .  
Moderate. . . 
Low. . . . . . 
Very Low . . 

Total Watershed 

The pollution potential classification analysis for the 
Fox River watershed indicated relatively little variation 
in urban pollution potential, with 98 percent of the 
analyzed urban areas receiving a moderate or low rating. 
Most of the urban areas of significant size outside of 
direct drainage areas to  lakes received a moderate rating, 
whereas many urban areas which surround lakes in the 

Area 
lacres) 

95,857 
67,815 

163,217 
194,560 
85.471 

Rural w re as^ 

watershed generally received a low urban pollution poten- 
tial rating. The rural pollution potential for the Fox River 
watershed varied significantly in comparison to the rest 
of the Region. Twenty-nine percent of the rural area is 
designated by a high or very high rural pollution potential 
rating, with the areas of highest concern located in Wal- 
worth County-specifically the Honey Creek, Sugar Ceek, 

Percent 
of Total 

Watershed Araa 

16 
11 
27 
32 
14 

Area 
(acres) 

95.857 
67.884 

135.327 
180.436 
84,579 

Urban  rea as^ 

and Como Creek subwatershed areas. The rural classifica- 
tion indicates that Waukesha County contains the areas 

Percent 
of Total 

Rural Area 

17 
12 
24 
32 
15 

Araa 
(acres) 

- -  
- -  

28,041 
14,124 

892 

of lowest rural pollution potential. The rural pollution 
potential classification also indicates that some lakes- 
Beulah, Lulu, North, and Peters Lakes in Walworth 
County, Spring Lake in Waukesha County, and Long 
Lake in Racine County--are located in areas of high 
or very high rural pollution potential. 

Percent 
of Total 

Urban Area 

65 
33 

2 

Control of Pollutant Runoff from Urban Land: Minimum 
and low-cost urban diffuse source pollution control prac- 
tices alonesuch as public education programs; litter and 
pet waste control; improved timing and efficiency of 
street sweeping, leaf collection, and catch basin cleaning; 
proper use of fertilizers and pesticides; industrial and 
commercial material storage facilities and runoff control 
measures; and critical area protectionshould provide 
a sufficient level of urban diffuse source pollution control 
in the Fox River watershed. Construction erosion control 
practices and proper management of onsite sewage treat- 
ment systems will also be necessary for the abatement 
of diffuse source pollution and are expected to  abate 
phosphorus problems in Poplar Creek and Deer Creek. 

Control of Pollutant Runoff from Rural Land: Minimum 
rural land management practices-inclusive of proper 
fertilizer and pesticide management, critical area protec- 
tion, residue management, chisel tillage, pasture manage- 
ment, and contour plowing-should be implemented to 
protect the water quality of the Fox River watershed. 
Animal waste runoff control systems, consisting of barn 
eaves troughs for storm water control, surface water 
diversions, settling basins, and holding ponds, are needed 
to sufficiently reduce pollutant loadings from all animal 
operations. In addition, those animal operations located 
less than 500 feet from a stream and in high or very high 
pollution potential areas (see Map 8)  may require manure 
storage through the winter in a dry stacking system 
incorporating runoff control or a liquid or slurry storage 
system, with no winter spreading of manure in order to 
avoid spreading on frozen ground and the attendant high 
rates of surface runoff. The control of livestock waste 
runoff, together with the proper management of septic 
tank systems, is expected to sufficiently alleviate fecal 
coliform problems in the watershed. 

Cost Estimate: Implementation of the recommended 
diffuse source control plan would involve a total capital 
cost between 1975 and the year 2000 of $23.7 million, 
of which $18.1 million, or 77 percent, would be for 
urban practices and $5.5 million, or 23 percent, would 
be for rural practices, and an average annual opera- 
tion and maintenance cost of $1.0 million, of which 
$291,000, or 29 percent, would be for urban practices 
and $716,000, or 71 percent, would be for rural prac- 
tices. The cost estimates for each management practice 
are summarized in Table 41. 





ESTIMATED COST OF DIFFUSE SOURCE CONTROL 
MEASURES FOR THE FOX RIVER WATERSHED 

Diffuse Source 
Pollution 

Control Measures 

a The proper maintenance and replacement of the remaining septic tank 
systems are recommended t o  help improve the water quality o f  the Fox 
River watershed. However, because septic tank systems management is 
an existing function necessary for the preservation o f  public health and 
the protection o f  private drinking water supplies, this cost is no t  included 
in the water quality management plan. The estimated expenditures for 
septic system management for the stream plan element include a capital 
cost over the period of 1975-2000 o f  $5,332,000, and an average annual 
operation and maintenance cost o f  $375,000. 

Lowcost  urban controls include pet waste and litter control, fertilizer and 
pesticide use restrictions, public education programs, improved timing and 
efficiency o f  street sweeping, leaf collection, and catch basin cleaning, and 
critical area protection. 

Minimum conservation practices include crop residue management, chisel 
tillage, pasture management, contour plowing, fertilizer and pesticide 
management, and critical area protection. 

temperature, dissolved oxygen, un-ionized ammonia- 
nitrogen, and fecal coliform are met under existing land 
use conditions as well as under year 2000 planned land 
use conditions with point source controls only, and with 
point source controls coupled with a 25 or a 50 percent 
reduction in diffuse source pollutant loadings. The 
streams within the Kinnickinnic River watershed are 
classified for limited fishery and aquatic life, limited 
recreational use, and minimum standards. 

Temperature: It is apparent from Figures 44 through 46 
that the temperature standard of 8g°F is satisfied within 
the Kinnickinnic River watershed and that pollutant 
loading reductions have a negligible effect on tempera- 
ture. The temperature standard may be expected to be 
exceeded less than 1 percent of the time. 

Dissolved Oxygen: No diffuse source controls will be 
necessary to  satisfy the limited fishery and aquatic life 
dissolved oxygen standard of 3 milligrams per liter 
(mg/l) within the Kinnickinnic River watershed. 

Fecal Coliform: Diffuse source controls are relatively 
ineffective in reducing the extremely high simulated fecal 
coliform levels. These high levels are probably caused by 
leakage or unknown discharges from sanitary sewers. 
Upon the identification and control of these sources, it is 
anticipated that only a minimum level of diffuse source 
controls will be required to satisfy a recreational use 
standard of 200/400 membrane filter fecal coliform 
counts per 100 milliliters (MFFCC/100 ml). 

Un-ionized Ammonia-Nitrogen: Analyses of seasonal 
variations in estimated un-ionized ammonia-nitrogen 
levels in the Kinnickinnic River watershed indicate that 
the level of 0.2 mg/l should seldom be exceeded. Diffuse 
source controls should not be necessary to satisfy the 
un-ionized ammonia-nitrogen standard in the watershed. 

Table 42 

Source: SEWRPC. 
LOCATION OF WATER QUALITY ANALYSIS AREAS 

I N  THE KlNNlCKlNNlC RIVER WATERSHED 

Kinnickinnic River Watershed 
The water quality of the Kinnickinnic River and its major 
tributaries was simulated for 51 stream reaches and their 
associated subbasins, with the results reported and statis- 
tically analyzed for three simulation sites under existing 
conditions and under plan year 2000 conditions with 
various levels of pollution control. The locations of these 
three simulation sites and the corresponding tributary 
water quality analysis areas are shown on Map 9 and 
presented in Table 42. The water quality within com- 
bined sewer service area within the Kinnickinnic River 
watershed was not simulated under the initial areawide 
water quality management planning program but is being 
addressed under the Milwaukee Metropolitan Sewerage 
District pollution abatement program. The following 
discussion and Figures 44 through 46 present the percent 
of time the recommended water quality standards for Source: SEWRPC. 

Water Quality 
Analysis Areas 

as Presented 
on Map 9 

1 

2 

3 

Location of Most Downstream Point 
Draining the Water Quality Analysis Area 

Location 

Wilson Park Creek 
City of Milwaukee 

S. 13th Street 

City of Milwaukee 
at the confluence of the 
Kinnickinnic River 

Kinnickinnic River 
City of Milwaukee 

S. 31st Street 

U.  S. Public 
Land Survey 
Designation 

T6N. R22E. 
Section 20 

T6N. R21E. 
Section 12 

T6N. R21 E, 
Section 12 



Map 9 

WATER QUALITY ANALYSIS AREAS IN THE 
KlNNlCKlNNlC RIVER WATERSHED ' 

LEGEND 

WATER Q U A L I T Y  S I T E S  A N D  A R E A S  - ~ ~ $ A O , " y A ~ ~ F N ~ M & Y ; I S  AREA 

WATER QUALITY SIMULATION SITE 

A WATER QUALITY SAMPLING STATION 

SEWER SERVICE A R E A S  A N D  P R I M A R Y  L A N D  U S E S  

I I EXISTING SEWER SERVICE AREA 1975-  SEPARATE 

EXISTING SEWER SERVICE AREA 1975- COMBINED 

m PRIMARY ENVIRONMENTAL CORRIDOR 2 0 0 0  

P O I N T  S O U R C E S  O F  P O L L U T I O N  

KNOWN POINT SOURCE OF WASTEWATER OTHER 
THAN SEWAGE TREATMENT PLANT OR FLOW 
R E L I E F  D E V I C E S  

The Kinnickinnic River watershed has an area of 25 square miles and ranks 
eleventh in size and fourth in total resident population of the 12 watersheds 
in the Region. Within the Kinnickinnic River watershed there are 51 iden- 
tified hydrologic subbasins grouped into three water quality analysis areas, 
each related to a water quality simulation output site. Also located within 
the watershed are three sites for which water quality sampling data were 
obtained as part of various Commission work programs. In 1975 there 
were 82 point sources of water pollution-including 52 sewage flow relief 
devices not shown on this map-in the watershed which had to be considered 
in the water quality analyses along with the nonpoint sources. The watershed 
is expected to  undergo continued urbanization over the planning period, 
since the 1970 and plan year 2000 urban areas comprise 89 and 94 percent 
of the total watershed area, respectively. 

Source: SEWRPC. 

Summary: Table 43 presents the general level of diffuse 
source pollutant loading reductions and bottom oxygen 
demand reductions necessary to satisfy the applicable 
water quality standards for the Kinnickinnic River 
watershed. Required reduction values are s 
water quality analysis area and for each 
which a standard has been recommended. 

Identification of Pollution Priority Problem Areas: The 
hydrologic subbasins in the Kinnickinnic River watershed 
were classified according to selected criteria which 

I 
indicate the existing potential of a subbasin to con- 
tribute diffuse source pollutants to surface waters. 
Map 10 indicates the areal extent of the various levels 
of diffuse source pollution potential in the watershed, 

I 
and Table 44 summarizes the areal extent and relative 
proportions of the pollution potential classifications for 
urban and rural areas. 

I 

Table 43 

REQUIRED DIFFUSE SOURCE CONTROL LEVELS FOR 
WATER QUALITY ANALYSIS AREAS IN THE 

KlNNlCKlNNlC RIVER WATERSHED 

a Diffuse source controls would be relatively ineffective in reducing the 
extremely high simulated fecal coliform levels. These high fecal coliform 
levels are probably caused by leakage or unknown discharges from sani- 

I 
tary sewers. I 

Water 
Quality 

Analysis 
Area 

1 
2 
3 

Source: SEWRPC. 

Table 44 

Percent Diffuse Source Load Reduction Required 

AREAL DISTRIBUTION OF DIFFUSE POLLUTION 
POTENTIAL CLASSIFICATIONS WITHIN THE 

KlNNlCKlNNlC RIVER WATERSHED: 1975 

a The urban rural deslgnatjons represent the general~zed land cover Inventory results for 
the hydrolog~c subbasins 

Source SEWRPC. 

Un-ionized 
Ammonia-Nitrogen 

Minimum 
Minimum 
Minimum 

- 
Dissolved 
Oxygen 

Minimum 
Minimum 
Minimum 

Fecal 
Coliform 

~ i n i m u m ~  
Minimuma 
Minimuma 



Figures 44-46 

EXPECTED WATER QUALITY STANDARD ACHIEVEMENT FOR WATER QUALITY ANALYSIS AREAS OF THE 
KlNNlCKlNNlC RIVER WATERSHED FOR ALTERNATIVE LEVELS OF WATER POLLUTION CONTROL 

Figure 44 Figure 45 Figure 46 

WATER QUALITY ANALYSIS AREA 1 WATER QUALITY ANALYSIS AREA 2 WATER QUALITY ANALYSIS AREA 3 

LEGEND 

s M#h.#MUM A C i i i E Y E l i N T  LEVEL W,," i " , h T  AND - 
D F F U I L  SOURCE CONTROLS EXPECTED TO S n T i s i l  
W A T E R  USE O B l E C T Y E S  AND l " P P O i T N 6  WATER 
O U I L l T "  ITANOAFiUS 

i rX1Srthri LAN" USE LOXOlTlOYS AND PO,NT - 
6 0 " I C t  CONi i lOLS  

9 " L A 3  2000 LAN" U l i  C U N D T O N I  W T U  POJNT - 
SOUilCL COhT""L5 AND NO R i O V L T l O N  IN O l i i U S i  
SDURCF LOAOS &NO i i N T U l C  O X V G i N  DEMAND 

4 P P L C L * L I W A T i F .  L l i i " . , I C I I " I I  

L M i E D  6 5 H i i i Y A N O  A o U L i C  L F C  AND 1 M T ~ O  R ~ C ~ ~ ~ A T O N A L U ~ L  

M "EAR 1mn LAN" USE CONOITIOYS W I T *  P O l Y T  - 
SOURCE CONTnOLI A N D  4 M O D i i l l T i  iioal L E V E L  
O F  hCOUCTON N O l i i U l i  IOURCF LOAD, AN" 
B t N T H C  O X Y G E N  "EMAN" 

A l P L C n B L L  W n T L i  USE oa,iCT,"ii 

L N T E D  C S M E R Y  AND L O U I T ~ L  L F E  AND L M I I D P L C C I A T I O N A L  USE 

" MNNIMUM ESTtMnTLD LEVEL I C * t " A B L L  "\"I* - 
/PLAN "EAR 2000 CONOT lOhS  B" M P L i M t N l i N C  
POLLUTANT RUNOFF CONl i iOLS  ",dC"SStD i o n  
7 ° C  wArE83"E" 

The pollution potential classification analysis for the 
Kinnickinnic River watershed indicated relatively little 
variation in urban pollution potential, with over 80 per- 
cent of the analyzed urban area receiving a moderate 
rating. The areas of high urban pollution potential 
were located in the undeveloped portion of Wilson Park 
Creek. All of the rural area is designated by a very low 
potential rating. 

Control of Pollutant Runoff from Urban Land: Mini- 
mum low-cost urban diffuse source ~0l lut ion control 
practicessuch as public education programs; litter and 
pet waste control; improved timing and efficiency of 
street sweeping, leaf collection, and catch basin cleaning; 
proper use of fertilizers and pesticides; and critical area 
protection--are necessary to  control urban diffuse source 
pollution. Construction erosion control practices will be 
necessary for the abatement of diffuse source pollution 
and should reduce sediment and phosphorus contri- 

butions to the streams. Because of demonstrated toxic 
conditions in the watershed, industrial and commercial 
material storage and runoff control facilities are recom- - 
mended to prevent toxic and hazardous wastes from 
entering the stream system. Detailed field surveys will 
be necessary to identify the types, sources, amounts, 
and control needs for toxic and hazardous wastes in 
the watershed. 

In the combined sewer service area within the water- 
shed, no urban diffuse source control measures have 
been assumed, since the assumed method for combined 
sewer overflow abatement is the construction of a deep 
tunnel conveyance, storage, and treatment system, 
whereby treatment of storm water runoff would be 
accomplished. In the event that sewer separation were 
ultimately chosen for a part of the combined sewer 
service area, the final diffuse source plan recommenda- 
tions should be refined as part of the local facilities 
planning effort being conducted for the sewer service 
area of the Milwaukee Metropolitan Sewerage District. 

Control of Pollutant Runoff from Rural Land: Only 
about 1,797 acres, or 11 percent, of the watershed were 
identified as cropland, pasture, or unused rural land as 
of 1975. Minimum rural land management practices- 
inclusive of proper fertilizer and pesticide management, 
critical area protection, residue management, chisel 
tillage, and contour plowingshould be implemented to  
reduce pollutant contributions from the remaining rural 
land in the watershed. 

103 



Map 10 

DIFFUSE SOURCE POLLUTION POTENTIAL I N  THE 
KlNNlCKlNNlC RIVER WATERSHED: 1975 

I 

Cost Estimate: Implementation of the recommended 
diffuse source control plan would involve a total capital 
cost between 1975 and the year 2000 of $2,168,000- 
essentially all for urban practicesand an average annual 
operation and maintenance cost of $148,000, of which 
$145,000, or 98 percent, would be for urban practices 
and $3,000, or 2 percent, would he for rural practices. 
The cost estimate for each management practice is 
summarized in Table 45. 

Table 45 

ESTIMATED COST OF DIFFUSE SOURCE 
POLLUTION CONTROL MEASURES FOR THE 

KlNNlCKlNNlC RIVER WATERSHED 

LEGEND 

HIDROLOOlC BOUNDARIES 
- 

WATERSHED 

-- IUBWTERSHEO 

 XI^.^ SUBBnSlN AND NUMBER 

URBAN ARE& OF VERY H10H POTENTIAL 

URBAN AREA OF HlOH POTENTIAL 

URBAN IIREA OF MODEWTE POiENTlAi  u 
-*.~",< a~..m ...... -- 

URBAN AREA OF LOW WTENTIAI  I- - /j_  1111 

NOTE' NO EXlSTlNS RURAL CONSERVATION PRACTICES 
H A W  BEEN IhlPLEUENIED I N  THE 
KINNICIINNIC RlVER WII IERSHED 

FECAL COLIFORM TOTilL PHOSPHORUS 

&RCMET S I a N D A R O S r i e  NOT MET 

&-STANDARD DOES NOT APPLY 

STREAM REACHES W I T H  COMPUTE0 WATER 
Q U A L I T Y  lNDEY RATINOS 

The hydr~ log ie  subbasins in the Kinoiekinnic River watershed were classified 
according to  selected criteria including land use, land characterisficr. storm 
water drainage Eyrtemr, warre treatment systems, and the age and condition 
of the housing stock, which were taken together an an indicator of the 
Potential for nonpoint source pollution. Of the total 13,857 acres devoted 
to urban land ures in the watershed, 8 percent recorded a high or very high 
pollution potential rating. 82 percent a moderate potential rating, and 
10 percent a low potential rating for nanpoint oaurce pollution. All of the 
2,048 acres devoted to  rural land ures in the watershed were estimated t o  
have a very iow potential for nonpoint source pollution. Thus, as of 1975. 
the Kinnickinnic River watershed exhibited a moderate potential for urban 
nonpoint source ~ o l l u t i a n  and a w r y  law potential for rural nonpoinf 
I O U T S ~  pollution. 

Source: SEWRPC 

hlenolnonec i< lver \!'arershrd 
Tht hsdrulogic-hsdr~ulic.\v~~tcr qo:dlI). sin1ul:ition model 
analyses prehouiy conducted by the Commission and 
presented in SEWRPC Planning Report No. 26, A Com- 
prehensive Plan for the Menomonee River Watershed, 
evaluated water quality for 248 stream reaches and the 
associated subbasins, with the results analyzed and 
reported for five simulation sites under existing and 
year 2000 land use conditions with recommended point 
source controls, and with an estimated reduction in 
diffuse source loadings. The locations of these five 
simulation sites and the corresponding tributary water 
quality analysis areas are shown on Map 11 and presented 
in Table 46. The following discussion and Figures 47 
through 51 present the percent of time the applicable 
water quality standards for temperature, dissolved 
oxygen, unionized ammonia-nitrogen, and fecal coliform 

LOUCO;, .roan e0nrro.s include oer #ate  an0 i !re, contro.. lerriiizer a,ld 
perthide us* rermcaonr. p.01.c eaJca<.on progrerrr. i~npro,eo tvn,np and 
rii,c'en;/ o f  srreer r*eepmg. I w t  cotleerroo. a n d c ~ r c n  h r m  neanrny, and 

Diffuse Source 
Pollution 

Control Measures 

urban 
Low-Cost Urban Diffuse 
Source ~ontrols'. . . . . . . . . . . .  

lndu~fr ia l  Meterial Storage and 
Runoff Control Facilities. . . .  

Con~truction Erosion 
Control Practices. . . . . . . . . . . .  

Subtotal 

Rural 
Minimum Conrervation practicerb. . .  

Total 

critical area protection. 

*Minimum conservsrlon pmctlcw include crop residue management, chisel 
tillage, psrrure managemen?, conrour plowing, fertilizer and pesticide 
management, and criticel ere8 protection. 

Source: SEWRPC. 

Estimated Cost 

Toral 
Capital 

11975-20001 

Minimal 

1,018,000 

1,150,000 

$Z,168,OW 

Minimal 

$2.168,0W 

Average 
Annual 

Operation and 
Maintenance 

$134.WO 

Minimal 

1 1.000 

$145,000 

3,000 

$148,000 



WATER QUALITY ANALYSIS AREAS IN THE MENOMONEE RIVER WATERSHED 

The Menomonee River watershed has an area of 136 square miles and ranks f i f th in size and second in total resident population of the 12 watersheds in the Region. 
Within the Menomonee River watershed there are 248 identified hydrologic subbasins grouped into five water quality analysis areas, each related to a water quality 
simulation output site. Also located within the watershed are 20 sites for which water quality sampling data were obtained as part of various Commission work 
programs. In 1975 there were 218 point sources of water pollution-including 166 sewage flow relief devices not shown on this map-in the whershed which had 
to be considered in the water quality analyses along with the nonpoint sources. The watershed is expected t o  undergo substantial urbanization over the planning 
period, since the 1970 and plan year 2000 urban areas comprise 53 and 62 percent of the total watershed area, respectively. 

Source: SEWRPC. 



Table 46 

LOCATION OF WATER QUALITY ANALYSIS AREA 
I N  THE MENOMONEE RIVER WATERSHED 

Water Quality 
Analysis Areas 
as Presented Land Survey 
on Map 11 Location Designation 

1 

2 

Honey Creek 
City of Wauwatosa. west of 72nd 
Street and south of State Street, 
at the confluence with the 
Menomonee River 

Menomonee River 
City of Wauwatosa. Hawley Road, 
south of State Street 

Menomonee River 
City of Milwaukee, Hampton Avenue 
west of Lovers Lane, upstream of 
the confluence with the Little 
Menomonee River 

3 

T7N. R21 E, 
Section 27 

T8N, R21 E, 
Section 31 

Little Menomonee River 
City of Milwaukee, Hampton Avenue 
east of Lovers Lane at the confluence 
with the Menomonee River 

T7N, R21E. 
Section 27 

TSN, R21 E, 
Section 31 

Underwood Creek 
City of Wauwatosa, North Avenue 
west of Menomonee River Parkway, 
at the confluence with the 
Menomonee River 

Source: SEWRPC. 

T7N. R21E. 
Section 20 

are met under existing land use conditions as well as 
under year 2000 planned land use conditions with 
point source controls only, and with point source 
controls coupled with a 50 percent reduction in diffuse 
source pollutant loadings. All streams in the Menomonee 
River watershed are classified for limited recreational 
use. In addition, Honey Creek, a portion of Underwood 
Creek, and the Menomonee River downstream of USH 41 
are classified for limited fishery and aquatic life, with the 
remaining streams designated for warmwater fishery and 
aquatic life. 

Temperature: It is apparent from Figures 47 through 
51 that surface water temperatures in the Menomonee 
River watershed generally exceed the recommended 
standard 5 to 1 0  percent of the time in all analysis areas 
except area 2, which is drained by the Little Menomonee 
River. The high temperatures are a result of stream 
channelization which has reduced flow depths and 
removed stream shading. Neither point source nor diffuse 
source controls will significantly reduce stream tempera- 
tures. Stream channel rehabilitation measures, however, 
which may increase the shading and water depth of some 
areas, may be effective in reducing the temperature of 
the stream system. 

Dissolved Oxygen: Under year 2000 conditions with 
recommended point source controls, the applicable dis- 
solved oxygen standards of 3 milligrams per liter (mg/l) 

for limited fishery and 5 mg/l for warmwater fishery are 
met more than 95 percent of the time throughout the 
the watershed. Diffuse source controls are not expected 
to be necessary to satisfy the dissolved oxygen standards. 

Un-ionized Ammonia-Nitrogen: Analyses of seasonal 
variations in estimated un-ionized ammonia-nitrogen 
levels in water quality analysis areas 1 and 5, which are 
drained by the Menomonee River main stem, indicate 
that the recommended level for a warmwater fishery 
of 0.02 mg/l is exceeded approximately 5 percent of 
the time under year 2000 planned land use conditions 
without diffuse source controls. Reducing diffuse source 
ammonia-nitrogen loadings by 50 percent would satisfy 
the un-ionized ammonia standard in the Menomonee 
River essentially 100 percent of the time. The tributaries 
to the Menomonee River do not exceed the applicable 
un-ionized ammonia-nitrogen standards of 0.02 mg/l for 
warmwater fishery and 0.2 mg/l for a limited fishery. 

Fecal Coliform: All water quality analysis areas within 
the Menomonee River watershed may be expected to 
satisfy a fecal coliform standard of 200/400 membrane 
filter fecal coliform counts per 100 milliliters (MFFCC/ 
100 ml) under a diffuse source pollutant loading reduc- 
tion of 50 percent. 

Summary: Table 47 presents the general level of diffuse 
source pollutant loading reductions necessary to satisfy 
the applicable water quality standards in the Menomonee 
River watershed. Required reduction values are shown for 
each water quality analysis area and for each pollutant 
for which a standard has been recommended. 

Further studies are needed to reevaluate excessive phos- 
phorus levels in the watershed and the water quality of 
those stream reaches downstream of Hawley Road, which 
were not analyzed under the Menomonee River water- 
shed study. Forthcoming data from the International 
Joint Commission's Menomonee River pilot watershed 
study for the Pollution from Land Use Activities 
Reference Group and from the Milwaukee Metropolitan 
Sewerage District's water pollution abatement program 
will support these further studies under the continuing 
areawide water quality management planning program. 

Table 47 

REQUIRED DIFFUSE SOURCE CONTROL LEVELS 
FOR WATER QUALITY ANALYSIS AREAS 
I N  THE MENOMONEE RIVER WATERSHED 

I 
Source: SEWRPC. 

Water 
Quality 
Analysis 

Area 

1 
2 
3 
4 
5 

Percent Diffuse Source Load Reduction Required 

Dissolved 
Oxygen 

Minimum 
Minimum 
Minimum 
Minimum 
Minimum 

Fecal 
Coliform 

50  
50 
50 
50 
50  

Un-ionized 
Ammonia-Nitrogen 

Minimum 
Minimum 
Minimum 
Minimum 
Minimum 



Figures 47-51 

EXPECTED WATER QUALITY STANDAFrr) ACHIEVEMENT FOR WATER QUALITY ANALYSIS AREAS OF THE 
MENOMONEE RIVER WATERSHED FOR ALTERNATIVE LEVELS OF WATER POLLUTION CONTROL 

Ftgure 47 Figure 48 Figure 49 

WATER QUALITY ANALYSIS AREA 1 WATER QUALITY ANALYSIS AREA 2 WATER QUALITY ANALYSIS AREA 3 

Figure 50 Figure 51 

WATER QUALITY ANALYSIS AREA 4 WATER QUALITY ANALYSIS AREA 5 

Identification of Pollution Priority Problem Areas: The 
hydrologic subbasins in the Menomonee River watershed 
were classified according to selected criteria which 
indicate the existing potential of a subbasin to  contribute 
diffuse source pollutants to  surface waters. Map 12  
indicates the areal extent of the various levels of diffuse 
source pollution potential in the watershed, and Table 48 
summarizes the areal extent and relative proportions of 
the pollution potential classifications for urban and 
rural areas. 

LEGEND 
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The pollution potential classification analysis for the 
Menomonee River watershed indicated significant varia- 
tion compared to the rest of the Region, although 70 per- 
cent of the analyzed urban area received a moderate 
rating. The areas of medium- to high-density residential 
land use in the Cities of Wauwatosa and West Allis gener- 
ally received a moderate pollution potential rating. The 
areas of high and very high pollution potential were 
located in the Menomonee industrial valley. Less than 
10  percent of the rural area in the watershed is designated 



Map 12 

DIFFUSE SOURCE POLLUTION POTENTIAL IN THE MENOMONEE RIVER WATERSHED: 1975 

The hydrologic subbasins in the Menomonee River watershed were classified according to selected criteria including land use, land characteristics, storm water 
drainage systems, waste treatment systems, and the age and condition of the housing stock, which were taken togetbr as an indicator of the potential for nofipdnt 
source pollution. Of the total 45,467 acres devoted to u r b n  land uses in the watershed, 6 percent recorded a high or very high d l u t i o n  potential rating, 70 Per- 
cent a moderate potential rating, and 24 percent a low or very low potential rating for nonpoint source pollution. Of the 41,536scres devoted M rural land uses 
in the watershed, only 6 percent was estimated to have a high or very high potential, 13 percent a moderate potential, end 81 percent a low or very low potential 
for nonpoint source pollution. Thus, as of 1975, the Menomonee River watershed exhibited a moderate potential for urban nonpoint source pollution and a low 
potential for rural nonpoint source pollution. 

Source: SEWRPC. 



Table 48 

AREAL DISTRIBUTION OF DIFFUSE POLLUTION 
POTENTIAL CLASSIFICATIONS WITHIN THE 

MENOMONEE RIVER WATERSHED: 1975 

a The urban-rural designations represent the generalized land cover inventory results for the 
hydrologic subbasins. 

.Tnurce: SEWRPC. 

by a high or very high pollution potential rating, with 
greater than 80 percent of the area being classified as 
having low or very low potential. 

Control of Pollutant Runoff from Urban Land: Minimum 
and low-cost urban diffuse source pollution control 
practices-such as public education programs, litter 
and pet waste control; proper use of fertilizers and 
pesticides; industrial and material storage facilities 
and runoff control measures; improved timing and 
efficiency of street sweeping, leaf collection, and catch 
basin cleaning; and critical area protection-are required 
in the Menomonee River watershed. Construction erosion 
control practices and proper management of onsite 
sewage treatment systems will also be necessary for 
the abatement of diffuse source pollution. 

In the combined sewer service area within the watershed, 
no urban diffuse source control measures have been 
assumed, since the assumed method for combined sewer 
overflow abatement is the construction of a deep tunnel 
conveyance, storage, and treatment system, whereby 
treatment of storm water runoff would be accomplished. 
In the event that sewer separation were ultimately chosen 
for a part of the combined sewer service area, the final 
diffuse source plan recommendations should be refined as 
part of the local facilities planning effort being conducted 
for the sewer service area of the Milwaukee Metropolitan 
Sewerage District. 

Control of Pollutant Runoff from Rural Land: Minimum 
rural land management practices-inclusive of proper 
fertilizer and pesticide management, critical area protec- 
tion, residue management, chisel tillage, pasture manage- 
ment, and contour plowingshould be implemented to 
protect the water quality of the Menomonee River water- 
shed. Animal waste runoff control systems, consisting 
of barn eaves troughs for storm water control, surface 
water diversions, settling basins, and holding facilities, 
are needed to sufficiently reduce pollutant loadings from 
all animal operations. Although about 25 percent of the 
known animal operations in the watershed are located 
within 500 feet of a stream, very few, if any, operations 

are located less than 500 feet from a stream and on very 
high or high pollution potential areas (see Map 12). 
Therefore, the need to store the manure through the 
winter in a dry stacking system incorporating runoff 
control or a liquid or slurry storage system should be 
minimal in the watershed. 

Recommended Measure for Resolution of the Creosote 
Problem: As documented in SEWRPC Planning Report 
No. 26. A Com~rehensive Plan for the Menomonee River 
Watershed, a residual creosote pollution problem exists 
along portions of the Little Menomonee River in Mil- 
waukee County. Although the creosote, which was 
contributed from an industrial site, has been removed 
from the bottom of the river upstream of W. Brown Deer 
Road, it remains in the bottom muds of stream portions 
downstream of that location and constitutes a potential 
health hazard to  recreational users of the stream and 
endangers aquatic organisms. 

The Commission evaluated four alternative measures 
for resolving the creosote problem in the Little Meno- 
monee River in Planning Report No. 26: 1 )  no action; 
2) a minimum disturbance approach; 3) the replacement 
of channel bottom material; and 4) the excavation of 
a new channel and filling of the existing channel. Follow- 
ing a comparison of the effectiveness and costs of these 
alternatives, the proposal for excavating a new channel 
and filling the existing channel was recommended. As 
of 1978, this pollution problem has not been resolved. 
Therefore, the above recommendation for resolving the 
creosote problem in the Little Menomonee River is 
included in the areawide water quality management plan, 
and the cost has been updated to 1976 dollars. 

Cost Estimate: Implementation of the recommended 
diffuse source control plan would involve a total capital 
cost between 1975 and the year 2000 of $18.8 million, 
of which $18.4 million, or 98 percent, would be for 
urban practices and $352,000, or 2 percent, would be for 
rural practices, and an average annual operation and 
maintenance cost of $434,000, of which $354,000, or 
82 percent, would be for urban practices and $80,000, or 
1 8  percent, would be for rural practices. In addition, the 
total capital cost for abating creosote pollution in the 
Little Menomonee River is estimated to  be $228,000. 
The cost estimate for each pollution abatement measure 
is summarized in Table 49. 

Milwaukee River Watershed 
The water quality of the Milwaukee River and its major 
tributaries was simulated for 464 stream reaches and their 
associated subbasins, with the results reported and 
statistically analyzed for 38 stream simulation sites under 
existing conditions and under plan year 2000 conditions 
with various levels of pollution control. The location of 
these 38 simulation sites and the corresponding tributary 
water quality analysis areas are shown on Map 1 3  and 
presented in Table 50. Since the six simulation sites on 

" 

Kewaskum Creek were combined into one water quality 
analysis area, there are only 32 analysis areas. The follow- 
ing discussion and Figures 52 through 84 present the 
percent of time the recommended water quality stan- 
dards for temperature, dissolved oxygen, un-ionized 



Table 49 Table 50 

ESTIMATED COST OF DIFFUSE SOURCE 
POLLUTION CONTROL MEASURES FOR THE 

MENOMONEE RIVER WATERSHED 

LOCATION OF WATER QUALITY ANALYSIS AREAS 
I N  THE MILWAUKEE RIVER WATERSHED 

Water Quality 
Analys~s Area 

as Presented 
on Map 13 

Locat~on of Most Downstream Polnt 
D r a ~ n ~ n u  the Water Qualftv Analvris Area I Estimated costd I 

U. S. Publfc 
Land Survey 
Designation 1 Diffuse Source 

Pollution 
Control Measures 

Total 
Capital 

(1975-2000) Milwaukee Rlver-Man Stem 
Town of Auburn (Fond du Lac 

County), west of CTH S 
Village of Kewaskum, south of STH 28 
Town of Kewaskum, north of CTH H 
City of West Bend, west of STH 144 
City of West Bend, east of Chicago & 

North Western right-of-way 
Town of Trenton, north of STH 33 
Town of Saukville, south of CTH A 
Town of Fredonia, north of CTH A 
Town of Fredonia, south of River D r ~ v e  
Town of Saukvrlle, east of CTH I 
V~llage of Saukv~lle, west of CTH W 
Town of Grafton, north of STH 57 
Town of Grafton, south of CTH W 
Tawn of Mequon, south of CTH C 
City of Mequon, east of STH 57 
Vtllage of Thiensv~lle, west of STH 57 
Clty of Mequon, east of STH 57 
V~llage of Brown Deer, north of 

Brown Deer Road 
C ~ t y  of Glendale, Hampton Avenue 

west of IH  43 
Vallage of Shorewood, south of 

Hampton Avenue 

Average 
Annual 

Operation and 
Maintenance 

Urban 
Septic System ~ a n a g e m e n t ~  . . . . . . 
Low-Cost Urban Diffuse 

b Source Controls . . . . . . . . . . . . 

T12N. R19E. Section 9 
T I 2  N. R19E. Sect~on 14 
T l l N ,  R19E, Sect~on 2 
T1 IN .  R19E. Section 13 Minimal 262,000 1 

Industrial and Commercial 
Material Storage Facilities 
and Runoff Control Measures . . . . 

Construction Erosion 
Control Practices. . . . . . . . . . . . 

T11 N. R20E. Section 11 
T l l N .  R21E. Section 6 
T12N. R21E. Sectton 30 
T12N. R21E. Section 28 
T11N. R21 E. Sectton 3 
T I  lN ,  R21 E, Sectlon 25 
TION, R22E. Sectfon 18 
TION. R21E. Section 36 
T9N. R21 E, Section 1 
T9N. R21 E, Section 23 
T9N. R21E. Section 23 
T9N. R21E. Section 36 
T8N. R21E. Section 1 

5,700,000 

12,699,000 

Minimal 

92,000 

Rural 
Minimum Conservation practicesc. . . 
Livestock Waste Control . . . . . . . . 

1 Subtotal 

I I I 

Subtotal ( $ 352,000 1 $ 80,000 

1 $18,399,000 $354,000 1 

T7N. R22E. Section 5 

Milwaukee River-East Branch 
Town of Auburn (Fond du Lac T13N. R19E. Section 35 

County), east of CTH S 

Abatement of Creosote Pollution 
in Little Menomonee River with 
Excavation of New Channel and 
Filling of Existing Channel 

a The proper maintenance and replacement of the remaining septic tank 
systems are recommended to  help improve the water quality o f  the 
Merlomonee River watershed. However, because septic tank systems 
manayement is an sxisrif~g tunction necessary for the preservation of 
public health and the protection o f  private drinking water supplies, this 
cost is not  included in the water quality management plan. The estimated 
expenditures for sept~c system management for the stream plan element 
include a capital cost over the period o f  1975-2000 o f  $2,983,000, and an 
average annual operation and maintenance cost o f  $93,000. 

Milwaukee River-North Branch 

Town of Kewaskum, south of TlZN, R19E. Section 4 
Fond du Lac County lhne west 
of CTH S 

$ 228,000 

Cedar Creek 
Village of Jackson, south of STH 60 
Town of Jackson, west of CTH G 
Town of Jackson, east of CTH M 
Town of Cedarburg, north of STH 60 
Town of Grafton. east of STH 57 

.. 

TION. R20E. Section 20 
TION, R20E. Section 16 
TION, RZOE, Section 12 
TION, R21E. Section 14 
TION, R21E. Section 36 

Low-cost urban controls include pet waste and litter control, fertilizer and 
pesticide use restrictions, public education programs, improved timing and 
efficiency of street sweeping, leaf collection, and catch basin cleaning, and 
critical area protection. 

lnd~an Creek 
Village of River H~l l r ,  River Road 

north of Bradley Road 

Minimum conservation practices include crop residue management, chisel 
tillage, pasture management, con tour plowing, fertilizer and pesticide 
management, and critical area protection. 

Kewaskum Creek 1 4 1  Village of Kewaskum, east of USH 45 T12N. R19E. Section 9 

Lincoln Creek 
City of Milwaukee, 45th Street 

and Congress 
City of Milwaukee, east of Green Bay 

Road north of Hampton Avenue 

T7N. R21 E, Section 1 

T8N. R22E. Section 31 

These costs differ from those set forth in SEWRPC Planning Report 
No. 2 6  as a result o f  a refinement in  the estimated diffuse source control 
practices and attendant costs required to  satisfy the water use objectives 
and supporting water quality standards. 

Source: SEWRPC. 
I I silver creek 

City of West Bend, west of U I H  45 I T l l N ,  Rl9E. Section 11 I 
Source: SEWRPC. ammonia-nitrogen, fecal coliform, and phosphorus are 

met under existing land use conditions as well as year 
under 2000 planned land use conditions with point 
source control only throughout the watershed, and with 
a 50 percent reduction in diffuse source pollutant load- 
ings in some lower reaches of the watershed. Portions of 
Lincoln Creek and Indian Creek are classified for limited 
fishery and aquatic life and limited recreational use. The 
water use designation for the remaining streams in 
the Milwaukee River watershed is for warmwater fishery 
and aquatic life and recreational use. 

Temperature: It is apparent from Figures 52 through 84 
that the temperature standard of 8 9 ' ~  is satisfied within 
the Milwaukee River watershed and that pollutant loading 
reductions have a negligible effect on temperature. The 
temperature standard may be expected to be exceeded 
less than 1 percent of the time. 



Dissolved Oxygen: In general, only minimum diffuse 
source controls are necessary to satisfy the warmwater 
fishery and aquatic life dissolved oxygen standard of 
5 milligrams per liter (mg/l) within the Milwaukee River 
watershed. However, dissolved oxygen problems are 
indicated in the Milwaukee River below Kewaskum, 
Cedar Creek, Indian Creek, Pigeon Creek, Lincoln Creek, 
and some lower portions of the Milwaukee River that 
are downstream of the confluence of the Milwaukee 
River with Cedar Creek. These problems are caused by 
high oxygen demand from bottom deposits, and benthic 
organisms, which are estimated to be mainly attributable 
to existing and historical contributions from point 
sources, combined sewer overflows, and diffuse sources. 
Upon the control of these point sources under plan year 
2000 conditions and the implementation of minimum 
diffuse source controls, it is expected that these bottom 
deposits will either stabilize or be assimilated by the 
stream system. If following the implementation of pollu- 
tion control measures, the benthic oxygen demand is not 
sufficiently reduced, the possibility of channel dredging 
activities should be investigated to facilitate the stabiliza- 
tion in some severe areas. 

Fecal Coliform: Water quality analysis area 8, which 
includes the western portion of the City of West Bend 
and is drained by Silver Creek, and analysis area 29, 
which is drained by Indian Creek in Milwaukee County, 
are estimated to  require at least an estimated 50 percent 
reduction in diffuse source fecal coliform loads to  satisfy 
the recreational use fecal coliform standard of 200/400 
membrane filter fecal coliform counts per 100 milliliters 
(MFFCC/100 ml). All other areas satisfy the applicable 
fecal coliform standard without diffuse source controls. 

Phosphate-Phosphorus: Following the implementation 
of the recommended point source controls under plan 
year 2000 land use conditions, the streams within the 
Milwaukee River watershed classified for recreational use 
will satisfy the recommended phosphorus standard of 
0.1 mg/l with a minimum level of diffuse source control. 
In water quality analysis area 2, which is drained by the 
main stem of the Milwaukee River located outside the 
Region, minimum diffuse source controls are particularly 
important to satisfy the phosphorus standard. 

Un-ionized Ammonia-Nitrogen: Analyses of seasonal 
variations in estimated un-ionized ammonia-nitrogen 
levels in the Milwaukee River watershed indicate that 
the warmwater fishery level of 0.02 mg/l is seldom 
exceeded. Lincoln Creek and Indian Creek do not exceed 
the limited fishery standard of 0.2 mg/l un-ionized 
ammonia-nitrogen. Diffuse source controls will not be 
necessary to  satisfy the un-ionized ammonia-nitrogen 
standard in the watershed. 

Summary: Table 51 presents the general level of diffuse 
source pollutant loading reductions necessary to satisfy 
the applicable water quality standards for the watershed. 
Required reduction values are shown for each water 
quality analysis area and for each pollutant for which 
a standard has been recommended. In general, a 50 per- 

cent reduction in diffuse source fecal coliform loadings 
is required in some of the urban areas within the water- 
shed. A portion of the watershed located outside the 
Region requires a slight reduction in diffuse source 
loads to  satisfy the phosphorus standard. All other 
water quality standards are met with minimum diffuse 
source controls. 

Identification of Pollution Priority Problem Areas: The 
hvdrolo& subbasins in the Milwaukee River watershed - 
were classified according to selected criteria which 
indicate the existing potential of a subbasin to  contribute 
diffuse source pollutants to  surface waters. Map 14 indi- 
cates the areal extent of the various levels of diffuse 
source pollution potential in the watershed, and Table 52 

Table 51 

REQUIRED DIFFUSE SOURCE CONTROL LEVELS 
FOR WATER QUALITY ANALYSIS AREAS 
I N  THE MILWAUKEE RIVER WATERSHED 

NOTE: N/A indicates not applicable. 

Water 
Quality 

Analysis 
Area 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1 
32 
33 

a Requires reduction in benthic oxygen demand, which is expected to 
result i f  point source controls and minimum diffuse source controls 
are i m ~ l e m e n  ted. 

Source: SEWRPC. 

Required 

Phosphorus 

Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 

N / A  
N / A  

Minimum 
Minimum 

Percent 

Dissolved 
Oxygen 

Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
~ i n i m u m ~  
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
~ i n i m u m ~  
~ i n i m u m ~  
~ i n i m u m ~  
~ i n i m u m ~  
~ i n i m u m ~  
~ i n i m u m ~  
~ i n i m u m ~  
~ i n i m u m ~  
~ i n i m u m ~  
~ i n i m u m ~  
~ i n i m u m ~  
~ i n i m u m ~  
~ i n i m u m ~  
Minimum 
Minimum 

Diffuse Source 

Fecal 
Coliform 

Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 

50 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
More than 50 
Minimum 
Minimum 
Minimum 
Minimum 

Load Reduction 

Un-ionized 
Ammonia- 
Nitrogen 

Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 











Table 52 

AREAL DISTRIBUTION OF DIFFUSE POLLUTION 
POTENTIAL CLASSIFICATIONS WITHIN THE 

MILWAUKEE RIVER  WATERSHED:^ 1975 

Total Watershed 

Percent 

25.1 19 
45,639 
37,124 13 

106,792 39 
61,369 22 

Pollution 
Potential 

Classification 

Very High . 
High . . . 
Moderate. . 
Low . . . . .  
Very Low . 

Total 

a Includes rota1 areas tributary to the malor lakes in the watershed 

The urban-rural designations represent the generaltzed land cover inventory results for the 
hydrologic subbasins. 

Source: SEWRPC. 

Urban p re as^ 

summarizes the areal extent and relative proportions of 
the pollution potential classifications for urban and 
rural areas. 

Area 
(acres) 

- -  
862 

30,601 
10,608 

1,453 

43.544 

Rural p re as^ 

The pollution potential classification analysis for the 
Milwaukee River watershed indicated relatively little 

Percent 
of Total 

Urban Area 

2 
71 
24 

3 

100 

Area 
(acres1 

25.119 
44.757 
6,523 

96,184 
59,916 

232.499 

variation in urban pollution potential, with 95 percent 
of the analyzed urban areas receiving a moderate or 

Percent 
of Total 

Rural Area 

11 
19 
3 

41 
26 

100 

low rating. The rural pollution potential varied signifi- 
cantly compared to  the rest of the Region. Thirty percent 
of the rural area is designated by a high or very high rural 
pollution potential. The rural pollution potential clas- 
sification also indicated that several lakes in Washington 
County-Big Cedar Lake, Little Cedar Lake, Lucas Lake, 
and Lake Twelveare located in areas of high or very high 
rural pollution potential. The rural pollution potential 
classification indicates that areas of low rural pollution 
potential exist in the southern portion of Ozaukee 
County, including the Villages of Bayside and Theinsville 
and the Town of Mequon, in the marsh area within the 
Town of Saukville, and in the Cedar Creek drainage area 
in the Town of Jackson. 

Control of Pollutant Runoff from Urban Land: Minimum 
and low-cost urban diffuse source pollution control 
practices a lonesuch as public education programs; litter 
and pet waste control; improved timing of street sweep- 
ing, leaf collection, and catch basin cleaning; proper use 
of fertilizers and pesticides; industrial and commercial 
material storage facilities and runoff control measures; 
and critical area protectionshould provide a sufficient 
level of urban diffuse source pollution control in the 
Milwaukee River watershed. Construction erosion control 
practices and proper management of onsite sewage 
treatment systems will also be necessary for the abate- 
ment of diffuse source pollution. The management of 
onsite sewage disposal systems and lowcost urban 
control practices is expected to sufficiently alleviate 
fecal coliform problems in the watershed. 

In the combined sewer service area within the watershed, 
no urban diffuse source control measures have been 

assumed, since the assumed method for combined sewer 
overflow abatement is the construction of a deep tunnel 
conveyance, storage, and treatment system, whereby 
treatment of storm water runoff would be accomplished. 
In the event that sewer separation were ultimately chosen 
for a part of the combined sewer service area, the final 
diffuse source plan recommendations should be refined as 
part of the local facilities planning effort being conducted 
for the sewer service area of the Milwaukee Metropolitan 
Sewerage District. 

Control of Pollutant Runoff from Rural Land: Minimum 
rural land management practices-inclusive of proper 
fertilizer and pesticide management, critical area pro- 
tection, residue management, chisel tillage, pasture 
management, and contour plowingshould be imple- 
mented to protect the water quality of the Milwaukee 
River watershed. Animal waste runoff control systems, 
consisting of barn eaves troughs for storm water control, 
surface water diversions, settling basins, and holding 
ponds, are needed to sufficiently reduce pollutant load- 
ings from all animal operations. In addition, those animal 
operations located less than 500 feet from a stream and 
in high or very high pollution potential areas (see Map 14) 
may require manure storage through the winter in a dry 
stacking system incorporating runoff control or in 
a liquid or slurry storage system, with no winter spread- 
ing of manure in order to avoid spreading on frozen 
ground and the attendant high rates of surface runoff. 

Cost Estimate: Implementation of the recommended 
diffuse source control plan would involve a total capital 
cost between 1975 and the year 2000 of $28.8 million, 
of which $24.0 million, or 83 percent, would be for 
urban practices and $4.8 million, or 17 percent, would be 
for rural practices, and an average annual operation and 
maintenance cost of $1.0 million, of which $435,000 or 
43 percent, would be for urban practices and $568,000, 
or 57 percent, would be for rural practices. The cost 
estimates for each management practice are summarized 
in Table 53. 

Minor Streams Tributary to Lake Michigan Watershed 
The minor streams tributary to Lake Michigan drain the 
area adjacent to Lake Michigan which is not drained by 
the major inland watersheds in the Region. Three such 
tributaries-Barnes Creek, Pike Creek, and Sucker Creek- 
are perennial streams large enough to be discussed 
separately in the following section. Other areas 
draining directly to  Lake Michigan are discussed in 
the final subsection entitled "Direct Tributary Area 
to Lake Michigan." 

Barnes Creek Subwatershed: The water quality of Barnes 
Creek was simulated for seven stream reaches and their 
associated subbasins, with the results reported and statis- 
tically analyzed for one simulation site, as shown on 
Map 15, under existing conditions and under plan year 
2000 conditions with various levels of pollution control. 
The simulation site is located at the confluence with 
Lake Michigan. The following discussion and Figure 85 
present the percent of time the recommended water 
quality standards for temperature, dissolved oxygen, 
un-ionized ammonia-nitrogen, fecal coliform, and phos- 
phorus are met under existing land use conditions as well 



Table 53 

-. 
Map 15 

ESTIMATED COST OF DIFFUSE SOURCE 
POLLUTION CONTROL MEASURES FOR THE 

MILWAUKEE RIVER WATERSHED 

Diffuse Source 

a The proper maintenance and replacement of the remaining septic tank systems 
are recommended to help improve the water quality of the Milwaukee River 
watershed. However, because septic tank systems management is an existing 
function necessary for the preservation of public health and the protection 
of Private drinking water supplies, this cost is not included in the water quality 
management plan. m e  estimated expenditures for septic system manage- 
ment for the stream plan element include a capital cost over the period of 
1975-2000 of $4,050,000, and an average annual operation and maintenance 
cost of $259,000. 

bLowcost urban controls include pet waste and litter control; fertilizer and 
pesticide use restrictions; public education programs; improved timing and 
efficiency of street sweeping, leaf collection, and catch basin cleaning; and 
critical area protection. 

Minimum conservation practices include crop residue management, chisel 
tillage, pasture management, contour plowing, fertilizer and pesticide manage- 
ment, and critical area protection. 

Source: SEWRPC 

as under year 2000 planned land use conditions. Barnes 
Creek is classified for warmwater fishery and aquatic life 
and recreational use. 

Temperature: It is apparent from Figure 85 that the 
temperature standard of 8g°F is satisfied within the 
Barnes Creek subwatershed and that pollutant loading 
reductions have a negligible effect on temperature. The 
temperature standard may be expected to be exceeded 
less than 1 percent of the time. 

Dissolved. Oxygen: An estimated 25 to 50 percent reduc- 
tion in diffuse source loads will be necessary to achieve 
the warmwater fishery and aquatic life standard of 
5 milligrams per liter (mg/l) on Barnes Creek. 

Fecal Coliform: The Barnes Creek subwatershed will 
require an estimated 75 percent reduction in diffuse 
source loads to satisfy a fecal coliform standard of 
200/400 membrane filter fecal coliform counts per 100 
milliliters (MFFCC/100 ml) under year 2000 conditions. 

WATER QUALITY SIMULATION SlTE I N  THE 
BARNES CREEK SUBWATERSHED OF  THE MINOR STREAMS 

TRIBUTARY TO LAKE MICHIGAN WATERSHED 

Urm? 
LEGEND 

W A T E R  Q U A L I T Y  SITES A N D  A R E A S  

- WATER OUALITY ANALYSIS AREA BOUNDARY 

WATER QUALITY SIMULATION S l T E  

A WATER QUALITY SAMPLING STATION 

S E W E R  S E R V I C E  A R E A S  A N D  P R I M A R Y  L A N D  U S E S  

I EXISTING SEWER SERVICE AREA 1975-SEPARATE 

PROPOSED INCREMENTAL SEWER SERVICE AREA Z O O 0  - 
OTHER RURAL LAND 2 0 0 0  - 

The Barnes Creek subwatershed has an area of about five square miles. 
Within the Barnes Creek subwatershed there are seven identified hydrologic 
subbasins and one water quality simulation output site. Also located within 
the subwatershed is one site for which water quality sampling data were 
obtained as part of various Commission work programs. In 1975 there were 
no known point sources of water pollution in the subwatershed to be con- 
sidered in the water quality analyses. The subwatershed is expected to 
undergo substantial urbanization over the planning period, since the 1970 
and plan year 2000 urban areas comprise 37 and 62 percent of the total 
subwatershed area, respectively. 

Source: SEWRPC. 

Un-ionized Ammonia-Nitrogen: An un-ionized ammonia- 
nitrogen standard of 0.02 mg/l is expected to be satis- 
fied in the Barnes Creek subwatershed without diffuse 
source controls. 

Phosphate-Phosphorus: A phosphorus standard of 
0.1 mg/l should be met with a 50 percent reduction 
in diffuse source loadings. 

Summary: Table 54 presents the general level of diffuse 
source pollutant loading reductions necessary to satisfy 
the applicable water quality standards for the Barnes 
Creek subwatershed. Required reduction values are 
shown for each pollutant for which a standard has been 
recommended. In general, a 50 percent reduction in 
diffuse source loads will be required to  meet the water 
use objectives, although about 75 percent of the fecal 
coliform loads will need to be abated. 

Identification o f  Pollution Priority Problem Areas: The 
hydrologic subbasins in the Barnes Creek subwatershed 
were classified according to selected criteria which 



Figure 85 Table 54 

EXPECTED WATER QUALITY STANDARD 
ACHIEVEMENT I N  THE BARNES CREEK SUBWATERSHED 

OF THE MINOR STREAMS TRIBUTARY TO 
LAKE MICHIGAN WATERSHED FOR ALTERNATIVE 

LEVELS OF WATER POLLUTION CONTROL 

APPLICABLE W A T i F  USE O B l i C T U E S  

W A R M W A T / / 1  / ,S*E/ l"  AN"A"U/ j rC  L / / /  L N D i i C i l A T I O N h L  "51  

LEGEND 

3 M,N,M"M ALH#E"EMEW7 L E V E L  WtTH P0,N .  *NO - 
O//UI/ SOU*CE CONTPOLS IXPECTkD 70 S A T S i "  
W A T E R  USE O B l E C T l Y i S  I N "  IU*PDIITING WATER 
O U A L T "  PTAN0""OS 

i i X l S i , N G  LAN" U,i  CONOITIONI A N D  "O,NT - 
SOURCE C"NrRoL5  

P "Earn moo La-0 USE C O ~ ~ , T , O W S  $",T" *O,N, - 
S0""CE C"NT8"LS AND NORE"UC7 ,ON ,N 0,SF"SE 
S0""CE LOADS AND BENTH,C O X Y G C W  "EPAh?" 

u "Earn moo LaND USE COND,,,ONS W , T H  PO,N, - 
PUUXC. C O N T l U l i  AND A MUDkllATL iios, L E V E L  
O i  *t"UCTlON IN  O / / U S /  SOURCC L O 4 0 1  AND 

B t N T H C  " X I Y E N  OtMnND 

n M,N,M",, E S T , M A T E D  L E V E L  AC,,,E"ABLS ,UNDER - 
PLAN "EAn 2000 COND,T,OWS B Y  ,MPLCMENT,NG 
POLLUTANT i iUNOFi  C U N i h O L I  D , S C U I I i O  FOR 
THE W A T L R r n l O  

indicate the existing potential of a subbasin to contribute 
diffuse source pollutants to  surface waters. Map 16 indi- 
cates the areal extent of the various levels of diffuse 
source pollution potential in the subwatershed, and 
Table 55 summarizes the areal extent and relative propor- 
tions of the pollution potential classifications for urban 
and rural areas. 

REQUIRED DIFFUSE SOURCE CONTROL LEVELS I N  THE 
BARNES CREEK SUBWATERSHED OF THE MINOR STREAMS 

TRIBUTARY TO LAKE MICHIGAN WATERSHED 

Percent Diffuse Source Load Reduction Required 

Un-ionized 
Dissolved Fecal Ammonia- 
Oxygen Coliform Nitrogen Phosphorus 

Minimum 

Source: SEWRPC. 

The pollution potential classification analysis for the 
Barnes Creek subwatershed indicated relatively little 
variation in urban pollution potential, with all of the 
analyzed urban areas receiving a moderate or low rating. 
The rural classification indicated a similar range in 
potential, with all of the analyzed rural areas receiving 
a low or very low rating. 

Control of Pollutant Runoff from Urban Land: Low-cost 
urban diffuse source pollution control practices alone- 
such as public education programs; litter and pet waste 
control; improved timing and efficiency of street sweep- 
ing, leaf collection, and catch basin cleaning; proper use 
of fertilizers and pesticides; and critical area protection- 
should provide a sufficient level of urban diffuse source 
pollution control in the Barnes Creek subwatershed. 
Material storage and runoff control, which is antici- 
pated to be primarily funded by private expenditures, 
is a necessary pollution abatement measure for the 
Barnes Creek subwatershed. Construction erosion control 
practices and proper management of onsite sewage 
treatment systems will also be necessary for the abate- 
ment of diffuse source pollution. These urban practices 
alone, however, are not anticipated to provide a sufficient 
level of urban diffuse source pollution control in the 
Barnes Creek subwatershed. Many other measures will 
need to be instituted, including improved street sweeping 
practices, with improved vacuum sweepers, increased 
sweeping frequencies, and the enactment of parking 
ordinances; streambank protection measures; improved 
street maintenance and refuse collection and disposal; 
improved and more frequent leaf collection with vacuum 
sweepers; and increased catch basin cleaning in existing 
areas with vacuum cleaners. 

Control of Pollutant Runoff from Rural Land: Minimum 
rural land management practices-inclusive of proper 
fertilizer and pesticide management, critical area protec- 
tion, residue management, chisel tillage, pasture manage- 
ment, and contour plowingshould be implemented to  
protect the water quality of Barnes Creek. No known 
major livestock operations exist in the subwatershed. 

Cost Estimate: Implementation of the recommended 
diffuse source control plan would involve a total capital 
cost between 1975 and the year 2000 of $1.6 million, 



Map 16 Table 55 

DIFFUSE SOURCE POLLUTION POTENTIAL IN THE 
BARNES CREEK SUBWATERSHED OF THE MINOR STREAMS 

TRIBUTARY TO LAKE MICHIGAN WATERSHED 

. . b;*,:,>, .>" . , ' 

.".d < ,!. 

O r l A P H l S  SCALE 

. t ;  , M,LS , 

LEGEND 

HYDROLOGIC BOUNDARIES 

- - SUBWATERSHEO -- BC-I SUBBASIN AND NUMBER 

URBAN AREA OF MODERATE POTENTIAL 

= URBAN AREA OF LOW POTENTIAL 

RURAL AREA OF LOW POTENTIAL 

RURAL AREA OF VERY LOW POTENTIAL 

NOTE: NO EXISTING RURAL CONSERVATION PRACTICES HAVE BEEN IMPLEMENTED IN 
THE BARNES CREEK WATERSHED 

KNOWN LIVESTOCK HERDS WlTH  MORE THAN 25 EQUIVALENT ANIMAL UNITS 

LOCATED MORE THAN 500 FEET FROM A STREAM 

COMPARISON OF S IMULATED WATER QUALITY DATA TO THE RECOMMENDED 
WATER QUALITY STANDARDS A T  SIMULATION OUTPUT S ITES  

FECAL COLIFORM TOTAL PHOSPHORUS 

AMMONIA-NITROGEN 

@ STANDARDS ARE MET 

STANDARDS ARE NOT MET 

STREAM REACHES WlTH  COMPUTED WATER QUALITY INDEX RATINGS - GOOD WATER QUALITY 

T h e  h y d r o l o g ~ c  subbaslns In t h e  Barnes C reek  subwatershed we re  classlf led 
according t o  selected c r l t e r l a  l nc l ud lng  l a n d  use, l a n d  characterlst lcs. s t o r m  
wa te r  dra lnage systems, waste  t r e a t m e n t  systems, a n d  t h e  age a n d  c o n d ~ t l o n  
o f  t h e  hous lng  s tock,  w h l c h  we re  t aken  t oge the r  as a n  ~ n d l c a t o r  o f  t h e  po ten -  
t l a l  f o r  n o n p o l n t  source p o l l u t l o n .  Of t h e  t o t a l  1,065 acres devo ted  t o  u r b a n  
l a n d  uses in t h e  subwatershed, 62 pe rcen t  r eco rded  a mode ra te  po ten t l a l  
r a t l n g  f o r  n o n p o l n t  source p o l l u t l o n ,  w ~ t h  t h e  rema ln l ng  38 pe rcen t  record-  
I ng  a l o w  r a t l n g  T h e  approximately 1,815 acres devo ted  t o  r u ra l  l a n d  uses 
In t h e  subwatershed we re  a l l  estimated t o  have a l o w  o r  ve ry  l o w  p o t e n t l a l  
f o r  n o n p o l n t  source p o l l u t t o n  Thus,  as o f  1975, t h e  Barnes C reek  subwater -  
shed e x h ~ b ~ t e d  a mode ra te  p o t e n t l a l  f o r  u r b a n  n o n p o l n t  source p o l ! u t ~ o n  
a n d  a l o w  p o t e n t l a l  f o r  r u ra l  n o n p o l n t  source p o l l u t l o n .  v * * $ w  2 9 '  

T i .  
Source. SEWRPC. 

of which nearly all would be for urban practices, and 
an average annual operation and maintenance cost of 
$102,000, of which $99,000, or 97 percent, would be 
for urban practices and $3,000, or 3 percent, would be 
for rural practices. The cost estimates for each manage- 
ment practice are summarized in Table 56. 

AREAL DISTRIBUTION OF DIFFUSE POLLUTION 
POTENTIAL CLASSIFICATIONS WITHIN THE BARNES 

CREEK SUBWATERSHED OF THE MINOR STREAMS 
TRIBUTARY TO LAKE MICHIGAN WATERSHED: 1975 

a The urban-rural designations represent the generalized land cover inventory results for the 
hydrologic subbasins. 

Source: SEWRPC. 

Pike Creek Subwatershed: The water quality of Pike 
Creek was simulated for four stream reaches and their 
associated subbasins, with the results reported and statis- 
tically analyzed for one simulation site, as shown on 
Map 17, under existing conditions and under plan year 
2000 conditions with various levels of pollution control. 
The simulation site is located at the confluence with 
Lake Michigan. While much of Pike Creek is enclosed in 
an underground channel, some portions of the stream- 
particularly within the Washington Municipal Park area 
and those stream reaches upstream of STH 43 and 
30th Avenue-have not undergone major channelization. 
These stream reaches may support full warmwater fishery 
and aquatic life communities and recreational use. 
Figure 86 and Table 57 characterize the potential for 
Pike Creek to satisfy recreational use and warmwater 
fishery and aquatic life water use objectives and support- 
ing standards for temperature, dissolved oxygen, fecal 
coliform, un-ionized ammonia-nitrogen, and phosphorus 
under various levels of pollution control. All standards 
are satisfied under year 2000 land use conditions without 
diffuse source controls except that for fecal coliform, 
which will require a 50 percent reduction in diffuse 
source loads. To protect those limited areas suitable for 
warmwater fish and aquatic life, the water use classifica- 
tion for Pike Creek is for warmwater fishery and aquatic 
life and recreational use. Diffuse source controls should 
be implemented to  control fecal coliform contributions 
to Pike Creek. 

Identification of Pollution Priority Problem Areas: The 
hydrologic subbasins in the Pike Creek subwatershed 
were classified according to selected criteria which indi- 
cate the existing potential of a subbasin to contribute 
diffuse source pollutants to  surface waters. Map 18 
indicates the areal extent of the various levels of diffuse 
source pollution potential in the subwatershed, and 
Table 58 summarizes the areal extent and relative pro- 
portions of the pollution potential classifications for 
urban and rural areas. 



Table 56 

ESTIMATED COST OF DIFFUSE SOURCE POLLUTION 
CONTROL MEASURES FOR THE BARNES CREEK 

SUBWATERSHED OF THE MINOR STREAMS 
TRIBUTARY TO LAKE MICHIGAN WATERSHED 

a The proper maintenance of the remaining septic tank systems until the provision 
of sanitary sewer service is recommended to help improve the water quality o f  
the Barnes Creek subwatershed. However, because septic tank systems manage- 
ment is an existing function necessary for the preservation of public health and 
the protection of private drinking water supplies, this cost is not included in the 
water qualify management plan. The estimated expenditures for septic system 
management for the stream plan element include an average annual operation 
and maintenance cost prior to the provision of sanitary sewer service of $1 1,000. 

Diffuse Source 
Pollution 

Control Measures 

Urban 
Septic System ~anagement~ . . . . . . . .  
Low-Cost Urban Diffuse 
Source controlsb. . . . . . . . . . . . . .  

Industrial and Commercial 
Material Storage Facilities and 
Runoff Control Measures . . . . . . . . .  

Additional Urban Diffuse 
Source controlsC . . . . . . . . . . . . . .  

Construction Erosion Control Practices. . 
Subtotal 

Rural 
Minimum Conservation practicesd. . . . .  

Total 

~ow-cost urban controls include pet waste and litter control; fertilizer and 
pesticide use restrictions; public education programs; improved timing and 
efficiency of street sweeping, leaf collection, and catch basin cleaning; and 
critical area protection. 

Additional urban practices necessary to achieve a further 50 percent reduction 
in urban diffuse source loadings include increased street sweeping, increased leaf 
and vegetative debris collection and disposal, increased catch basin cleaning, 
and improved street maintenance and refuse collection. 

Estimated Cost 

d ~ i n i m u m  conservation practices include, crop residue management, chisel 
tillage, contour plowing, fertilizer and pesticide management, and critical 
area protection. 

Total 
Capital 

(1975-2000) 

$ .- 

Minimal 

1 7,000 

106,000 
1,499,000 

$1,622,000 

Minimal 

$1,622,000 

Source: SEWRPC. 

Average 
Annual 

Operation and 
Maintenance 

$ --  

6,000 

Minimal 

82,000 
11.000 

$ 99,000 

$ 3,000 

$102,000 

Table 57 

REQUIRED DIFFUSE SOURCE CONTROL LEVELS I N  THE 
PlKE CREEK SUBWATERSHED OF THE MINOR STREAMS 

TRIBUTARY TO LAKE MICHIGAN WATERSHED 

Source: SEWRPC. 

Percent Diffuse Source Load Reduction Required 

Map 17 

WATER QUALITY SIMULATION SlTE I N  THE 
PlKE CREEK SUBWATERSHED OF THE MINOR STREAMS 

TRIBUTARY TO LAKE MICHIGAN WATERSHED 

Dissolved 
Oxygen 

Minimum 

LEGEND 

WATER QUALITY SITES AND AREAS - SUBWATERSHED 
BOUNDARY 

WATER QUALITY SIMULATION 
SlTE 

Un-ionized 
Ammonia-Nitrogen 

Minimum 

Fecal 
Coliform 

50 

A WATER QUALITY SAMPLING 
STATION 

SEWER SERVICE AREAS AND 
PRIMARY LAND USES 

EXISTING SEWER SERVICE 
AREA 1975 - SEPARATE 

Phosphorus 

Minimum 

1 PRIME AGRICULTURAL LAND ZOO0 

POINT SOURCES OF POLLUTION 

KNOWN POINT SOURCE OF WASTEWATER 
OTHER THAN SEWAGE TREATMENT 
PLANT OR FLOW RELIEF DEVICES 

The Pike Creek subwatershed has an area of about seven square miles. Within 
the Pike Creek subwatershed there are four identified hydrologic subbasins 
and one water quality simulation output site. Also located within the sub- 
watershed is one site for which water quality sampling data were obtained as 
part of various Commission work programs. In 1975 there were six point 
sources of water pollution-including five sewage f low relief devices not 
shown on this map-in the subwatershed which had t o  be considered in the 
water quality analyses along with the nonpoint sources. The subwatershed is 
expected t o  undergo continued urbanization over the planning period, since 
the 1970 and plan year 2000 urban areas comprise 72 and 81 percent of 
the total subwatershed area, respectively. 

Source: SEWRPC. 

The pollution potential classification analysis for the 
Pike Creek subwatershed indicated a moderate rating 
for all of the analyzed urban area. The analyzed urban 
area consisted of the portion of the City of Kenosha 
within the subwatershed. The rural classification indi- 
cated a low or very low pollution potential rating for 
all of the analyzed areas. 



Figure 86 Table 58 

EXPECTED WATER QUALITY STANDARD 
ACHIEVEMENT I N  THE PlKE CREEK SUBWATERSHED 

OF THE MINOR STREAMS TRIBUTARY TO 
LAKE MICHIGAN WATERSHED FOR ALTERNATIVE 

LEVELS OF WATER POLLUTION CONTROL 

W I R * I I V 4 1 I R  <1Si t i l " *NO AOUATtC >,ft AND I 1 I C L E I I T I O N A L  "IF 

LEGEND 

E IXIST8NG LAND V I E  C O N D # T # o Y I  &No P08NT 
SOURCE CONTROLS 

P Y E A X  2000 LAND U l i  CoND#T#ONs W8TW P O N 7  - 
SOURCE CONTROLS AND NO P i n U C i O N  N D i i U s t  
PDU*CE LOAUS AND B E N T U C  OXYGEN "EMAN" 

L "EAR 200" L A N 0  UQL ~ l l w O l T l 0 N S  W < T M  POlNl  - 
SOU*CE CONTROLS A S  O i Y i L O P L o  N Tvi PolNr 
SOUilCE E L I M E W 7  O r  TUNS CNAPTIF  TO MEET 
W 4 1 6 "  O U I L I T Y  S T i N O I m D S  A N D  I LOW i l S I l  
LEYLL  OF R i D U C T O N  IN D S i U S I  SOURCE LOADS 
AND BENT",' D X I C t N  DiMAND 

M "EAR 2000 ,AND USE CONOITONS W,T* P O N I  - 
SOUhCE CoNrXOlS AND 1 M O D E X A i i  <SO*, L E V E L  
0' hEDULTlON i N  D l i i U I .  SOURCE L01"S  .NO 
B L N T H C  O X Y L I N  DEM*ND 

AREAL DISTRIBUTION OF  DIFFUSE POLLUTION 
POTENTIAL CLASSIFICATIONS WITHIN THE PlKE CREEK 
SUBWATERSHED OF THE MINOR STREAMS TRIBUTARY 

TO LAKE MICHIGAN WATERSHED: 1975 

Pollution 
Potential 

Classification 

Urban  rea as^ Rural   re as^ Total Subwatershed 

Percent 
Percent Percent of Total 

Very High . . 
High . . . . . 

- -  3,586 79 

Low. . . . . 237 25 237 5 
Very Low . . - -  721 75 721 16 

I I I I 

Total 3,586 100 958 100 4.544 100 

a The urban-rural designations represent the generaljzed land cover inventory results for the 
hydrologic subbasins. 

Source: SEWRPC 

tion erosion control practices will also be necessary for 
the abatement of diffuse source pollution. The elimina- 
tion of septic systems through the provision of sanitary 
sewer service to  the entire subwatershedalong with 
the miminum level of control of urban runoffshould 
alleviate the fecal coliform problem in the subwatershed. 

Control of Pollutant Runoff from Rural Land: Minimum 
rural land management practices-inclusive of proper 
fertilizer and pesticide management, critical area pro- 
tection, residue management, chisel tillage, pasture 
management, and contour plowing-should be imple- 
mented to protect the water quality of the Pike Creek 
subwatershed. No known major livestock operations 
exist in the subwatershed. 

Cost Estimate: Implementation of the recommended 
diffuse source control plan would involve a total capital 
cost between 1975 and the year 2000 of $1,169,000 
essentially all being for urban practices, and an average 
annual operation and maintenance cost of $38,000, of 
which $36,000, or 95 percent, would be for urban 
practices and $2,000, or 5 percent, would be for rural 
practices. The cost estimates for each management 
practice are summarized in Table 59. 

Sucker Creek Subwatershed: The water quality of Sucker 
Creek was simulated for eight stream reaches and their 

Control of Pollutant Runoff from Urban Land: Minimum 
and low-cost urban diffuse source pollution control 
practices alonesuch as public education programs; litter 
and pet waste control; improved timing and efficiency 
of street sweeping, leaf collection, and catch basin 
cleaning; proper use of fertilizers and pesticides; indus- 
trial and commercial material storage facilities and runoff 
control measures; and critical area protectionshould 
provide a sufficient level of urban diffuse source pollu- 
tion control in the Pike Creek subwatershed. Construc- 

associated subbasins, with the results reported and 
statistically analyzed for one simulation site, as shown 
on Map 19, under existing conditions and under plan 
year 2000 conditions. The simulation site is located at 
the confluence of Sucker Creek with Lake Michigan. 
Figure 87 presents the percent of time the applicable 
water quality standards are satisfied under existing 
land use conditions as well as under year 2000 land 
use conditions. Sucker Creek is classified for warmwater 
fishery and aquatic life and recreational use. As shown in 
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The hydrologic subbasins in the Pike Creek subwatershed were classified 
according to selected criteria including land use, land characteristics, storm 
water drainage systems, waste treatment systems, and the age and condition 
of the housing stock, which were taken together as an indicator of the 
potential for nonpoint source pollution. Of the total 3,586 acres devoted to  
urban land uses in the subwatershed, all recorded a moderate potential rating 
for nonpoint source pollution. The approximately 958 acres devoted to  rural 
land uses in the subwatershed were all estimated to have a low or very low 
potential for nonpoint source pollution. Thus, as of 1975, the Pike Creek 
subwatershed exhibited a moderate potential for urban nonpoint source 
pollution and a low potential for rural nonpoint source pollution. 

Source: SEWRPC. 

Table 59 

ESTIMATED COST OF DIFFUSE SOURCE POLLUTION 
CONTROL MEASURES FOR THE PlKE CREEK 
SUBWATERSHED OF THE MINOR STREAMS 

TRIBUTARY TO LAKE MICHIGAN WATERSHED 

a The proper maintenance of the remaining septic tank systems until the provision 
o f  sanitary sewer service is recommended to help improve the water quality of 
the Pike Creek subwatershed. However, because septic tank systems manage- 
ment is an existing function necessary for the preservation of public health and 
the protection o f  private water supplies, this cost is not included in the water 
quality management plan. The estimated expenditures for septic system manage- 
ment for the stream plan element include an average annual operation and 
maintenance cost prior to the provision of sanitary sewer service of $7,000. 

Diffuse Source 
Pollution 

Control Measures 

Urban 
Septic System ~anagement~ . . . . . . . . . . 
Low-Cost Urban Diffuse Source controlsb. . 
Industrial and Commercial 
Material Storage Facilities and 
Runoff Control Measures . . . . . . . . . . . 

Construction Erosion Control Practices. . . . 
Subtotal 

Rural 
Minimum Conservation practicesc. . . . . . . 

Total 

Low-cost urban controls include pet waste and litter control; fertilizer and 
pesticide use restrictions; public education programs; improved timing and 
efficiency of street sweeping, leaf collection, and catch basin cleaning; and 
critical area protection. 

Minimum conservation practices include crop residue management, chisel 
tillage, contour plowing, fertilizer and pesticide management, and critical 
area protection. 

Estimated Cost 

Source: SEWRPC. 

Total 
Capital 

(1975-2000) 

$ 
Minimal 

468,000 
701,000 

$1 ,I 69,000 

Minimal 

$1,169,000 

Table 60, the recommended water quality standards for 
temperature, dissolved oxygen, fecal coliform, un-ionized 
ammonia-nitrogen, and phosphorus are met under both 
existing and year 2000 planned land use conditions 
without diffuse source controls when interpreted against 
the allowable levels of water quality achievement. 

Average 
Annual 

Operation and 
Maintenance 

$ 
3 1,000 

Minimal 
5,000 

$36,000 

2,000 

$38,000 

Because calibration data were not available for Sucker 
Creek,such data from the adjacent Sauk Creek were used. 
While the above simulation results indicate that only 
a minimum reduction in diffuse source loads is required, 
analyses presented in SEWRPC Technical Report No. 17, 
Water Quality of Lakes and Streams in Southeastern 
Wisconsin: 1964-1975 indicated that in Sucker Creek 
during low-flow summer periods from 1964-1975, the 
dissoged oxygen standard-was violated in 30 percent of 
the samples, the phosphorus standard was violated in 
all of the samples, and the fecal coliform standard was 
violated in 32 percent of the samples. SEWRPC Tech- 
nical Report No. 21, Sources of Water Pollution in 
Southeastern Wisconsin: 1975 evaluated the sources 
of pollution within each watershed and these evaluations 



Map 19 Table 60 

WATER QUALITY SIMULATION SITE IN THE REQUIRED DIFFUSE SOURCE CONTROL LEVELS IN THE 
SUCKER CREEK SUBWATERSHED OF THE MINOR STREAMS SUCKER CREEK SUBWATERSHED OF THE MINOR STREAMS 

TRIBUTARY TO LAKE MICHIGAN WATERSHED TRIBUTARY TO LAKE MICHIGAN WATERSHED 

- 
LEGEND 

WATER QUALITY SITES AN0 
AREAS 

I - SUBWATERSHED 

\ BOUNDARY 

. - - . t -  rqs7-F . WATER OUhLITY SlMULfiTlON 

SITES 

/ i 
A WATER QUALITY  SAMPLlNG 

STAT1ON ' SEWER SERVICE AREAS AND 
PRIMARY LAND USES Source: 

Dissolved Fecal Ammonia- 
Oxygen Coliform Nitrogen Phosphorus 

I ;;kMk2;RE;Pd;yNMENTAL = ;;by AGRICULTURAL L A N D  

0 OTHER RURAL L A N D  2000 

I 

The Sucker Creek subwatershed has an area of about 1 0  square mlles. Wlthln 
the Sucker Creek subwatershed there are elght ~dentlfled hydrologic sub- 
baslns and one water qual~ty slmulatlon output slte Also located wl th~n 
the subwatershed IS one site for whlch water quallty sampling data were 
obta~ned as part of vartous Comm~sslon work programs. In 1975 there were 
no known polnt sources of water pollution In the subwatershed to be con- 
sldered in the water quallty analyses. The subwatershed 1s expected to 
undergo only sllght urbanlzatlon over the plannlng per~od, slnce the 1970 
and plan year 2000 urban areas comprlse 5 and 8 percent of the total 
subwatershed area, respectively. 

Source: SEWRPC. 

indicated that the Sucker Creek subwatershed has a high 
concentration of livestock operations. It is therefore 
likely that diffuse source loads-especially from livestock 
operations--are indeed excessive in the subwatershed. 

SEWRPC. 

Identification of Pollution Priority Problem Areas: The 
hydrologic subbasins in the Sucker Creek subwatershed 
were classified according to selected criteria which 
indicate the existing potential of a subbasin to  contribute 
diffuse source pollutants to surface waters. Map 20 indi- 
cates the areal extent of the various levels of diffuse 
source pollution potential in the subwatershed, and 
Table 61 summarizes the areal extent and relative pro- 
portions of the pollution potential classifications for 
urban and rural areas. 

The pollution potential classification analysis for the 
Sucker Creek subwatershed indicated a moderate rating 
in urban pollution potential for that portion of the 
Village of Belgium within the subwatershed. Less than 
15 percent of the rural area is designated by a high 
pollution potential rating, with more than 85 percent 
of the area being classified as having a low or moderate 
potential rating. 

Control of Pollutant Runoff from Urban Land: Minimum 
and low-cost urban diffuse source pollution control 
practices alonesuch as public education programs; litter 
and pet waste control; improved timing and efficiency of 
street sweeping, leaf collection, and catch basin cleaning; 
proper use of fertilizers and pesticides; and critical area 
protectionshould provide a sufficient level of urban 
diffuse source pollution control in the Sucker Creek 
subwatershed. Industrial and commercial material 
storage facilities and runoff control measures are 
anticipated to be needed in the Sucker Creek sub- 
watershed. Construction erosion control practices and 
proper management of onsite sewage treatment systems 
will also be necessary for the abatement of diffuse 
source pollution. -*" . I  II,X1l 

< .  

Control of Pollutant Runoff from Rural Land: Minimum 
rural land management practices-inclusive of proper 
fertilizer and pesticide management, critical area protec- 
tion, residue management, chisel tillage, pasture manage- 
ment, and contour plowingahould be implemented to  
protect the water quality of Sucker Creek. As previously 
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EXPECTED WATER QUALITY STANDARD 
ACHIEVEMENT IN THE SUCKER CREEK SUBWATERSHED 

OF THE MINOR STREAMS TRIBUTARY TO 
LAKE MICHIGAN WATERSHED FOR ALTERNATIVE 

LEVELS OF WATER POLLUTION CONTROL 
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stated, animal waste runoff control systems, consisting 
of barn eaves troughs for storm water control, surface 
water diversions, settling basins, and holding facilities, are 
extremely important to  sufficiently reduce pollutant 
loadings. In addition, those animal operations located less 
than 500 feet from a stream and in high or very high 
pollution potential areas (see Map 20), may require 
manure storage through the winter in a dry stacking 
system incorporating runoff control or in a liquid or 

AREAL DISTRIBUTION OF DIFFUSE POLLUTION 
POTENTIAL CLASSIFICATIONS WITHIN THE SUCKER 

CREEK SUBWATERSHED OF THE MINOR STREAMS 
TRIBUTARY TO LAKE MlCHGlAN WATERSHED: 1975 

a The urban-rural designations represent the generalized land cover inventory results for the 
hydrologic subbasins. 

Source: SEWRPC. 

slurry storage system, with no winter spreading of 
manure in order to avoid spreading on frozen ground 
and the attendant high rates of surface runoff. 

Cost Estimate: Implementation of the recommended 
diffuse source control plan would involve a total capital 
cost between 1975 and the year 2000 of $614,000, of 
which $272,000, or 44 percent, would be for urban 
practices and $342,000, or 56 percent, would be for 
rural practices, and an average annual operation and 
maintenance cost of $36,000, of which $3,000, or 
8 percent, would be for urban practices and $33,000, 
or 92 percent, would be for rural practices. The cost 
estimates for each management practice are summarized 
in Table 62. 

Direct Tributary Area to Lake Michigan: For the minor 
perennial streams directly tributary to Lake Michigan 
within the Region-Barnes Creek, Pike Creek, and Sucker 
Creek-existing and forecast water quality was simulated 
under the areawide water quality management planning 
program. Based upon the results for these areas and the 
similarities in land uses and drainage patterns, diffuse 
source control measures are recommended for the 
balance of the Lake Michigan direct tributary area to 
provide proper land management, prevent further degra- 
dation of the existing quality of these streams, eliminate 
localized severe water quality problems, and protect the 
Lake Michigan near-shore waters. These water quality 
control measures should be reconsidered in the develop- 
ment of a comprehensive plan for the area of direct 
drainage to Lake Michigan, and in local implementation 
plans. Estimated costs for the measures are included in 
the areawide water quality management plan. These 
measures must not be misconstrued, however, as the 
solution to  the bluff erosion problem along the lakeshore. 
This far more serious problem will require a major 
engineering study and may require expensive public 
works to resolve. This topic is addressed in more detail 
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The hydrologic subbasins in the Sucker Creek subwatershed were classified 
according to selected criteria including land use, land characteristics, storm 
water drainage systems, waste treatment systems, and the age and condition 
of the housing stock, which were taken together as an indicator of the 
potential for nonpoint source pollution. All of the approximately 110 acres 
devoted to urban land uses in  the subwatershed recorded a moderate poten- 
tial rating for nonpoint source pollution. Of the 6,546 acres devoted to 
rural land uses in the subwatershed, 14 percent was estimated to have 
a high pollution potential, 30 percent a moderate potential, and 56 percent 
a low potential for rural nonpoint source pollution. Thus, as of 1975, the 
Sucker Creek subwatershed exhibited a moderate potential for urban non- 
point source pollution and a moderate to low potential for rural nonpoint 
source pollution. 

Source: SEWRPC. 

in the SEWRPC Prospectus, Lake Michigan Estuary 
and Direct Drainage Area Subwatersheds Planning 
Program Prospectus. 

ESTIMATED COST OF DIFFUSE SOURCE POLLUTION 
CONTROL MEASURES FOR THE SUCKER CREEK 

SUBWATERSHED OF THE MINOR STREAMS 
TRIBUTARY TO LAKE MICHGAN WATERSHED 

Diffuse Source 

a The proper maintenance and replacement of the remaining septic tank systems 
are recommended to help improve the water quality of Sucker Creek. However, 
because septic tank systems management is an existing function necessary for 
the preservation o f  public health and the protection of private drinking water 
supplies, this cost is not included in the water quality management plan. The 
estimated expenditures for septic system management for the stream plan 
element include a capital cost over the period of 1975-2000 of $23,000, and an 
average annual operation and maintenance cost of $5,000. 

Low-cost urban controls include pet waste and litter control; fertilizer and 
pesticide use restrictions; public education programs; improved timing and 
efficiency o f  street sweeping, leaf collection, and catch basin cleaning; and 
critical area protection. 

Minimum conservation practices include crop residue management, chisel tillage, 
pasture management, contour plowing, fertilizer and pesticide management, and 
critical area protection. 

Source: SEWRPC. 

Control of Pollutant Runoff from Urban Land: Minimum 
and low-cost urban diffuse source pollution control 
przctices alonesuch as public education program; litter 
and pet waste control; improved timing and efficiency of 
street sweeping, leaf collection, and catch basin cleaning; 
proper use of fertilizers and pesticides; industrial and 
commercial material storage facilities and runoff control 
measures; and critical area protection-may be expected 
to provide a sufficient level of urban diffuse source 
pollution control in the Lake Michigan direct drainage 
area. Construction erosion control practices and prop& 
management of onsite sewage treatment systems should 
also be used to abate diffuse source pollution. 

Control of Pollutant Runoff from Rural Land: Minimum 
h ra l  land management practices-inclusive of proper 
fertilizer and pesticide management, critical area protec- 
tion, residue management, chisel tillage, pasture manage- 



ment, and contour plowingshould be implemented to 
protect the water quality of the direct drainage area. 
Animal waste runoff control systems, consisting of barn 
eaves troughs for storm water control, surface water 
diversions, settling basins, and holding facilities, are 
needed to  sufficiently reduce pollutant loadings from 
all animal operations. 

Cost Estimate: Costs for livestock waste control and 
septic tank system management within the Lake Michigan 
direct tributary drainage area were estimated from costs 
calculated for the adjoining Barnes Creek, Pike Creek, 
and Sucker Creek subwatersheds. This estimate assumes 
that the livestock and septic tank system densities in the 
direct drainage area approximate the densities inventoried 
for the subwatersheds' three perennial streams. Imple- 
mentation of the recommended diffuse source control 
plan would involve a total capital cost between 1975 and 
the year 2000 of $4.7 million, of which $4.3 million, or 
92 percent, would be for urban practices and $376,000, 

Table 63 

ESTIMATED COST OF DIFFUSE SOURCE POLLUTION 
CONTROL MEASURES FOR THE LAKE MICHIGAN 

DIRECT TRIBUTARY DRAINAGE AREA 

or 8 percent, would be for rural practices,and an average 
annual operation and maintenance cost of $65,000, 
of which $25,000, or 38 percent, would be for urban 
practices and $40,000, or 62 percent, would be for rural 
practices. The cost estimates for each management 
practice are summarized in Table 63. 

Oak Creek Watershed 
The water aualitv of Oak Creek and its maior tributaries " 

was simulated for 23 stream reaches and their associated 
subbasins, with the results reported and statistically 
analyzed for eight simulation sites under existing condi- 
tions and under plan year 2000 conditions with various 
levels of pollution control. The location of these eight 
simulation sites and the corresponding tributary water 
quality analysis areas are shown on Map 21  and presented 
in Table 64. The following discussion and Figures 88 
through 95 present the percent of time the recommended 
water quality standards for temperature, dissolved 
oxygen, un-ionized ammonia-nitrogen, fecal coliform, 
and phosphorus are met under existing land use condi- 
tions as well as under year 2000 planned land use 
conditions with point source controls only, and with 
point source controls coupled with a 50 or 75 percent 
reduction in diffuse source pollutant loadings. The 
streams in the Oak Creek watershed are classified for 
warmwater fishery and aquatic life and recreational use. 

Diffuse Source 
Pollution 

Control Measures 

Urban 
. . . . . . . .  Septic System ~anagement~ 

Low-Cost Urban Land 
Management practicesb . . . . . . . . . .  

Industrial and Commercial 
Material Storage Facilities and 
Runoff Control Measures . . . . . . . . .  

Construction Erosion Control Practices. . 

Estimated Cost 

Total Annual 

1,410,000 1 Minimal 1 
2,883,000 21 .OOO 

$ - -  

Minimal 

Subtotal 

Rural 
Minimum Conservation practicesC . . . . .  2,000 14,000 

Subtotal 

$ - -  

4,000 

a The proper maintenance and replacement of the remaining septic tank systems 
is recommended to help improve the water quality of the Lake Michigan direct 
drainage area. However, because septic tank systems management is an existing 
function necessary for the preservation of public health and the protection of 
private drinking water supplies, this cost is not included in the water quality 
management plan. The estimated expenditures for septic system management 
for the stream plan element include a capital cost over the period of 1975-2000 
of $86,000, and an average annual operation andmaintenance cost of $86,000. 

LOW-cost urban practices include pet waste and litter control; fertilizer and 
pesticide use restrictions; public education programs; improved timing and 
efficiency of street sweeping, leaf collection, and catch basin cleaning; and 
critical area protection. 

Minimum conservation practices include crop residue management, chisel 
tillage, pasture management, con tour plowing, fertilizer and pesticide manage- 
men t, and critical area protection. 

Table 64 

LOCATION OF WATER QUALITY ANALYSIS AREAS 
I N  THE OAK CREEK WATERSHED 

Source: SEWRPC. 

Water Quality 
Analysis Areas 

as Presented 
on Map 21 

1 

2 

3 

4 

5 

7 

8 

6 

Source: SEWRPC. 

Location of Most Downstream Point 
Draining the Water Quality Analysis Area 

Location 

North Branch of Oak Creek 
Downstream from 

Drexel Avenue 
Upstream of confluence with 

Oak Creek main stem 

Oak Creek 
Upstream of confluence wi th  

North Branch 
A t  Chicago North Shore & 

Milwaukee Railroad 
A t  Chicago & North Western 

Railway 
At 15th Avenue 

A t  confluence wi th  
Lake Michigan 

Mitchell Field drainage ditch 
Upstream of confluence with 

Oak Creek main stem 

U .  S. Public 
Land Survey 
Designation 

T5N.  R22E. 
Section 17 

T5N.  R22E, 
Section 20 

T5N.  R22E. 
Section 20 

T5N.  R22E. 
Section 21 

T5N,  R22E. 
Section 9 

T5N.  R22E. 
Section 3 

T5N.  R22E. 
Section 12 

T5N.  R22E. 
Section 9 
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The Oak Creek watershed has an area of about 26 square miles and ranks 
tenth in size and eighth in total resident population of the 12 watersheds 
in the Region. Within the Oak Creek watershed there are 23 identified 
hydrologic subbasins grouped into eight water quality analysis areas, each 
related t o  a water quality simulation output site. Also located within the 
watershed are three sites for which water quality sampling data were 
obtained as part o f  various Commission work programs. I n  1975 there were 
10 point sources o f  water pollution-including two sewage f low relief devices 
not  shown on this map-in the watershed which had to  be considered in the 
water quality analyses along with the nonpoint sources. The watershed is 
expected t o  undergo substantial urbanization over the planning period, since 
the 1970 and plan year 2000 urban areas comprise 44 and 68 percent o f  the 
total watershed area, respectively. 

Source: SEWRPC, 

Dissolved Oxygen: A reduction in diffuse source pollu- 
tion is not necessary for the water quality analysis areas 
in the Oak Creek watershed to satisfy the warmwater 
fishery and aquatic life dissolved oxygen standard of 
5 milligrams per liter (mg/l). 

Fecal Coliform : The water quality simulation data indi- 
cate that no water quality analysis area within the Oak 
Creek watershed will satisfy a fecal coliform standard 
of 200/400 membrane filter fecal coliform counts per 
100 milliliters (MFFCC/100 ml). Furthermore, all analysis 
areas exceed a level of 1,000 MFFCC/100 ml at least 
10 percent of the time even under a diffuse source 
loading reduction of 75 percent. These violations are 
attributed to  fecal coliform loadings to Oak Creek from 
high numbers of septic tank systems, many of which are 
malfunctioning, located on unsuitable soil, and densely 
situated on small lots. The water quality effects of 
abating such improperly operating septic tank systems are 
not reflected in the land surface fecal coliform loadings 
estimated for year 2000 land use conditions, at which 
time the entire watershed is expected to be served by 
sanitary sewers. In addition, it is possible that unknown 
sewage flow relief devices exist within the Oak Creek 
watershed, thus exaggerating land surface loadings. 
Accordingly, it is estimated that the elimination of septic 
tank systems and the identification and control of 
possible sewage flow relief devices-in combination with 
an additional 50 percent reduction of the remaining fecal 
coliform load associated with storm water runoff-would 
result in a total fecal coliform load reduction of nearly 
90 percent. It is recommended that a high level of pollu- 
tion control measures effective in reducing fecal coliform 
levels be implemented, and that local implementation 
efforts review the existing and future sources of fecal 
coliform to Oak Creek and the effectiveness of the 
actions taken to abate this pollution. 

Un-ionized Ammonia-Nitrogen: Water quality analysis 
areas 1, 2, and 3 are expected to satisfy an un-ionized 
ammonia-nitrogen standard of 0.02 mg/l under year 
2000 land use conditions with recommended point 
source controls and a 50 percent reduction in diffuse 
source loads. Analysis areas 4 and 5 will require an 
approximate 75 percent reduction in diffuse source 
loads, and areas 6, 7, and 8 will require in excess of 
a 75 percent reduction in diffuse source loads to satisfy 
the applicable standard. The primary source of these 
excessive un-ionized ammonia-nitrogen levels is assumed 
to be malfunctioning septic tank systems. As with fecal 
coliform, the elimination of these septic tank systems- 
in combination with a 50 percent 'reduction in storm 
water runoff loads-is expected to achieve the desired 
level of un-ionized ammonia-nitrogen. 

Phosphate-Phosphorus: A 75 percent reduction in diffuse 
Temperature: It is apparent from Figures 88 through 95 source loadings is estimated to  be required for all water 
that the temperature standard of 8 9 O ~  is satisfied within quality analysis areas in the Oak Creek watershed to 
the Oak Creek watershed and that pollutant loading satisfy a phosphorus standard of 0.1 mg/l under year 
reductions have a negligible effect on temperature. The 2000 land use conditions. The elimination of septic tank 
temperature standard may be expected to be exceeded systems and a 50 percent reduction in storm water runoff 
less than 1 percent of the time. loads will again be necessary to  achieve this standard. 
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EXPECTED WATER QUALITY STANDARD ACHIEVEMENT FOR WATER QUALITY ANALYSIS AREAS 
OF THE OAK CREEK WATERSHED FOR ALTERNATIVE LEVELS OF WATER POLLUTION CONTROL 
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Summary: Table 65 presents the general level of diffuse 
source pollutant loading reductions necessary to  satisfy 
the applicable water quality standards for the Oak Creek 
watershed. Required reduction values are shown for each 
water quality analysis area and for each pollutant for 

Map 22 

DIFFUSE SOURCE POLLUTION POTENTIAL 
IN THE OAK CREEK WATERSHED 

which a standard has been recommended. 1n general, at 
least a 50 percent reduction in diffuse source pollutant 
loadings-in addition to the elimination of septic tank 
systems through the provision of sanitary sewer service- 
is required in the Oak Creek watershed. 

Identification of Pollution Priority Problem Areas: The 
hydrologic subbasins in the Oak Creek watershed were 
classified according to selected criteria which indicate the 
existing potential of a subbasin to  contribute diffuse 
source pollutants to  surface waters. Map 22 indicates the 
areal extent of the various levels of diffuse source pollu- 
tion potential in the watershed, and Table 66 summarizes 
the areal extent and relative proportions of the pollution 
potential classifications for urban and rural areas. 

The pollution potential classification analysis for the 
Oak Creek watershed indicated relatively little variation LEGEND COMPARISON OF SIMULATED 

WATER QUALITY DATA TO THE 

in urban pollution potential, with almost all analyzed HYDROLOGIC BOUNDARIES 
RECOMMENDED WATER QUALITY 
STANDARDS A T  SIMULATION 
OUTPUT SITES 

urban years receiving a low or moderate rating. The - WATERSHED 

portions of the City of South Milwaukee and General FECAL -- SUBWATERSHED COLIFORM 
~ @ L ? A 2 h o R U s  

Mitchell Field within the watershed received a moderate - .- S U B E ~ ~ ~ ~  AND NUMBER %%OPNN-* LDISSOLVED 

urban pollution potential rating, with most other urban OXYGEN 

;i;Y?3;TfARFA OF HIGH 
areas receiving a low pollution potential rating. The rural @ STANDARDS ARE MET 

classification indicates that half of the watershed has ;;FJ;~AREA OF MODERATE STANDARDS ARE NOT MET 

a low rural pollution rating and half has a very low rating. 

Control of Pollutant Runoff from Urban Land: Mininum 
and low-cost urban diffuse source pollution control RURAL AREA OF LOW 

POTENTIAL 

practicessuch as public education programs; litter and 
;;y;kTI*,",'A OF VERY LOW 

pet waste control; improved timing and efficiency of 
street sweeping, leaf collection, and catch basin cleaning; NOTE NO SYMBOL SHOWN FOR 

proper use of fertilizers and pesticides; industrial and SUBBASINS WlTH EXISTING 
CONSERVATION PRACTICES 
IMPLEMENTED AT 5 OR 

commercial material storage facilities and runoff control FEWER SITES 

KNOWN LIVESTOCK HERDS WlTH 
MORE THAN 25 EQUIVALENT 
ANIMAL UNITS 

Table 65 
A LOCATED WITHIN 5 0 0  FEET 

FROM A STREAM 

3TREAM REACHES WlTH COMPUTED 
WATER QUALITY INDEX RATINGS - FAIR WATER OUALITY 

The hydrologic subbasins in the Oak Creek watershed were classified accord- 
REQUIRED DIFFUSE SOURCE CONTROL LEVELS ing to selected criteria including land use, land characteristics, storm water 

FOR WATER QUALITY ANALYSIS AREAS drainage systems, waste treatment systems, and the age and condition of 

IN  THE OAK CREEK WATERSHED the housing stock, which were taken together as an indicator of the poten- 
tial for nonpoint source pollution. Most of the 7,143 acres devoted to urban 
land uses in the watershed recorded a moderate potential rating for nonpoint 
source pollution. All of the 9,708 acres devoted to rural land uses in  the 
watershed were estimated to have a low or very low potential for nonpoint 
source pollution. Thus, as of 1975, the Oak Creek watershed exhibited 
a moderate potential for urban nonpoint source pollution and a low poten- 
tial for rural nonpoint source pollution. 

Source: SEWRPC. 

Water 
Quality 
Analysis 

Area 

1 
2 
3 
4 
5 
6 
7 
8 

Source: SEWRPC. 

measures; and critical area protectionshould be imple- 
mented for diffuse source pollution control in the 
watershed. Construction erosion control practices and 

Percent Diffuse Source Load Reduction Required 

proper management of onsite sewage treatment systems 
will also be necessary for the abatement of diffuse source 
pollution. These low-cost urban practices alone are not 

+ anticipated to provide a sufficient level of urban diffuse 
,I ,. 

Dissolved 
Oxygen 

Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 

Fecal 
Coliform 

More than 75 
More than 75 
More than 75 
More than 75 
More than 75 
More than 75 
More than 75 
More than 75 

Uh-ionized 
Ammonia- 
Nitrogen 

50 
50 
50 
75 
75 

More than 75 
More than 75 
More than 75 

Phosphorus 

75 
75 
75 
75 
75 
75 
75 
75 



Table 66 Table 67 

AREAL DISTRIBUTION OF DIFFUSE POLLUTION ESTIMATED COST OF DIFFUSE SOURCE POLLUTION 
POTENTIAL CLASSIFICATIONS WITHIN THE CONTROL MEASURES FOR THE OAK CREEK WATERSHED 

OAK CREEK WATERSHED: 1975 

a The urban-rural designations represent the generalized landcover inventory results for the 
hydrologic sobbas,ns. 

Source: SEWRPC. 

source pollution control in the Oak Creek watershed. 
Many other measures will need to  be instituted, including 
improved street sweeping practices, with improved 
vacuum sweepers, increased sweeping frequencies, and 
the enactment of supporting parking ordinances; stream- 
bank protection measures; improved street maintenance 
and refuse collection and disposal; improved and more 
frequent leaf collection with vacuum sweepers; and 
increased catch basin cleaning in existing areas with 
vacuum cleaners. 

Control of Pollutant Runoff from Rural Land: Minimum 
rural land management practices-inclusive of proper 
fertilizer and pesticide management, critical area protec- 
tion, residue management, chisel tillage, pasture manage- 
ment, and contour plowingshould be implemented to 
protect the water quality of the Oak Creek watershed. 
In addition, control measures should be developed to 
prevent excessive pollutant contributions from live- 
stock operations. Additional conservation practices, 
such as crop rotation, contour strip-cropping, grassed 
waterways, diversions, streambank protection measures, 
vegetative buffer strips along streams, wind erosion 
controls, and terraces, should also be effected for water 
quality enhancement purposes and for the prevention 
of soil erosion. 

Cost Estimate: Implementation of the recommended 
diffuse source control plan would involve a total capital 
cost between 1975 and the year 2000 of $9.6 million, 
of which $9.4 million, or 98 percent, would be for 
urban practices and $176,000, or 2 percent, would be 
for rural practices, and an average annual operation and 
maintenance cost of $542,000, of which $517,000, or 
95 percent, would be for urban practices and $25,000, 
or 5 percent, would be for rural practices. The cost 
estimates for each management practice are summarized 
in Table 67. 

Diffuse Source 

Control Measures 

a The proper maintenance of the remaining septic tank systems in the interim 
period prior to the provi.;on of sanitary sewer service is recommended to help 
improve the water quality of Oak Creek. However, becauseseptic tank systems 
managernent is an existing function necessary for the preservation of public 
health and the protection of private drinking water supplies, this cost is not 
included in the water quality management plan. The estimated expenditures 
for septic system management for the stream plan element include an annual 
operation and maintenance cost of $3.000. 

Lowcost urban controls include pet waste and litter control; fertilizer and 
pesticide use restrictions; public education programs; improved timing and 
efficiency of street sweeping, leaf collection, and catch basin cleaning; and 
critical area protection. 

Additional urban diffuse source control practices necessary to achieve a 50per- 
cent reduction in urban land diffuse source loads include increased street 
sweeping, increased leaf and vegetable debris collection and disposal, stream- 
bank protection measures, increased catch basin cleaning, and improved street 
maintenance and refuse collection. 

d ~ i n i m u m  conservation practices include crop residue managernent, chisel tillage, 
pasture management, contour plo wing, fertilizer and pesticide management, and 
critical area protection. 

Additional conservation practices necessary to achieve a 50 percent reduc- 
tion in rural land diffuse source loads include crop rotation, contour strip- 
cropping, grass waterways, diversions, wind erosion controls, terraces, stream 
protection measures, and vegetative buffer strips. 

Source: SEWRPC. 

Pike River Watershed 
The water aud i t s  of the Pike River and its maior tribu- 
taries was simulated for 46 stream reaches and their 
associated subbasins, with the results reported and 
statistically analyzed for eight simulation -sites under 
existing conditions and under plan year 2000 conditions 
with various levels of pollution control. The location 
of these eight simulation sites and the corresponding 
tributary water quality analysis areas are shown on 
Map 23 and presented in Table 68. The following discus- 
sion and Figures 96 through 103 present the percent of 



Map 23 

WATER QUALITY ANALYSIS AREAS IN THE PIKE RIVER WATERSHED 

LEGEND 

WATER QUALITY SITES AND AREAS 

7 WATER QUALITY ANALYSIS AREA 
BOUNDARY AND NUMBER 

WATER QUALITY SIMULATION SITE 

A WATER QUALITY SAMPLING STATION 
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LAND USES 
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PRIME AGRICULTURAL LAND 2 0 0 0  

n OTHER RURAL LAND 2 0 0 0  

POINT SOURCES OF POLLUTION 

EXISTINO PRIVATE SEWAGE TREATMENT 
PLANT TO BE  ABANDONED 

I KNOWN POINT SOURCE Of WASTEWATER 
OTHER THAN SEWAQE TREATMENT PLANT 
OR FLOW RELIEF DEVKES 

The Pike River watershed has an area of 51 square miles and ranks eighth in size and ninth in total resident population of the 12 watersheds in the Region. Within 
the Pike River watershed there are 46 identifled hydrologic subbasins grouped into eight water quality analysis areas, each related to a water qual~ty simulation 
Output site. Also located within the watershed are six sites for which water quality sampling data were obtained aa part of various Commission work programs. In 
1975 there were 16 point sources of water pollutbn-including eight sewage flow relief devices not shown on this map-in the watershed which had to be con- 
sidered in the water quality analyms along with the nonpoint sources. The watershed is expected to undergo significant urbanization over ttre planning period, since 
the 1970 and plan year 2000 urban areas comprise 23 and 34 percent of the total watershed area, respectively. 

Source: SEWRPC. 

time the recommended water quality standards for 
temperature, dissolved oxygen, unionized ammonia- 
nitrogen, fecal coliform, and phosphorus are met under 
existing land use conditions as well as under year 2000 
planned land use conditions with point source controls 
only, and with point source controls coupled with 
a 25 or 50 percent reduction in diffuse source pollutant 
loadings. The streams in the Pike River watershed are 
classified for warmwater fish and aquatic life and recrea- 
tional use. 

Temperature: It is apparent from Figures 96 through 
103 that the temperature standard of 8 9 ' ~  is satisfied 
within the Pike River watershed and that pollutant 
loading reductions have a negligible effect on tempera- 
ture. The temperature standard may be expected to  be 
exceeded less than 1 percent of the time. 

Dissolved Oxygen: In general, only minimum diffuse 
source controls will be necessary to satisfy the warm- 
water fishery and aquatic life dissolved oxygen standard 



Table 68 

LOCATION OF WATER 
QUALITY ANALYSIS AREAS 

I N  THE PlKE RIVER WATERSHED 

Source: SEWRPC. 

Water Quality 
Analysis Area 
as Presented 
on Map 23 

1 

2 

5 

6 

7 

8 

3 

4 

of 5 milligrams per liter (mg/l) within the Pike River 
watershed. However, slight dissolved oxygen problems 
are indicated in water quality analysis areas 1 and 2, 
which are drained by the Pike River upstream of the 
confluence with Pike Creek. These problems are caused 
by high oxygen demand from bottom deposits and 
benthic organisms, and are estimated to be primarily 
attributable to historical and existing contributions from 
both point and diffuse sources. Upon the control of these 
point sources and the implementation of minimum 
diffuse source controls under plan year 2000 conditions, 
it is likely that these bottom deposits will either stabilize 
or be assimilated by the stream system. If, following 
the implementation of pollution control measures, the 

Location of Most Downstream Point 

benthic oxygen demand is not sufficiently reduced, the 
possibility of channel dredging activities should be 
investigated to  facilitate the stabilization of some severe 
areas. A 25 percent reduction in the oxygen demand 
from the bottom deposits will achieve the desired level 
of dissolved oxygen. Under 2000 planned land use 
conditions, no other analysis areas violate the dissolved 
oxygen standard except area 6, which is expected to  
satisfy the applicable standard upon the implementation 
of minimum diffuse source controls. 

Draining the Water Quality 

Location 

Pike River 
Town of Mt. Pleasant, east of 

Chicago & North Western 
right-of-way 

Town of Somers, 
east of STH 31 

Town of Somers, 
north of CTH JR 

Town of Somers, 
north of CTH A 

Town of Somers, west of 
Chicago & North Western 
right-of-way 

Town of Somers, at confluence 
with Lake Michigan 

Pike Creek 
Town of Somers, 

south of CTH A 
Town of Somers, 

north of CTH E 

Fecal Coliform: Water quality analysis areas 1 and 8 will 
not require a reduction in diffuse source loadings to 
satisfy the recreational use fecal coliform standard of 
200/400 membrane filter fecal coliform counts per 

Analysis Area 

U. S. Public 
Land Survey 
Designation 

T3N. R22E. 
Section 27 

T2N. R22E, 
Section 2 

T2N. R22E. 
Section 11 

T2N. R23E. 
Section 7 

T2N. R23 E, 
Section 18 

T2N. R23E. 
Section 19 

T2N. R22E, 
Section 3 

T2N. R22E. 
Section 10 

100 milliliters (MFFCC/100 ml) under year 2000 planned 
land use conditions with recommended point source 
controls. Analysis area 5 is expected to require a 50 per- 
cent reduction in diffuse source fecal coliform loads, and 
areas 2, 3, 4, 6, and 7 will require in excess of a 50 per- 
cent reduction to  satisfy the fecal coliform standard. 

Phosphate-Phosphorus: Under year 2000 planned land 
use conditions with recommended point source controls, 
the phosphorus standard of 0.1 mg/l is satisfied by all 
water quality analysis areas without diffuse source pollu- 
tant loading reductions. 

Un-ionized Ammonia-Nitrogen: Analyses of seasonal 
variations in estimated un-ionized ammonia-nitrogen - 
levels in the Pike River watershed indicate that the level 
of 0.02 mg/l is seldom exceeded. Diffuse source controls 
will not be necessary to satisfy the un-ionized ammonia- 
nitrogen standard in the watershed. 

Summary: Table 69 presents the general level of diffuse 
source pollutant loading reductions necessary to satisfy 
the applicable water quality standards for the Pike River 
watershed. Required reduction values are shown for each 
water quality analysis area and for each pollutant for 
which a standard has been recommended. 

Identification of Pollution Priority Problem Areas: The 
hvdrologic subbasins in the Pike River watershed were - 
classified according to  selected criteria which indicate 
the existing potential of an area to contribute diffuse 
source pollutants to surface waters. Map 24 indicates 
the areal extent of the various levels of diffuse source 
pollution potential in the watershed, and Table 70 
summarizes the areal extent and relative proportions of 
the pollution potential classifications for urban and 
rural areas. 

Table 69 

REQUIRED DIFFUSE SOURCE CONTROL LEVELS 
FOR WATER QUALITY ANALYSIS AREAS 

I N  THE PlKE RIVER WATERSHED 

a Requires reduction in benthic oxygen demand, which is expected to result 
if point source and minimum diffuse source controls are implemented. 

Water 
Quality 

Analysis 
Area 

1 
2 
3 
4 

5 
6 
7 
8 

Source: SEWRPC. 

Percent Diffuse Source Load Reduction Required 

Phosphorus 

Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 

Dissolved 
Oxygen 

~ i n i m u m ~  
~ i n i m u m ~  
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 

Fecal 
Coliform 

Minimum 
More than 50 
More than 50 
More than 50 

50 
More than 50 
More than 50 

Minimum 

Un-ionized 
Ammonia-Nitrogen 

Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
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EXPECTED WATER QUALITY STANDARD ACHIEVEMENT FOR WATER QUALITY ANALYSIS AREAS 
OF THE PIKE RIVER WATERSHED FOR ALTERNATIVE LEVELS OF WATER POLLUTION CONTROL 
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Map 24 

DIFFUSE SOURCE POLLUTION POTENTIAL IN THE PIKE RIVER WATERSHED 
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COMPARlSON OF SIMULATED WATER QUALITY 
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STREAM REACHES WlTH COMPUTED WATER 
QUALITY INDEX RATINGS - FAIR WATER QUALITY 

The hydrologic subbasins in the Pike River watershed were classified according t o  selected criteria including land use, land characteristics, storm water drainage 
systems, waste treatment systems, and the age and condition o f  the housing stock, which were taken together as an indicator of  the potential for nonpoint source 
pollution. Of the total 1,208 acres devoted t o  urban land uses in the watershed, 39 percent recorded a moderate potential rating and 61 percent a low potential 
rating for nonpoint source pollution. Of the 31,214 acres devoted t o  rural land uses in the watershed, 9 percent was estimated t o  have a very high potential, 
71 percent a moderate potential, and the remaining 20 percent a low or very low potential for rural nonpoint source pollution. Thus, as o f  1975, the Pike River 
watershed exhibited a low to  moderate potential for urban nonpoint source pollution and a moderate potential for rural nonpoint source pollution, although some 
rural areas with severe pollution potential exist. 

Source: SEWRPC. 

The pollution potential classification analysis for the area is designated by a high or very high pollution poten- 
Pike River watershed indicated relatively little variation tial rating, with nearly 90 percent of the area being 
in urban pollution potential, with all analyzed urban classified as having low or moderate potential ratings. 
areas receiving a low or moderate rating. The portion The areas of very high rural pollution potential were 
of the Village of Elmwood Park and the northernmost relatively scattered throughout the watershed. 
portion of the City of Kenosha within the watershed 
received low urban potential ratings, whereas the Village Control of Pollutant Runoff from Urban Land: Minimum 
of Sturtevant and the remaining portion of the City of and low-cost urban diffuse source pollution control 
Kenosha within the watershed were given moderate practices alonesuch as public education programs; litter 
urban potential ratings. Less than 10 percent of the rural and pet waste control; improved timing and efficiency 



Table 70 

AREAL DISTRIBUTION OF DIFFUSE 
POLLUTION POTENTIAL CLASSIFICATIONS 

WITHIN THE PlKE RIVER WATERSHED: 1975 

a The urban-rural designations represent the generalized land cover inventory results for the 
hydrologic subbasins. 

Source: SEWRPC. 

of street sweeping, leaf collection, and catch basin 
cleaning; proper use of fertilizers and pesticides; indus- 
trial and commercial material storage facilities and runoff 
control measures; and critical area protection-should 
provide a sufficient level of urban diffuse source pollu- 
tion control in the Pike River watershed. Construction 
erosion control practices and proper management of 
onsite sewage treatment systems will also be necessary 
for the abatement of diffuse source pollution. The need 
for additional urban land management practices should 
be locally investigated for water quality analysis area 8, 
which drains the northern tip of the City of Kenosha, 
if the practices identified above were not found to 
be sufficient to  meet the water quality standards. Phos- 
phorus contributions from this urban area may be of 
sufficient magnitude to significantly degrade the water 
quality of the Pike River within the City of Kenosha. 

Control of Pollutant Runoff from Rural Land: Minimum 
rural land management practices-inclusive of proper 
fertilizer and pesticide management, critical area protec- 
tion, residue management, chisel tillage, pasture manage- 
ment, and contour plowingahould be implemented to 
protect the water quality of the Pike River watershed. 
Animal waste runoff control systems, consisting of barn 
eaves troughs for storm water control, surface water 
diversions, settling basins, and holding facilities, are 
needed to sufficiently reduce pollutant loadings from 
all animal operations. In addition, those animal opera- 
tions located less than 500 feet from a stream and in 
a high or very high pollution potential area (see Map 24) 
may require manure storage through the winter in a dry 
stacking system incorporating runoff control or in 
a liquid or slurry storage system, with no winter spread- 
ing of manure in order to avoid spreading on frozen 
ground and the attendant high rates of surface runoff. 
The control of livestock waste runoff, together with 
the proper management of onsite sewage treatment 
systems, is expected to sufficiently alleviate fecal coli- 
form problems in the watershed. 

Cost Estimate: Implementation of the recommended 
diffuse source control plan would involve a total capital 

cost between 1975 and the year 2000 of $6.6 million, 
of which $6.5 million, or 99 percent, would be for 
urban practices and $94,000, or 1 percent, would be 
for rural practices, and an average annual operation and 
maintenance cost of $106,000, of which $58,000, or 
55 percent, would be for urban practices and $48,000, 
or 45 percent, would be for rural practices. The cost 
estimates for each management practice are summarized 
in Table 71. 

Rock River Watershed 
The water aualitv of the Rock River and its major tribu- L " 

taries was simulated for 214 stream reaches and their 
associated subbasins, with the results reported and 
statistically analyzed for 1 9  simulation sites under 
existing conditions and under plan year 2000 conditions 
with various levels of pollution control. The location 
of these 1 9  simulation sites and the corresponding 
tributary water quality analysis areas are shown on 
Map 25 and presented in Table 72. Model simulations 
were conducted for the Bark River, Rubicon River, and 
Turtle Creek subwatersheds as representative of the 

Table 71 

ESTIMATED COST OF DIFFUSE SOURCE 
POLLUTION CONTROL MEASURES 
FOR THE PlKE RIVER WATERSHED 

Pollution 

strial and Commerclal 

a The proper maintenance and replacement of the remaining septic tank systems 
are recommended to help improve the water quality of the Pike River water- 
shed. However, because septic tank systems management is an existing function 
necessary for the preservation of public health and the protection of private 
drinking water supplies, this cost is not included in the water quality manage- 
ment plan. The estimated expenditures for septic system management for the 
stream plan element include a capital cost over the period of 1975-2000 of 
$1,235,000, and an average annua/ operation andmaintenance cost of $34,000. 

Lowcost urban controls include pet waste and litter control; fertilizer and 
pesticide use restrictions; public education programs; improved timing and 
efficiency of street sweeping, leaf collection, and catch basin cleaning; and 
critical area protection. 

Minimum conservation practices include crop residue management, chisel 
tillage, pasture managernen t ,  con tour plowing, fertilizer and pesticide rnanage- 
ment, and critical area protection. 

Source: SEWRPC. 



Map 25 

WATER QUALITY ANALYSIS AREAS 
IN THE ROCK RIVER WATERSHED 

L E G E N D  

W A T E R  Q U A L I T Y  S I T E S  A N 0  A R E A S  - WATER QUALITY ANALYSIS AREA 
BOUNDARY AND NUMBER 

WATER QUALITY SIMULATION SITE 

WATER QUALITY SAMPLING STATION 

S E W E R  S E R V I C E  A R E A S  A N D  P R I M A R Y  
L A N D  U S E S  

LLl_i_l ~ ~ ~ ~ ~ ~ ~ D A I , " ~ ~ ~ M ~ ~ O A L  SEWER 

UNSEWERED URBAN DEVELOPMENT ZOO0 

F''RM~FDYo~N;FO"$"MENTAL 

II[I PRIME AGRICULTURAL LAND 2 0 0 0  

0 OTHER RURAL LAND 2 0 0 0  

POINT SOURCES O F  P O L L U T I O N  

EXISTING PUBLIC SEWAGE TREATMENT 

WATER 

EXISTING PUBLIC SEWAGE TREATMENT 0 6k%",LE ~%F"L'ul%T"EPo %%do 
EXISTING PUBLIC SEWAGE TREATMENT 
PLANT TO BE ABANDONED 

PROPOSED P u e L l c  SEWAGE TREATMENT 
PLANT TO DISCHARGE EFFUENT TO 
SURFACE WATER 

PROPOSED PUBLIC SEWAGE TREATMENT 

@ rk;L\NNDT TO DISCHARGE EFFLUENT TO 

$:hSJ+N",P;I$A;~T~~~$GE TREATMENT 

$~;SNT+N$oP,"&VA~~A~~~,"~DE TREATMENT 

KNOWN POINT SOURCE OF WASTEWATER 
OTHER THAN SEWAGE TREATMENT 
PLANT OR FLOW RELIEF DEVICES 

The Rock River watershed has an area of about 684 square 
miles and ranks second in size and seventh in total resident 
population of the 12 watersheds in the Region. Within the 
Rock River watershed there ere 214 identified hydrologic 
subbasins, grouped into 19 water quality analysis areas, 
each related to a water quality simulation output site. 
Also located within the watershed are 15 sites for which 
water quality sampling data were obtained as part of 
various Commission work programs. In 1975 there were 
62 point sources of water pollution-including 16 sewage 
flow relief devices not shown on this map-in the watershed 
which had to be considered in the water quality analyses 
along with the nonpoint sources. The watershed is expected 
to undergo a moderate level of urbanization over the 
planning period, since the 1970 and plan year 2000 urban 
areas comprise 10 and 16 percent of the total watershed 
area, respectively. 

Source: SEWRPC. 







Table 72 

LOCATION OF WATER QUALITY ANALYSIS AREAS 
I N  THE ROCK RIVER WATERSHED 

Source: SEWRPC. 

Water Quality 
Analysis Area 
as Presented 
on Map 25 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

middle, upper, and lower portions of the Rock River 
watershed in the Region. These simulations provided 
the basis for the analysis of the remaining areas of the 
Rock River watershed. The following discussion and 
Figures 104 through 122 present the percent of time 
the recommended water quality standards for tempera- 
ture, dissolved oxygen, un-ionized ammonia-nitrogen, 
fecal coliform, and phosphorus are met under exist- 
ing land use conditions as well as under year 2000 
planned land use conditions under various levels of 

Location of Most Downstream 
Draining the Water Quality Analysis 

Location 

Rubicon River 
A t  entrance t o  Pike Lake 

In Hartford at STH 83 

A t  confluence of Butler Creek 

Bark River 
Main stem below Hartland 
at CTH E 

Main stem at entrance t o  
Nagawicka Lake 

Main stem at entrance t o  
Crooked Lake 

Main stem above Dousman 

Main stem at STH 18 
below Utica 

Scuppernong Creek above 
W a t e ~ i l l e  Pond 

Main Stem at Waukesha- 
Jefferson County line 

Turtle Creek 
Jackson Creek Tributary 

below Elkhorn 
Jackson Creek at entrance 

t o  Delavan Lake 
Main stem at entrance t o  

Comus Lake 
Main stem below USH 14 

Main stem above confluence 
with Little Turtle Creek 

Willow Creek at confluence 
with Turtle Creek 

Little Turtle Creek 
below CTH W 

Little Turtle Creek at confluence 
with Turtle Creek 

Main stem at STH 140 

diffuse source control. 

Point 
Area 

U. S. Public 
Land Survey 
Designation 

TION, R18E. 
Section 23 

TlON, R18E. 
Section 21 

TION, R17E. 
Section 13 

T7N. R18E, 
Section 3 

T7N. R18E, 
Section 9 

T7N. R17E, 
Section 23 

T7N. R17E. 
Section 34 

T7N, R17E, 
Section 33 

T6N. R18E. 
Section 31 

T5N. R18E, 
Section 6 

TZN, R16E, 
Section 12 

TZN, R16E. 
Section 12 

T2N. R16E. 
Section 6 

T2N. R15E. 
Section 10 

T2N. R14E, 
Section 25 

T2N. R14E, 
Section 36 

T I N ,  R14E, 
Section 26 

T2N. R14E. 
Section 25 

T2N. R14E. 
Section 29 

An unnamed tributary to the east branch of the Rock 
River, Bluff Creek, and Scuppernong River is classified 
for trout fishery and aquatic life and recreational use. 
All other streams in the Rock River watershed within 
the Region are classified for warmwater fish and aquatic 
life and recreational use. 

Temperature: I t  is apparent from Figures 104 through 
122 that the temperature standard of 8 9 O ~  is satisfied 
within the Rock River watershed and that pollutant 
loading reductions have a negligible effect on tempera- 
ture. The temperature standard may be expected to  be 
exceeded less than 1 percent of the time. 

Dissolved Oxygen: In general, only minimum diffuse 
source controls will be necessary to  satisfy the warm- 
water fishery and aquatic life dissolved oxygen standard 
of 5 milligrams per liter (mg/l) within the Rock River 
watershed. However, dissolved oxygen problems are 
indicated in water quality analysis area 1 ,  which is 
drained by the Rubicon River and located downstream 
of the Slinger wastewater treatment facility; water 
quality analysis area 3, which is also drained by the 
Rubicon River and located downstream of both the 
Slinger and Hartford wastewater treatment facilities; 
analysis area 8 ,  which is drained by the Bark River and 
located downstream of the Dousman wastewater treat- 
ment facility; analysis area 11,  which is drained by 
Jackson Creek and presently located downstream of the 
existing Elkhorn wastewater treatment facility and 
industrial wastewater sources; and analysis area 17,  which 
is drained by Little Turtle Creek and located downstream 
of the Sharon wastewater treatment facility. These 
problems are probably caused by high oxygen demand 
from bottom deposits and benthic organisms, and are 
estimated to  be mainly attributable to historical and 
existing contributions from point and perhaps diffuse 
sources. Upon the control of these point sources under 
plan year 2000 conditions and the implementation of 
minimum diffuse source controls, it is expected that 
these bottom deposits will either stabilize or be assimu- 
lated by the stream system. If, following the implemen- 
tation of pollution control measures, the benthic oxygen 
demand is not  sufficiently reduced, the possibility of 
channel dredging activities should be investigated to  
facilitate the stabilization of some severe areas. Diffuse 
sources are not expected t o  cause dissolved oxygen 
problems in the portions of the Rock River watershed 
which were not simulated, although similar problems 
may occur wherever significant point source contribu- 
tions exist. 

Fecal Coliform: Water quality analysis areas 11,  12 ,  16,  
17,  and 1 8  in the Turtle Creek subwatershed, which has 
a relatively high concentration of livestock operations, 
are expected to  require an estimated 50 percent or 
higher reduction in diffuse source fecal coliform loads 
to  satisfy the recreational use fecal coliform standard 
of 200/400 membrane filter fecal coliform counts per 
100 milliliters (MFFCC/100 ml). All other analysis areas 
are expected to  satisfy the standard with minimum 
diffuse source controls. 



Figures 121-122 

EXPECTED WATER QUALITY STANDARD ACHIEVEMENT FOR WATER QUALITY ANALYSIS AREAS 
OF THE ROCK RIVER WATERSHED FOR ALTERNATIVE LEVELS OF WATER POLLUTION CONTROL 

Figure 121 Figure 122 

WATER QUALITY ANALYSISAREA 18 WATER QUALITY ANALYSIS AREA 19 
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Phosphate-Phosphorus: Following the implementation of 
the recommended point source controls, the water 
quality of the streams in the Rock River watershed 
within the Region can be expected to  satisfy the applic- Table 73 
able phosphorus standard of 0.1 mg/l with minimum 
diffuse source controls. REQUIRED DIFFUSE SOURCE CONTROL LEVELS 

FOR WATER QUALITY ANALYSIS AREAS 
Un-ionized Ammonia-Nitrogen: Analyses of seasonal IN THE ROCK RIVER WATERSHED 
variations in estimated un-ionized ammonia-nitrogen 
levels in the Rock River watershed indicate that the level 
of 0.02 mg/l is seldom exceeded. Diffuse source controls 
will not be necessary to satisfy the un-ionized ammonia- 
nitrogen standard in the watershed. 

Summary: Table 73 presents the general level of diffuse 
source pollutant loading reductions necessary to satisfy 
the applicable water quality standards for the watershed. 
Required reduction values are shown for each simulated 
water quality analysis area and for each pollutant for 
which a standard has been recommended. In general, 
only a 50 percent reduction in diffuse source fecal 
coliform loadings is required in some areas within the 
watershed. All other water quality standards are expected 
to be met without diffuse source controls. 

Identification of Pollution Priority Problem Areas: The 
hydrologic subbasins in the Rock River watershed were 
ciassified according to  selected criteria which indicate 
the existing potential of a subbasin to  contribute diffuse 
source pollutants to surface waters. Map 26 indicates 
the areal extent of the various levels of diffuse source 
pollution potential in the watershed, and Table 74 

a Requires reduction in benthic oxygen demand, which is expected to result 
summarizes the areal extent and relative proportions if poinr source and minimum diffuse source controls are implemenred. 
of the pollution potential classifications for urban and 

Water 
Quality 
Analysis 

Area 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

rural areas. Source: SEWRPC. 

Percent 

Dissolved 
Oxygen 

~ i n i m u m ~  
Minimum 
~ i n i m u m ~  
Minimum 
Minimum 
Minimum 
Minimum 
~ i n i m u m ~  
Minimum 
Minimum 
~ i n i m u m ~  
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
~ i n i m u m ~  
Minimum 
Minimum 

Load Reduction 

Un-ionized 
Ammonia-Nitrogen 

Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 

Diffuse Source 

Fecal 
Coliform 

Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 

More than 50 
More than 50 

Minimum 
Minimum 
Minimum 

50 
More than 50 

50 
Minimum 

Required 

Phosphorus 

Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 



Table 74 

AREAL DISTRIBUTION OF DIFFUSE POLLUTION 
POTENTIAL CLASSIFICATIONS WITHIN THE 

ROCK RIVER  WATERSHED:^ 1975 

Pollution 
Potential 

Classif~cation 

Very High . . 
High . . . . . 
Moderate. . . 
Low. . . . . . 
Verv Low . . 

a Includes total areas tributary to  the major lakes in the watershed. 

Total 

The urban-rural designat~ons represent the generalized land cover inventory results for the 
hydrologic subbasins. 

Source: SEWRPC. 

Urban  rea as^ 

17,482 

The pollution potential classification analysis for the 
Rock River indicated relatively little variation in urban 
pollution potential, with 95 percent of the analyzed 

Area 
(acres) 

- -  

469 
8,714 
7,855 

444 

urban areas receiving a moderate or low rating. Most of 
the urban areas of significant size outside of direct 

Percent 
of Total 

Urban Area 

- 

3 
50 
45 

2 

Rural   re as^ 

100 

drainage areas to lakes received a moderate rating, 
whereas many urban areas which surround lakes received 
a low urban pollution potential rating. The rural pollu- 
tion potential varied significantly in comparison to the 
rest of the Region. Thirty-three percent of the rural area 
is designated by a high or very high rural pollution 
potential rating, with most high potential areas located 
in the Turtle Creek and Whitewater Creek subwatersheds. 
Several lakes, including Lake Five in Washington County 
and Whitewater Lake, Comus Lake, and Lake Loraine 

Total Watershed 

Area 
(acres) 

77,578 
63,219 

146,397 
87,626 
45.147 

in Walworth County, are located in areas of high rural 
pollution potential. Areas of low rural potential exist 

Area 
(acres) 

77.578 
63,688 

155,111 
95.481 
45.591 

Percent 
of Total 

Rural Area 

18 
15 
35 
21 
11 

419,967 

in the Bark River subwatershed and in the Oconomowoc 
River subwatershed downstream of North Lake. These 
two subwatersheds also have an unusually low density 
of livestock. 

Percent 
of Total 

Warershed Area 

18 
15 
35 
22 
10 

Control of Pollutant Runoff from Urban Land: Minimum 
and low-cost urban diffuse source pollution control 

100 

practices alonesuch as public education programs; litter 
and pet waste control; improved timing and efficiency 
of street sweeping, leaf collection, and catch basin 
cleaning; proper use of fertilizers and pesticides; indus- 
trial and commercial material storage facilities and runoff 
control measures; and critical area protectionshould 
provide a sufficient level of urban diffuse source pollu- 
tion control in the Rock River watershed. Construction 

437.449 

erosion control practices and proper management of 
onsite sewage treatment systems will also be necessary 
for the abatement of diffuse source pollution. 

100 

Control of Pollutant Runoff from Rural Land: Minimum 
rural land management practices-inclusive of proper 
fertilizer and pesticide management, critical area protec- 
tion, residue management, chisel tillage, pasture manage- 
ment, and contour plowingshould be implemented to 

protect the water quality of the Rock River watershed. 
Animal waste runoff control systems, consisting of barn 
eaves troughs for storm water control, surface water 
diversions, settling basins, and holding ponds, are needed 
to sufficiently reduce pollutant loadings from all animal 
operations. In addition, those animal operations located 
less than 500 feet from a stream and in a high or very 
high pollution potential area (see Map 26) may require 
manure storage through the winter in a dry stacking 
system incorporating runoff control or in a liquid or 
slurry storage system, with no winter spreading of 
manure in order to avoid spreading on frozen ground 
and the attendant high rates of surface runoff. The 
control of livestock waste runoff, together with the 
management of septic tank systems and the provision 
of sanitary sewer service where needed, is expected to  
sufficiently alleviate the fecal coliform problems in 
the watershed. 

Cost Estimate: Implementation of the recommended 
diffuse source control plan would involve a total capital 
cost between 1975 and the year 2000 of $27.4 million, 
of which $22.6 million, or 82 percent, would be for 
urban practices and $4.9 million, or 1 8  percent, would 
be for rural practices, and an average annual operation 
and maintenance cost of $888,000, of which $197,000, 
or 22 percent, would be for urban practices and 
$691,000, or 78 percent, would be for rural practices. 
The cost estimates for each management practice are 
summarized in Table 75. 

Table 75 

ESTIMATED COST OF DIFFUSE SOURCE 
POLLUTION CONTROL MEASURES 

FOR THE ROCK RIVER WATERSHED 

Industrial and Commercial 
Material Storage Facilities and 
Runoff Control Measures . . . . . . . . . . . 

a The proper maintenance and replacement o f  the remain~ng septic tank systems are recom- 
mended to  help improve the water quality o f  the Rock River watershed. However, because 
septic tank system management is an existing function necessary for the preservation 
o f  public health and the protection o f  private drinking water supplies, this cost is not  
included in the water quality management plan. The estimated expenditures for septic 
system management for the stream plan element include a capital cost over the period 
o f  1975-2000 o f  $1,539,000, and an average annual operation and maintenance cost 
of $335,000. 

Lowcost urban controls include pet waste and litter control; fertilizer and pesticide use 
restrictions;public education programs; improved timing and efficiency o f  street sweeping, 
leaf collection, and catch basin cleaning; and critical area protection. 

Minimum conservation practices include crop residue management, chisel tillage, pas- 
ture management, contour plowing, fertilizer and pesticide management, and critical 
area protection. 

Source: SEWRPC. 



Map 26 

DIFFUSE SOURCE POLLUTION POTENTIAL IN THE ROCK RIVER WATERSHED 





Root River Watershed 
The water quality of the Root River and its major tribu- 
taries was simulated for 136 stream reaches and their 
associated subbasins, with the results reported and 
statistically analyzed for 1 6  simulation sites under 
existing conditions and under plan year 2000 conditions 
with various levels of pollution control. For most of the 
watershed, the national goals of water quality suitable 
to  support a warmwater fishery and recreational use 
are achievable. The simulation model studies have indi- 
cated, however, that i t  may not be possible to  achieve the 
water quality standards associated with the warmwater 
fishery and aquatic life and recreational use objectives 
in the Root River Canal even with extensive point and 
diffuse source controls, and therefore the Canal is clas- 
sified for limited fishery and aquatic life and limited 
recreational use. Existing and historical point and diffuse 
sources of pollution have severely polluted the Root 
River Canal. The sediments which have been deposited 
in the canals are believed to  exert a high oxygen demand. 
The Commission analyses and the calibration and use of 
the water quality simulation model relied upon the 
calibration data obtained from water quality sampling 
under these severely polluted conditions. Because of the 
poor existing water quality of the canals and the critical 
role of these in-place pollutants, i t  is not  possible to  
predict precisely the extent to  which future achievement 
of the desired water quality goals may be achieved. While 
it is expected that these pollutant-rich sediments will 
either flush out of the stream system or stabilize, the 
rate and extent to which these factors will affect water 
quality are unknown. In view of this condition, further 
analyses should be conducted t o  determine whether 
or not a higher level of water use objectives could be 
achieved. This further analysis will most suitably be 
conducted following implementation of the point source 
controls recommended in the Root River Canal sub- 
regional area discussion, and the diffuse source controls 
discussed below. Although six simulation sites were 
located on the Root River Canal, model simulation 
results are presented in this section only for the most 
downstream simulation site. The location of this simula- 
tion site and the remaining 1 0  simulation sites within the 
Root River watershed, and the corresponding tributary 
water quality analysis areas, are shown on Map 2'7 and 
presented in Table 76. For the Root River watershed, 
the following discussion and Figures 123  through 133 
present the percent of time the recommended water 
quality standards for temperature, dissolved oxygen, 
unionized arnmonia-nitrogen, fecal coliform, and phos- 
phorus are met under existing land use conditions as 
well as under year 2000 planned land use conditions 
with point source controls only, and with point source 
controls coupled with a 25 or 50 percent reduction in 
diffuse source pollutant loadings. 

The comprehensive plan for the Root River watershed, 
as documented in SEWRPC Planning Report No. 9,  
recommends the construction of a 660-acre multipurpose 
reservoir at  the confluence of the Root River and the 
Root River Canal in the City of Franklin, Milwaukee 
County. However, analyses conducted under the area- 
wide water quality management planning program and 
documented in Volume Three, Chapter I1 of this report 

LOCATION OF WATER QUALITY ANALYSIS AREAS 
I N  THE ROOT RIVER WATERSHED 

Water Quality 
Analysis Area 
as Presented 
on Map 27 

Location of Most Downstream Point 
Draining the Water Quality Analysis Area I 

Location 

U. S. Public 
Land Survey 
Designation 

Root River 
Village of Greendale, east of 

Hales Corners Airport 
City of Franklin, north of 

Ryan Road 
City of Franklin, south of 

STH 100 
Town of Caledonia, 

east of Caddy Vista 
Town of Caledonia, 

east of STH 38 
City of Racine, north of 

intersection between 
STH 38 and CTH MM 

City of Racine, at confluence 
with Lake Michigan 

Hoods Creek 
Town of Mt.  Pleasant, 

south of CTH K 
Town of Caledonia, 

east of STH 38 

Root  River Canal 
City of Franklin, west of 
S. 60th Street, south of 
W. Oakwood Road 

Tess Corners Creek 
Village of Greendale, 
east of Whitnall Park 

T5N. R21E. 
Section 4 

T5N, R21 E, 
Section 22 

T5N. R21E. 
Section 34 

T4N. R22E. 
Section 3 

T4N. R22E, 
Section 26 

T3N, R23E, 
Section 6 

T3N, R23E. 
Section 9 

T3N, R22E, 
Section 4 

T4N. R22E. 
Section 26 

T5N. R21 E, 
Section 34 

T5N. R21 E, 
Section 4 

Source: SEWRPC. 

indicated that such a reservoir would be expected to  
exhibit significant water quality problems necessitating 
costly water quality management measures. It was, 
therefore. concluded that the construction of the 

~ 3 

proposed reservoir should be reconsidered by the Root 
River Watershed Committee. The analyses presented in 
this section, therefore, assume that the reservoir would 
not be constructed during this plan period. 

Temperature: I t  is apparent from Figures 123 through 
133  that the temperature standard of 8 9 ' ~  is expected 
to  be met within the Root River watershed and that 
pollutant loading reductions have a negligible effect on 
temperature. The temperature standard may be expected 
to  be exceeded less than 1 percent of the time. 

Dissolved Oxygen: Under plan year 2000 conditions, 
dissolved oxygen problems are indicated in water quality 
analysis areas 5 and 6. The dissolved oxygen problem 
in analysis area 5, which is drained by the Root River 
Canal, is attributed to extreme point source loads to the 
Canal under existing conditions, and the problem in 
analysis area 6 is apparently caused by inflow of poor 



Map 27 

WATER QUALITY ANALYSIS AREAS IN THE ROOT RIVER WATERSHED 

The Root River watershed has an area of 197 square miles and ranks fourth in size and sixth in total resident population of the 12 watersheds in the Region. Within 
the Root River watershed there are 136 identified hydrologic subbasins grouped into 16 water quality analysis areas, each related to a water quality simulation 
output site. Also located within the watershed are six sites for which water quality sampling data were obtained as part of various Commission work programs. In 
1975 there were 90 point sources of water pollution-including 61 sewage flow relief devices not shown on this map-in the watershed which had t o  be considered 
in the water quality analyses along with the nonpoint sources. The watershed is expected to undergo a moderate level of urbanization over the planning period, 
since the 1970 and plan year 2000 urban areas comprise 26 and 31 percent of the total watershed area, respectively. 

Source: SEWRPC. 



Figures 123-131 

EXPECTED WATER QUALITY STANDARD ACHIEVEMENT FOR WATER QUALITY ANALYSIS AREAS 
OF THE ROOT RIVER WATERSHED FOR ALTERNATIVE LEVELS OF WATER POLLUTION CONTROL 

Figure 123 

WATER QUALITY ANALYSIS AREA 1 

Figure 124 

WATER QUALITY ANALYSIS AREA 2 

Figure 125 

WATER QUALITY ANALYSIS AREA 3 
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WATER QUALITY ANALYSIS AREA 7 

Figure 130 

WATER QUALITY ANALYSIS AREA 8 
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WATER QUALITY ANALYSIS AREA 9 
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Figures 132-133 

EXPECTED WATER QUALITY STANDARD ACHIEVEMENT FOR WATER QUALITY ANALYSIS AREAS 
OF THE ROOT RIVER WATERSHED FOR ALTERNATIVE LEVELS OF WATER POLLUTION CONTROL 

Figure 132 Figure 133 
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quality water from the Root River Canal to the Root 
River main stem. Upon the implementation of recom- 
mended measures in the Root River Canal subwatershed, 
dissolved oxygen levels in analysis area 5 are expected to 
satisfy the desired standard for the support of a limited 
fishery. The satisfaction of the dissolved oxygen standard 
for the support of a warmwater fishery in analysis area 6 
is contingent on the effectiveness of pollution abatement 
measures to increase dissolved oxygen levels in the inflow 
from the Root River Canal. If the dissolved oxygen levels 
in the Root River Canal cannot be sufficiently increased 
by the measures recommended in this plan, then instream 
aeration at the lower end of the Root River Canal should 
be considered, as should dredging of in-place pollutants 
in the canals to  meet the dissolved oxygen standard in the 
Root River main stem. Additional diffuse source control 
in water quality analysis area 6 is not expected to  be 
required to satisfy the dissolved oxygen standard. 

Fecal Coliform: The water quality analysis areas which 
contain significant urban areas-areas 1, 2, 3 4. 10. and 
11-d analysis area 5, which is drained. by the koot 
River Canal, are expected to require a 50 percent or 
greater reduction in diffuse source fecal coliform loads to 
satisfy the fecal coliform standard of 200/400 membrane 
filter fecal coliform counts per 100 milliliters (MFFCC/ 
100 ml). All other water quality analysis areas within the 
Root River watershed-xcept analysis area 8-may be 
expected to satisfy the fecal coliform standard without 
diffuse source controls. Area 8 requires a 25 percent 
reduction in order to satisfy the fecal coliform standard. 

Phosphate-Phosphorus: As with fecal coliform, those 
water quality analysis areas which contain significant 
urban areas-areas 1, 2, 3, 4, 10, and 11-will require at 

least a 25 percent diffuse source control to  satisfy the 
phosphorus standard of 0.1 milligram per liter (mg/l) at 
least 90 percent of the time. The analyses also indicate 
that a phosphorus standard cannot be met in analysis 
area 6 unless diffuse source phosphorus loads in the Root 
River Canal, which drains analysis area 5, are reduced by 
50 to 75 percent. Therefore, diffuse source controls are 
required to reduce phosphorus in analysis area 5, even 
though no phosphorus standard applies to  the Root River 
Canal. No additional controls are needed in analysis 
area 6. Analysis areas 7, 8, and 9 may be expected to  
satisfy the standard at least 90 percent of the time 
without diffuse source controls assuming the recom- 
mended point source controls are implemented. 

Un-ionized Ammonia-Nitrogen: Analyses of seasonal 
variations in estimated un-ionized ammonia-nitrogen 
levels in the Root River watershed indicate that the levels 
of 0.02 mg/l in most of the watershed and 0.2 mg/l in the 
Root River Canal should seldom be exceeded. Diffuse 
source controls are not indicated to  be necessary to  
satisfy the un-ionized ammonia-nitrogen standard in 
the watershed. 

Summary: Table 77 presents the general level of diffuse 
source pollutant loading reductions and bottom oxygen 
demand reductions necessary to satisfy the applicable 
water quality standards for the Root River watershed. 

- -- - 
Required reduction values are shown for each water 
quality analysis area and for each pollutant for which 
a standard has been recommended. In general, a 50 per- 
cent or greater reduction in diffuse source fecal coliform 
and phosphate-phosphorus loads are required in the 
urban areas of the Root River watershed, and a 50 per- 
cent reduction in fecal coliform loads and a 50 to  



Table 77 Table 78 

REQUIRED DIFFUSE SOURCE CONTROL LEVELS 
FOR WATER QUALITY ANALYSIS AREAS 

IN THE ROOT RIVER WATERSHED 

AREAL DISTRIBUTION OF DIFFUSE POLLUTION 
POTENTIAL CLASSIFICATIONS WITHIN 
THE ROOT RIVER WATERSHED: 1975 

Water 
Quality 
Analysis 

Area 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  

a The urban-rural designations represent the generalized land cover inventory results for the 
hydrologic subbasins. 

Pollution 
Potential 

Class~f~cat~on 

Very Hfgh . . 
High . . . . 
Moderate. . . 
Low. . . . 
Very Low . . 

Total 

Percent Diffuse Source Load Reduction Required 

Source: SEWRPC. 

Dissolved 
Oxygen 

Minimum 
Minimum 
Minimum 
Minimum 
~ i n i m u m ~  
~ i n i m u m ~  
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 

a Assumes at least a 75percent reduction in benthic oxygen demand, 

Requires reduction in organic and diffuse source phosphorus loads from 
the Root River Canal, expected to result from implementation of measures 
recommended for that subwatershed. 

Urban   re as^ 

Fecal 
Coliform 

More than 50 
More than 50 
More than 50 
More than 50 

50 
Minimum 
Minimum 

25 
Minimum 

More than 50 
More than 50 

Although no phosphorus standard has been recommended for the Root 
River Canal, which drains analysis area 5, phosphorus reductions are 
needed to permit the Root River main stem downstream of the confluence 
with the Canal to meet the phosphorus standard. 

Area 
(acres) 

- -  

130 
15,596 
5,524 

919 

22,169 

Source: SEWRPC. 

Percent 
of Total 

Urban Area 

- -  

1 
70 
25 
4 

100 

Rural  rea as^ 

Un-ionized 
Ammonia-Nitrogen 

Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 
Minimum 

rating, with these areas scattered throughout the water- 
shed. In general, the northern half of the watershed has 
a lower rural pollution potential rating than does the 
southern half. 

Area 
(acres) 

11,958 
4,964 

55,431 
19,817 
11,658 

103,828 

Total Watershed 

Phosphorus 

25  
More than 50 

50  
More than 50 

50  t o  75' 
~ i n i m u m ~  
Minimum 

Minimum 
Minimum 

More than 50 
More than 50 

75 percent reduction in phosphorus loads is required 
for the Root River Canal drainae area. In addition. 

Percent 
of Total 

Rural Area 

12 
5 

53 
19 
11 

100 

Area 
(acres) 

11,958 
5,094 

71,027 
25,341 
12,577 

125,997 

- 
a significant reduction in bottom oxygen demand is 
required in the Root River Canal. 

Percent 
of Total 

Watershed Area 

10 
4 

56 
20 
10 

100 

Identification of Pollution Priority Problem Areas: The 
hydrologic subbasins in the Root River watershed were 
classified according to selected criteria which indicate the 
existing potential of a subbasin to contribute diffuse 
source pollutants to  surface waters. Map 28 indicates the 
areal extent of the various levels of diffuse source pollu- 
tion potential in the watershed, and Table 78 summarizes 
the areal extent and relative proportions of the pollution 
potential classifications for urban and rural areas. 

The pollution potential classification analysis for the 
Root River watershed indicated relatively little variation 
in urban pollution potential, with 70 percent of the 
analyzed urban areas receiving a moderate rating. Several 
areas of high urban pollution potential were located 
in the portion of the City of Racine within the water- 
shed. The rural pollution potential varied significantly 
in comparison to the rest of the Region. The rural 
analysis indicated that 1 7  percent of the rural area 
is designated by a high or very high pollution potential 

Control of Pollutant Runoff from Urban Land: Minimum 
and low-cost urban diffuse source pollution control 
practicessuch as public education programs; litter and 
pet waste control; improved timing and efficiency of 
street sweeping, leaf collection, and catch basin cleaning; 
proper use of fertilizers and pesticides; industrial and 
commercial material storage facilities and runoff control 
measures; and critical area protectionshould be imple- 
mented in the entire Root River watershed. Construction 
erosion control practices and proper management of 
onsite sewage treatment systems will also be necessary 
for the abatement of diffuse source pollution. 

These low-cost and minimum urban practices alone, 
however, are not anticipated to  provide a sufficient level 
of urban diffuse source pollution control for the Root 
River watershed. Many other measures will need to  be 
instituted, including improved street sweeping practices, 
with improved vacuum sweepers and increased sweeping 
frequencies, along with supporting parking ordinances; 
improved street maintenance and refuse collection and 
disposal; improved and more frequent leaf collection with 
vacuum sweepers; increased catch basin cleaning in 
existing areas; and streambank protection measures. 



Map 28 

DIFFUSE SOURCE POLLUTION POTENTIAL IN THE ROOT RIVER WATERSHED 

The hydrologic subbasins in the Root River watershed were classified according to selected criteria including land use, land characterisr~cs, storm water drainage 

systems, waste treatment systems, and the age and condition of the housing stock, which were taken together as an indicator of the potential for nonpoint source 
pollution. Of the total 22,169 acres devoted to urban land uses in the watershed, 70 percent recorded a moderate potential rating for nonpoint source pollution, 
with nearly all of the remaining area recording a low or very low rating. Of the 103,828 acres devoted to rural land uses in the watershed, 17 percent was estimated 
to have a high or very high potential, 53 percent a moderate potential, and the remaining 30 percent a low or very low potential for rural nonpoint source pollution. 
Thus, as of 1975, the Root River watershed exhibited a moderate potential for both urban and rural nonpoint source pollution. 

Source: SEWRPC. 



Control of Pollutant Runoff from Rural Land: Minimum 
rural land management practices-inclusive of proper 
fertilizer and pesticide management, critical area pro- 
tection, residue management, chisel tillage, pasture 
management, and contour plowingshould be imple- 
mented to protect the water quality of the Root River 
watershed. Animal waste runoff control systems, con- 
sisting of barn eaves troughs for storm water control, 
surface water diversions, settling basins, and holding 
ponds, are needed to control pollutant loadings from all 
animal operations. In addition, those animal operations 
located less than 500 feet from a stream and in high or 
very high pollution potential areas (see Map 28) may 
require manure storage through the winter in a dry 
stacking system incorporating runoff control or in 
a liquid or slurry storage system, with no winter spread- 
ing of manure in order to avoid spreading on frozen 
ground and the attendant high rates of surface runoff. 
In the Root River Canal drainage area, additional con- 
servation practices, such as crop rotation, contour 
strip-cropping, grass waterways, diversions, wind erosion 
controls, streambank protection measures, vegetative 
buffer strips, and terraces, are also expected- to  be 
required to reduce phosphorus runoff and thereby enable 
the Root River main stem to satisfy the phosphorus 
standard. These additional practices are generally not 
thought to be needed in the other areas of the watershed. 
As with urban diffuse source controls, only minimum 
rural diffuse source controls should be initially applied, 
with the need for additional controls to be reevaluated 
following point source control implementation. 

Table 79 

ESTIMATED COST OF DIFFUSE SOURCE POLLUTION 
CONTROL MEASURES FOR THE ROOT RIVER WATESHED 

I Estimated Cost 1 
Average Annual 
Operation and 

Diffuse Source 
Pollution 

Control Measures 

Urban 
Septic System ~ a n a g e m e n t ~  . . . . . . . . . . . 
Low-Cost Urban Diffuse Source ~ o n t r o l s ~ .  . . 
Industrial and Commercial 

Material Storage Fac~lities and 
Runoff Control Measurer . . . . . . . . . . . . 

Additional Urban Diffuse Source controlsC . . 
Construction Erosion Control Practices. . . . . 

Subtotal 

Rural 
Minimum Conservation practicerd. . . . . . . . 
Add~tional Conservation practicese . . . . . . . 
L~vestock Waste Control . . . . . . . . . . . . 

Subtotal 1 $ 1,748,000 1 $ 290,000 

Total 1 $15,932,000 1 $1,977,000 

Total 
Capltal 

(1975-2000) 

$ - -  
Minimal 

1,727,000 
1,606,000 

10,851,000 

$14,184,000 

24,000 
674,000 

1,054,000 

a The proper maintenance and replacement o f  the remaining septic tank systems are recom- 
mended to  help improve the water quality o f  the Root River watershed. However, because 
septic rank systems management ts an existing function necessary for the preservation 
o f  public health and the protection o f  private drinking water supplies, this cost is not  
included in  the Water quality management plan. The estimated expenditures for septic 
system management for the stream plan element include a capital cost over the period 
o f  7975-2000 o f  $6,764,000, and an average annual operation and maintenance cost 
o f  $778,000. 

Lowcosr urban practices include pet waste and litter control; fertilizer and pesticide use 
restrictions; public education programs; improved timing and efficiency o f  street sweep- 
ing, leaf collection, and catch basin cleaning; and critical area protection. 

Additional urban diffuse source controls necessary to  achieve a 5 0  percent reduction in 
urban diffuse source loads include increased street sweeping, improved street maintenance 

Cost Estimate: Implementation of the recommended and refuse collection and disposal, streambank protection measures, increased catch basin 

diffuse Source control plan would involve a t0td Capital cleaning, and increased leaf and vegetah'on debris collection and disposal. 

cost between 1975 and the year 2000 of $15.9 miliion, d ~ i n i m u m  conservation practices include crop residue management, chisel tillage, pas- 

of which $14.2 million, or 89 percent, would be for tore management, contour plowing, fertilizer and pesticide management, and critical 
area protection. urban practices and $1.7 million, or 11 percent, would 

be for rural practices, and an average annual operation 
and maintenance cost of $2.0 million, of which $1.7 mil- 
lion, or 85 percent, would be for urban practices and 
$290,000, or 1 5  percent, would be for rural practices. 
The cost estimates for each management practice are 
summarized in Table 79. 

Sauk Creek Watershed: The water quality of Sauk Creek 
and its major tributaries was simulated for 35 stream 
reaches and their associated subbasins, with the results 
reported and statistically analyzed for four simulation 
sites under existing conditions and under plan year 2000 
conditions with various levels of pollution control. The 
location of these four simulation sites and the corres- 
ponding tributary water quality analysis areas are shown 
on Map 29 and presented in Table 80. The following 
discussion and Figures 134 through 137 present the 
percent of time the recommended water quality standards 
for temperature, dissolved oxygen, un-ionized ammonia- 
nitrogen, fecal coliform, and phosphorus are met under 
existing land use conditions as well as under year 2000 
planned land use conditions. Sauk Creek is classified for 
warmwater fishery and aquatic life and recreational use. 

Additional conservation practices necessary to  achieve a further 50 percent reduction 
in  rural land runoff  loads include crop rotation, contour stripcropping, grass waterways, 
divenions, wind erosion controls, terraces, streambank protection, and vegetative buffer 
strips. These practices are recommended only in the Root River Canal drainage area. 

Source: SEWRPC. 

Temperature: It is apparent from Figures 134 through 
137 that the temperature standard of 8g°F is satisfied 
within the Sauk Creek watershed and that pollutant 
loading reductions have a negligible effect on tempera- 
ture. The temperature standard may be expected to  
be exceeded less than 1 percent of the time. 

Dissolved Oxygen: No diffuse source controls will be 
necessary to  satisfy the warmwater fishery and aquatic I 
life dissolved oxygen standard of 5 milligrams per liter 
(mg/l) within the Sauk Creek watershed. I 
Fecal Coliform: All water quality analysis areas within 

I 

the Sauk Creek watershed may be expected to satisfy a 
fecal coliform standard of 200/400 membrane filter fecal 
coliform counts per 100 milliliters (MFFCC/100 ml) 1 
under an expected approximate diffuse source pollutant 
loading reduction of 50 percent. 

I 



WATER QUALITY ANALYSIS AREAS 
IN THE SAUK CREEK WATERSHED 
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WATER QUALITY 
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0 OTHER RURAL LAND 
2 0 0 0  

POINT SOURCES O F  P O L L U T I O N  

EXISTING PRIVATE SEWAGE 
TREATMENT PLANT TO BE 
RETAINED 

KNOWN POINT SOURCE OF 
WASTEWATER OTHER THAN 
SEWAGE TREATMENT PLANT 
OR FLOW RELIEF DEVICES 

The Sauk Creek watershed has an area of 34 square miles and ranks ninth in 

size and eleventh in total resident population of the 12 s in the 
Region. Within the Sauk Creek watershed there are 35 i d e n i i M  hydrologic 
subbasins grouped into four water quality analysis areas, each related to 
a water quality simulation output site. Also located within the watershed are 
two sites for which water quality sampling data were obtained as part of 
various Commission work programs. In 1975 there were five point sources 
of water pollution-including two sewage flow relief devices not shown on 
this map-in the watershed which had to be considered in the water quality 
analyses along with the nonpoint sources. The watershed is expected to 
undergo only slight urbanization over the planning period, since the 1970 
and plan year 2000 urban areas comprise 9 and 11 percent of the total 
watershed area, respectively. 

Source: SEWRPC 

Phosphate-Phosphorus: Sauk Creek will satisfy the 
phosphorus standard of 0.1 mg/l at least 90 percent of 
the time without diffuse source controls. 

Un-ionized Ammonia-Nitrogen: Analyses of seasonal 
variations in estimated un-ionized ammonia-nitrogen 
levels in the Sauk Creek watershed indicate that the level 
of 0.02 mg/l should seldom be exceeded. Diffuse source 
controls should not be necessary to  satisfy the un-ionized 
ammonia-nitrogen standard in the watershed. 

Summary: Table 81 presents the general level of diffuse 
source pollutant loading reductions and bottom oxygen 
demand reductions necessary to satisfy the applicable 

Table 80 

LOCATION OF WATER QUALITY ANALYSIS AREAS 
IN THE SAUK CREEK WATERSHED 

Location of Most Downstream Point 

Water Quality 
Draining the Water Quality Analysis Area 

Analysis Area 
as Presented Land Survey 
on Map 29 Location Designation 

Sau k Creek 
Town of Belgium, east of CTH B 

Town of Belgium, 
west of CTH KW 

Town of Port Washington, 
west of STH 84 

City of Port Washington, 
south of STH 32 

T12N, R22E. 
Section 20 

T12N, R22E, 
Section 21 

T l l  N, R22E, 
Section 16 

T l l N ,  R22E. 
Section 28 

Source: SEWRPC. 

Table 81 

REQUIRED DIFFUSE SOURCE CONTROL LEVELS 
FOR WATER QUALITY ANALYSIS AREAS 

IN THE SAUK CREEK WATERSHED 

Source: SEWRPC. 

Water 
Quality 
Analysis 

Area 

1 
2 
3 
4 

water quality standards for the Sauk Creek watershed. 
Required reduction values are shown for each water 
quality analysis area and for each pollutant for which 
a standard has been recommended. In general, only 
a 50 percent reduction in diffuse source fecal coliform 
loadings is required in the watershed. All other water 
quality standards are met without diffuse source controls. 

Identification of Pollution Priority Problem Areas: The 
hydrologic subbasins in the Sauk Creek watershed were 

Percent Diffuse Source Load Reduction Required 

classified according to selected criteria which indicate 
the existing potential of a subbasin t o  contribute diffuse 
source pollutants to  surface waters. Map 30 indicates the 
areal extent of the various levels of diffuse source pollu- 
tion potential in the watershed, and Table 82 summarizes 
the areal extent and relative proportions of the pollution 
potential classifications for urban and rural areas. 

Dissolved 
Oxygen 

Minimum 
Minimum 
Minimum 
Minimum 

The pollution potential classification analysis for the 
Sauk Creek watershed indicated relatively little variation 
in urban pollution potential, with 95 percent of the 
analyzed urban area receiving a moderate rating. The 

151 

Fecal 
Coliform 

50 
50 
50 
50 

Un-ionized 
Ammonia-Nitrogen 

Minimum 
Minimum 
Minimum 
Minimum 

Phosphorus 

Minimum 
Minimum 
Minimum 
Minimum 



Figures 134-137 

EXPECTED WATER QUALITY STANDARD ACHIEVEMENT FOR WATER QUALITY ANALYSIS AREAS 
OF THE SAUK CREEK WATERSHED FOR ALTERNATIVE LEVELS OF WATER POLLUTION CONTROL 

Figure 134 Figure 135 Figure 136 

WATER QUALITY ANALYSIS AREA 1 WATER QUALITY ANALYSIS AREA 2 WATER QUALITY ANALYSIS AREA 3 

Figure 137 

WATER QUALITY ANALYSIS AREA 4 
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urban pollution potential analysis consisted of the 
portion of the City of Port Washington within the water- 
shed. Eleven percent of the rural area is designated by 
a high or very high pollution potential rating, with 
87 percent of the area being classified as having a low 
or moderate potential rating. 

MAXIMUM ' MlN,M"M 

Control of Pollutant Runoff from Urban Land: Minimum 
and low-cost urban diffuse source pollution control 

M i F C C  MAXtMUM 

...... -- 
WARMWATER ? # S H E - "  A N " A O " A T 8 C t  8FE AND mscmEA780NAL USE 

cleaning; proper use of fertilizers and pesticides; indus- 
trial and commercial material storage facilities and runoff 
control measures; and critical area protectionshould 
provide a sufficient level of urban diffuse source pollu- 
tion control in the Sauk Creek watershed. Construction 
erosion control practices and proper management of 
onsite sewage treatment systems will also be necessary 
for the abatement of diffuse source pollution. 

practices alonesuch as public education programs; litter Control of Pollutant Runoff from Rural Land: Minimum 
and pet waste control; improved timing and efficiency rural land management practices-inclusive of proper 
of street sweeping, leaf collection, and catch basin fertilizer and pesticide management, critical area protec- 



Map 30 I able 82 

DIFFUSE SOURCE POLLUTION POTENTIAL 
IN THE SAUK CREEK WATERSHED 
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INDEX RATINGS - POOR WATER OUALITI  - FAIR WATER OUALITY 

The hydrologic subbasins in the Sauk Creek watershed were classified 
according to  selected criteria including land use, land characteristics, storm 
water drainage systems, waste treatment systems, and the age and condition 
of the housing stock, which were taken together as an indicator of the 
potential for nonpoint source pollution. Of the approximately 861 acres 
devoted to urban land uses in the watershed, 5 percent recorded a very high 
potential rating for nonpoint source pollution, with the remaining area 
recording a moderate rating. Of the 21,233 acres devoted to rural land uses 
in the watershed, 11 percent was estimated to have a high or very high 
potential, 23 percent a moderate potential, and the remaining 66 percent 
a low or very low potential for nonpoint source pollution. Thus, as of 1975, 
the Sauk Creek watershed exhibited a moderate potential for urban non- 
point source pollution and a moderate to low potential for rural nonpoint 
source pollution. 

Source: SEWRPC. 

tion, residue management, chisel tillage, pasture manage- 
ment, and contour plowingahould be implemented t o  
protect the water quality of Sauk Creek. Animal waste 
runoff control systems, consisting of barn eaves troughs 
for storm water control, surface water diversions, settling 

AREAL DISTRIBUTION OF DIFFUSE POLLUTION 
POTENTIAL CLASSIFICATIONS WITHIN THE 

SAUK CREEK WATERSHED: 1975 

a The urban-rural designations represent the generalized land cover inventory 
hydrologic subbasins. 

results for the 

Source: SEWRPC. 

basins, and holding ponds, are needed to sufficiently 
reduce pollutant loadings from all animal operations. 
In addition, those animal operations located less than 
500 feet from a stream and in high or very high pollution 
potential areas (see Map 30) require manure storage 
through the winter in a dry stacking system incorporating 
runoff control or in a liquid or slurry storage system, 
with no winter spreading of manure in order to avoid 
spreading on frozen ground and the attendant high rates 
of surface runoff. The control of livestock waste runoff 

) is expected to sufficiently alleviate fecal coliform prob- 
lems in the watershed. 

Cost Estimate: Implementation of the recommended 
diffuse source control plan would involve a total capital 
cost between 1975 and the year 2000 of $1.5 million, 
of which $601,000, or 40 percent, would be for urban 
practices and $902,000, or 60 percent, would be for 
rural practices, and an average annual operation and 
maintenance cost of $105,000, of which $11,000, 
or 10 percent, would be for urban practices and $94,000, 
or 90 percent, would be for rural practices. The cost 
estimates for each management practice are summarized 
in Table 83. 

Sheboygan River Watershed 
The water quality of the Sheboygan River and its inajor 
tributaries was simulated for 18  stream reaches and their 
associated subbasins, with the results reported and 
statistically analyzed for 4 simulation sites under existing 
conditions and under plan year 2000 conditions with 
various levels of pollution control. The location of these 
4 simulation sites and the corresponding tributary water 
quality analysis areas are shown on Map 31 and pre- 
sented in Table 84. The following discussion and Figures 
138 through 141 present the percent of time the rec- 
ommended water quality standards for temperature, 
dissolved oxygen, un-ionized ammonia-nitrogen, fecal 
coliform, and phosphorus are met under existing land 
use conditions as well as under year 2000 planned land 
use conditions with recommended point source controls. 
All streams in the Sheboygan River watershed within the 
Region are classified for warmwater fishery and aquatic 
life and recreational use. 



Table 83 

ESTIMATED COST OF DIFFUSE SOURCE POLLUTION 
CONTROL MEASURES FOR THE SAUK CREEK WATERSHED 

Industrial and Commercial 
Material Storage Facilities and 

a The proper maintenance and replacement o f  the remaining septic tank systems 
are recommended to help improve the water quality of  Sauk Creek. However, 
because septic tank systems management is an existing function necessary for 
the preservation o f  public health and the protection of private drinking water 
supplies, this cost is not included In the water quality management plan. The 
estimated expenditures for septic system management for the stream plan 
element include a capital cost over the period o f  1975-2000 of $398,000, and 
an average annual operation and maintenance cost o f  $12,000. I 

Lowsost urban controls include pet waste and litter control; fertilizer and 
pesticide use restrictions; public education programs; improved timing and 
efficiency o f  street sweeping, leaf collection, and catch basin cleaning; and 
critical area protection. 

Minimum conservation practices include crop residue management, chisel 
tillage, pasture management, con tour plowing, fertilizer and pesticide manage- 
ment, and critical area protection. 

Source: SEWRPC. 

Table 84 

LOCATION OF WATER QUALITY ANALYSIS AREAS 
IN THE SHEBOYGAN RIVER WATERSHED 

Map 31 

Water Quality 
Analysis Area 
as Presented 
on Map 31 

1 

2 

4 

WATER QUALITY ANALYSIS AREAS 
IN THE SHEBOYGAN RIVER WATERSHED 

* R * P W , C  S C A L E  

Location o f  Most Downstream Point 
Draining the Water Quality Analysis Area 

LEGEND 

Location 

Sheboygan County 

Belgium Creek 
Town of Holland, 

north of CTH K 

Onion River 
Town of Holland, 

east o f  CTH KW 
Town of Holland, 

north of CTH 144 
Town of Holland, 

north o f  CTH D 

WATER QUALITY SITES AND AREAS 

7 WATER QUALITY ANALYSIS AREA BOUNDARY AND NUMBER 

WATER QUALITY SIMULATION SITE 

A WATER QUALITY SAMPLING STATION 
SEWER SERVICE AREAS AND PRIMARY LAND USES 

U. S. Public 
Land Survey 
Designation 

T13N, R21 E, 
Section 34 

T13N, R21 E, 
Section 34 

T13N, R21 E, 
Section 27 

T13N. R21 E, 
Section 22 

XlSTlNO SEWER SERVICE AREA I975 - SEPARATE 

/ PROPOSED INCREMENTAL SEWER SERVICE AREA 2000 

PRIME AGRICULTURAL LAND 2000 

0 OTHER RURAL LAND 2000 

FOTNT- SOURCES OF POLLUTION 

%!i%kNE"D P,"N%LYos&s"c*H",ERo'E"E2F'F",'u"E'NTP+*oN~AN'B BE 

4 EXISTING PRIVATE SEWAGE TREATMENT PLANT TO 
BE RETAINED 

KNOWN POINT SOURCE OF WASTEWATER OTHER THAN 
SEWAGE TREATMENT PLANT OR FLOW RELIEF DEVICES 

The Sheboygan River watershed has an area o f  11 square miles and ranks 
last in both size and i n  total resident population of the 12 watersheds i n  the 
Region. Within the Sheboygan River watershed there were 18 identified 
hydrologic subbasins grouped into four water quality analysis areas, each 
related t o  a water quality simulation output site. Also located within the 
watershed is one site for which water quality sampling data were obtained 
as part o f  Commission work programs. I n  1975 there were four point sources 
of water pollution-including one sewage f low relief device not  shown on 
this map-in the watershed which had to  be considered in the water quality 
analyses along with the nonpoint sources. The watershed is expected t o  
undergo only slight urbanization over the planning period, since the 1970 
and plan year 2000 urban areas comprise 6 and 7 percent o f  the total water- 
shed area, respectively. 

Source: SEWRPC. 

Source: SEWRPC. 



Figures 138-141 

EXPECTED WATER QUALITY STANDARD ACHIEVEMENT FOR WATER QUALITY ANALYSIS AREAS 
OF THE SHEBOYGAN RIVER WATERSHED FOR ALTERNATIVE LEVELS OF WATER POLLUTION CONTROL 

Figure 138 Figure 139 Figure 140 

WATER QUALITY ANALYSIS AREA 1 WATER QUALITY ANALYSIS AREA 2 WATER QUALITY ANALYSIS AREA 3 
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As shown in Table 85, it is apparent from these figures 
that recreational use and warmwater fishery and aquatic 
life water use objectives and supporting water quality 
standards for temperature, dissolved oxygen, un-ionized 

indicate the existing potential of a subbasin to  con- 
tribute diffuse source pollutants to surface waters. 
Map 32 indicates the areal extent of the various levels of 
diffuse source pollution potential in the watershed, and 
Table 86 summarizes the areal extent and relative propor- 
tions of the pollution potential classifications for urban 
and rural areas. 

ammonia-nitrogen, phosphorus, and fecal coliform are 
met under plan year 2000 land use conditions without 
the need for diffuse source loading reductions. 

Identification of Pollution Priority Problem Areas: The 
hydrologic subbasins in the Sheboygan River watershed 
were classified according to  selected criteria which 

The pollution potential classification analysis for the 
Sheboygan River watershed indicated relatively little 
variation in urban pollution potential, with all analyzed 



Table 85 

REQUIRED DIFFUSE SOURCE CONTROL LEVELS 
FOR WATER QUALITY ANALYSIS AREAS 
I N  THE SHEBOYGAN RIVER WATERSHED 

Source 

Water 
Quality 
Analysis 

Area 

1 
2 
3 
4 

: SEWRPC. 

Table 86 

Percent Diffuse Source Load Reduction Required 

AREAL DISTRIBUTION OF DIFFUSE POLLUTION 
POTENTIAL CLASSIFICATIONS WITHIN THE 

SHEBOYGAN RIVER WATERSHED: 1975 

Dissolved 
Oxygen 

Minimum 
Minimum 
Minimum 
Minimum 

a The urban-rural designations represent the generalized land cover inventory results for the 
hydrologic subbasins. 

Source: SEWRPC, 

Map 32 

Fecal 
Coliform 

Minimum 
Minimum 
Minimum 
Minimum 

DIFFUSE SOURCE POLLUTION POTENTIAL 
I N  THE SHEBOYGAN RIVER WATERSHED 

LEGEND 

-0GIC BOUNDARIES 

WATERSHED 

SUBWATERSHED 

SUBBASIN AND NUMBER 

RURAL AREA OF MODERATE 
POTENTIAL 

URBAN AREA OF LOW 
POTENTIAL 

RURAL AREA OF LOW 
POTENTIAL 

URBAN AREA OF VERY LOW 
POTENTIAL 

Un-ionized 
Ammonia-Nitrogen 

Minimum 
Minimum 
Minimum 
Minimum 

SUBBASINS WITH EXISTING 
CONSERVATION PRACTICES 
IMPLEMENTED AT 6-19 
SITES (NO SYMBOL SHOWN 
FOR 5 OR FEWER SITES) 

Phosphorus 
2 

Minimum 
Minimum 
Minimum 
Minimum 

COMPARISON OF SIMULATED 
W T E R  QUALITY DATA TO T H E  
RECOMMENDED WATER QUALITY 
STANDARDS A T  SIMULATION 
OUTPUT SITES 

FECAL 

OXYGEN 

$ STANDARDS ARE MET 

STANDARDS ARE NOT MET 

STREAM REACHES WITH 
COMPUTED WATER QUALITY 
INDEX RATINGS - FAIR WATER QUALITY 

urban areas concentrated in the of The hydrologic subbasins in the Sheboygan River watershed were classified 
receiving a low Or Very low rating. Twenty-two percent according to selected criteria including land use, land characteristics, storm 
of the rural area is designated by a moderate pollution water drainage systems, waste treatment systems, and the age and condition 

potential rating, and 78 percent of the area is classified as of the housing stock, which were taken together as an indicator of the 

having a low potential rating. potential for nonpoint source pollution. Of the approximately 146 acres 
devoted to urban land uses in the watershed, about one-half recorded a low 

Control of Pollutant Runoff from Urban Land: Minimum 
and low-cost urban diffuse source pollution control 
practices alonesuch as public education programs; litter 
and pet waste control; improved timing and efficiency of 
street sweeping, leaf collection, and catch basin clean- 
ing; proper use of fertilizers and pesticides; industrial and 
commercial material storage facilities and runoff control 
measures; and critical area protectionshould provide 
a sufficient level of urban diffuse source pollution control 
in the Sheboygan River watershed. Construction erosion 
control practices and proper management of onsite 
sewage treatment systems will also be necessary for the 
abatement of diffuse source pollution. 

Control of Pollutant Runoff from Rural Land: Minimum 
rural land management practices-inclusive of proper 
fertilizer and pesticide management, critical area protec- 

potential rating and about one-half recorded a very low potential rating for 
nonpoint source pollution. Of the approximately 8,069 acres devoted to 
rural land uses in the watershed, 78 percent was estimated to have a low 
potential for rural nonpoint source pollution, with the remaining 22 percent 
estimated to have a moderate potential. Thus, as of 1975, the Sheboygan 
River watershed exhibited a low potential for both urban and rural nonpoint 
source pollution. 

Source: SEWRPC. 

tion, residue management, chisel tillage, pasture manage- 
ment, and contour plowingshould be implemented to 
protect the water quality of the Sheboygan River water- 
shed. Animal waste runoff control systems, consisting of 
barn eaves troughs for storm water control, surface water 
diversions, settling basins, and holding ponds, are needed 
to control pollutant loadings from all animal operations. 



Cost Estimate: Implementation of the recommended 
diffuse source control plan would involve a total capital 
cost between 1975 and the year 2000 of $380,000, of 
which $246,000, or 65 percent, would be for urban 
practices and $134,000, or 35 percent, would be for rural 
practices, and an average annual operation and mainte- 
nance cost of $23,000, of which $3,000, or 1 3  percent, 
would be for urban practices and $20,000, or 87 percent, 
would be for rural practices. The cost estimates for each 
management practice are summarized in Table 87. 

LAKE WATER QUALITY ELEMENT 

Existing and anticipated future water quality conditions, 
water pollution sources, and alternative pollution abate- 
ment measures for the 100 major lakes in the Region- 
that is, those lakes having a water surface area of at least 
50 acres-were evaluated as part of the preparation of 

Table 87 

ESTIMATED COST OF Dl FFUSE SOURCE 
POLLUTION CONTROL MEASURES FOR THE 

SHEBOYGAN RIVER WATERSHED 

Control Measures 

Industrial and Commercial 

a The proper maintenance and replacement of the remaining septic tank 
systems are recommended to help improve the water quality of the 
Sheboygan River watershed. However, because septic tank systems manage- 
ment is an existing function necessary for the preservation ofpublic health 
and the protection of private drinking water supplies, this cost is not 
included in the water quality management plan. The estimated expendi- 
tures for septic system management for the stream plan element include 
a capital cost over the period of 1975-2000 of $94,000, and an average 
annual operation and maintenance cost of $3,000. 

Lowcost urban controls include pet waste and litter control; fertilizer and 
pesticide use restrictions; public education programs; improved timing and 
efficiency of street sweeping, leaf collection, and catch basin cleaning; and 
critical area protection. 

Minimum conservation practices include crop residue management, chisel 
tillage, pasture management, con tour plowing, fertilizer and pesticide 
management, and critical area protection. 

alternative areawide water quality management plans. 
The results of this evaluation are set forth in Appendix C 
to this volume for convenient reference. 

POINT SOURCE ELEMENT ALTERNATIVE PLANS 

This section presents the results of the plan design, test, 
and evaluation phase of the areawide water quality 
management planning program in terms of alternative 
point source element plans for subareas of the seven- 
county Southeastern Wisconsin Region. As previously 
noted, alternative plans presented herein were developed 
utilizing the recommended point source plan elements 
of the regional sanitary sewerage system plan as a basis, 
with modifications as found to be necessary as a result of 
reevaluations conducted under the areawide water quality 
management planning program. These recommended 
elements have been updated to reflect the Commis- 
sion's adopted year 2000 land use plan, new cost 
analysis bases, and changes which have occurred since the 
development of the regional sanitary sewerage system 
plan, as well as to reflect the findings of the water quality 
and pollutant loading analyses conducted under the 
areawide water quality management program. The recom- 
mended alternative plans and the detailed discussion of 
all alternative plans investigated in the development of 
the regional sanitary sewerage system plan are presented 
in detail in SEWRPC planning ~ e ~ o r t  NO. 16, * ~ e ~ i o n a l  
Sanitary Sewerage System Plan for Southeastern Wis- 
consin. Februarv 1974. 

The regional sanitary sewerage system plan concluded 
that the biological and physical-chemical sewage treat- 
ment processes currently in use may be expected to  
continue in use through the plan design period, although 
new technology will likely be introduced at some treat- 
ment facilities within the Region during the planning 
period. It  also concluded that treatment plant effluent 
would continue to  be discharged to  natural surface 
waters or be disposed of on lands through either seepage 
ponds or irrigation processes. These conclusions have 
been reevaluated in the areawide water quality manage- 
ment planni~g program with regard t o  the state-of-the-art 
of studies documented in SEWRPC Technical Report 
No. 18, State of the Art of Water Pollution Control 
in Southeastern Wisconsin, Volume One, Point Sources. 
The major emphasis of both the regional sanitary sew- 
erage system plan and the point source element of the 
areawide water quality management planning program is 
placed on the basic alternative of providing advanced 
levels of waste treatment, including land application of 
effluent, at  wastewater treatment locations throughout 
the Region and on alternative means of conveying waste- 
water to these locations. Other concepts of waste man- 
agement, such as treatment and reuse, waste load reduc- 
tion, alternative onsite or small-scale treatment systems, 
and diversion of wastewater treatment plant effluent 
from the Lake Michigan basin, were also considered. 

Diversion of Wastewater Treatment Plant 
Effluent from the Lake Michigan Basin 
As part of the analysis conducted under the regional Source: SEWRPC 
sanitary sewerage system plan, an alternative considering 



diversion of wastewater treatment plant effluent from 
the Lake Michigan basin watershed was evaluated. I t  was 
noted in the regional sanitary sewerage system plan that 
more than 90 percent of the wastewater treatment plant 
effluent generated in the Region was discharged either 
directly to  Lake Michigan or to  streams which drain into 
Lake Michigan. In 1975 about 267 million gallons per 
day (mgd), or 9 1  percent of the 293 mgd of wastewater 
treatment plant effluent discharged in the Region, were 
discharged either directly to  Lake Michigan or to  streams 
which drain into Lake Michigan. Thus, total diversion of 
treated effluent out of Lake Michigan would constitute 
a major undertaking. As noted in the regional sanitary 
sewerage system plan, the cost of diverting all treatment 
plant effluent out of Lake Michigan would almost totally 
be an "add on" cost t o  any of the alternative system 
plans considered. This is to say, conveyance facilities 
required t o  effect diversion would, in general, represent 
an additional cost above and beyond what would be 
needed to  provide sanitary sewer service and adequate 
wastewater treatment if wastewater treatment plant 
effluent continued to  be discharged either to  Lake Michi- 
gan or to  streams tributary to  Lake Michigan 

The cost of providing treatment at the various facilities 
under the diversion alternative would approximate the 
cost of providing treatment under the treatment alterna- 
tive with continued discharge to  Lake Michigan, but 
would likely be somewhat higher since advanced waste 
treatment for nitrification would be required in most 
cases as well as advanced waste treatment for phosphorus 
removal and auxiliary waste treatment for effluent 
aeration and disinfection. In addition, under the diversion 
alternative tertiary treatment would likely be required for 
reduction of fiveday biochemical oxygen demand 
(BOD5) below secondary levels because of the large 
volume of wastewater relative to  the flow regimens of the 
receiving streams. Recommended levels for treatment 
facilities with discharges to  Lake Michigan would proba- 
bly include secondary treatment as well as advanced 
waste treatment for phosphorus removal. Because of 
special agreements between the State of lllinois and the 
Cities of Kenosha, Racine, and South Milwaukee, treat- 
ment facilities operated by those cities may need to  
include tertiary treatment units to  achieve higher than 
secondary levels of treatment for BOD5 and suspended 
solids. In addition, a stipulated agreement to  a lawsuit 
brought by the State of lllinois against the City of 
Milwaukee, et  al., may require the installation of tertiary 
facilities at  the two major Milwaukee Sewerage Commis- 
sions treatment plants. Nevertheless, the cost of pro- 
viding treatment under the diversion alternative may be 
expected to  be equal to  or greater than the cost of 
providing treatment and discharging effluent in the Lake 
Michigan basin. 

One method of carrying out a diversion alternative was 
considered in the regional sanitary sewerage system plan 
and has been updated t o  reflect year 2000 conditions (see 
Map 33). Under that conceptual alternative, diversion 
would occur a t  five locations. One location would serve 
the existing communities in the Washington County 
portion of the upper Milwaukee River watershed. Trunk 

sewers would convey raw sewage from the Villages of 
Jackson, Kewaskum, and Newburg, and to  the site of 
the existing West Bend wastewater treatment facility. The 
West Bend facility would be expanded to  handle all of 
the anticipated demand, and a diversion outfall sewer 
would be constructed from the West Bend plant to  the 
east branch of the Rock River a t  a point just north of the 
Allenton Sanitary District in the Town of Addison. 

The second location would accommodate all sewage from 
existing communities in Ozaukee County except the 
Village of Thiensville and the City of Mequon, which 
would discharge to  the Milwaukee metropolitan system. 
Major trunk sewers would be constructed to  connect the 
Belgium-Lake Church, Fredonia, Saukville, Port Washing- 
ton,  and Grafton sewer service areas to  a major sewage 
treatment facility located a t  or near the site of the 
existing City of Cedarburg facility. From there a diver- 
sion outfall sewer would be constructed westerly to  
a location on the Ashippun River, a tributary of the Rock 
River, in the Town of Erin. 

The third location would accommodate all sewage from 
the Milwaukee metropolitan sewer service area. Major 
deep tunnel diversion outfall sewers would be con- 
structed to  connect the Jones Island and South Shore 
sewage treatment facilities operated by the Milwaukee- 
Metropolitan Sewerage Commissions. The City of South 
Milwaukee sewage treatment facility would be abandoned 
and its service area connected t o  the South Shore plant. 
All effluent would be discharged to  the Wind Lake 
drainage canal, a tributary of the Fox River, just below 
Wind Lake. 

The fourth location would accommodate all sewage from 
the Kenosha and Racine metropolitan areas as well as 
from the proposed Yorkville Sanitary District No. 1 
service area. Deep tunnel diversion effluent sewers would 
be constructed to  convey effluent from the Kenosha and 
Racine sewage treatment plants jointly to  a point on the 
Des Plaines River in the Town of Paris. 

Finally, the fifth location would accommodate sewage 
flow from the Village of Union Grove and would consist 
of a minor diversion effluent sewer from the existing 
Union Grove sewage treatment facility across the subcon- 
tinental divide t o  the Des Plaines River in the Town of 
Paris. 

A cost estimate for the major facilities required to  
accommodate large-scale diversion out of the Lake 
Michigan watershed was developed under the regional 
sanitary sewerage system plan. As documented in that 
plan, the present worth cost over a 50-year period for 
these facilities was about $151 million, with an equiva- 
lent annual cost of about $9,600,000. These costs were 
based upon January 1970 cost indices and would be 
expected to  be significantly higher when utilizing 
updated cost indices. 

The primary advantage of this alternative plan element I 

would be the elimination of all discharges of treated 
sewage effluent to  Lake Michigan, thereby reducing the 
potential for possible irreversible deterioration of the lake I 



Map 33 

MAJOR FACILITIES NEEDED TO EFFECT 
DIVERSION OF  ALL  MUNICIPAL SEWAGE 

TREATMENT PLANT EFFLUENT FROM THE 
LAKE MICHIGAN DRAINAGE BASIN TO THE 

MISSISSIPPI RIVER DRAINAGE BASIN 
I N  THE REGION: 2000 

.<.. 

The trunk and outfali a W m m ~ 9 h e  above m onveyance facilities which would b 8 , d r e d  t o  fully effect diversion of all municipal sewage treatment piant effluent from the 
Lake Michigan drainage basin across the subcontin sissippi River drainage basin. The concept of total effluent diversion from the Lake Michigan drainage basin receives support from 
time to time because of concern over the possible n of Lake Michigan from overfertilization attributable to the discharge of nutrients-particularly ~hos~horus-to the lake in sawage 
treatment plant effluent. Thisdiversion scheme was prepared as an alternative under the regional sanitary sewerage system plan at the request of federaland state officials in order t o  provide an "order of. 
magnitude" cost estimate for a Lake Michigan diversion alternative. I t  is important t o  note. that the cost of diversion would comprise an "add 0n':cost in the sanse that the costof the diversion facilities 
required would be over and above those facilities included in the recommended areawide water quality management plan. Diversion of.sewage effluent from the Lake Michigan basin should be undertaken 
only after very careful.consideration and documentation of the need t o  exclude such effluent from Lake Michigan. Long-term.effects of.the continued discharge of treated effluent to Lake Michigan and, 
therefore, the need for diversion, can be established only on the baskof a water quality management study for the entire Lake Michigan basin. 



due to eutrophication. Other attendant advantages would 
include low flow augmentation in the headwater areas of 
the Rock, Des Plaines, and Fox Rivers, which would 
receive the diverted effluent, and positive, although 
very minor if not  negligible, effects upon high lake levels 
and attendant shoreline flooding and erosion problems 
in the Lake Michigan Basin. 

The primary disadvantage of this alternative plan element 
would be the substantial additional cost entailed* cost 
in addition to  the costs attendant to  other alternatives 
which would meet the established water use objectives. 
Other disadvantages include the potential contribution to  
flooding problems on the receiving streams, and the 
direct conflict of the proposal with present legal con- 
straints which operate against any major diversion of 
surface water between the Lake Michigan and Mississippi 
River basins. These very complex legal constraints were 
more fully discussed in Volume One, Chapter VI of this 
report and would be very difficult t o  remove, involing, as 
they do, international as well as interstate considerations. 
Finally, the diversion alternative may have to  be accom- 
panied by even higher levels of treatment than indicated 
above because of the very limited waste assimilation 
capacities of the relatively small receiving streams. 

Clearly, the diversion of all sewage effluent from the 
Lake Michigan basin t o  the Mississippi River basin would 
entail substantial additional costs and should be under- 
taken only after firm substantiation of the need to  
exclude such effluent from Lake Michigan. Long-term 
effects of the continued discharge of treated effluent 
to Lake Michigan and, therefore, the need for diversion 
can be established only on the basis of a basinwide water 
quality management study. Such a study lies beyond the 
jurisdictional responsibility of the Regional Planning 
Commission and should be undertaken by an agency like 
the Great Lakes Basin Commission, which has water 
resource planning responsibilities for the entire Great 
Lakes basin, as well as for the Lake Michigan basin. In 
this respect, it should be understood that the diversion 
alternative remains available to  tine Region a t  any future 
time with any of the alternative plans presented later in 
the chapter, and that costs required to  implement the 
advanced waste treatment management concept, as set 
forth later in this chapter and in Volume Three, Chap- 
ter I1 of this report, would have to be incurred in any 
case to  provide for wastewater collection, conveyance to, 
and treatment at  central locations prior to  diversion. 

Waste Load Reduction Alternatives 
Waste load reduction measures were evaluated under the 
areawide water quality management planning program as 
a means of contributing to  water quality management 
goals. Domestic water use in southeastern Wisconsin has 
historically increased from about 67 gallons per capita 
per day (gpcd) in 1970 to  about 89  gpcd in 1 9 7 5 J 4 ~ h i s  

l4 See Chapter III of SEWRPC Technical Report No. 21, 
Sources of Water Pollution in Southeastern Wisconsin: 
1975. - 

increasing water use requires increased wastewater 
treatment and conveyance capacity for proper treatment 
of the spent domestic wastewater. 

Historically, sanitary engineering and public works 
activities have sought to  treat all of the wastes which 
arrived at  the lower end of a sewage collection system. 
Recently, however, increasing importance has been 
placed upon reducing the volume of waste t o  be treated. 
Examples of this emphasis include the sewer use ordi- 
nances of local units of government, regulatory agency 
concern for control of excessive infiltration and inflow 
within the collection systems, pretreatment of industrial 
wastewaters, and the user charge and industrial cost 
recovery systems which have been found to  affect the 
amount of wastewater discharged to  a collection system. 
Another potentially useful practice which may be 
expected to become of increasing importance as energy 
becomes more costly is the general reduction in water use 
and, therefore, of wastewater flows through modifica- 

15 tions of plumbing fixtures and equipment. 

Reduction of wastewater flow and pollutants received a t  
existing wastewater treatment plants would allow those 
plants to  operate for a longer period of time at  or below 
design conditions, providing increased treatment and 
eliminating or delaying the need for facility expansion. 
Lower flows and loads would also mean lower plant 
operation and maintenance costs. 

There does exist the possibility of an undesirable effect 
from lower wastewater flows. Increased treatment would 
result in improved stream water quality. Flow reduction, 
however, may in some situations lower flows in receiving 
streams or  cause odors within sewer systems due to  lower 
flows and resultant solids buildup. 

The Commission reviewed and evaluated the potential 
waste load reduction measures in terms of their cost and 
effectiveness. This analvsis is documented in SEWRPC 
Technical Report No. i 8 ,  State of the Art of Water 
Pollution Control for Southeastern Wisconsin, Volume 
One, Point Sources. Those methods and techniques 
identified as being implementable are intended to form - - 

the basis for the recommendation of waste load reduc- 
tion programs. The state-of-the-art analyses indicates that 
a number of flow and waste load reduction measures 
appear to  be applicable within the Region. The follow- 
ing paragraphs summarize the findings of the state-of- 
the-art studies regarding opportunities for flow and 
load reduction. 

Sewer System Infiltration and Inflow Reductions: In 
recent years, reduction of infiltration and inflow waste- 
water flows has received considerable attention. Com- 

l 5  The Wisconsin State Legislature, in Chapter 275 o f  
the Laws of 1977, has mandated that all new household 
flow fixtures, including water closets, faucets, and shower 
heads but excluding kitchen fixtures, sold after 1978 
shall be o f  a water conserving nature. 



muities are conducting studies to determine the amounts 
of excessive infiltration and inflow existing in their sewer 
systems to  meet state and federal prerequisites for grants 
in support of system improvements. A commitment to  
eliminate excessive infiltration/inflow into sewers is 
required before federal grant monies can be made avail- 
able to expand or construct municipal wastewater treat- 
ment facilities. Excessive infiltration/inflow is generally 
defined as that portion of the infiltration/inflow that can 
be economically eliminated from the sewer system by 
rehabilitation. The quantity of excessive infiltration/ 
inflow is determined by a cost-effectiveness analysis 
which compares the cost of reducing the inflow to the 
cost of providing sewage conveyance and treatment 
for the increased flow. The cost-effectiveness analysis is 
conducted as a part of local facility planning studies. 

Based upon infiltration/inflow analyses conducted under 
various local facilities planning efforts in the Region, the 
reported amount of infiltration and inflow which can be 
cost effectively eliminated varies from zero to more than 
75 percent. Areduction of about 50 percent of the 
inflow and 30 percent of the infiltration was assumed to  
be the average flow reduction practicable within the 
Region as a result of implementation of infiltration1 
inflow removal programs. 

Water Conservation: Public information programs may be 
helpful in improving consumer attitudes toward the use 
of water conservation practices and devices. Water-saving 
devices available for use in residential construction 
include flow-limiting valves for showers and faucets, 
faucet aerators, shallow-trap water closets, dual-flush 
water closets, and washing machine level controls. Water- 
saving devices for public facilities include controls on 
urinals with flush tanks and time-release or self-closing 
faucets. In addition, such measures as lowering pressures 
in the water distribution system, metering water usage, 
and charging for actual water used can result in a reduc- 
tion in water usage. An estimate of the water use reduc- 
tion which can be achieved by utilizing each of the 
above-mentioned devices is included in SEWRPC Techni- 
cal Report No. 18. It is estimated that the use of these 
water-saving devices in aggregate could reduce a typical 
household's domestic water use from 92 gpcpd to  about 
62 gpcpd. 

Equalization Basins: Flow equalization may allow use of 
smaller hydraulic units in a wastewater treatment facility, 
and may improve plant performance by eliminating large 
flow variations and reducing the variations in levels of 
raw wastewater constituents. Equalization basins to  
accomplish these purposes may be located in the sewage 
collection system or at  the head end of a treatment 
facility. In some cases, the storage capacity of major 
trunk sewers can be used for flow equalization pur- 
poses. Consideration of the use of flow equalization 
basins is becoming more common in facility planning 
and designs. The basic concept involves storing maximum 
flow or loads for later release during periods of minimum 
flow or loads. 

Water Reuse and Recycle: The reuse of wastewater 
generally requires that some form of treatment precede 
second or subsequent usage. Therefore, flow reduction 
to treatment facilities does not usually result from 
municipal reuse of wastewater. Reuse often requires 
more extensive treatment of wastes than that practiced 
without reuse. Water reuse and recycle are, however, 
more common industrial practices. Reuse involves using 
water more than once prior to discharge, while recycle 
systems recirculate the water continuously. 

Industrial Load Reduction: Industries discharging wastes 
to a publicly owned treatment facility must pretreat 
those wastes which would interfere with the operation or 
performance of the treatment facility. In addition, under 
current federal regulations pretreatment standards based 
upon best practicable control technology currently 
available are required for all industries discharging to 
public sanitary sewerage systems after 1983. 

Limited application of waste load reduction alternative 
measures has been assumed in the development of further 
alternative sanitary sewerage system plans. As noted 
earlier in this chapter, the design criteria utilized for 
estimating the flow-related components of sanitary 
sewerage systems assumed a reduction of about 20 per- 
cent in the existing average infiltration and inflow rates 
for the Region. In addition, it was assumed that the per 
capita domestic water use and the associated wastewater 
loading would not continue to increase in accordance 
with historic trends. 

An analysis was also conducted to determine what effect 
water conservation measures implemented extensively 
throughout the Region would have on point source 
sanitary sewerage systems. The analysis was based upon 
an assumed reduction in the inflow component of the 
wastewater flow of 50 percent, a reduction in the infiltra- 
tion component of 30 percent, and a reduction in the 
domestic wastewater component contribution of 30 per- 
cent. No reduction was assumed for the industrial and 
commercial contributions to  wastewater flow. The 
analysis estimated the cost savings which could be 
achieved in the treatment facility and trunk sewer com- 
ponents of various size sewerage systems if the reductions 
in infiltration, inflow, and domestic water use noted 
above were achieved. 

It was estimated that the reduction in infiltration, inflow, 
and domestic contribution components of wastewater 
flow would reduce the average design hydraulic loading 
to treatment facilities by about 25 percent. Assuming the 
need to provide secondary plus advanced waste treat- 
ment, an estimated cost savings of 9 to 14 percent would 
result from implementation of flow reduction for both 
the treatment facilities and trunk sewers, and annual 
operation and maintenance costs would be reduced by 
about 1 5  to  22 percent. This percent reduction only 
applies to  the wastewater treatment-related portions of 
a sewage treatment plant and not to sludge-handling and 
disposal units, which were assumed to be unaffected by 
reductions in infiltration, inflow, and water use. Thus, 



the percent reduction in cost would be smaller if com- 
pared to  the cost for the sludge-related facilities as well as 
the wastewater treatment facilities. Per capita savings in 
wastewater treatment and conveyance of from $6.00 to  
$14.00 per year could be expected, depending on the 
treatment facility size, if a high degree of wastewater load 
reduction is effected. This cost savings, as well as the 
general desirability of conservation practices, indicates 
that wasteload reduction alternatives are viable means of 
contributing to the water quality management goals in 
the Region. 

The detailed analysis of benefits from waste flow reduc- 
tion measures is specific to  each community and requires 
detailed data which are collected and organized as part of 
the infiltration/inflow studies conducted under the local 
facilities planning program. Thus, the potential flow 
reduction alternatives can be considered in a manner 
analogous to  alternatives involving the relative benefits of 
eliminating excessive flow as opposed to  treatment and 
conveyance of that flow. For this reason waste load 
reduction alternatives for individual sewerage systems 
have not been analyzed specifically in the areawide water 
quality management planning program. I t  is recom- 
mended that this evaluation be conducted at  the local 
facility planning level. 

Treatment and Reuse Alternative 
Wastewater reuse applications were evaluated under the 
areawide water quality management planning program as 
a means of contributing to water quality management 
goals. Those practices which appeared to  have poten- 
tial applicability for use in the Region were described 
in SEWRPC Technical Report No. 18,  State of the Art 
of Water Pollution Control for Southeastern Wisconsin, 

renovated wastewater discussed in that report include 
municipal park and golf course watering; industrial 
cooling and boiler feed water; and agricultural uses- 
irrigation of crops and orchards, pastures, and forests. 

Data are included in the state-of-the-art report on the 
expected treatment plant effluent quality of various 
processes as well as on the water quality requirements for 
various potential uses of the renovated effluent. Evalua- 
tion of alternatives involving reuse of wastewater must 
consider all the steps in the recycling process including 
the processing of the wastewater prior to  reuse, the 
desired uses of the effluent, and the additional processing 
required prior to  ultimate discharge to  the environ- 
ment-all considered within the broader framework of 
the hydrologic cycle in the Region. 

The viability of effluent reuse or recycling plans will 
depend on a number of factors, including: the local uses 
of water which could potentially be considered for use of 
recycled effluent; the availability and cost of domestic, 
industrial, and irrigation waters from other sources; the 
cost of conveyance of the effluent to  the site where it is 
t o  be reused or recycled; the quality of the effluent; 
requirements for the uses for which the effluent is t o  be 
considered; standards which must be met before dis- 
charge is permitted to local streams or for groundwater 
recharging; and public attitudes. 

Recent publications'6 have documented the fact that 
there is an adequate supply of groundwater as well as an 
almost limitless supply of surface water available from 
Lake Michigan in the Region. Representative costs for 
municipal well water are reported in these publications t o  
range from $0.70 to  $0.82 per 1,000 gallons delivered t o  
the user. Existing utilities utilizing Lake Michigan as 
a source of supply can generally deliver water to  cus- 
tomers a t  less cost than can utilities which rely upon 
groundwater as a source of supply. Most of the major 
industrial centers and the large users of process and 
cooling water are located in the communitics bordering 
Lake Michigan, and thus the major industrial users have 
a relatively inexpensive and reliable water source readily 
available. The cost associated with recycling water, 
including additional treatment and monitoring costs 
which may be required and the cost of transporting the 
wastewater effluent to  the reuse location, would have to  
be compared with the costs of water from these domestic 
sources. Only when the costs become comparable would 
industrial or municipal reuse of renovated water become 
feasible. To date this has not generally been the case since 
the reuse of renovated wastewater is only practiced in 
isolated cases in the Region-mostly in the form of 
in-plant recycling of industrial waters. The costs of 
water in the Region and the technology of wastewater 
recycling are not expected to  change dramatically enough 
during the planning period to significantly change the 
existing cost relationships between recycled wastewater 
and other more conventional sources. However, institu- 
tion of user charge and industrial cost recovery systems is 
expected to  encourage some recycling and reduction 
of waste discharge from industrial facilities. 

More than 100 major lakes-lakes of 50 acres or more in 
s i z e a n d  numerous smaller bodies of water and wetlands 
exist within the Region. Renovated wastewater is, there- 
fore, not expected to  be used significantly for the crea- 
tion of lakes or  wetlands during the planning period, 
since adequate recreational opportunities can be provided 
utilizing the existing natural surface water and wetland 
system of the ~ e g i o n . "  

The hydrology of the Region is such that 70 to  75 per- 
cent of the average annual precipitation of about 
30 inches leaves the Region as evapotranspiration, leaving 
25 to  30 percent available for surface or groundwater 
supplies. Thus, the more arid conditions which may exist 

l 6  Consoer, Townsend, and Associates Engineering - - 
Report, Sources of Water Supply for Mequon, Brook- 
field, Bayside, River Hills, Thiensuille, Menomonee Falls, 
and Germantown, Wisconsin, March 1976; SE WRPC Tech- 
nical Record, Volume 4, No. 1. 'Ts There a Groundwater 
Shortage in southeastern  isc cons in," by D. S. Cherkauer 
and V. W. Bacon; and SEWRPC Planning Report No. 26. 
A Comprehensive Plan for the ~ e n o m o i e e  kiver water: 
shed, - October 1976. 

l 7  See SEWRPC Planning Report No. 27, A Regional Park 
and Open Space Plan for Southeastern Wisconsin: 2000. 



in some parts of the United States and make reuse of 
municipal wastewater effluent attractive d o  not exist in 
the Region. 

Reuse for irrigation of agricultural lands may be expected 
to  be the major use of renovated wastewater practicable 
within the Region. The present use of renovated waste- 
water for purposes other than irrigation are not expected 
to  change significantly in the Region over the planning 
period of the areawide water quality management plan- 
ning program. The use of municipal wastewater treatment 
plant effluent for agricultural irrigation, however, may be 
expected to be increasingly considered as a water quality 
management practice as described in the succeeding 
section of this chapter. 

In view of the above discussion, the alternative plans 
described i11 this chapter emphasize providing needed 
levels of wastewater treatment either for discharge to  the 
surface waters-referred to  as the treatment and discharge 
alternative--or for land application systems-referred to  
as the land application alternative-while encouraging 
the practice of reuse or recycling of wastewaters where 
local facilities planning efforts show such practices to 
be practical. 

Land Application Alternative 
The concept of land disposal of wastewater effluent was 
considered in the regional sanitary sewerage system 
planning program. The study concluded that although 
land application is a viable method of effluent disposal, 
physical and economic constraints restrict its use within 
the Region to  a small individual community scale-in 
particular, communities located in the more rural reaches 
of the Region. For such communities, land application 
was recommended to  be considered by design engineers 
during plan implementation. 

Further review of land application was considered war- 
ranted under the areawide water quality management 
planning program. This review was prompted by recom- 
mended changes in wastewater treatment level require- 
ments for some communities, an increased emphasis 
on recycling of wastes, and refinement of land applica- 
tion methods. An analysis of the applicability, effec- 
tiveness, and economics of effluent land application was 
conducted under the review of the state-of-the-art of 
water pollution control as documented in SEWRPC 
Technical R e ~ o r t  No. 18. State of the Art of Water Pollu- - ~- .. ~ - - - ~ -  

tion Control in Southeastern Wisconsin, Volume One, 
Point Sources. 

For land application systems a wide range of design 
possibilities exists because of very site-sensitive design 
requirements. Design considerations include land avail- 
ability, ownership, and use patterns, wastewater applica- 
tion characteristics, method of application, climate, 
topography, soils, geology, and vegetation. 

For the systems level analyses, land application of dis- 
infected secondary treatment plant effluent was assumed. 
While all of the most common methods of applica- 

tion-irrigation, overland flow, and infiltration/percola- 
tion-have been used in Wisconsin, irrigation was assumed. 
Since land should be irrigated only during the growing 
season, an equivalent of 23 weeks of application was 
assumed in the alternative analyses, with no wastewater 
assumed to  be applied in November, December, January, 
February, March, and portions of April and October to 
avoid problems with frozen ground and excessively wet 
fields and to  minimize interference with planting and 
harvesting operations. Sufficient storage t o  meet the 
requirements of this assumption was incorporated into 
the systems designs. The installation of underdrains to  
enhance the natural rate of subsurface drainage was not 
included in the land application system design assump- 
tions. However, in certain locations within the Region, 
the installation of underdrains may be determined in 
detailed facilities plans t o  be a practical method of 
increasing hydraulic loadings in the application site, and 
thereby reducing the land requirements. An average 
loading rate of 46 inches per year was assumed as a typical 
maximum value practicable for the common soils of the 
Region and the assumed application water characteristics. 
I t  was recognized that it is not  practical to assume that an 
additional 46 inches of water could be applied annually 
to agricultural land without disruption of existing prac- 
tices. For this reason, changes in the institutional struc- 
ture affecting wastewater management agencies and land 
application site managers were considered necessary to  
effective implementation of any effluent land application 
program. Two alternative institutional arrangements were 
considered. The first institutional arrangement would 
allow the treatment plant manager to  have full operational 
control, through purchase, lease, or other arrangments, 
of the land application site. In this case, agricultural 
operations on the land application site would be ancillary 
to the effluent and disposal function. Under this type 
of arrangement, it is assumed that the wastewater treat- 
ment plant effluent application rate could approximate 
46 inches per year provided a site covered by suitable 
soils was used. 

An alternative arrangement between the wastewater 
management agency and the land application site man- 
ager would allow the application site to  be operated 
principally for agricultural production, with the effluent 
being applied to  enhance that production. In this case it 
would be necessary t o  reduce the design annual waste- 
water loading rate on the land surface since, because of 
crop selection and annual precipitation, 46 inches per 
year is normally more than is desirable for agricultural 
production. Under this alternative arrangement, the land 
application site would not need to be controlled through 
ownership or other arrangement. A larger land applica- 
tion site would, however, be required than under the first 
institutional arrangement noted above. 

The systems level analysis has been developed assuming 
the first institutional arrangement noted above-that is, 
that direct operational control of the land application site 
would rest with the wastewater management agency. 
Accordingly, the cost of acquiring the application site 
was included in the total cost estimate. 



Maps of the plan year 2000 land use conditions within 
the Region and of the depth to  groundwater were utilized 
to  make a preliminary selection of potential application 
sites near the wastewater treatment facility under con- 
sideration. In addition, the detailed soils maps for the 
selected potential sites were reviewed to  determine if any 
limitations on spray irrigation exist for the sites.18 Areas 
with severe limitations for irrigation were not considered 
suitable for effluent land application. 

A generalized analysis was initially conducted under the 
areawide water quality management planning program 
to  determine the viability of treatment and effluent 
land application as an alternative to  treatment and 
discharge t o  the surface waters of the Region. This 
evaluation consisted of an economic analysis comparing 
the cost of treatment and effluent land application 
to the cost of treatment and discharge for plants of 
varying sizes and varying levels of treatment under 
the treatment and discharge alternative. The evaluation 
indicated that, in many instances, effluent land applica- 
tion did present a viable alternative to  discharge of 
effluent to  the surface waters. 

The three following specific levels of treatment were 
considered for the treatment and discharge of waste- 
waters to  the surface waters. These levels were then 
compared t o  the effluent land application alternative: 

1. Secondary waste treatment plus auxiliary waste 
treatment for effluent disinfection. 

2. Secondary waste treatment plus conventional 
advanced waste treatment for nitrification-to 
a level of 1.5 mg/l of ammonia-nitrogen in the 
summer m o n t h s a n d  phosphorus removal-to 
a level of 1.0 mg/l of total phosphorus-plus 
auxiliary waste treatment for effluent aeration 
and disinfection. This level was also considered 
without the component of advanced waste treat- 
ment for nitrification. 

3. Secondary waste treatment plus a conventional 
level of advanced waste treatment for nitrifica- 
tion-to level of 1.5 mg/l of ammonia-nitrogen in 
the summer m o n t h s a n d  a high level of advanced 
waste treatment for phosphorus removal-to 
a level of 0.1 mg/l of total phosphorus-plus 
auxiliary waste treatment for effluent aeration 
and disinfection. This level was also considered 
without the component of advanced waste treat- 
ment for nitrification. 

In addition to the cost comparison, there are other less 
tangible, but  nevertheless real factors which should be 
considered when comparing the treatment and effluent 
land application alternative to  the treatment and dis- 
charge alternative. The ultimate implementation of the 

l8  Limitations of soils for irrigation used are defined in 
SEWRPC Planning Report No. 8, Soils o f  Southeastern 
Wisconsin. June 1966. 

treatment and surface water discharge alternative is more 
likely to  be readily accomplished since planning for 
a major portion of the plant components of the alter- 
native may in some cases be complete. In addition, this 
alternative represents a continuation of existing practices 
with the added construction and operational require- 
ments associated with any recommended expansion or 
upgraded level of treatment. Because of the land 
requirements for the land application system, it may be 
difficult t o  select and acquire sites or make other institu- 
tional arrangements for the use of agricultural land, and 
thus the land application alternative may be difficult t o  
implement. The land application alternative requires the 
commitment of approximately 400 acres of land per 
million gallons per day of planned average hydraulic 
capacity, which would result in a change in agricultural 
land management for the selected application site area, 
and would require the treatment plant managers to  
become involved in agricultural land management. The 
land application alternative generally requires the 
construction of a major conveyance system in order 
to transport the treatment plant effluent to  the land 
application site. Because of the direct and indirect 
environmental impacts of the proposed land use changes 
and the proposed construction project for the convey- 
ance system under the land application alternative, this 
alternative would affect more area and a greater popula- 
tion than would the treatment and discharge alternative. 
On the other hand, although there would be a greater 
wastewater pumping requirement under the land applica- 
tion alternative for conveyance of the wastewater to the 
land application site, the total energy requirements 
associated with that alternative would generally be less 
than under the treatment and discharge alternative 
because of the energy required for the higher level of 
treatment normally needed prior to  discharge to  the 
surface waters. Other advantages of the land application 
alternative are that nutrients would be recycled from 
the wastewater back to  the agricultural land, and the 
treatment plant discharge of pollutants would be elimi- 
nated from the surface waters assuming proper design and 
operation of the facility. 

The findings and recommendations of the general systems 
level evaluation with respect to further consideration of 
land application of effluent are summarized in Table 88. 
These generalized findings were supplemented by more 
site-specific analyses conducted under the areawide water 
quality management planning program for the larger 
facilities in the Region and by the findings of local 
facility planning studies when available. 

The evaluation indicated that land application is generally 
more costly for all plant sizes when only secondary waste 
treatment followed by auxiliary waste treatment is 
required under the treatment and discharge alternative. 
For larger facilities the land application alternative was 
also indicated t o  be more costly than the provision 
of secondary waste treatment plus advanced waste 
treatment for phosphorus removal and auxiliary waste 
treatment. In each of these cases, the treatment and 
discharge alternative was recommended under the area- 
wide water quality management planning program. 



Table 88 

SUMMARY OF EFFLUENT LAND APPLICATION GENERALIZED ANALYSIS FINDINGS AND RECOMMENDATIONS 

a ~ o s t  information is includedin SEWRPC Study Volume No. 1100-3, Memo Number 151. 

Source: SEWRPC. 

General 
Recommendations 

for Further 
Alternative 
Evaluation 

No further consideration 
of the effluent land 
application alternative 
is recommended 

Treatment and effluent land 
application is recommended 
initially under the areawide 
water quality management 
plan for plants with 
a hydraulic design capacity 
up to 0.5 mgd. More 
detailed analyses are to be 
conducted under the area- 
wide plan for plants with 
a hydraulic design capacity 
between 0.5 mgll and 
1.0 mgd with further 
alternative evaluation to 
be conducted at the local 
facility planning level 

Treatment and effluent land 
application is recommended 
initially under the areawide 
water quality management 
plan with further alternative 
evaluation to be conducted 
at the local facility 
planning level 

Treatment and effluent land 
application is recommended 
initially under the areawide 
water quality management 
plan with further alternative 
evaluation to be conducted 
at the local facility planning 
level 

No further consideration of 
the effluent land application 
alternative is recommended 

Treatment and discharge to 
surface waters is recom- 
mended, with the treatment 
and effluent land applica- 
tion alternative t o  be 
examined in detail at the 
local facility planning level 
only if local conditions 
indicate land application 
may be viable 

Alternatives are to be 
analyzed further under the 
areawide water quality 
management plan and 
at the local facility 
planning level 

Alternatives are to be 
analyzed further under 
the areawide water quality 
management planning 
program and at the local 
facility planning level 

Facility Hydraulic Capacity and 
Treatment Level Requirements 

Under the Treatment and 
Discharge Alternative 

Average Hydraulic Capacity up to 
1.0 mgd 

Secondary waste treatment plus 
auxiliary waste treatment for 
effluent disinfection 

Secondary waste treatment plus a 
conventional level of advanced 
waste treatment for phosphorus 
removal plus auxiliarry waste 
treatment for effluent 
aeration and disinfection 

Secondary waste treatment plus a 
conventional level of advanced 
waste treatment for nitrification 
and phosphorus removal plus 
auxiliary waste treatment for 
effluent aeration and disinfection 

Secondary waste treatment plus 
a conventional level of advanced 
waste treatment for nitrification, 
a high level of advanced waste 
treatment for phosphorus removal. 
and auxiliary waste treatment for 
effluent aeration and disinfection 

Average Hydraulic Capacity over 
1.0 mgd 

Secondary waste treatment plus 
auxiliary waste treatment for 
effluent disinfection 

Secondary waste treatment plus a 
conventional level of waste 
treatment for phosphorus removal 
plus auxiliary waste treatment for 
effluent aeration and disinfection 

Secondary waste treatment plus a 
conventional level of advanced 
waste treatment for nitrification 
and phosphorus removal plus 
auxiliary waste treatment for 
effluent aeration and disinfection 

Secondary waste treatment plus 
a conventional level of advanced 
waste treatment for nitrification, 
a high level of advanced waste 
treatment for phosphorus removal, 
and auxiliary waste treatment 
for effluent aeration and 
disinfection 

Performance Standards in 
Terms of Effluent Quality 
Under the Treatment and 

Discharge Alternative 
(all standards represent 

average monthly limits) 

BOD5: 15 mgll 
Fecal Coliform: 2001100 ml 

BOD5: 15 mgll 
Total Phosphorus: 1.0 mgll 
Dissolved Oxygen: 6.0 mgll 
Fecal Coliform: 2001100 ml 

BOD5: 15 mgll 
Ammonia-Nitrogen: 1.5 mgll 
Total Phosphorus: 1.0 mgll 
Dissolved Oxygen: 6.0 mgll 
Fecal Coliform: 2001100 ml 

BOD5: 0.15 mgll 
Ammonia-Nitrogen: 1.5 mgll 
Total Phosphorus: 0.1 mgll 
Dissolved Oxygen: 6.0 mgll 
Fecal Coliform: 2001100 ml  

BOD5: 15 mgll 
Fecal Coliform: 20011M) ml 

BOD5: 15 mgll 
Total Phosphorus: 1.0 mgll 
Dissolved Oxygen: 6.0 mgll 
Fecal Coliform: 2001100 ml 

BOD5: 15 mgll 
Ammonia-Nitrogen: 1.5 mgll 
Total PHosphorus: 1.0 mgll 
Dissolved Oxygen: 6.0 mgll 
Fecal Coliform: 2001100 ml 

BOD5: 15 rngll 
Ammonia-Nitrogen: 1.5 mgll 
Total Phosphorus: 0.1 mgll 
Dissolved Oxygen: 6.0 mgll 
Fecal Coliform: 2001100 ml 

Generalized Cost 
Analysis ~ i n d i n g s ~  

The treatment and effluent land 
application alternative is generally 
more costly than the treatment 
and discharge alternative 

The treatment and effluent land 
application alternative is generally 
comparable-within 15 t o  20 per- 
cent-in cost to the treatment and 
discharge alternative 

The treatment and effluent land 
application alternative is generally 
comparable-within 15 percent-in 
cost to the treatment and discharge 
alternative 

The treatment and effluent land 
application is generally less costly 
than the treatment and discharge 
alternative 

The treatment and effluent land 
application alternative is generally 
more costly than the treatment 
and discharge alternative 

The treatment and effluent land 
application alternative is generally 
at least 15 percent more costly 
than the treatment and 
discharge alternative 

Alternative costs are variable and 
further, more specific analyses are 
needed for cost comparison 

Alternative costs are variable and 
further, more specific analyses 
are needed for cost comparison 



The evaluation further indicated that land application is 
a viable alternative where the level of treatment required 
is higher than that which can be achieved utilizing con- 
ventional advanced wastewater treatment facilities for 
phosphorus removal. Thus, whenever a wastewater 
treatment plant effluent having less than 1.0 mg/l of 
phosphorus is required to  achieve water use objectives 
under a treatment and discharge alternative, treatment 
and land application should be further considered as an 
alternative. In this case, therefore, the land application 
alternative is recommended under the areawide water 
quality management planning program, with a further 
recommendation that the treatment and discharge 
alternative be evaluated further at the local facility 
planning level for treatment facilities with hydraulic 
capacities of 1.0 mgd or less. For larger treatment facili- 
ties, further, more specific analysis of the two alternatives 
would be needed since more site-specific considerations 
may be apparent even at the regional analysis level which 
could influence the selection of alternatives for the 
larger facilities. 

Finally, the analyses indicated that, for treatment plants 
with a hydraulic capacity of up to about 1.0 mgd that 
provide secondary treatment and conventional advanced 
waste treatment for phosphorus removal and nitrification 
with effluent concentrations of 1.0 mg/l of total phos- 
phorus and 1.5 mg/l of ammonia, the annual cost of 
treatment and subsequent land application of the effluent 
may be expected to range from the same as that for the 
treatment and discharge alternative to  15  percent higher 
than the cost of that alternative. This cost difference 
can be a significant but not an overriding factor when 
compared to  other site-specific considerations which 
must also be evaluated in subsequent facilities planning 
efforts, particularly with regard to the effluent land 
application alternative. Because site-specific conditions 
could determine the ultimate practicality of effluent 
land application, it is recommended that both the treat- 
ment and discharge alternative and the treatment with 
effluent land application alternative be further examined 
at the local facility planning stage. The cost analyses 
and the recommendations of the areawide water quality 
management planning program have been based upon 
the treatment and effluent land application alternative, 
but the plan recognizes the need for the more localized 
examination. When the hydraulic capacity of the treat- 
ment facilities significantly exceeds 1.0 mgd, further, 
more specific considerations may be apparent which 
could influence the selection of alternatives for the 
larger facilities. 

The cost analyses assumed a secondary level of treatment 
producing an effluent concentration of 30 mg/l of 
five-day biochemical oxygen demand (BOD5) as well as 
auxiliary waste treatment for effluent disinfection prior 
to discharge t o  an effluent land application system. 
Present state regulations as set forth in Chapter NR 214 
of the Department of Natural Resources regulations 
provide for an effluent BOD5 concentration of up to 
50 mg/l prior to land application. In certain instances, 
design considerations at the local level may allow for this 
maximum BOD5 concentration as a potential means of 

reducing the cost of the land application alternative. 
However, in the systems level analyses, an effluent 
concentration of 30 mg/l of BOD5 was assumed. 

Onsite Wastewater Disposal Alternatives 
Onsite treatment and disposal is a potentially viable 
means of wastewater treatment for isolated enclaves of 
urban development. Federal facility planning guidelines 
require the evaluation of onsite treatment and disposal as 
an alternative to  providing centralized sanitary sewer 
service to  unsewered areas. This emphasis on onsite 
wastewater disposal is due, in part, to the concern over 
the possible secondary impacts, such as unplanned urban 
land use development, of providing sanitary sewers in 
the absence of adequate areawide and local planning and 
land use controls. Accordingly, onsite wastewater treat- 
ment and disposal was considered as a wastewater man- 
agement alternative under the areawide water quality 
management planning program. 

There are numerous onsite, or nonsewered, wastewater 
treatment and disposal systems available. Several of these 
systems were considered under the review of the state-of- 
the-art of water pollution control as documented in 
SEWRPC Technical Report No. 18, State of the Art of 
Water Pollution Control in Southeastern Wisconsin, 
Volume One, Point Sources, and a partial listing of the 
available systems is set forth in Table 89. 

In 1975 approximately 246,000 persons, or about 
14  percent of the resident population of the Region, were 
served by onsite sewage disposal systems. These systems 
consisted of approximately 351 known holding tanks, 
44 known mound-type septic tank systems, and 68,600 
known conventional septic tank systems. Of the 85 public 
sanitary sewerage service areas proposed within the 
Region by the year 2000 under the adopted regional 
land use plan, all but 22 had sewer systems either in 
existence or under construction as of 1978. The remain- 
ing 22 sewer systems are recommended to  be developed 
within the Region by the design year of the plan, along 
with five new sewage treatment plants. 

Analysis of detailed soil survey data indicates that much 
of the Region is covered by soils that have severe or very 
severe limitations for urban development utilizing onsite 
sewage disposal systems. As shown on Map 22 in 
Volume One, Chapter I11 of this report, approximately 
1,637 square miles, or about 61 percent of the total area 
of the Region, are covered by soils which are poorly 
suited for residential development without public sani- 
tary sewer service on lots smaller than one acre in size. As 
shown on Map 23 in Volume One, Chapter I11 of this 
report, approximately 1,181 square miles, or about 
44 percent of the total area of the Region, are covered by 
soils poorly suited for residential development without 
public sanitary sewer service on lots one acre or larger in 
size. It should be noted that the use of suitability ratings 
accompanying the detailed soil maps are empirical, being 
based upon the actual performance of the mapped soils 
for the specified uses as well as upon the characteristics 



Table 89 

ONSITE AND SMALL-SCALE WASTEWATER TREATMENT SYSTEM SUMMARY 

Remarks Regulatory Statusa Type of System Available Cost bata Principle o f  Operation 
I 

Conventional 
Septic Tank 
and Soil 
Absorption 
Systems 

Wastewater is settled and allowed 
t o  decompose anaerobically on 
the bottom of  the septic tank. 
The clear l iquid on top is allowed 
to  f low by gravity or is pumped 
to  seepage beds or trenches for  
infi ltration percolation through 
the soil 

Mound-Type 
Septic Systems 

Must be approved by the 
Wisconsin Department o f  
Health and Social Services and 
meet all specified criteria. This 
is the most common method 
of onsite wastewater disposal 

Same as conventional septic tank 
except that the soil absorption 
is bui l t  above ground with 
suitable materials t o  overcome 
site limitations (slowly perme- 
able soils, shallow bedrock, 
and high groundwater) 

Capital: $1 ,I 00-$2,500 
Operation and Maintenance: 
$30 per year 

Presently in a trial regulatory 
program status. Al l  permits i n  
Wisconsin have been used and 
no more wi l l  be issued until: 
1) The Environmental Impact 
Statement is completed and 
presented at a public hearing, 
and the Wisconsin Department 

Capital: $2,400-$4,500 
Operation and Maintenance: 
$45 per year 

of Health and Social Services 
approves the system; or 
2) the State Legislature gives 
the Department authority t o  
approve the system over 
a five-year trial basis 

Capital: $750-$1,000 
(does not  include the cost 
of gray water system) 

Incinerator 
Toilets 

The system burns the soild wastes 
and evaporates liquid, leaving 
only sterile ashes 

The Wisconsin Department o f  
Health and Social Services has 
no  objections t o  the use of 
these systems 

Odor problems can exist, and 
the system must be combined 
with a system for  treating 
gray water 

Chemical 
Recirculation 
Toilets 

A chemical f lu id substitutes water 
as the flushing medium, and the 
solids are separated from f luid 
in a holding tank. The f lu id is 
purified and recycled for 
further use 

Must be combined with a system 
for  treating gray water 

Not  permitted by  the Wisconsin 
Department o f  Health and 
Social Services unless manu- 
facturer has proof o f  testing, 
ensures correct operation, and 
meets all standards o f  National 
Sanitation Foundation 

Must be combined with a system 
for treating gray water 

Capital: $3,000-$4,500 
(does not  include the cost 
o f  gray water system) 

Composting 
Toilets 

Composting toilets utilize 
chambers equipped with air 
ducts t o  decompose human 
and kitchen wastes 

Wastewater sewage is conveyed 
by liquid and is stored in 
a holding tank unt i l  i t  is removed 
and transported for treatment 
elsewhere. This method replaces 
sanitary sewer systems with tank 
trucks as the mode of transpor- 
tation of sewage 

The Wisconsin Department o f  
Health and Social Services has 
stringent criteria relative t o  the 
use o f  composting toilets 

There are no laws prohibiting the 
use o f  holding tanks, but  the 
Wisconsin Department o f  
Natural Resources has negative 
feelings toward the use o f  
tanks, due primarily t o  
improper operation. The 
Wisconsin Administrative Code 
requires a signed agreement 
between the local government 
and the owner which guarantee! 
the pumping and transporting 
of the holding tank contents 

Capital: $850-$1,700 
(does not  include the cost 
o f  gray water system) 

Capital: $1,300-$3,000 
Operation and Maintenance: 
$600-$1,800 per year 

Aerobic 
Treatment 
Units 

Wastewater is settled and mixed 
with micro-organisms and then 
wastewater is resettled. The 
supernatant is discharged to  
a soil absorption system 

The Wisconsin Department o f  
Health and Social Services 
requires that aerobic units 
meet the same criteria as 
septic tanks. No surface dis- 
posal of effluent is permitted 

Capital: $1,000-$2,000 
Operation and Maintenance: 
$80-$135 per year 
(does not include soil 
absorption field or 

fi ltration and disinfection) 

Gray Water 
Treatment 
Systems 

Gray water is pumped through 
two  columns-calcite limestone 
and activated carbon-and is 
recycled t o  the user's system 
for reuse 

This system has been accepted 
by the Wisconsin Department 
of Health and Social Services 
on an experimental basis, and 
is still awaiting final clearance 
f rom the National 
Sanitation Foundation 

Capital: $3,000-$4,000 
Operation and Maintenance: 
$100-$120 per year for 
electricity plus costs for 
maintaining calcite and 
activated carbon 

a ~ o c a l  regulations are also applicable in most areas o f  southeastern Wisconsin 

Source: Donohue & Associates, lnc., Stanley Consultants, lnc., and SEWRPC. 



of the soils such as high water table, slow permeability, 
high shrink-swell potential, low bearing capacity, frost 
heave, steep slopes, and frequent flooding. 

In May 1975, the Wisconsin Department of Health and 
Social Services, Division of Health, approved for use 
throughout Wisconsin three new types of "package" 
onsite soil absorption sewage disposal systems designed 
to  overcome certain soil limitations such as imperrne- 
ability, high groundwater, and shallow bedrock. These 
new package systems, which represent the first in a pro- 
posed series of such systems, were developed by the 
Division of Health and the University of Wisconsin after 
extensive research studies and in direct response to  
problems of groundwater contamination caused by 
malfunctioning septic tank systems throughout the State, 
but most notoriously concentrated in Door County, 
where similar bedrock conditions are prevalent. 

Unlike the conventional gravity flow septic tank system, 
these new systems utilize mechanical facilities to pump 
septic tank effluent through small-diameter perforated 
distribution pipes placed in fill on top of the natural 
soil. When in place, this fill takes on the appearance 
of a mound; hence, the new systems are commonly 
called "mound systems." Figures 142 illustrates the 
placement of a mound system on a one-acre single-family 
residential parcel. In this typical installation, which is 
assumed to be designed to accommodate wastes from 
a four-bedroom single-family home, the mound would 
approximate an area 64 feet wide by 84 feet long, or 
5,376 square feet-about 12 percent of the total area 
of the lot. At its highest point, the mound would be 
approximately five feet in height. Because of the rela- 
tively large size of the mound and the need to reserve 
sufficient area for a replacement mound at some future 
date, the residential parcels on which such systems are 
to  be placed should be at least one acre in area. As shown 
in Figure 142, the mound system continues to utilize 
a standard septic tank, while adding a sewage distribution 
pumping chamber. The pump located in this chamber 
functions much like a sump pump, and provides daily 
dosing of the septic tank effluent into the mound system. 
The mound itself is constructed with sand fill covered 
by layers of clay and topsoil. The septic tank effluent 
distribution pipes are placed in crushed stone trenches 
covered with straw or marsh hay. 

The first of the three systems recently approved for use is 
designed to  be constructed on slowly permeable soils 
having seasonally high water tables. Under the rule 
adopted by the Division of Health, this package may be 
used at the present time only to solve problems on 
existing developed parcels. The second and third packages 
are designed to  overcome problems both with respect to  
existing and future development in those areas where 
soils are naturally permeable but where shallow creviced 
bedrock, in the case of package two, or high water tables, 
in the case of package three, exist. The use of any of the 
package systems must be approved by the Division of 
Health on a case-by-case basis, and is also subject to  
approval by the local units of government. All such 
systems must be monitored, with the monitoring results 
reported directly to the Division of Health. 

Figure 142 

MOUND-TYPE ONSITE SOIL ABSORPTION SYSTEM 
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As shown in the accompanying sketch, the mound system continues to  
utilize a standard septic tank, while adding a sewage distribution pumping 
chamber. The pump located in this chamber would function much like 
a sump pump, and would provide daily dosing of the septic tank effluent 
into the mound system. The mound itself would be constructed with sand 
fil l covered by layers of clay and topsoil. The septic tank effluent distribu- 
tion pipes would be placed in crushed stone trenches covered with straw 
or marsh hay. 

Source: SEWRPC. 

While the rules adopted by the Division of Health cur- 
rently restrict the applicability of the mound systems, all 
restrictions relating to such use would probably be lifted 
in the future if the systems prove to be operational on 
a widespread basis. Similarly, it is highly likely that the 
additional package systems to  be developed will be 
designed to overcome nearly all natural soil limitations 
that currently inhibit or restrict the utilization of onsite 
sewage disposal systems. The net result of these develop- 
ments would be to remove soil limitations for onsite 
sewage disposal as a constraint on regional settlement 
patterns, and thereby permit substantial additional areas 
to be developed for urban use without centralized sani- 
tary sewerage systems, thus encouraging further diffusion 
of urban development throughout the Region in a waste- 
ful, environmentally unsound pattern, destructive of both 
older urban centers and the natural resource base. Map 23 
in Volume One, Chapter I11 of this report identifies that 
area of the Region which could be subject to  urban 
development with mound-type septic tank systems if the 
current restrictions on the application of such systems 
are lifted and the additional package systems now being 



developed are introduced. This area amounts to  approxi- 
mately 465 square miles, or about 17 percent of the area 
of the Region. In effect, only those soils currently unsuit- 
able even for residential development with public sanitary 
sewer service would remain unsuitable for development. 

The adopted regional land use plan was the basis for the 
delineation of the areas to be served by the expansion of 
existing sanitary sewer systems in the Region, or by the 
development of new systems. The sewer service area 
delineations were based upon careful consideration of, 
among other factors: topography, soil suitability, drain- 
age, population and economic activity levels, local 
proposals for sewer service, desirable urban development 
densities, land use, transportation and public utility 
configurations, and developable land and housing needs. 

Those sewer service areas which are delineated under the 
areawide water quality management plan include about 
634 square miles, or 24 percent of the total area of the 
Region, with a year 2000 forecast resident population of 
2,080,000, or about 94 percent of the forecast year 2000 
regional population. An analysis was conducted, as 
described in the following section, to determine for 
selected areas the potential desirability of providing 
public sanitary sewer service, or of continuing to rely on 
onsite waste disposal systems. These areas generally 
included enclaves of urban development located outside 
the initially proposed year 2000 sewer service areas. The 
use of onsite systems is an effective wastewater treatment 
technique suitable for use in many such areas. The 
potential problems of groundwater and surface water 
pollution which can be associated with onsite wastewater 
treatment systems generally are of greatest concern 
in areas with existing or proposed development on soils 
which are indicated to  be unsuitable for onsite waste 
disposal. The potential for pollution is more severe in the 
areas developed to a higher density, although even a small 
number of malfunctioning systems could be the cause of 
problems if sited improperly with regard to  groundwater 
supply wells. For purposes of the areawide planning 
analysis, areas with a density of 32 housing units per 
quarter section, or an average of one housing unit per five 
gross acres, were considered. The analysis conducted for 
these selected areas was based upon an evaluation of the 
soil suitability, lot size, suitable onsite waste disposal 
systems, population, and distance from nearest public 
sewer service area in relation to the cost of connection to 
a sewer service area and the cost of onsite waste disposal. 

Two categories of recommendation were developed as 
a result of this general economic analysis. The areas 
which fall into each category are noted in the following 
section of this chapter, which discusses the point source 
recommendations by subregional area. 

The first categorical recommendation is based upon the 
continued use of conventional or alternative methods of 
onsite wastewater disposal. This recommendation is 
applicable to  urban enclaves located in areas with soil 
conditions and lot sizes which are considered suitable for 
conventional onsite wastewater disposal methods located 

anywhere outside the recommended year 2000 sewer 
service area, or in areas with moderate soil limitations 
located a significant distance--generally greater than 
two miles-from a proposed year 2000 sewer service area. 
The recommendation assumes adequate lot sizes for the 
required wastewater disposal system. 

The second categorical recommendation provides for 
further analysis at the regional, county, or township level 
to determine the best waste management practice for 
the enclave of urban development in question. The 
local planning program for a portion of these urban 
areas should consider both alternative onsite waste- 
water treatment methods as well as connection to the 
public sanitary sewer system. The areas of urban devel- 
opment covered under this recommendation are generally 
covered with soils considered to be unsuitable for con- 
ventional onsite wastewater treatment, have lot sizes 
that are unsuitable for such treatment, and are located 
at distances from existing or proposed public sanitary 
sewer systems that do not preclude connection of the 
urban development to  that sewer system. For urban 
areas located significant distances from the nearest 
public sanitary sewer system and with soil conditions 
unsuited for conventional onsite wastewater disposal 
systems, the local planning program should consider only 
alternative onsite wastewater disposal systems. 

FORMULATION OF ALTERNATIVE PLANS 

As noted earlier, major emphasis in the regional sanitary 
sewerage system planning program was placed upon 
the formulation of alternative plans centered on the 
provision of advanced waste treatment where necessary 
to achieve established water use objectives, with the 
alternatives differing primarily with respect to  the degree 
of centralization of treatment within urban subareas 
of the Region. The following discussion describes the 
process by which alternative plans were formulated, 
including the designation of subregional areas for system 
analysis, the determination of plan year 2000 sanitary 
sewer service areas, the screening of potential alternative 
plans, the determination of the type and level of treat- 
ment required, and the consideration given to private 
sewage treatment facilities. 

Description of Subregional Areas 
The ~rincival facilities used to control point sources of 
pollution are sanitary sewers. Sanitary sewerage system 
planning must be done on a regional basis. Land use 
patterns, which determine the amount and spatial distri- 
bution of the hydraulic and pollution loadings to  be 
accommodated by the sanitary sewerage system, develop 
over an entire urban region in response to  basic social and 
economic forces and to the operation of the urban land 
market, without regard to artificial corporate limit lines 
or natural watershed boundaries. The sanitary sewerage 
facilities, in turn, determine to  a considerable extent the 
potential uses of land areas. These facilities often cross 
not only corporate limits but watershed boundaries. 
Thus, sanitary sewerage facility planning cannot be 
accomplished successfully within the context of a single 
municipality or county if the municipality or county is 



part of a larger urban complex. Nor can such planning 
be accomplished successfully solely within natural water- 
shed areas. 

Sanitary sewerage facilities, however, need not form 
a single integrated system over an entire urbanizing 
region. Sanitary sewerage facilities may form subsystems 
related to  existing urban concentrations. Although 
sanitary sewerage facilities may cross watershed bounda- 
ries, the location of the major watershed divides must be 
recognized as an important influence on the development 
of areawide sanitary sewerage systems. This is true 
because sanitary sewerage facilities should be developed, 
to  the maximum extent possible, as gravity drainage 
systems, because treated wastes are often discharged to 
surface streams, and because legal considerations may 
prohibit or constrain the transfer of water and sewage 
across major watershed boundaries. Existing urban 
concentrations with well-developed sewerage systems 
must also be recognized as an important influence on the 
development of areawide sanitary sewerage systems. Such 
recognition is necessary if maximum use is to be made of 
the capacity of these systems and the public capital 
invested in them, and if proper recognition is to be given 
to the placement of new land use development within or 
near such concentrations and systems. 

The urbanizing region must then form the basic geo- 
graphic unit for the analysis of sanitary sewerage systems 
to assure coordination of related subsystems. But the 
planning effort must recognize the existence of sub- 
regional planning areas related both to existing urban 
concentrations and to  natural watershed boundaries. The 
need to  coordinate sanitary sewerage system development 
in an urbanizing region to effect economies in providing 
such facilities, to  guide land use development, and to 
protect the natural resource base may dictate the need to  
adjust and change the delineation of such subregional 
areas for a more efficient overall system. 

The Commission, as part of its regional sanitary sewerage 
system planning program, delineated geographic subareas 
of the Region which comprised rational sewerage system 
planning areas. The boundaries of these 11 areas were 
delineated on the basis of major natural watershed divides, 
the exterior boundaries of the Region, the existing and 
potential service areas of existing centralized sanitary 
sewerage systems, and the existing and probable future 
areas of urban development. Because of their use for 
sewage system planning, these areas provided the best 
available basis for organizing the sanitary sewerage system 
inventory required for the areawide water quality man- 
agement planning effort. The 11 subregional areas are 
shown on Map 34 and include: 

1. The Milwaukee Metropolitan subregional area 
consists of all of Milwaukee County and those 
portions of Ozaukee, Racine, washington, and 
Waukesha Counties which either presently con- 
tract, or are proposed to contract, with the 
Milwaukee-Metropolitan Sewerage Commissions 
for sewage treatment services. 

2. The Upper Milwaukee River subregional area 
consists of all of the Milwaukee River watershed 
within the Region north of the northern limits of 
the City of Mequon. 

3. The Sauk Creek subregional area consists of all 
of the Sauk Creek watershed, that portion of the 
Sheboygan River watershed lying within the 
Region, and minor tributary areas which drain 
directly to  Lake Michigan lying generally north of 
the City of Port Washington. 

4. The Kenosha-Racine subregional area consists of 
all of that area of Kenosha and Racine Counties 
lying east of IH 94 except that portion within 
the Des Plaines River watershed. 

5. The Root River Canal subregional area consists of 
all of that part of the Root River watershed in 
Racine County west of IH 94 which generally 
drains northerly toward Milwaukee County and 
the main stem of the Root River at the Milwaukee- 
Racine County line. 

6. The Des Plaines River subregional area consists of 
all of the Des Plaines River watershed within the 
Region. 

7 .  The Upper Fox River subregional area consists of 
nearly all of the Fox River watershed north of the 
Vernon Marsh in Waukesha County. 

8. The Lower Fox River subregional area consists of 
all of the Fox River watershed within the Region 
south of the Vernon Marsh, except the urban 
concentrations at the west end of Lake Geneva in 
Walworth County. 

9. The Upper Rock River subregional area consists 
of all of that area of the Rock River watershed 
within the Region lying within Walworth County. 

10. The Middle Rock River subregional area consists 
of all of that area of the Rock River watershed 
within the Region lying within Waukesha County. 

11. The Lower Rock River subregional area consists 
of all of that area of the Rock River watershed 
within the Region lying within Walworth County 
and the urban concentrations in the Fox River 
watershed at the western end of Lake Geneva. 

The boundaries of these 11 subregional areas generally 
follow major natural watershed divides. Such natural 
watershed divides were crossed only where necessary to 
provide a more rational planning area or a more con- 
venient method of presenting the alternative plans 
considered in the development of the regional sanitary 
sewerage system plan. In general, it was possible to  
consider all of the plan alternatives in that effort within 



Eleven distinct subregional areas were identified for sanitary sewerage system planning purposes within the Region. The boundaries of these 11 areas were delineated 
on the basis of natural major watershed divides, existing and potential service areas of existing centralized sanitary sewerage systems, and existing and probable 
future areas of urban concentration as recommended in the adopted regional land use plan. In  determining the boundaries of the subregional areas, natural water- 
shed divides were crossed only where necessary to recognize the effects of potential urban development and attendant sewerage facilities which crossed such divides. 

Source: SEWRPC. 
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the various subregional areas, although in a few instances 
it became necessary to considerat least in the prelimi- 
nary analysisadditional alternatives which transcended 
even the subregional area boundaries. 

sanitary sewerage system plan provided the basis for the 
delineation of land areas to  which sanitary sewer service 
should be extended by the plan design year of 2000. In 
addition, an analysis was undertaken to identify those 
areas committed to urban development which lie beyond 
the urban area limits as recommended on the regional 
land use plan map. Any areas so identified, when con- 
tiguous, or in close proximity, to  areas recommended for 
development in the regional land use plan, were added to 
the proposed year 2000 sewer service areas. 

Several distinct year 2000 sewer service areas were thus 
identified within each subregional sewerage system 
planning area. The number of areas so identified was 
based upon several factors, including existing minor civil 
division boundaries and known communities of interest, 
particularly with respect to  urban development along 
lakeshores. Once the year 2000 sewer service areas within 
each subregional area were identified, the process of 
formulating alternative plans could begin. It is important 
to note that under any of the alternative plans considered 
for a given subregional area, the total area proposed to be 
served remained the same. 

The recommended sewer service standards set forth in 
Chapter I1 of this volume were utilized in the delineation 
of areas recommended to be served with centralized 
sanitary sewer service by the year 2000. Therefore, 
the recommended sewer service areas include most 
of the urban concentrations-high-, medium-, and low- 
density-recommended in the adopted regional land use 
plan. There exist throughout the Region, however, 
additional urban areas identified in the plan which were 
not included within the recommended plan year 2000 
sewer service areas. In most cases, these areas are very 
small and consist of clusters of residential and commer- 
cial land uses located along the shorelines of small inland 
lakes, along the Lake Michigan shoreline, or at rural 
highway intersections. In some cases, however, these 
areas lie within incorporated municipalities. These areas 
were generally not recommended to be provided with 
sanitary sewer service by the year 2000 because they are 
very small and isolated from other urban development; 
consist in part of seasonal homes; are located in or 
adjacent to  the Kettle Moraine State Forest or other 
environmental corridor areas where additional urban 
development should not be encouraged; or are located on 
soils generally well suited for the use of onsite soil 
absorption sewage disposal systems. Such areas were 
included in the proposed service area, however, if there 
was substantial evidence of widespread septic tank system 
failure, or if the Wisconsin Department of Natural 
Resources had ordered the installation of sanitary sewers 
for public health reasons. With respect to  those urban 
areas not included within the recommended year 2000 

sewer service area, it is recommended that, should public 
health authorities, after careful investigation, advise at 
some future date that centralized sewer service is needed, 
analyses then be made of the alternatives that are avail- 
able for the provision of such service. Because of remote- 
ness, it is anticipated that in most cases such service could 
be economically provided only through construction of 
a modified onsite disposal system, or through constmc- 
tion of a new, small wastewater treatment facility. 

Alternative Analyses 
A systematic procedure was utilized in the regional 
sanitary sewerage system plan t o  formulate and evaluate 
alternative public sanitary sewerage system plans. This 
process first evaluated the potential for interconnection 
of community sanitary sewerage systems. A preliminary 
economic analysis was made for those interconnections 
found to be potentially feasible, with a more detailed 
analysis conducted for those systems which continued to 
appear feasible following the preliminary analysis. Under 
the areawide water quality management planning pro- 
gram, all interconnections determined to be potentially 
feasible in the regional sanitary sewerage system plan 
were reconsidered except in certain cases where the 
recommendations of the regional sanitary sewerage system 
plan were previously verified by subsequent local level 
planning. In other cases, interconnection was recom- 
mended to be reconsidered by local facilities planning 
programs presently being conducted. 

For economic analysis purposes, decisions had to be 
made in constructing the alternative plan elements 
concerning the abandonment of existing sewage treat- 
ment facilities approaching the end of their economic 
lives. Thus, existing sewage treatment facilities were 
assumed to be abandoned and replaced by other facili- 
ties if one or more of the following factors was found 
to exist: 

1. The existing sewage treatment facility was more 
than seven years old in 1975, and thus would be 
more than 15 years old by 1983-the earliest year 
in which plan implementation involving major 
facility improvement was assumed for alternative 
analysis purposes; 

2. The capacity of the existing sewage treatment 
facility was less than one-third that needed to 
accommodate year 2000 demand. 

The foregoing assumptions were made in order to facili- 
tate consistent economic analyses for system planning 
purposes. In practice, the decision to abandon or recon- 
struct all or parts of an existing sewage treatment plant 
will have to be made on the basis of detailed engineering 
investigations during local level facility planning efforts. 

pollution in the Region conducted as part of the areawide 
water quality management planning program revealed the 
existence of 344 known point sources of wastewater 



other than municipal sewage treatment plants and sani- 
tary and combined sewer flow relief devices (see Volume 
One, Chapter V of this report). Sixty-seven of these 
known point sources were categorized as private sewage 
treatment plants. Major industrial, commercial chemical, 
or biological treatment facilities which discharge treated 
effluent directly or indirectly via storm sewer systems to 
surface water were considered to  be private sewage 
treatment plants. In addition, facilities providing treat- 
ment of wastewater followed by effluent disposal in 
seepage lagoons or by other effluent land application 
techniques were classified as private sewage treatment 
plants. Excluded from this classification were certain 
highly specialized industrial waste treatment facilities 
which provided minor levels of treatment, such as sedi- 
mentation for grit removal and skimming or flotation for 
oil and grease removal, and which discharged an effluent 
which was essentially adequately treated by such limited 
special-purpose treatment steps and, as such, should not 
be discharged to a sanitary sewerage system. Also not 
included were septic tanks with conventional soil absorp- 
tion seepage fields, or clear cooling water discharges 
having no pretreatment. 

In the preparation of the alternative plans, existing 
private sewage treatment facilities were recommended to 
be abandoned if the land uses served lay within the 
proposed year 2000 sewer service area and if the facility 
was not of a type especially designed to treat unusual 
industrial wastes. Conversely, if the facility was a special- 
purpose facility accommodating unusual wastes, it was 
recommended to be retained. Those facilities serving 
isolated land uses beyond the proposed year 2000 sewer 
service area were recommended to be retained provided 
that satisfactory operation is achieved and maintained. 
Since those private sewage treatment facilities recom- 
mended to be retained in the plan generally are unique in 
terms of the type of wastes to be treated, recommenda- 
tions concerning the type and level of treatment to  be 
provided must be formulated on a case-by-case basis 
during plan implementation. 

Recommended Wastewater Treatment 
Plan Performance Standards - - . . . - . . - 

The design and evaluation of alternative point source 
pollution abatement plans required assumptions to  be 
made concerning the performance of various types of 
wastewater treatment facilities. These performance 
standards were derived from the technical data presented 
in SEWRPC Technical Report No. 18, State of the Art of 
Water Pollution Control in Southeastern Wisconsin, 
Volume One, Point Sources, and relate to  pollutant 
concentrations in treatment plant effluent expressed 
in terms of monthly averages. 

The water quality simulation work conducted under the 
areawide water quality management planning program 
and the recommendations concerning wastewater treat- 
ment plant effluent concentrations of pollutants have 
generally been developed utilizing a single set of recom- 
mended effluent quality characteristics associated with 
each recommended level of treatment, as opposed to 
a broad spectrum of effluent quality characteristics. The 

level of treatment recommended was selected in conjunc- 
tion with the degree of pollutant control from nonpoint 
sources in order to achieve the water quality standards 
associated with the water use objectives established for 
each stream. In certain instances, the recommended 
effluent characteristics developed under the areawide 
plan have been based in part on site-specific information 
contained in local facility planning studies and, as such, 
vary from the specific concentration associated with each 
level of treatment. The effluent recommendations devel- 
oped under the areawide water quality management 
planning program can, in many cases, be expected to  be 
refined by more site-specific studies. These studies could 
reflect site-specific localized conditions as well as seasonal 
variations. The six basic specific levels of wastewater 
treatment and the wastewater treatment plant effluent 
characteristics associated with each level of treatment 
utilized in plan development are indicated in Table 90. 

Under the regional sanitary sewerage system plan, it was 
concluded that an ordinary activated sludge secondary 
wastewater treatment plant incorporating the recircula- 
tion of sludge digestion tank supernatant cannot gen- 
erally be expected to  consistently produce, on a monthly 
average basis, an effluent with less than 15  mg/l of 
five-day biochemical oxygen demand (BOD5). Such 
plants can, however, be expected to  consistently produce 
an effluent with less than 1 5  mg/l of BOD on an annual i' average basis. This conclusion was verifie by the state- 
of-the-art studies except for plants receiving wastes 
with relatively low influent BOD5 concentrations- 
about 130 mg/l and below-where it was concluded 
that a monthly effluent concentration of 1 5  mg/l was 
possible utilizing primary sedimentation followed by an 
activated sludge secondary system and effluent chlorina- 
tion. Thus, under the second through fifth levels of treat- 
ment noted in Table 90, a tertiary treatment unit process 
is included when the plant influent concentration of 
BOD5 is relatively high. In some cases, the need for 
a tertiary unit is avoided when advanced waste treat- 
ment facilities for phosphorus and ammonia-nitrogen 
removal are recommended, since these added treat- 
ment steps tend to somewhat reduce the effluent 
BOD5 concentrations. 

The analyses of point source abatement alternatives 
generally assumed an initial wastewater treatment plant 
effluent concentration of 1 5  mg/l of BOD5 to determine 
if the stream water quality standards could be achieved 
with that quality of effluent. If a higher level of treat- 
ment for BOD5 reduction was required to meet water use 
objectives, the level of treatment needed was determined 
on the basis of simulation model results. Higher levels of 
treatment were then evaluated assuming the performance 
standards summarized in Table 90 and as documented in 
SEWRPC Technical Report No. 18, State of the Art of 
Water Pollution Control in Southeastern Wisconsin, 
Volume One, Point Sources. Generally, effluent concen- 
trations of lower than 1 5  mg/l of BOD5 were not evalu- 
ated since either the influent characteristics of the 
treatment plants involved were low enough or the 
advanced waste treatment component requirements 
provided for achievement of that BOD5 concentration 
without the addition of tertiary treatment units. 



Table 90 

BASIC LEVELS OF WASTEWATER TREATMENT AND ASSOCIATED PLANT EFFLUENT QUALITY 

a In many instances, a level of 0.1 mg/l of total phosphorus was incorporated into these levels of treatment in order to meet water quality 
standards. 

Effluent 
Characteristic 

Level 

1 
2 
3 
4 
5 
6 

~ u r i n ~  winter months, an ammonia-nitrogen effluent limit of 3.0 mg/l is specified. 

Source: SEWRPC. 

Effluent Quality (monthly average limits) 

MILWAUKEE METROPOLITAN 
SUBREGIONAL AREA 

The Milwaukee metropolitan subregional area consists 
of all of Milwaukee County and those portions of Ozau- 
kee, Racine, Washington, and Waukesha Counties which 
contract, or are proposed to  contract, with the Milwaukee- 
Metropolitan Sewerage Commissions for sewage treat- 
ment services. The Milwaukee metropolitan subregional 
area is comprised of all or portions of several major 
watersheds, including all of the Menomonee, Kinnickin- 
nic, and Oak Creek watersheds; major portions of the 
Milwaukee and Root River watersheds; a minor portion 
of the Fox River watershed in the Muskego Lakes area; 
and minor areas which drain directly to Lake Michigan. 
The area contains by far the largest single concentra- 
tion of urban development within the Southeastern Wis- 
consin Region and, indeed, comprises the urban-industrial 
heart of the Region. 

Dissolved , 
Oxygen 
(mg/l) 

- - 
- - 
- - 

6.0 
6.0 

Centralized sanitary sewer service in the Milwaukee 

Ammonia- 
Nitrogen 

(mg/l) 

- - 
- - 
-. 

1 . 5 ~  
1 .5b 

metropolitan subregional area was provided by nine 
systems in 1975: the large Milwaukee metropolitan 

Total 
Phosphorus 

(mg/l) 

- - 
- - 

1 .oa 
1 .oa 
1 .oa 

Five-Day 
Biochemical 

Oxygen 
Demand 

(mgll) 

30 
15 
15 

15 ~ 

5 

sewerage system and smaller systems operated within 
the Cities of Franklin and South Milwaukee in Milwaukee 
County; the Cities of Muskego and New Berlin and the 
Village of Menomonee Falls in Waukesha County; the 
Village of Germantown in Washington County; the 
Village of Thiensville in Ozaukee County; and the Caddy 
Vista Sanitary District in the Town of Caledonia, Racine 
County. All but the South Milwaukee system are con- 
sidered locally t o  be temporary, with ultimate connec- 
tion to the Milwaukee metropolitan sewerage system. 

Effluent land application in lieu of 
in-plant advanced waste treatment 

Total 
Suspended 

Solids 
(mg/l) 

30 
15 
15 
20 

5 
30 

Together, these nine systems served a total area of about 

30 

230.8 square miles and an estimated population of about 
1,093,200 persons. Specific population, service area, and 
related characteristics of the nine systems are presented 
in Volume One, Chapter V of this report and in Chap- 
ter I11 of SEWRPC Technical Report No. 21, Sources of 
Water Pollution in Southeastern Wisconsin: 1975. 

In 1975 there were nearly 44,600 persons living within 
the Milwaukee metropolitan subregional area not served 
by centralized sanitary sewers. This population was con- 
centrated within the Milwaukee Metropolitan Sewerage 
District-primarily within the Cities of Franklin, Green- 
field, and Oak Creek and within the existing and pro- 
posed contract service areas in the Cities of Brookfield, 
Mequon, Muskego, and New Berlin and the Villages of 
Menomonee Falls and Germantown. 

Sewer Service Analysis Areas 
The boundaries of the Milwaukee metropolitan subre- 
gional area reflect not only the existing, large centralized 
sanitary sewer system operated by the Milwaukee- 
Metropolitan Sewerage Commissions but the committed 
future sewer service area designated by the Commissions 
in their long-range planning efforts. Studies conducted by 
the Commission for the Root, Milwaukee, and Menomo- 
nee River watersheds have proposed that several small 
additional areas eventually receive sewer service by the 
joint Commissions. This total area may be divided into 
12  sewer service analysis areas (see Table 91). These 
1 2  areas are also shown on Map 35 and may be described 
as follows: 



Table 91 

SELECTED CHARACTERISTICS OF SEWER SERVICE AREAS I N  THE 
MILWAUKEE METROPOLITAN SUBREGIONAL AREA: 1975,1985, A N D  2000 

a See Map 35. 

Includes 0.09 square mile in the Village of Bayside, Ozaukee County. 

Includes contributions from the Wisconsin Electric Power Company-Oak Creek Plant, the Highway 100 Drive-in Theater, and the Union Oil Truck Stop. 

Includes contributions from the Chalet on the Lake Restaurant, the Federal Foods Company, and the School Sisters of Notre Dame. 

Includes a contribution from Brookfield Central High School. 

Includes contributions from the Cleveland Heights Elementary School, the Highway 24 Outdoor Theatre, and the New Berlin Memorial Hospital. 

Includes a contribution from the Muskego Rendering Company. 

Source: SEWRPC. 

1. Area A-This area consists of the entire Mil- 
waukee Metropolitan Sewerage District and 
includes all that area of Milwaukee County 
except the City of South Milwaukee, which 
has not elected to become part of the District. 
In 1975 sewer service was provided in this area to 
about 182 square miles having a total resident 
population of about 980,900 persons. The total 
area anticipated to be served by the year 2000 
approximates 221.7 square miles with a projected 
resident population of about 1,025,700 persons. 
This represents a decrease from the 1.4 million 
persons forecast for this area for 1990 in the 
regional sanitary sewerage system plan. This sub- 
area is referenced as the "Milwaukee metropoli- 
tan" sewer service area in the ensuing discussion. 

2. Area B-This area consists of the City of South 
Milwaukee. In 1975 sewer service was provided in 
this area to about 4.9 square miles having a total 
resident population of about 23,400 persons. The 
entire area may be considered as served by 
centralized sanitary sewer service. By the year 

Planned 2000 

2000 the area is anticipated to contain a resident 
population of about 22,600 persons. This repre- 
sents a decrease from the 27,000 persons forecast 
for this area for 1990 in the regional sanitary 
sewerage system plan. This subarea is referenced 
as the "South Milwaukee" sewer service area in 
the ensuing discussion. 

Area 
Sewed 

(square miles) 

221.71 
4.86 

21.82 

Planned 1985 

Sewer Sewice 
Analysis ~ r e a ~  

3. Area C-This area consists of that portion of 
the City of Mequon recommended for sewer 
service by the year 2000. In 1975 sewer service 
was provided in this area to about 9.2 square 
miles having a total resident population of about 
9,500 persons. The total area anticipated to be 
served by the year 2000 approximates 21.8 square 
miles with a projected resident population of 
about 36,200 persons. This represents a signifi- 
cant decrease from the 49,000 persons forecast 
for this area for 1990 in the regional sanitary 
sewerage system plan. This subarea is refer- 
enced as the "Mequon" sewer service area in the 
ensuing discussion. 

Population 
Sewed 

990,800 
23,000 
23,200 
4,400 

13,800 
39,800 
2.200 

19.400 
6,900 

36,100 
14,300 
1.200 

1,175,100 

Existing 1975 

Letter 

A 

B 
C 
D 
E 
F 
G 
H 

I 4 
J 
K 
L 

Population 
Sewed 

1,025,700 
22.600 
36,200 
4.600 

Design 
Hydraulic 
Loading 
(mgdl 

198.1lc 
2.67 
4 . 1 0 ~  
0.61 
2.73 
6.33 
0.74 
~ . 5 5 ~  
1.08 
6 . ~ 6 ~  
1 . 7 9 ~  
0.13 

227.10 

Name 

Milwaukee Metropolitan 
Sewerage District . . . . . .  

South Milwaukee . . . . . . .  
Mequon . . . . . . . . . . . .  
Thiensville . . . . . . . . . . .  
Germantown . . . . . . . . . .  
Menomonee Falls.  . . . . . .  
Butler . . . . . . . . . . . . . .  
Brookfield-East . . . . . . . .  
Elm Grove.  . . . . . . . . . .  
New Berlin.  . . . . . . . . . .  
Muskego . . . . . . . . . . . .  
Caddy Vista . . . . . . . . . .  

Total 

Design 
Hydraulic 
Loading 
(mgd) 

205.44' 
2.67 
6 . ~ 3 ~  
0.65 

Unserved 
Population 

Residing in the  
Proposed 2000 

Serv~ce Area 

6,900 

3,300 

SO0 
9,200 

1,600 

12,100 
1,200 

35,100 

Area 
Served 

(square miles) 

181 .9gb 
4.86 
9.22 
1.16 
1.88 
6.17 
0.78 

10.86 
3.25 
5.57 
4.75 
0.29 

230.78 

5.32 
9.76 
0.74 
3.01e 
1.10 
9.38f 
2.7gg 
0.1 7 

247.86 

26,100 
16.22 56,100 
0.78 :::: ! 2,200 

11.91 , 21,600 
3.29 7,000 

1753 1 51.000 

Population 
Sewed 

980.900 
23,400 
9,500 
4,200 
4,600 

20,400 
2,100 

16,300 
7.000 

13,600 
10,200 
1.000 

1,093.200 

10.37 
0.46 

317.94 

Average 
Hydraulic 
Load~ng 
(mgd) 

196.00 
2.67 
1.20 
0.57 
0.80 
2.26 
0.72 
1.90 
1.10 
1.52 
0.92 
0.09 

209.75 

19.000 
'I ,400 

1,273,500 



Map 35 

rS: 
IAL AREA 

For analysis purposes, the Milwaukee metropolitan subregional erea was divided into 12 sewer service analysis areas. Two of the 12 analysis areas are located in 
Milwaukee County, one consisting of the entire Milwaukee Metropolitan Sewerage District and the other consisting of the City of South Milwaukee. The remaining 
10 areas consist of existing or proposed contract sewer service areas in Ozaukee, Washington, Weukesha, and Racine Counties. The Milwaukee metropolitan 
subregional area contains by far the largest single concentration of urban development within the Region. This subregional area is comprised of all or portions of 
several major watersheds, including all of the Menomonee, Kinnickinnic, and Oak Creek watersheds; major portions of the Milwaukee end Root River watersheds; 
a minor portion of the Fox River watershed in the Muskego Lakes area; and areas which drain directly to Lake Michigan. By the year 2000 i t  i s  anticipated that 
about 1,273,600 persons will reside in these 12 sewer service areas, which will approximate 318 square miles. In 1975 there were about 1,137,800 persons residing 
in the Milwaukee metropolitan subregional area, of which 1,093,200 were served by centralized sewer service and 44,600 by ansite sewage disposal ystems. 

Source: SEWRPC. 



4. Area D-This area consists of the Village of 
Thiensville. The adopted Milwaukee River water- 
shed plan recommended that this area be con- 
nected to the Milwaukee metropolitan sewerage 
system with 'concomitant abandonment of the 
existing Thiensville sewage treatment facility. In 
1975 sewer service was provided in this area to 
about 1.2 square miles having a total resident 
population of about 4,200 persons. The entire 
area may be considered to  be served by central- 
ized sanitary sewer service. The total resident 
population anticipated to be served by the year 
2000 is about 4,600 persons. This represents 
an increase from the 4,100 persons forecast 
for this area for 1990 in the regional sanitary 
sewerage system plan. This subarea is referenced 
as the "Thiensville" sewer service area in the 
ensuing discussion. 

5. Area E-This area consists of that portion of 
the Village of Germantown recommended for 
sewer service by the year 2000. In 1975 sewer 
service was provided in this area to nearly 1.9 
square miles having a total resident population of 
about 4,600 persons. The total area anticipated 
to be served by the year 2000 approximates 
7.8 square miles with a projected resident 
population of about 26,100 persons. This repre- 
sents a slight decrease from the 26,700 persons 
forecast for the area of 1990 in the regional 
sanitary sewerage system plan. This subarea is 
referenced as the "Germantown" sewer service 
area in the ensuing discussion. 

6. Area F-This area generally consists of that por- 
tion of the Village of Menomonee Falls lying east 
of the subcontinental divide. In 1975 sewer ser- 
vice was provided in this area to about 6.2 square 
miles having a total resident population of about 
20,400 persons. By the year 2000 the total area 
anticipated to be served approximates 16.2 square 
miles with a projected resident population of 
about 56,100 persons. This represents a signifi- 
cant decrease from the 72,000 persons forecast 
for the area for 1990 in the regional sanitary 
sewerage system plan. This subarea is referenced 
as the "Menomonee Falls" sewer service area in 
the ensuing discussion. 

7. Area G--This area consists of the Village of 
Butler. In 1975 sewer service was provided to 
the entire Village, having a total area of about 
0.8 square mile and a total resident population 
of about 2,100 persons. By the year 2000 the 
population served is anticipated to reach 2,200 
persons. This represents a significant decrease 
from the 3,100 persons forecast for the area for 
1990 in the regional sanitary sewerage system 
plan. This subarea is referenced as the "Butler" 
sewer service area in the ensuing discussion. 

8. Area H-This area consists of all of the City 
of Brookfield lying east of the subcontinental 
divide, except for certain areas already served 
by the City of Brookfield through the Fox River 
watershed sanitary sewerage system, located 
west of the subcontinental divide. In 1975 
sewer service was provided in this area to about 
10.9 square miles having a total resident popu- 
lation of about 16,300 persons. The total area 
anticipated to  be served by the year 2000 
approximates 11.9 square miles with a total 
projected resident population of about 21,600 
persons. This represents a slight increase from the 
21,000 persons forecast for the area for 1990 in 
the regional sanitary sewerage system plan. This 
subarea is referenced as the "Brookfield-East" 
sewer service area in the ensuing discussion. 

9. Area I-This area consists of the Village of Elm 
Grove. In 1975 sewer service was provided 
to the entire Village, having a total sewer service 
area of about 3.3 square miles and a total 
resident population of. about 7,000 persons. 
The total resident population projected to be 
served by the year 2000 remains at about 7,000 
persons. This represents a slight decrease from 
the 7,900 persons forecast for the area for 1990 
in the regional sanitary sewerage system plan. 
This subarea is referenced as the "Elm Grove" 
sewer service area in the ensuing discussion. 

10. Area J-This area consists of all of the City of 
New Berlin lying east of the subcontinental 
divide. In 1975 sewer service was provided 
in this area to about 5.6 square miles having 
a total resident population of about 13,600 
persons. The total area anticipated to be served 
by the year 2000 approximates 17.5 square miles 
with a projected resident population of about 
51,000 persons. This represents a significant 
decrease from the 63,000 persons forecast for 
the area for 1990 in the regional sanitary sew- 
erage system plan. This subarea is referenced 
as the "New Berlin" sewer service area in the 
ensuing discussion. 

Area K-This area consists of all of that por- 
tion of the City of Muskego recommended 
for sewer service by the year 2000. In 1975 
sewer service was provided in this area to  about 
4.8 square miles with a total'resident population 
of about 10,200 persons. The total area antici- 
pated to be served by the year 2000 approximates 
10.4 square miles with a projected resident 
population of 19,000 persons. This represents 
a significant decrease from the 32,000 persons 
forecast for the area for 1990 in the regional 
sanitary sewerage system plan. This subarea is 
referenced as the "Muskego" sewer service area in 
the ensuing discussion. 



12.  Area L-This area consists of the Caddy Vista 
Sanitary District in the Town of Caledonia, 
which is recommended in the adopted Root River 
watershed plan to be connected to the Milwaukee 
metropolitan sewerage system, with concomitant 
abandonment of the existing Caddy Vista sewage 
treatment facility. In 1975 sewer service was 
provided in this area to about 0.3 square mile 
with a total resident population served of about 
1,000 persons. The total area anticipated to be 
served by the year 2000 approximates 0.5 square 
mile with a projected resident population of 
nearly 1,400 persons. This represents a decrease 
from the 1,900 persons forecast for the area for 
1990 in the regional sanitary sewerage system 
plan. This subarea is referenced as the "Caddy 
Vista" sewer service area in the ensuing discussion. 

Formulation of Alternatives 
The Milwaukee-Metropolitan Sewerage Commissions and 
the local communities within the Milwaukee Metropoli- 
tan Sewerage District, as well as the existing and pro- 
posed contract areas, have over the years conducted 
many long-range sewerage planning and engineering 
studies. The sewerage facilities recommended as a result 
of these studies had been considered committed for 
planning purposes in the development of the regional 
sanitary sewerage system plan. With but one exception, 
all of the communities located within the Milwaukee 
n~etropolitan subregional area have agreed to the con- 
struction of essentially a single centralized sanitary sew- 
erage system served by two major treatment facilities- 
the Jones Island and South Shore plants operated by 
the Milwaukee-Metropolitan Sewerage Commissions- 
with ultimate abandonment of all remaining public and 
private sewage treatment facilities that currently serve 
urban development in the subregional area. The single 
exception involves the City of South Milwaukee, which 
has historically declined to join the Milwaukee Metropoli- 
tan Sewerage District. 

The Milwaukee Metropolitan Sewerage District is pres- 
ently in the process of preparing a facility plan for 
a study area which includes the District and all or 
portions of 10  municipalities included in the existing and 
proposed contract service areas of the District. As part of 
that facility planning effort, it is proposed that detailed 
alternative analyses be conducted regarding the number 
and location of treatment facilities as well as the type 
and level of treatment required in order to meet water 
use objectives. An analysis of the wastewater convey- 
ance system needs is also being conducted under the 
local facilities planning program. In view of previous 
developments, the alternative analyses being conducted 
under the facility planning program are expected to  
conclude that the decisions regarding abandonment of 
the existing wastewater treatment facilities at Menomo- 
nee Falls, Caddy Vista, and Hales Comers, with subse- 
quent connection of the areas tributary to these plants to 
the Milwaukee metropolitan sewer system, are in essence 
committed. The proposed trunk sewer additions needed 
to connect the service areas presently tributary to the 
Hales Comers and Menomonee Falls wastewater treat- 
ment plants have been approved by the Department of 
Natural Resources as of December 1978, and local trunk 

sewer capacity is available for connection of the Caddy 
Vista sewer service area. Further facility planning analyses 
are expected to reevaluate the previous recommendations 
made concerning other wastewater treatment facilities in 
the Milwaukee metropolitan area. 

Because of the previously committed decisions regarding 
the abandonment of wastewater treatment facilities for 
a portion of the Milwaukee metropolitan subregional 
area, and because detailed alternative analyses are pres- 
ently being developed through local facility planning 
efforts, further formulation and analysis of alternative 
sanitary sewerage system plans were not considered for 
that subregional area. Further alternative analyses would, 
in effect, duplicate efforts presently planned under the 
local facility planning program. Thus, the plan for the 
sanitary sewerage systems within the Milwaukee metro- 
politan subregional area-as developed under the regional 
sanitary sewerage system plan-is incorporated, with 
certain modifications indicated as desirable by subse- 
quent areawide and local facilities planning efforts, as an 
integral part of the areawide water quality management 
plan recommendations. The local facility planning 
program efforts, meanwhile, are being reviewed and 
coordinated with the regional plan elements. Should the 
local facility planning findings vary from the recom- 
mendations included herein based upon the regional 
sanitary sewerage system plan, appropriate modifications 
will be made to  incorporate the variations into the 
areawide water quality management planning program 
once those variations have been reviewed and approved 
by all parties concerned. 

In May 1976 a moratorium on new sewer connections 
was imposed on the Milwaukee metropolitan area-by the 
Wisconsin Department of Natural Resources because the 
sewer system could not meet newly drafted effluent 
discharge limits. This issue went to court and was resolved 
in 1977 by a stipulation which set forth the pollution 
abatement program which Milwaukee must accomplish to  
meet Wisconsin Department of Natural Resources and the 
U. S. Environmental Protection Agency standards. 

Other legal action involving the State of Illinois may also 
require additional sewerage systems improvements. In 
January 1977 an Illinois lawsuit against Milwaukee was 
in active litigation. The ruling of the case significantly 
altered the pollution abatement program agreed upon 
earlier between the Milwaukee Sewerage District and the 
Wisconsin Department of Natural Resources, and imposed 
water quality standards considerably more stringent than 
those required by the state and federal governments. 

The ruling also indicated that Milwaukee must com- 
pletely elidinate all combined sewer overflows and 
provide advanced waste treatment not only for waste- 
water generated in the separated sewer areas but for 
combined sewer overflow as well. The decision in the 
Illinois case is being appealed. The results of these court 
actions, as of the date of publication of Volume Three 
of this report, are set forth in Chapter I1 of that volume. 

The major requirements of the agreement with the 
Wisconsin Department of Natural Resources and the 
pending Illinois stipulation are summarized in Table 92. 



Table 92 

SUMMARY OF MAJOR REQUIREMENTS OF THE WISCONSIN DEPARTMENT OF 
NATURAL RESOURCES AND STATE OF I LLlNOlS STIPULATIONS 

I Requirement I DNR Stipulation I Illinois Stipulation I 
1 Solids Management Programs 1 Complete by July 1, 1982 1 No specific requirement I 

Elimination of Bypassing 
in Separated System 

Complete relief sewers by July 1, 1983 
Complete expansion sewers by July 1, 1982 
Eliminate dry weather bypassing by July 1, 1982 

Eliminate by July 1, 1986 1 
Bypass at treatment facilities eliminated 

by December 31, 1986 

Sewer System Rehabilitation Submit Sewer System Evaluation Survey 
report by July 1, 1980 

Complete sewer system rehabilitation 
by July 1, 1986 

Eliminate all overflows by July 1, 1986 I 
Combined Sewer Overflow 

(CSO) Abatement 

Waste Treatment Requirements 

Complete design by July 1, 1981 
Complete CSO abatement facilities and 

meet water quality standards by 
July 1, 1993 

Secondary treatment and phosphorus 
removal by July 1, 1982 

Monthly average 
30 mgll BOD 
30 mgll suspended solids 
1.0 mgll phosphorus 
4001100 ml membrane filter fecal 

coliform counts 

Weekly average 
45 mgll BOD 
45 mgll suspended solids 

Three-stage CSO abatement: 
700 acre-feet by December 31, 1985 

1,240 acre-feet by December 31, 1987 
2,605 acre-feet by December 31, 1989 

Treat overflows by screening 
and chlorination 

Advanced wastewater treatment and 
phosphorus removal consisting of 
coagulation, sedimentation, and 
filtration by December 31, 1986 

30 consecutive day average 
5.0 mgll BOD 
5.0 mgll suspended solids 

Monthly average 
1.0 mgll phosphorus 

Not to exceed on any day 
10 mgll BOD 
10 mgll suspended solids 

Not to exceed on any grab sample, 
401100 membrane filter fecal., 
coliform counts 

Free chlorine residual a t  all times 

Source: Milwaukee Metropolitan Sewerage District and SEWRPC. 

Water quality simulation results are presented, with Proposed Plan-Milwaukee Metropolitan Sewerage 
discussion, under the previous section on nonpoint source District, Mequon, Thiensville, Germantown, 
control elements for the Fox, Kinnickinnic, Menomonee, Menomonee Falls, Butler, Brookfield, Elm Grove, 
Milwaukee, and Root River and Oak Creek watersheds. New Berlin, Muskego, and Caddy Vista Subareas 

As noted above, many decisions have been made regard- 
Sanitary sewerage plans for the 12 sewer service areas ing the development of the Milwaukee metropolitan 
that lie within the Milwaukee metropolitan subregional sewerage system, while other decisions are being evalu- 
area are described in the following sections. ated in a local facility plan which is being coordinated 



with the regional planning work. In view of these devel- 
opments, the proposed plan included herein is based 
principally upon the recommendations of the regional 
sanitary sewerage system plan, which were, in turn, 
consistent with the long-range sewerage system develop- 
ment plan of the joint Commissions designed to  provide 
for sewerage conveyance and treatment for the entire 
sewerage district as well as for existing and proposed 
contract service areas. The following sections describe the 
basic areawide components of the sewerage system plan 
for the Milwaukee metropolitan sewer service area. 

Treatment Facilities: The proposed plan for the Mil- 
waukee Metropolitan Sewerage District sewer service area 
recommended that the Mequon, Thiensville, German- 
town, Menomonee Falls, Butler, Brookfield, Elm Grove, 
New Berlin, Muskego, and Caddy Vista sewer service 
areas be served by the Milwaukee Metropolitan Sewerage 
District's Jones Island and South Shore wastewater 
treatment plants. The facilities which were proposed to  
be abandoned under the regional sanitary sewerage 
system plan presently serve the Cities of Muskego and 
New Berlin; the Villages of Germantown, Menomonee 
Falls, and Thiensville; the Caddy Vista Sanitary District 
and Rawson Homes Sewer and Water r rust;'^ and 
the Milwaukee Metropolitan Sewerage District, Hales 
Comers plant. 

In 1975 the wastewater treatment facilities serving the 
combined Milwaukee Metropolitan Sewerage District at 
Jones Island and South Shore had a combined hydraulic 
design capacity of 320 million gallons per day (rngd), 
and provided secondary waste treatment followed by 
advanced waste treatment for phosphorus removal and 
auxiliary waste treatment disinfection prior to discharge 
to Lake Michigan. It is anticipated that future growth 
as well as the connection with the Mequon, Thiensville, 
Germantown, Menomonee Falls, Butler, Brookfield, Elm 
Grove, New Berlin, Muskego, and Caddy Vista subareas, 
will require an average hydraulic design capacity for these 
combined subareas of about 227 rngd in 1985 and 
about 248 rngd in the year 2000. This year 2000 flow is 
significantly lower than the estimated 1990 design flow 
of 320 rngd anticipated under the regional sanitary 
sewerage system plan. 

The two existing plants have an existing collective 
capacity of about 320 mgd, significantly more than 
the 245 rngd capacity that would be required to  serve 
the design population assumed to  be residing in the 
service areas of these plants by the year 2000. Theore- 
tically, then, there would be an excessive capacity at 
the two Milwaukee plants of about 75 mgd. In view 
of the potential capacity needs, however, for treatment 
of sewage flows presently bypassed in the Milwaukee 
system via existing combined sewer overflows and sepa- 
rate sanitary sewer system flow relief devices, it would 
not appear to be practical to recommend a capacity 

l9 The Rawson Homes Sewer and Water Trust treatment 
facility was abandoned in 1977. 

reduction at the two Milwaukee plants. The local sew- 
erage facilities planning effort now underway by the 
Milwaukee Metropolitan Sewerage District should con- 
sider in more detail the needed treatment plant capacity 
to serve the District, particularly as that needed capacity 
relates to flows presently bypassed without treatment. 
A hydraulic design capacity equal to  the existing 
capacities-200 rngd for the Jones Island plant and 
120 rngd for the South Shore facility-has been utilized in 
the development of the regional plan recommendations. 

The proposed plan for the Milwaukee Metropolitan 
Sewerage District, Mequon, Thiensville, Germantown, 
Menomonee Falls, Butler, Brookfield, Elm Grove, New 
Berlin, Muskego, and Caddy Vista subareas includes 
the provision of secondary waste treatment followed by 
advance waste treatment for phosphorus removal and 
auxiliary waste treatment for effluent disinfection at the 
Jones Island and South Shore wastewater treatment 
facilities. These recommendations with respect to  level of 
treatment are the same as those contained in the regional 
sanitary sewerage system plan. 

It  is expected that the major local sewerage facilities 
planning effort now underway for the entire Milwaukee 
metropolitan subregional area, including the City of 
South Milwaukee, will reopen the basic system level 
decisions concerning sewage treatment plants and related 
trunk sewers in the Milwaukee urbanized area. That local 
facility plan will also address the treatment requirements 
associated with infilt ation and inflow problems within tT the sanitary sewerage system, and will include an analysis 
of alternatives for elimination of pollutant discharges 
from the combined sewer overflow system. The resultant 
local sewerage facilities plan is intended, then, upon its 
adoption by all of the agencies concerned to  constitute 
an amendment to the Section 208 regional water quality 
management plan herein presented. 

The recommended treatment levels and performance 
standards for the Jones Island and South Shore treatment 
plants are set forth in Table 93, and the proposed plan 
for the Milwaukee metropolitan subregional area is shown 
on Map 36. 

The total present worth over a 50-year analysis period of 
construction and operation of the recommended treat- 
ment facilities for the Milwaukee Metropolitan Sewerage 
District, Mequon, Thiensville, Germantown, Menomonee 
Falls, Butler, Brookfield, Elm Grove, New Berlin, Mus- 
kego, and Caddy Vista subareas is about $349.4 million. 
The estimated capital cost for constructing the necessary 
additional treatment facility is $51.4 million, with an 
estimated aperage annual operation and maintenance 
cost of $19.7 million (see Table 94). 

Costs associated with the combined sewer overflow 
pollution abatement program are included in a later 
portion of this section. As noted above, the requirements 
of a stipulation dated May 25, 1977 resulting from the 
suit brought by the State of Illinois could increase the 
treatment requirements of the Jones Island and South 





Table 93 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-PROPOSED SANITARY SEWERAGE 
SYSTEM PLAN FOR THE MILWAUKEE METROPOLITAN SEWERAGE DISTRICT SEWER SERVICE AREA 

a See Map 36 

Wastewater 
Treatment 

Plant 

Milwaukee Metropolltan 
Sewerage District 
Jones Island Plant 

South Shore Plant 

These recommendations do not reflect the results of spending Milwaukee Metropolitan Sewerage District stipulation between the Stare of Illinois, dated May 25, 1977, which may require more stringent 
wastewater treatment raqu,rements (see Table 92). 

Source: SEWRPC. 

Table 94 

Estimated Average 
Hydraulic Des~gn 
Capacity lmgdl 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-PROPOSED SANITARY SEWERAGE 
SYSTEM PLAN FOR THE MILWAUKEE METROPOLITAN SUBREGIONAL AREA 

Sewer Service 
Analysis Areas Serveda 

M~lwaukse Metropolitan 
Sewerage District 

Mequon, Thiensvllle 

Germantown. Menomonee Falls, 
Butler, Brookfield. Elm Grove. 
New Berlin, Murkago, 
Caddy Vlsta 

1985 

200.0 

120.0 

2000 

200.0 

120.0 

a Costs obtained from Milwaukee Water Pollution Abatement Program Technical Memorandum 4/1-3, Appendix E, March 22, 1978. 

Costs obtained from the M,lwaukee Water Pollut!on Abatement Program Office Report, Overview o f  CSO Project, October 1978. 

Source: SEWRPC. 

Plan Subelement 

Wastewater Treatment Plants 
M~lwaukee Metropolitan 
Sewerage D~stroct 
Jonas Island Plant. . . . . . . 
Outfall Sewer . . . . . . . . . 

Subtotal 

South Shore Plant . . . . 

Subtotal Treatment Plants 

Trunk Sewers 
Milwaukee Metropolltan 
Sewerage District . . . . . . . 

Caddy Vlsta. . . . . . . . . . . . 
Muskago. . . . . . . . . . . . . . 
New Berlin . . . . . . . . . . . . 
Brookf~eld-Menomonee Falls. . 
Germantown . . . . . . . . . , 

Thienrville-Mequon . . . . . . . 

Subtotal Trunk Sewers 

Comblned Sewer overflowb. . . . 
Subtotal Combined 
Sewer Overflow 

Total 

Estimated 
Population 

1985 

1,152,100 

Recommended Performance Standards 
in Terms of Effluent Quality 

(all standards represen b average monthly limits) 

BOD5 Discharge: 20 mgll 
Phosphorus Discharge: 1.0 mgll 
Fecal Coliform Concentration: 

2001100 ml 

BOD5 Discharge: 20 mgll 
Phosphorus Discharge: 1.0 mgll 
Fecal Coliform Concentratcon: 

2001100 ml 

Recommended 
Wastewater 

. Treatment 
Levels 

Secorrdary 
Advanced 
Auxiliary 

Secondary 
Advanced 
Auxiliary 

2000 

1,250.100 

Estimated Cart: 

Total 
Capital 

5 45,000,000a 
5,000,000 

$ 50,000,000 

$ 1,400,000~ 

$ 51,400,000 

$106,272,000~ 
51 0.000 

2,260,000 
1,350,000 

580.000 
4,090.000 

790,000 

$1 15.852.000 

$384,000.000 

$384,000,000 

$551,252,000 

Type of Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

in Plan Preparation 

ActivatedSludge 
Phosphorus Removal 
Disinfectton 

Activated Sludge 
Phosphorus Removal 
Disinfection 

Analysis Estimates 1975-2000 

Average Annual 
Operation and 
Malntanance 

$1 1,000,000 

$1 1,000,000 

$ 8,700,000 

$19.700.000 

5 20.000 
7,000 
1.000 
1.000 
1,000 

41,000 
1,000 

$ 72,000 

$ 1,102,000 

$ 1,102,000 

$20.874.000 

Construction 

$ 2.1 59.000 
240.000 

$ 2,399,000 

$ 67,000 

$ 2,466,000 

$ 5,565,000 
24.000 

108.000 
65,000 
28,000 

196,000 
38,000 

$ 6,024.000 

$1 3,399,000 

$13,399.000 

$21.889.000 

Economic 

Equivalent Annual (1975-20251 

Operation and 
Maintenance 

$1 1,000,000 

$1 1,000,000 

$ 6,700,000 

$19,700,000 

$ 11.000 
5,000 
1,000 
1.000 
1.000 

35.000 
1.000 

$ 55.000 

$ 603,000 

$ 603.000 

$20,358.000 

Construction 

$ 34,029,000 
3,781,000 

$ 37.810.000 

$ 1.060.000 

$ 38.870.000 

$ 87,719.000 
386.000 

1,709,000 
1,021,000 

439.000 
3,093.000 

597.000 

$ 94,964,000 

$21 1,205.000 

$21 1,205,000 

$345,039,000 

Total 

$1 3.1 59,000 
240,000 

$13,399,000 

$ 8,767,000 

$22,166,000 

$ 5,576,000 
29,000 

109.000 
66.000 
29,000 

231,000 
39.000 

$ 6,079,000 

$14,002,000 

$14,002.000 

$42,247,000 

Present Worth (1975.20251 

Operation and 
Maintenance 

$1 73,392,000 

$173,392,000 

$137,137.000 

$310,530,000 

$ 174,000 
81.000 
16,000 
15,000 
8,000 

548,000 
10,000 

$ 852,000 

$ 9,500,000 

$ 9,500.000 

$320,882.000 

Total 

$207,421,000 
3,781,000 

$21 1,202,000 

$138,197,000 

$349,400,000 

$ 87,893,000 
467.000 

1,725,000 
1,036,000 

447,000 
3,641,000 

607,000 

$ 95,816,000 

$220.705.000 

$220,705,000 

$665,921.000 



Shore plants. Compliance with the effluent limitations set 
forth in the settlement are estimated to add significantly 
to  the above-noted wastewater treatment costs for the 
Milwaukee Metropolitan Sewerage District wastewater 
treatment plants. 

The total present worth over a 50-year analysis period of 
construction and operation of the additional treatment 
facilities needed to comply with the State of Illinois 
pending stipulation with the Milwaukee Metropolitan 
Sewerage District is about $172 million, exclusive of the 
costs related to  elimination of combined sewer overflow 
system pollutant discharges. The estimated capital cost 
for constructing the necessary additional treatment 
facilities is $104 million, with an estimated average 
annual operation and maintenance cost of $5.9 million. 

Combined Sewer Overflow Abatement Plan 
The above-described sewage treatment facilities and trunk 
sewers are directed both at extending existing sewerage 
systems throughout the entire Milwaukee metropolitan 
subregional area and at providing flow relief to separate 
sanitary sewers now experiencing periods of overloading. 
An additional problem of major proportions present in 
the Milwaukee metropolitan subregional area concerns 
the combined sewer overflows (CSO's). This water 
quality problem was studied as part of the Milwaukee 
River watershed The findings of that study were 
incorporated into the regional sanitary sewerage system 
plan. Those previous regional planning studies recom- 
mended construction of a combination deep tunnel 
storage/flow-through treatment system to collect, con- 
vey, and adequately treat all combined sewer overflows 
caused by up to two inches of runoff throughout the 
combined sewer service area in Milwaukee County, such 
recommendation being subject, however, to reconfirma- 
tion as part of a combined sewer overflow preliminary 
engineering study being conducted by the Milwaukee 
Metropolitan Sewerage District. 

Under the current facilities planning program, the Mil- 
waukee Metropolitan Sewerage District is reevaluating 
alternative combined sewer overflow pollution abatement 
techniques. The facilities planning program is considering 
the following four basic concepts as possible solutions to  
the combined sewer overflow problem: 

Sewer Separation-Under this concept, storm runoff 
and sanitary sewage are separated. Storm runoff 
would be collected and discharged directly to  receiv- 
ing waters, while sanitary sewage would be collected 
and conveyed to treatment facilities. 

Instream Treatment-Under this concept, discharge of 
CSO to receiving waters would continue, while vari- 
ous pollution control techniques would be applied to  

20 See SEWRPC Planning RenortNo. 13. A Com~rehensive - - 
Plan for the Milwaukee River Watershed, Volume Two, 
Alternative Plans and Recommended Plan. October 1971. 

the three rivers within the CSO area. These techniques 
include dredging, aeration, and/or flow augmentation. 

Out-of-Basin-Under this concept, all or part of the 
CSO would be collected and treated, and effluent 
discharge would occur outside of the three river 
basins, i.e., Lake Michigan. 

In-Basins-This option is similar to  the out-of-basin 
concept in that all or part of the CSO would be 
collected and treated; however, effluent discharge 
would occur within one or more of the river basins. 

Within each of these four basic concepts various alterna- 
tives were developed and evaluated under the preliminary 
engineering study. As a result, two basic alternatives 
remain; namely, 1) full separation-including separation 
on private property--of the combined sewer areas 
through the construction of a new system of sanitary 
sewers and the use of the existing combined sewers for 
storm sewers; and 2) the construction of a deep tunnel 
system to collect and store combined sewer overflows 
with subsequent treatment and disposal. Auxiliary 
instream measures under consideration to achieve the 
water use objectives and supporting standards include 
instream aeration and the dredging of the rivers and inner 
harbor. These two basic alternatives, as well as combina- 
tions of the alternatives, are now undergoing evaluation, 
including a determination of the effects of each alterna- 
tive on surface water quality. It is intended that, upon 
completion and adoption by all parties concerned, the 
recommendations ofi the Milwaukee combined sewer 
overflow study will become an amendment to the area- 
wide water quality management plan. For the purpose 
of estimating the costs entailed in implementation of the 
areawide plan, which is being completed in advance of 
the Milwaukee combined sewer overflow study, it was 
determined to include the most recent available cost of 
the alternative last agreed upon by a technical and 
citizens advisory committee after public deliberation on 
the economical, social, and environmental effects of the 
alternatives being considered, that committee action 
being taken under the regional sanitary sewerage system 
planning program. This, most recently agreed-upon 
alternative, is the deep tunnel collection, storage, and 
treatment alternative. The costs are based upon the 
data compiled by the Milwaukee Metropolitan Sewerage 
District and documented in the October 11, 1978 report 
entitled Overview of CSO Project. 

The estimated total present worth over a 50-year analysis 
period of construction and operation of the sewerage 
system improvements needed for the combined sewer 
overflow pqllution abatement program is $220.7 million. 
The estimated capital cost for construction of the needed 
improvements is $384 million, with an estimated average 
annual operation and maintenance cost of $1.1 million. 

Metropolitan District Trunk Sewers 
Within the Milwaukee metropolitan subregional area, the 
plan recommendations and costs are based, with butone 
exception, on completion of the long-range trunk sewer 
plan set forth in the adopted regional sanitary sewerage 



system plan and the Milwaukee Metropolitan Sewerage 
District trunk, relief, and intercepting sewer plan. These 
sewer extensions are designed to provide sanitary sewer 
service to  existing and proposed urban development 
within the District a d  its contract service areas, and to 
provide relief to portions of the trunk sewer system now 
experiencing surcharging. The single exception is the 
Ryan Creek trunk sewer, a sewer designed to serve the 
southernmost portions of the Cities of Franklin and 
Muskego. Based upon the regional land use plan, this 
sewer would not be needed to  accommodate urban 
development by the year 2000. The presently adopted 
long-range plan of the Milwaukee-Metropolitan Sewerage 
Commissions-with the exception of the Ryan Creek 
sewer-is shown on Map 36. 

Refinements to this long-range plan, including the pos- 
sible staging beyond the plan design year, are expected to 
be developed under the facilities planning program 
presently being conducted by the Milwaukee Metropolitan 
Sewerage District. The facility planning program will 
evaluate the effect on the long-range plan of the future 
populations allocated to the various sewer service areas 
under the adopted regional land use plan. Modifications 
to the long-range plan for the Milwaukee Metropolitan 
Sewerage District being developed under that facilities 
planning program are being coordinated with and will be 
incorporated into the areawide water quality management 
planning program following adoption by the agencies 
concerned. Many of the extensions involve key sewers 
designed to provide relief to portions of the trunk sewer 
system now experiencing periods of overloading. The 
total present worth over a 50-year analysis period of 
construction and operation of these trunk sewers is about 
$87.9 million. The capital cost for constructing these 
trunk sewers is about $106 million, with an average 
annual operation and maintenance cost of about $20,000. 

The Milwaukee metropolitan trunk sewer system is being 
designed in part to  provide for selective routing of 
sewage flows to  the two major treatment facilities. 
Map 37 shows those portions of the District and contract 
area directly tributary to  the Jones Island treatment 
facility, those portions directly tributary to the South 
Shore treatment facility, and those portions which may 
be selectively routed to either facility as needs dictate. 

Local Trunk Sewers: A number of major trunk sewers 
will be needed in the District and in the existing and 
proposed contract sewer service areas to  provide for 
abandonment of existing temporary wastewater treat- 
ment facilities as well as for the future extension of sewer 
service to areas not now served. A total of six such major 
sewers are shown on Map 36. 

These sewers represent the presently adopted long-range 
plans for the Milwaukee metropolitan subregional area as 
documented in the regional sanitary sewerage system plan 
and in the facilities plan for pollution abatement facilities 
in the Metropolitan Sewerage District completed in 
November 1976 by the Metropolitan Sewerage District. 
The sizing and timing of construction of these sewers will 
be reevaluated during the current local facility planning 

program being conducted by the Milwaukee Metropolitan 
Sewerage District. Modifications being developed under 
that facilities planning program are being coordinated 
with and are intended to be incorporated into the area- 
wide water quality management planning program 
following adoption by the agencies concerned. These six 
sewers may be described as follows: 

1. A trunk sewer designed to permit abandonment 
of the existing wastewater treatment facility 
serving the Caddy Vista Sanitary District. This 
abandonment, which was initially recommended 
in the adopted Root River watershed plan, is 
proposed to be accommodated through a local 
trunk sewer constructed by the City of Oak Creek 
with sufficient capacity to  provide for Caddy 
Vista sewage conveyance, pending completion of 
local studies on the feasibility of construction 
of a Milwaukee metropolitan trunk sewer in 
the area to which this trunk sewer is ultimately 
planned to  be connected. The total present 
worth over a 50-year analysis period of con- 
struction and operation of this trunk sewer is 
about $467,000. The capital cost for construction 
of this trunk sewer is about $510,000, with an 
average annual operation and maintenance cost 
of about $7,000. 

2. A trunk sewer designed to permit abandonment 
of two wastewater treatment plants currently 
operated by the City of Muskego on a temporary 
basis. This major trunk sewer would extend from 
a proposed metropolitan trunk sewer at the 
Milwaukee-Waukesha County line about one-half 
mile south of W. Rawson Avenue extended. The 
total present worth over a 50-year analysis period 
of construction and operation of this trunk sewer 
is about $1,725,000. The capital cost for this 
trunk sewer is about $2,260,000, with an average 
annual operation and maintenance cost of 
about $1,000. 

3. A trunk sewer designed to  permit abandonment 
of the existing Regal Manors wastewater treat- 
ment facility currently operated by Cie City of 
New Berlin on a temporary basis. This sewer 
would connect to  a proposed metropolitan trunk 
sewer at the Milwaukee-Waukesha County line 
near W. Grange Avenue. The total present worth 
over a 50-year analysis period of construction and 
operation of this trunk sewer is about $1,036,000. 
The capital cost for construction of this trunk 
sewer is about $1,350,000, with an average annual 
operation and maintenance cost of about $1,000. 

4. A trunk sewer designed to serve portions of the 
City of Brookfield and Village of Menomonee 
Falls and to be constructed by a joint sewerage 
commission formed for that purpose. While this 
trunk sewer would not permit the abandonment 
of any existing wastewater treatment facilities, it 
has been included in the plan since it is areawide 





in nature, serving more than a single contract 
area community. The total present worth over 
a 50-year analysis period of construction and 
operation of. this trunk sewer is about $447,000. 
The capital cost for construction of this trunk 
sewer is about $580,000, with an average annual 
operation and maintenance cost of about $1,000. 

5. A trunk sewer designed to permit abandonment 
of the wastewater treatment facility serving the 
Village of Germantown. The proposed trunk 
sewer would consist of a series of pumping 
stations and force mains and would connect with 
a proposed metropolitan trunk sewer at the 
extreme northwesterly corner of Milwaukee 
County. This trunk sewer connection, which 
initially was proposed as a solution to an area- 
wide sewerage system problem studied as part of 
the Commission's federal grant review function, 
will effectively serve the entire Village of German- 
town through the year 2000. Ultimately, it may 
be desirable to provide a gravity flow connection 
for Germantown through the Village of Menomo- 
nee Falls. The total present worth over a 50-year 
analysis period of construction and operation of 
this trunk sewer is about $3,641,000. The capital 
cost for construction of this trunk sewer is about 
$4,090,000, with an average annual operation and 
maintenance cost of about $41,000. 

6. A trunk sewer proposed to permit the abandon- 
ment of the wastewater treatment facility serving 
the Village of Thiensville as initially recom- 
mended in the Milwaukee River watershed plan. 
This trunk sewer will also serve a portion of the 
City of Mequon. The total present worth over 
a 50-year analysis period of construction and 
operation of this trunk sewer is about $607,000. 
The capital cost for construction of this trunk 
sewer is about $790,000, with an average annual 
operation and maintenance cost of about $1,000. 

In total, the present worth over a 50-year analysis period 
of construction and operation of all six of these trunk 
sewers is about $7,923,000. The capital cost for construc- 
tion of all six of these trunk sewers is about $9,580,000, 
with an average annual operation and maintenance cost 
of $52,000. These cost estimates are set forth in Table 94. 

Proposed Plan-South Milwaukee Subarea 
In 1975 the wastewater treatment facility serving the 
City of South Milwaukee had an average hydraulic design 
capacity of 6.0 mgd, and provided secondary waste 
treatment followed by advanced waste treatment for 
phosphorus removal and auxiliary waste treatment for 
effluent disinfection prior to discharge to  Lake Michigan. 
Additions to  the existing facility were completed in 
1972, bringing the plant average hydraulic design capacity 
up to about 6.0 mgd. 

It is anticipated that the loadings to South Milwaukee 
sewer service area will remain stable at about 2.67 mgd 
in 1985 and 2000. These loadings are less than the 

hydraulic design capacity of the existing facility, and thus 
no expansion is proposed at the treatment facility. This 
year 2000 design flow is significantly lower than esti- 
mated 1990 design flow of the 6.0 mgd anticipated under 
the regional sanitary sewerage system plan. This change is 
the result of the slightly different method of calculating 
the design hydraulic loading used in the later study which 
considered the existing (1975) loading as the principal 
factor for a facility,with no or relatively limited projected 
increased tributary population. 

The proposed plan for the South Milwaukee subregional 
area includes the provision of secondary waste treatment 
followed by advanced waste treatment for phosphorus 
removal and auxiliary waste treatment for effluent 
disinfection at the existing South Milwaukee wastewater 
treatment plant. 

The results of a settlement of a lawsuit brought by the 
State of Illinois may affect future treatment requirements 
for the South Milwaukee wastewater treatment plant. 
Officials of the City of South Milwaukee signed a Janu- 
ary 11, 1977 settlement to a Lake Michigan pollution 
lawsuit brought by the State of Illinois which would 
commit the City to providing higher levels of waste 
treatment at its wastewater treatment facility. The agree- 
ment, which is binding on South Milwaukee only if all 
necessary federal and state funds are made available, 
requires effluent limitations of 10  milligrams per liter 
(mg/l) of five-day biochemical oxygen demand (BOD5), 
10 mg/l of suspended solids, and 1.0 mg/l of phosphorus. 

In 1977 the City initiated a facilities planning project 
to evaluate wastewater treatment and conveyance needs. 
A major component of the facilities planning program is 
the infiltration inflow studies. 

The recommended treatment levels and performance 
standards for the South Milwaukee wastewater treatment 
plant are set forth in Table 95. The proposal is shown on 
Map 38. 

The total present worth over a 50-year analysis period of 
construction and operation of the recommended treat- 
ment and conveyance facility for the South Yrlilwaukee 
sewer service area is about $6,351,000. The estimated 
capital cost for constructing the outfall sewer is $450,000. 
The estimated average annual operation and mainte- 
nance cost of the treatment and conveyance facilities is 
$360,000 (see Table 96). 

As noted above, the requirements of a settlement of 
a suit brought by the State of Illinois could increase the 
treatment requirements at the South Milwaukee waste- 
water treatment plant. Compliance with the effluent 
limitations set forth in the agreement are estimated to 
add significantly to the above-noted costs for the South 
Milwaukee wastewater treatment plant. 

The total present worth over a 50-year analysis period of 
construction and operation of the added facilities needed 
to comply with the State of Illinois agreement is about 
$911,000. The estimated capital eost for constructing 



Map 38 

PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR 
THE SOUTH MILWAUKEE SEWER SERVICE AREA: 2000 

LEGEND 

SEWER SERVICE AREAS 

SEW- TREATMENT FACILITIES 

SEWERS AN0 APPURTENANT FACILITIES 

1 8OUTH 

r) MILWAUKEE 

It is proposed that the existing City of South Milwaukee wastewater treat- 
ment facility continue t o  serve the City while providing secondary waste 
treatment, advanced waste treatment for phosphorus removal, and auxiliary 
waste treatment for affluent disinfection. Economic analyses performed 
under the regional sewerage system study as documented in SEWRPC 
Planning Report No. 16, A Regional Sanitary Sewerage System Plan for 
Southeastern Wisconsin: 1990, found that, on an equivalent annual cost 
basis, it would be more economical to  abandon the South Milwaukee facility 
than to expand and continue to operate the facility and make necessary 
improvements to provide secondary and advanced waste treatment. During 
the course of conducting that study, however, the City of South Milwaukee 
did request and receive approval from the Wisconsin Department of Natural 
Resources and the U. S. Environmental Protection Agency t o  increase the 
average hydraulic design capacity of the plant and to provide for secondary 
and advanced levels of waste treatment. Since these improvements were 
made in 1972, it was concluded that retention of the South Milwaukee 
facility was and would remain a committed decision through the design 
year 2000. 

Source: SEWRPC. 

the associated treatment facility additions is $700,000, 
with an estimated average annual operation and mainte- 
nance cost of $40,000. 

Abandonment of Public Wastewater Treatment Facilities 
Implementation of the foregoing plan recommendations 
would permit the abandonment of 10 public wastewater 
treatment facilities in the Milwaukee metropolitan sub- 
regional area. These facilities are those currently serving 
the Village of Thiensville, the Village of Germantown, the 
Village of Menomonee Falls (Pilgrim Road plant and Lilly 
Road plant), the City of New Berlin (Regal Manors plant), 
the City of Muskego (Big Muskego plant and Northeast 
District plant), the Village of Hales Corners, and the 
Caddy Vista Sanitary District in the Town of Caledonia. 
The facility serving the Rawson Homes Sewer and Water 
Trust in Franklin was abandoned in 1977. 

Private Wastewater Treatment Plants 
There are 11 known privately owned wastewater treat- 
ment facilities in the Milwaukee metropolitan subregional 
area which in general serve single isolated land use enclaves 
and treat wastes which can be considered for inclusion in 
public sanitary sewerage systems. These facilities cur- 
rently discharge relatively minor amounts of wastes to  
the streams and groundwater in the Milwaukee metropoli- 
tan subregional area. These 11 facilities serve: Brookfield 
Central High School in the City of Brookfield; Cleveland 
Heights Elementary School, Highway 24 Drive-in Theatre, 
and New Berlin Memorial Hospital in the City of New 
Berlin; Muskego Rendering Company, Inc., in the City of 
Muskego; Chalet on the Lake Restaurant, Federal Foods 
Company, and School Sisters of Notre Dame in the 
City of Mequon; Wisconsin Electric Power Company-Oak 
Creek Plant in the City of Oak Creek; and Highway 100 
Drive-in Theatre and Union Oil Truck Stop in the City of 
Franklin. All 11 of these plants lie within the year 2000 
proposed service area, and hence would be abandoned 
upon implementation of the proposed sewerage system 
plan for the Milwaukee metropolitan, Brookfield, New 
Berlin, Muskego, Franklin, Oak Creek, and Mequon 
subareas. The facilities operated by the Federal Food 
Company and the Highway 24 Outdoor Theatre have 
been essentially abandoned prior to 1978, and wastes 
are presently (1979) conveyed t o  a holding tank for 
storage prior to  being collected by a private tank 
truck operator. 

Existing Unsewered Urban Development Outside 
the Initially Proposed Sanitary Sewer Service Area 
There are nine enclaves of unsewered urban development 
located outside the proposed year 2000 sewer service area 
as shown on Map 35. The estimated population of these 
enclaves in 1975 and the year 2000 and the distance from 
each enclave to the nearest proposed year 2000 sewer 
service area are listed in Table 97. In a general analysis 
described earlier in this chapter, the cost of providing 
public sewerage service to  enclaves of urban development 
was compared with the cost of continued onsite waste- 
water treatment. Based upon the results of that analysis, 
it was concluded that wastewater disposal for these nine 
enclaves of unsewered urban development should be 
considered further in one of two ways. 



Table 95 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-PROPOSED SANITARY 
SEWERAGE SYSTEM PLAN FOR THE SOUTH MILWAUKEE SEWER SERVICE AREA 

a See Map 36 

Wastewater 
Treatment 

These recommendations do not  reflect the results of a pendmg stipulation between the Milwaukee Metropolitan Sewerage District and the State of lIlinois, dared May 25, 1977, which may require more 
stringent wastewater treatment recluirements. 

Source: SEWRPC. 

Estimated Average 
Hydraulic Design 
Capacfty (mgd) 

Table 96 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-PROPOSED SANITARY 
SEWERAGE SYSTEM PLAN FOR THE SOUTH MILWAUKEE SEWER SERVICE AREA 

average monthly lim!trlb 

8 0 D 5  Discharge: 15 mgll 
Phorphorur Discharge: 1.0 mgll 
Fecal Coliform Concentrat~on: 

2001100 ml 

Plant 1985 2000 Analysis Areas serveda 1985 2000 Levels 

City of South Milwaukee 2.67 2.67 
Advanced 
Auxiliary 

Recommended Performance Standards 
in Terms of Effluent Quality 

(all standards represent Sewer Service 

~n Plan Preparat~on 

Activated Sludge 
Phosphorus Removal 
Dfs~nfect~on 

Source: SEWRPC. 

For certain of the unsewered urban areas, the plan 
proposes the continued use of onsite wastewater treat- 
ment, coupled with a suitable program for monitoring 
and maintenance of the onsite systems. This plan recom- 
mendation is generally applicable to  areas with soils and 
lot sizes which are suitable for use of conventional 
onsite wastewater treatment systems. All nine urban 
enclaves are included in this category-the City of 
Mequon-Section 17 and Section 30 in Ozaukee County, 
the Village of Germantown-Section 7, Section 13, 
Section 19, and Section 24, Dhiensville-Rockfield, and 
Willow Creek, all in Washington County, and the Village 
of Menomonee Falls-Section 16 in Waukesha County. 
It is recommended that this proposal be verified by 
local studies. 

Estimated 
Population 

Plan Subelement 

Wastewater Treatment Plant 
City of South Milwaukee 

Facilities . . . . . . . . .  
Outfall Sewer . . . . . . 

Subtotal 

Trunk Sewers-None 

Total 

For unsewered urban areas, of the second category the 
plan provides for the conduct of further site-specific 
planning to determine the best wastewater manage- 
ment practice. None of the unsewered urban areas 

Economic Analysis Estimates 

Present Worth (1975-2025) Equivalent Annual (1975-2025) 

are included in this category. In general, areas in this 
category have soil conditions and lot sizes which are 
considered unsuitable for conventional methods of 
onsite wastewater treatment. 

Recommended 
Wastewater 
Treatment 

Estimated Cost: 1975-2000 

Sanitary Sewer System Flow Relief Devices 
In addition to  the combined sewer outfalls discussed 
above, in 1975 there were 379 known sanitary sewer 
system flow relief devices located in the Milwaukee 
metropolitan subregional area. The proposed plan recom- 
mends that local facilities planning efforts include the 
formulation of programs leading to the elimination of 
these sewage flow relief devices. In this light it is noted 
that the Milwaukee Metropolitan Sewerage District is 

Type of Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

Total 
Capital 

$ - -  
450,000 

$450,000 

$ - -  

$450,000 

Total 

$385,000 
18,000 

$403,000 

$ --  

$403,000 

presently conducting an infiltration/inflow analysis as 
part of its facilities planning program. The initial results 

Average Annual 
Operation and 
Maintenance 

$360.000 
-. 

$360,000 

$ --  

$360,000 

of that analysis indicate that a total maximum day 
wastewater flow rate of 719 mgd occurs in the separate 
sanitary sewer system under existing conditions, assuming 
no infiltrationlinflow removal and the elimination of all 

Construction 

$41,000 
18,000 

$59,000 

$ --  

$59,000 

Total 

$6,069,000 
282,000 

$6,351,000 

$ - -  

$6,351,000 

Construction 

$652,000 
282,000 

$934,000 

$ --  

$934,000 

Operation and 
Maintenance 

$344,000 
- -  

$344,000 

$ --  

$344,000 

Operation and 
Maintenance 

$5.41 7,000 
-. 

$5.41 7.000 

$ - -  

$5.41 7,000 



Table 97 

EXISTING URBAN DEVELOPMENT NOT SERVED BY 
PUBLIC SANITARY SEWERS I N  THE MILWAUKEE 

METROPOLITAN SUBREGIONAL AREA BY 
MAJOR URBAN CONCENTRATION: 2000 

Malor Urban concentrarlonb 

:imated 
Distance from 

ruletion Year 2000 Sewer 

Fi Service lm~les) Area 

Oraukee County 
City of Mequan-Sect~on 17 
City of Mequon-Section 30 

Warh~ngton County 
Viiiage of Germantawn-Section 7 
Viiiage of Germantown-Sect~on 13 
Viiiage of Germantown-Section 19 
Viiiage of Germantown--Sect~on 24 
Dhlenrvllle-Rockf~eid 
Wlliow Creek 

Waukesha County 1 9 1 Vtllage of Menornonee Falls-Secton 16 1 227 250 1 0 7  1 
1 Total I 1 1 , 7 8 3 ) 1 , 8 9 1 1  - -  1 
a See ~ a p  35. 

Urban development a defined in thrs context ar concentrations of urban land uses wtthm any given 
U. S. Pub1,c Land Survey quarter section that has at  least 32 housrng units, or an average of  one 
housrng unit Per five gross acres, and is nor served by publ,c sanitary sewers. 

Soume: SEWRPC 

bypassing. Excessive infiltration/inflow was identified in 
337 of 363 study areas established for the project. 
Further analysis is being conducted to  consider treatment 
and conveyance needs as well as sewer system rehabilita- 
tion requirements. This study is being coordinated 
with the relief sewer and combined sewer overflow 
pollution abatement phases of the facility planning. 

Other Known Point Sources of Wastewater 
There are a total of 163 known point sources of waste- 
water other than wastewater treatment plants and sewer 
system flow relief devices in the Milwaukee metro- 
politan subregional area. These other point sources 
consist primarily of industrial cooling, process, and 
backwash waters which are discharged without treatment 
or following treatment directly to  surface waters or 
to  storm sewers tributary to  streams and watercourses. 
The discharge characteristics of these 163 other point 
sources of wastewater are reported in Chapter I11 of 
SEWRPC Technical Report No. 21, Sources of Water 
Pollution in Southeastern Wisconsin: 1975. It is recom- 
mended that these other point sources reduce the effluent 
constituents of BOD5, ammonia-nitrogen, phosphorus, 
and fecal coliform to levels generally recommended as 
performance standards for the public and private waste- 
water treatment plants in the Region discharging to the 
same or similar surface water bodies. It is recommended 
that these point sources in general reduce discharge 
temperatures to  8 9 O ~  or less, oils and grease to less than 
10 mg/l, and heavy metals, organics, and other pollutant 
concentrations t o  levels required by "Best Available 
Technology," or as identified on a case-by-case basis 

under the state permit system process. Effluent charac- 
teristics reported by these point sources which could 
require treatment are noted in Table 98. 

The degree of treatment and costs for constructing 
and operating treatment facilities associated with these 
point sources of wastewater should be determined on an 
individual basis in conjunction with pretreatment require- 
ments for existing discharges to public sanitary sewerage 
systems. However, in order to  present a complete analysis 
of the cost of the areawide water quality management 
planning program for this subregional area, an estimate 
was made of the treatment requirements which appeared 
to  be needed from the limited data available on these 
point sources. This cost analysis excludes existing and 
proposed industrial systems modification to  reduce 
pollutant discharge, existing industrial treatment facili- 
ties, and existing pretreatment of waste conveyed to 
public sanitary sewerage systems. It should be pointed 
out that industries which are noted as requiring further 
treatment, based upon 1975 effluent characteristics 
data, may have been modified through treatment or 
process changes which have taken place since the data 
were reported, and in some cases further treatment 
may no longer be needed. In other cases, industries 
may be able to  modify the plant discharges satisfac- 
torily through process changes as opposed to treat- 
ment of the discharge. Additionally, other industries 
not indicated to need treatment may not have included 
data on certain parameters which may need treatment 
consideration. The total present worth over a 50-year 
analysis period of construction and operation of the 
treatment facilities associated with correction of existing 
discharges of industrial wastes is estimated to  be about 
$6,010,000. The capital cost for constructing the facili- 
ties is about $4,282,000, with an estimated average 
annual cost of $211,000 over the design period 1975 
to 2000. 

UPPER MILWAUKEE RIVER SUBREGIONAL AREA 

The Upper Milwaukee River subregional area consists 
of all of the Milwaukee River watershed within the 
Southeastern Wisconsin Region north of the northern 
limits of the City of Mequon. In recent years, this area 
has been subject to  relatively rapid urban growth, par- 
ticularly in the Cedarburg, Grafton, Saukville, and West 
Bend urban areas. 

Centralized sanitary sewer service in the Upper Mil- 
waukee River subregional area was provided by eight 
systems in 1975: those operated by the Cities of Cedar- 
burg and West Bend; and the Villages of Fredonia, 
Grafton, Kewaskum, Jackson, Newburg, and Saukville. 
Together, the service areas of these eight systems 
comprised an area of about 13.4 square miles and 
served an estimated population of about 48,600 persons. 
In 1975 there were about 26,900 persons residing within 
the subregional area who were not served by centralized 
sanitary sewerage facilities. Specific population, service 
area, and related characteristics of the eight systems are 
presented in Volume One, Chapter V of this report, and in 



Table 98 

REPORTED EFFLUENT CHARACTERISTICS FOR KNOWN POINT SOURCES OTHER THAN SEWAGE TREATMENT PLANTS 
AND SEWAGE FLOW RELIEF DEVICES THAT REQUIRE TREATMENT CONSIDERATION-MILWAUKEE 

METROPOLITAN SUBREGIONAL AREA: 1975 

Constituents 
Requiring 

Treatment 
considerationa 

Oil and grease 

Suspended solids 

Five-day biochemical oxygen 
demand, suspended solids 

Five-day biochemical oxygen 
demand, oi l  and grease 

Suspended solids, phosphorus, 
ammonia-nitrogen 

Five-day biochemical oxygen 
demand, suspended solids, 
oil and grease 

Heavy metals 

Five-day biochemical oxygen 
demand, oi l  and grease 

Suspended solids, 
oil and grease 

Five-day biochemical oxygen 
demand, suspended solids, 
phosphorus, ammonia- 
nitrogen, oil and grease 

Suspended solids 

Fiveday biochemical oxygen 
demand, phosphorus 

Five-day biochemical oxygen 
demand, phosphorus 

Suspended solids, phosphorus 
Five-day biochemical oxygen 

demand, suspended solids, 
temperature 

Suspended solids. 
oil and grease 

Fiveday biochemical oxygen 
demand, suspended solids, 
phosphorus 

Temperature 

Fecal coliform 

Temperature 

Suspended solids 
Suspended solids 

Point Source Discharge 

Name 

Allied Smelting Corporation . . . . . . . . 

Allis Chalmers Corporation. . . . . . . . . 

AMF, Inc.-Harley-Davidson Company . . 

Appleton Electric Company, 
Lighting Products Division. . . . . . . . 

Aqua-Chem, Inc.-North Plant No. 2 . . . 

Babcock & Wilcox-Tubular 
Products Division. . . . . . . . . . . . . . 

Badger Meter,lnc. . . . . . . . . . . . . . . 

Briggs & Stratton Corporation . . . . . . . 

Bucyrus Erie Company (Oak Creek). . . . 

Chicago, Milwaukee, St. Paul & 
Pacific Railroad Company. . . . . . . . . 

Chicago & North Western Railway. . . . . 

Chris Hanson's Laboratory, Inc. . . . . . . 

Eaton Corporation. . . . . . . . . . . . . . 

Falk Corporation-Plant No. 1 . . . . . . . 
Florence Eisman, Inc. . . . . . . . . . . . . 

Grey Iron Foundry, Inc. . . . . . . . . . . 

Heil Company-Bulk Trailer Division . . . 

Hentzen Chemical Coatings, Inc.. . . . . . 

Joseph Schlitz Brewing Company . . . . . 

Longview Fibre Company- 
Downing Box Division. . . . . . . . . . . 

Maynard Steel Casting Corporation . . . . 
Menomonee Falls Water Ut i l i ty . . . . . . 

Average 
Flow 
1975 

(mgd) 

0.121 

0.070 

0.040 

0.034 

0.038 

0.825 

0.007 

0.025 

0.780 

0.320 

0.001 

0.050 

0.129 

0.428 
0.001 

0.370 

0.01 1 

0.049 

2.275 

0.005 

0.110 
0.163 

Civil 
Division 
Location 

City of West Allis 

City of West Allis 

City o f  Wauwatosa 

City of 
South Milwaukee 

City o f  Milwaukee 

Village of 
West Milwaukee 

Village of 
Brown Deer 

City of Wauwatosa 

City o f  
South Milwaukee 

City o f  Milwaukee 

Village o f  Butler 

City of West Allis 

City of West Allis 

City o f  Milwaukee 
City o f  Milwaukee 

City o f  West Allis 

City o f  Milwaukee 

City o f  Milwaukee 

City o f  Milwaukee 

City of Milwaukee 

City of Milwaukee 
Village o f  

Menomonee Falls 

Receiving 
Water 
Body 

43rd Street ditch 
via storm sewer 

Menomonee River 
via storm sewer 

Tributary of 
Menomonee River 

Oak Creek 
via storm sewer 

Lincoln Creek 
via storm sewer 

Menomonee River 
via storm sewer 

Milwaukee River 
via storm sewer 

Menomonee River 
via storm sewer 

Oak Creek 

Menomonee River 
via drainage ditch 

Menomonee River 
via drainage ditch 

Honey Creek 
via storm sewer 

43rd Street ditch 
via storm sewer 
and Drainage Ditch 

Menomonee River 
Milwaukee River 

Honey Creek 

Kinnickinnic River 
via Storm Sewer 

Little Menomonee River 
via storm sewer 

Milwaukee River 
via storm sewer 

Milwaukee River 
via storm sewer 

Kinnickinnic River 
Menomonee River 



Table 98 (continued) 

a Unless specifically noted otherwise, data were obtained, in order of priority, from: quarterly reports filed with the Wisconsin Department of Natural Resources 
under the Wisconsin Pollutant Discharge Elimination System, reports provided under Section 101 of the Wisconsin Administrative Code, or from the Wisconsin 
Pollutant Discharge Elimination System permit itself. 

Source: Wisconsin Department of Natural Resources and SEWRPC. 

Constituents 
Requiring 
Treatment 

considerationa 

Suspended solids 

Suspended solids 

Suspended solids 
Suspended solids 

Suspended solids, 
ammonia-nitrogen 

Five-day biochemical 
oxygen demand 

Suspended solids 
Suspended solids 

Temperature 

Five-day biochemical 
oxygen demand 

Suspended solids 

Heavy metals 

Suspended solids, phosphorus 

Ammonia-nitrogen 

Suspended solids 

Suspended solids 

Suspended solids 

Heavy metals 

Temperature 

Suspended solids 

Suspended solids, 
temperature 

Point Source Discharge 

Name . 
Milwaukee Solvay Coke Company. . . . . 
Milwaukee Waterworks- 

Howard Avenue Plant . . . . . . . . . . . 
Milwaukee Waterworks- 

Linwood Avenue Plant. . . . . . . . . . . 
Mobil Oi l  Corporation Lube Plant. . . . . 

Motor Casting Plant No. 1 . . . . . . . . . 

Motor Casting Plant No. 2 . . . . . . . . . 

Oak Creek Water Filtration Plant . . . . . 
Oster Corporation . . . . . . . . . . . . . . 

Outboard Marine Corporation- 
Plant No. 1, Research Annex . . . . . . . 

Pelton Casteel, Inc. . . . . . . . . . . . . . 

Peter Cooper Corporation- 
U. S. Glue and Gelatin Division. . . . . . 

P.P.G. Industries, Inc. . . . . . . . . . . . . 

Rexnord, Inc.-Nordberg 
Machinery Group. . . . . . . . . . . . . . 

Shell Oil Company. . . . . . . . . . . . . . 
Teledyne Wisconsin Motor- 

Outfall No. 5 . . . . . . . . . . . . . . . . 

Union Oil of California- 
General Mitchell Field . . . . . . . . . . . 

W. A. Krueger Company, Inc. . . . . . . . 
Western Electric Power Company, Inc.- 

Wisconsin Service Center . . . . . . . . . 

Wisconsin Electric Power Company- 
Commerce Street Plant . . . . . . . . . . 

Wisconsin Electric Power Company- 
Oak Creek Plant Outfall No. 7 . . . . . . 

Wisconsin Electric Power Company- 
Wells Street Plant. . . . . . . . . . . . . . 

Average 
Flow 
1975 

(mgdl 

4.820 

0.416 

1.013 
0.005 

0.220 

0.018 

0.61 2 
0.041 

0.262 

0.080 

3.205 

0.004 

0.448 

0.001 

0.009 

Intermittent 

0.010 

0.001 

0.200 

4.080 

0.024 

Civil 
Division 
Location 

City of Milwaukee 

City o f  Milwaukee 

City o f  Milwaukee 
City of Milwaukee 

City o f  West Allis 

City of Milwaukee 

City of Oak Creek 
City of Milwaukee 

City o f  Milwaukee 

City o f  Milwaukee 

City of Oak Creek 

City of Oak Creek 

City o f  Milwaukee 

City of Milwaukee 

City of West Allis 

City of Milwaukee 

City of Brookfield 

City o f  Milwaukee 

City of Milwaukee 

City o f  Oak Creek 

City o f  Milwaukee 

Receiving 
Water 
Body 

Kinnickinnic River 

Kinnickinnic River 

Lake Michigan 
Menomonee River 

via storm sewer 
Woods Creek 

via storm sewer 
Honey Creek 

via storm sewer 
Lake Michigan 
Milwaukee River 

via storm sewer 

Lincoln Creek 
via storm sewer 

Kinnickinnic River 
via drainage ditch 

Lake Michigan 
via storm sewer 

Root River 
via drainage ditch 

Kinnickinnic River 
via storm sewer 

Lake Michigan 

43rd Street ditch 
via storm sewer 

Wilson Park Creek 
via storm sewer 

Underwood Creek 

Milwaukee River 
via drainage ditch 

Milwaukee River 

Lake Michigan 
via storm sewer 

Milwaukee River 



Chapter I11 of SEWRPC Technical Report No. 21, Sources 
of Water Pollution in southeastern Wisconsin: 1975. 

Sewer Service Analysis Areas 
A total of nine sewer service analysis areas may be 
identified within the Upper Milwaukee River subregional 
area (see Table 99). These nine sewer service analysis 
areas are shown on Map 39 and may be described as 
follows: 

1 .  Area A-This area consists of the Village of 
Kewaskum and environs. In 1975 sewer service 
was provided in this area to about 0.7 square mile, 
having a total resident population of about 2,000 
persons. The total area anticipated to be served 

3. Area C-This area consists of the Village of 
Jackson and environs. In 1975 sewer service was 
provided in this area to about 0.4 square mile, 
having a total resident population of about 2,000 
persons. By the year 2000, the sewer service will 
probably be extended to a total area of about 
2.3 square miles, with a projected resident popu- 
lation of about 6,000 persons. This represents 
a substantial increase from the 1,700persons 
forecast for the area for 1990 in the regional 
sanitary sewerage system plan. This subarea is 
referenced as the "Jackson" sewer service area 
in the ensuing discussion. 

4. Area D-This area consists of the Village of New- 
by the year 2000 approximates 1.5 square miles, burg and environs. In 1975 sewer service was 
with a projected resident population of about provided in this area to about 0.2 square mile, 
4,900 persons. This represents an increase from having a total resident population of about 
the 3,200 persons forecast for this area for 1990 600 persons. The total area anticipated to be 
in the regional sanitary sewerage system plan. 
This subarea is referenced as the "Kewaskum" 
sewer service area in the ensuing discussion. 

2. Area B-This area consists of the City of West 
Bend and environs. In 1975 sewer service was 
provided in this area to about 6.3 square miles, 
having a total resident population of about 
21,000 persons. The total area anticipated to  be 
served by the year 2000 approximates 12.2 square 
miles with a projected resident population of 
about 41,600. This represents a substantial 
increase from the 25,300 persons forecast for 
the area for 1990 in the regional sanitary sew- 
erage system plan. This subarea is referenced 
as the "West Bend" sewer service area in the 
ensuing discussion. 

served by the year 2000 approximates 1.4 square 
mile, with a projected resident population of 
about 2,400 persons. This represents a substan- 
tial increase from the 1,100 persons forecast 
for the area for 1990 in the regional sanitary 
sewerage system plan. This subarea is referenced 
as the "Newburg" sewer service area in the 
ensuing discussion. 

5. Area E-This area consists of the Village of 
Fredonia and environs. In 1975 sewer service was 
provided in this area to about 0.7 square mile, 
having a total Jesident population of about 1,500 
persons. The total area anticipated to be served 
by the year 2000 approximates 1.7 square miles, 
with a projected resident population of about 
2,100 persons. This represents an increase from 

Table 99 

SELECTED CHARACTERISTICS OF SEWER SERVICE AREAS I N  THE 
UPPER MILWAUKEE RIVER SUBREGIONAL AREA: 1975,1985, AND 2000 

a See Map 39. 

Includes a contribution from the Libby, McNeill and LibbyJackson private wastewater treatment facility. 

Source: SEWRPC. 

Sewer Service 
Analysis ~ r e a ~  

Letter 

A 
6 
C 
D 
E 
F 
G 
H 
I 

Existing 1975 

Name 

Kewaskum 
West Bend 
Jackson 
Newburg 
Fredonia 
Waubeka 
Grafton 
Cedarburg 
Saukville 

Total 

Area 
Sewed 

(square miles) 

0.65 
6.28 
0.43 
0.19 
0.66 
. . 

2.15 
2.58 
0.43 

13.37 

Planned 1985 

Population 
Served 

2,000 
21,000 
2,000 

600 
1,500 
-. 

8,800 
10,400 
2,300 

48,600 

Planned 2000 

Population 
Sewed 

3,700 
29,900 
3,500 
1,400 
1,800 

600 
11,900 
14,700 
4,400 

71,900 

Area 
Sewed 

(square miles) 

1.48 
12.16 
2.27 
1.36 
1.65 
0.51 
5.66 
6.56 
2.25 

33.90 

Design 
Hydraulic 
Loading 
(mgd) 

0.68 
5.57 
0 . 7 2 ~  
0.24 
0.34 
0.13 
1.53 
2.31 
0.73 

12.25 

Average 
Hydraulic 
Loading 
(mgd) 

0.32 
3.70 
0.26 
0.07 
0.28 
-. 

0.88 
1.41 
0.29 

7.21 

Unsewed 
Population 

Residing in the 
Proposed 2000 

Service Area 

500 
900 
- - 
200 
-. 
500 

1.000 
1,300 

300 

4,700 

Population 
Sewed 

4,900 
41,600 
6,000 
2,400 
2,100 

600 
1 6,800 
18,300 
6,500 

99,200 

Design 
Hydraulic 

Loading 
(rngd) 

0.93 
8.03 
1 .24b 
0.45 
0.41 
0.13 
2.56 
3.07 
1.17 

17.99 
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SEWER SERVICE ANALYSIS AREAS: UPPER MILWAUKEE RIVER SUBREGIONAL AREA 
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Nine distinct sewer service analysis areas were identified within the Upper Milwaukee River subregional area. In eight of the areas-the Cities of Cedarburg and 
West Bend and the Villages of Fredonia, Grafton, Jackson, Kewaskum, Newburg, and Saukville centralized sanitary sewer service was being provided in  1975. The 
remaining sewer service analysis area consisting of the unincorporated Village of Waubeka is presently unsewered. However, local officials have proposed that public 
sanitary sewer service be provided in the area. Based upon an analysis of the findings of detailed lake management studies conducted by the Wisconsin Department 
of  Natural Resources, Silver Lake, Big Cedar Lake, and Little Cedar Lake, the urban development around those lakes was not included in the recommended year 
2000 sewer service area. By the year 2000 about 99,200 persons are expected to reside in these nine sewer service areas, which will approximate 33.9 square miles. 
In  1975 there were about 75,500 persons residing in the Upper Milwaukee River subregional area, of which 48,600 were served by centralized sewer service and 
26,900 by onsite sewage disposal systems. 

Source: SEWRPC. 



the 1,800 persons forecast for the area for 1990 
in the regional sanitary sewerage system plan. 
This subarea is referenced as the "Fredonia" 
sewer service area in the ensuring discussion. 

6. Area F-This area consists of the unincorporated 
village of Waubeka. No sewer service was pro- 
vided in this area in 1975. However, local officials 
have proposed that sanitary sewer service be 
provided to this area. The total area anticipated 
to be served by the year 2000 approximates 
0.5 square mile, with a projected resident popu- 
lation of about 600 persons. This subarea was 
not recommended to be provided with public 
sanitary sewer service in the regional sanitary 
sewerage system plan. This area is referenced 
as the "Waubeka" sewer service area in the 
ensuing discussion. 

7. Area G-This area consists of the Village of 
Grafton and environs. In 1975 sewer service was 
provided in this area to about 2.2 square miles, 
having a total resident population of about 8,800 
persons. The total area anticipated to  be served 
by the year 2000 approximates 5.7 square miles, 
with a projected resident population of about 
16,800 persons. This represents an increase from 
the 10,700 persons forecast for the area for 1990 
in the regional sanitary sewerage system plan. 
This subarea is referenced as the "Grafton" sewer 
service area in the ensuing discussion. 

8. Area H-This area consists of the City of Cedar- 
burg and environs. In 1975 sewer service was 
provided in this area to about 2.6 square miles, 
having a total resident population of about 
10,400 persons. The total area anticipated to be 
served by the year 2000 approximates 6.6 square 
miles, with a projected resident population of 
about 18,300 persons. This represents an increase 
from the 14,300 persons forecast for the area for 
1990 in the regional sanitary sewerage system 
plan. This subarea is referenced as the "Cedar- 
burg" sewer service area in the ensuing discussion. 

9. Area I-This area consists of the Village of Sauk- 
ville and environs. In 1975 sewer service was 
provided in this area to  about 0.4 square mile, 
having a total resident population of about 
2,300 persons. The total area anticipated to  be 
served by the year 2000 approximates 2.3 square 
miles, with a projected resident population of 
about 6,500 persons. This represents a substantial 
increase from the 2,600 persons forecast for the 
area for 1990 in the regional sanitary sewer- 
age system plan. This subarea is referenced as 
the "Saukville" sewer service area in the 
ensuing discussion. 

Summary of Previously Prepared Regional Plan Elements 
The Milwaukee River watershed plan, adopted in 
March 1972 by the Regional Planning Commission, 
contained specific recommendations pertaining to sew- 

erage system development and stream water quality 
man ement for the Upper Milwaukee River subregional 
area?' These recommendations were developed from 
a detailed examination of five basic stream water quality 
management alternative plan elements for the Upper 
Milwaukee River wateshed. 

Following the preparation and adoption of the Mil- 
waukee River watershed plan, several developments 
occurred which necessitated a reevaluation of the recom- 
mendations in the adopted plan prior to  their inte ation 
into the regional sanitary sewerage system plan.' This 
reevaluation was undertaken in preparation of the regional 
sanitary sewerage system plan. Because of the extensive 
consideration of alternative sanitary sewerage system 
plans under the Milwaukee River watershed study, the 
procedure for evaluating detailed alternative plans nor- 
mally utilized in the development of the regional sanitary 
sewerage system plan was not utilized, and only a recom- 
mended plan was presented. This plan consisted of the 
basic stream water quality management recommendations 
included in the adopted Milwaukee River watershed plan, 
modified to reflect the results of the reevaluation under 
the regional sanitary sewerage system planning program. 

Formulation of Alternatives 
Several local planning efforts have taken place which 
represent steps toward the implementation of the Upper 
Milwaukee River watershed water quality management 
recommendations of the Milwaukee River watershed plan 
and the regional sanitary sewerage system plan. Local 
facility planning has deen completed or is nearing com- 
pletion for the Cedarburg, Fredonia, Grafton, Jackson, 
and West Bend sewer service areas. With regard to the 
number and locations of public wastewater treatment 
facilities in the Upper Milwaukee subregional area, these 
local planning efforts are expected to verify the recom- 
mendations of the regional sanitary sewerage system plan. 
In view of these developments, it was concluded that the 
recommendations of the regional sanitary sewerage 
system plan with regard to the number and locations of 
public treatment facilities in the Upper Milwaukee River 
subregional area are generally committed and should be 
incorporated into the areawide water quality manage- 
ment plan without further alternative consideration, 
except for certain modifications indicated as desirable by 
subsequent system and facilities planning efforts. Alterna- 
tives were evaluated with regard to  the type of treatment 
to be utilized. Two modifications to  the regional sanitary 
sewerage system plan recommendations are incorporated 
into the areawide water quality management &nning 

'' See SEWRPC Planning Report No.  13, A Comprehen- 
sive Plan for the Milwaukee River Watershed. 

22 For a detailed discussion o f  the developments affecting 
the Milwaukee River watershed recommendations and the 
alternative analyses which were reevaluated, see Chap- 
ter XI of SE WRPC Planning Report No. 16, A Regional 
Sanitary Sewerage System Plan for Southeastern Wis- 
consin, February 1974. 



program. One modification is the addition of the Wau- 
beka subarea to  the areas recommended for sewer service. 
Local planning by the area has been initiated and a sani- 
tary district has been formed within the sewer service 
area. Sewer service has also been recommended for the 
Waubeka area in the adopted regional land use plan. The 
Waubeka sewer service area is less than one mile from the 
Fredonia sewer service area, and interconnections of 
these two sewer service areas is considered a viable 
alternative to separate treatment facilities serving each 
area. Thus, alternative analyses were made regarding both 
joint and separate treatment of wastewater for the 
Waubeka and Fredonia sewer service areas. 

A second modification to  the regional sanitary sewerage 
system plan recommendations incorporated into the 
areawide water quality management planning program 
involves the Tri-lakes sewer service area. One of the 
issues raised in the public hearings on the 1990 regional 
sanitary sewerage system plan concerned the recom- 
mendation in that plan that centralized sanitary sewer 
service be provided to existing urban development along 
the shorelines of Big Cedar Lake, Little Cedar Lake, and 
Silver Lake, commonly known as the Tri-lakes area, in 
the Towns of West Bend and Polk. The new West Bend 
sewage treatment facility has been designed with suffi- 
cient capacity to accept sewage flow from such existing 
urban development. Because of the concern expressed by 
residents of the Tri-lakes area about the effect of the 
installation of sanitary sewers on urban development 
around the lakes, and because of questions raised by 
such residents concerning the need for sewers to protect 
lake water quality, the regional sanitary sewerage system 
plan concluded that the provision of sanitary sewer 
service to the Tri-lakes area should be reevaluated in 
a more detailed lake water quality management study. 

More detailed lake water quality management studies of 
the three lakes comprising the Tri-lakes area were accord- 
ingly conducted by the Wisconsin Department of Natural 
Resources in cooperation with the lake communities 
concerned, and at the same time by the Commission 
under the areawide water quality management planning 
effort. These studies concluded that septic tanks con- 
tributed less than 20 percent of the annual phosphorus 
loading to the lakes, and that under the existing and 
proposed year 2000 development conditions the total 
nutrient load to  these lakes is relatively low. Therefore, 
the installation of centralized sanitary sewers to serve 
existing urban development in the Tri-lakes area would 
not significantly improve water quality. Furthermore, 
these studies indicated that there was no reason to believe 
that, given a proper program of septic tank system 
inspection and maintenance over time and further given 
curtailed urban development in the lake subwatershed as 
called for in the adopted regional land use plan, septic 
tank effluent would constitute a significant source of 
water pollution in the foreseeable future. Based upon 
these studies, then, the areawide water quality manage- 
ment plan does not propose that centralized sanitary 
sewer service be extended to the Tri-lakes area. The 
capacity provided at the West Bend sewage treatment 

plant for ultimate service to the Tri-lakes area, which 
is estimated at about 1.0 million gallons per day 
(mgd), or 19  percent of the total capacity of the new 
plant, can thus be made available to accommodate other 
urban development in the rapidly growing West Bend 
urban area. 

Water quality simulation results are presented under 
the previous section which discusses the Milwaukee 
River watershed and the nonpoint source control element 
recommendations for that watershed. Sanitary sewerage 
system plans for the sewer service areas that lie within the 
Upper Milwaukee River subregional area are described in 
the following sections. 

Proposed Plal-Kewaskum Subarea 
In 1975 the wastewater treatment facility serving the 
Kewaskum sewer service area had an average hydraulic 
design capacity of 1.0 mgd, and provided a secondary 
level of waste treatment with advanced waste treatment 
for phosphorus removal and auxiliary waste treatment for 
effluent disinfection. It is anticipated that future growth 
will require an average hydraulic design capacity for the 
Kewaskum sewer service area of about 0.68 mgd in 1985 
and about 0.93 mgd in the year 2000. This year 2000 
design flow is the same as that anticipated under the 
regional sanitary sewerage system plan. 

In order to meet established water use objectives for 
the Milwaukee River, it will be necessary for this facility 
to provide either a secondary level of treatment with 
auxiliary waste treatment for effluent disinfection, fol- 
lowed by land application of treatment plant effluent, 
or secondary waste treatment followed by conventional 
advanced waste treatment for phosphorus removal and 
nitrification and auxiliary waste treatment for effluent 
disinfection prior to  discharge to the Milwaukee River. 
The recommendations concerning treatment and dis- 
charge to surface waters are, with one exception, the 
same as those contained in the regional sanitary sewerage 
system plan. That plan did not recommend the provision 
of advanced waste treatment for nitrification. The recom- 
mendation for nitrification was added based upon an 
analysis of instream conditions which affect tbe toxicity 
of ammonia. 

Based upon the general analysis described earlier in this 
chapter, the provision of secondary waste treatment 
followed by auxiliary waste treatment for effluent 
disinfection and land application is considered to  be 
a viable alternative to providing secondary waste treat- 
ment followed by conventional advanced waste treatment 
for nitrification and phosphorus removal and auxiliary 
waste treatment for effluent disinfection for treatment 
plants the size of the Kewaskum facility. The recom- 
mendation of the areawide water quality management 
planning program is based on the treatment and effluent 
land application alternative, but recognizes the need for 
more detailed local facilities planning to examine the 
alternatives providing for a surface water discharge as well 
as land application. Should local facilities planning efforts 



indicate that land application of plant effluent is not 
practical, then an alternative treatment system designed 
to ultimately achieve the level of treatment noted above 
as needed to  meet water quality standards with effluent 
discharge to the surface waters should be considered. The 
recommended treatment levels and performance stan- 
dards for the Kewaskum wastewater treatment plant are 
set forth in Table 100, and the proposal is shown on 
Map 40. 

The total present worth over a 50-year analysis period 
of construction and operation of the proposed treatment 
facilities for the Kewaskum sewer service area is about 
$4,328,000. The estimated capital cost for constructing 
the necessary additional treatment and conveyance 
facilities is $2,442,000, with an estimated average 
annual operation and maintenance cost of $146,000 
(see Table 101). 

Alternative Plans-West Bend Subarea 
In 1975 the wastewater treatment facility serving the 
West Bend sewer service area had an average hydraulic 
design capacity of about 2.5 mgd, and provided a secon- 
dary level of waste treatment with advanced waste 
treatment for phosphorus removal and auxiliary waste 
treatment for effluent disinfection. It  is anticipated that 
future growth will require an average hydraulic design 
capacity for the sewer service area of about 5.57 mgd in 
1985 and about 8.03 mgd in the year 2000. This year 
2000 flow is significantly higher than the estimated 1990 
design flow of 6.10 mgd anticipated under the regional 
sanitary sewerage system plan. 

As previously noted, the City of West Bend had com- 
pleted facilities planning, and construction was initiated 
in 1978 on major modifications to  upgrade and expand 

Table 100 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-PROPOSED SANITARY SEWERAGE 
SYSTEM PLAN FOR THE KEWASKUM SEWER SERVICE AREA: UPPER MILWAUKEE RIVER SUBREGIONAL AREA 

a See Map 39. 

This treatment recommendation differs from the regional sanitary sewerage system plan recommendations, which included the provision o f  secondary waste 
treatment followed b y  conventional advanced waste treatment for phosphorus removal (effluent concentration o f  1.0 m g l  o f  total  phosphorus), and  auxiliary 
waste treatment for effluent disinfection pr io r  to discharge to the Milwaukee River. 

Recommended 
Performance Standards i n  
Terms of Effluent Quality 

(all standards represent 
average monthly limits) 

BOD5 Discharge: 30 mgll 
Fecal Coliform Concentration: 

2001100 m l  

Source: SEWRPC. 

Type of Wastewater 
Treatment Assumed for  
Cost Analysis Purposes 

i n  Plan Preparation 

Activatedbludge 
Disinfection 
Land Application 

Table 101 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Auxiliary 
Advanced 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE KEWASKUM SEWER SERVICE AREA: UPPER MILWAUKEE RIVER SUBREGIONAL AREA 

Estimated 

Population 

1985 2000 

3,700 4,900 

Sewer 
Analysis Area 

serveda 

Kewaskum 

Wastewater 
Treatment 

Plant 

Village of Kewaskum 

Source: SEWRPC. 

196 

Estimated Average 
Hydraulic Design 
Capacity (mgd) 

1985 2000 

0.68 0.93 

Plan Subelement 

Wastewater Treatment Plant 
Village o f  Kewaskum 

Facilities . . . . . . . . 
Land . . . . . . . . . . .  

Subtotal 

Trunk Sewers-None 

Total 

Economic Analysis Estimates 
Estimated Cost: 1975-2000 

Total 
Capital 

$2,127,000 
3 1 5,000 

$2,492,000 

. . 

$2,442,000 

Present Worth: 1975-2025 
Average Annual 
Operation and 
Maintenance 

$146,000 
. . 

$146,000 

. - 

$146,000 

Equivalent Annual: 1975-2025 

Construction 

$1 19,000 
1 1,000 

$130,000 

. . 

$130.000 

Total 

$4,147,000 
181,000 

$4,328,000 

. - 

$4,328,000 

Construction 

$1,879,000 
181,000 

$2,060,000 

. . 

$2,060,000 

Operation and 
Maintenance 

$2,268,000 
- . 

$2,268,000 

.. 

$2,268,000 

Operation and 
Maintenance 

$144,000 
. - 

$144,000 

- - 

$144,000 

Total 

$263,000 
1 1.000 

$274,000 

- - 

$274,000 
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PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE KEWASKUM SEWER SERVICE AREA- 

UPPER MILWAUKEE RIVER SUBREGIONAL AREA: 2000 
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lirhed water use oMsctives far the Milwaukes River, it will be necessary 
for the plant to be uplraded to provide either lend application of 3 a n r  
effluent following the current neeondary level of treatment, or mnventional 
advanced waste treatment for phosphorus removal and nitrificntion and 
auxiliSrV was# treatment for sf f l~ent  disinfection prior to discharge to 
the Milwaukee River. 

Soume: SEWRPC. 

the city's wastewater treatment plant. The plant has 
been designed to provide secondary waste treatment, 
advanced waste treatment for nitrification and phos- 
phorus removal, and auxiliary waste treatment for 
effluent disinfection prior to discharge to the Milwaukee 
River. The plant is proposed to have an average hydraulic 
design capacity of 9.00 mgd. 

In order to meet the established water use objectives for 
the Milwaukee River, this facility will need to provide 
either secondary waste treatment with auxiliary waste 
treatment for effluent disinfection followed by land 
application of the plant effluent, or secondary waste 
treatment followed by conventional advanced waste 
treatment for nitrification, a high level of advanced 
waste treatment for phosphorus removal--producing an 
effluent with a concentration of a~~roximate lv  0.1 me11 . . -. 
of total phosphorus--and auxiliary waste treatment for 
effluent disinfection. The recommendations concerning 
treatment and discharee to surface waters differ from 
recommendations c o n k e d  in the regional sanitary 
sewerage system plan only with regard to the level of 
~hoswhorus removal which should be achieved. The . . 
regional sanitary sewerage system plan recommended that 
the ~ l a n t  effluent have a total ~hosohorus concentration . . 
of 1.0 mgil, while the updated recommendations of the 
areawide water quality management planning program 
are based uDon an effluent total ohosnhorns concentra- 
tion of about 0.1 mg/l. 

As noted in the analysis described earlier in this chapter, 
the effluent land application alternative and the treat- 
ment and discharge alternative should be considered 
further in the alternative analyses for a plant the size of 
the West Bend facility. Accordingly, two treatment 
alternatives were considered for the West Bend sewer 
service area. The f i s t  alternative would provide for 
continued discharge of the West Bend wastewater treat- 
ment plant efflueGt to the Milwaukee River following the 
reauired levels of waste treatment. The second alternative 
assumes the provision of a land application system for 
the disposal of secondary treatment effluent from 
the treatment facilitv. The recommended treatment levels 
and performance standards for both of the alternatives 
are set forth in Table 102, and the two prpposals are 
shown on Map 41. 

The first alternative is based upon the provision of 
secondary waste treatment followed by advanced waste 
treatment for ammonia-nitrogen and whosphorns removal, 
utilizing conventional cherniial treatmenifor phosphor& 
removal, biological nitrification, two-stage chemical clari- 
fication, multimedia filtration, and chlorination prior to 
discharge of effluent to the Milwaukee River. The total 
wresent worth over a 50-year analysis period of con- 
struction and operation -of the treatment facilities 
included under Alternative Plan 1 for the West Bend 
sewer service area is about $21,607,000. estimated 
capital cost for constructing the necessary additional 
treatment facilities is $9,075,000, with an estimated 
average annual operation and maintenance cost of 
$951,000 (see Table 103). 



Table 102 

WASTEWATER TREATMENT LEVELS A N D  PERFORMANCE STANDARDS-ALTERNATIVE SANITARY SEWERAGE 
SYSTEM PLANS FOR THE WEST BEND SEWER SERVICE AREA: UPPER MILWAUKEE RIVER SUBREGIONAL AREA 

a See Map 39. 

Wastewater 
Treatment 

Plant 

Alternative Plan 1 

City of West Bend 

Alternative Plan 2 

City of West Bend 

This treatment recommendation differs from the regional sanitary sewerage system plan recommendations, which included the provision of secondary waste 
treatment followed by conventional advanced waste treatment for nitrif ication andphosphorus removal (effluent concentration o f  1.0 mgn o f  totalphosphorusl, 
and auxiliary waste treatment for effluent disinfection prior to  discharge to  the Milwaukee River. 

Source: SEWRPC. 

Table 103 

Estimated Average 
Hydraulic Design 
Capacity (mgd) 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS 
FOR THE WEST BEND SEWER SERVICE AREA: UPPER MILWAUKEE RIVER SUBREGIONAL AREA 

Analysis Areas 
Serveda 

West Bend 

West Bend 

1985 

5.57 

5.57 

2000 

8.03 

8.03 

a This alternative does no t  include the cost o f  sludge-related facilities required under Alternative Plan 1. The total present worth over a 50-year analysis period o f  
the additional sludge-related facilities is $2,160,000. The estimated capital cost for construction o f  the added sludge-related facilities is $1,150,000, with an 
estimated average annual operation and maintenance cost of  $70,000 over the design period 1975-2000. 

Plan Subelement 

Alternative Plan l a  

Wastewater Treatment Plant 
City of West Bend . . . . . 

Trunk Sewers-None 

Total 

Alternative Plan 2 

Wastewater Treatment Plant 
City of West Bend 

Facilities. . . . . . . . . . 
Land.  . . . . . . . . . . . 

Subtotal 

Trunk Sewers-None 

Total 

Source: SEWRPC. 

Type of Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

in Plan Preparation 

Activated Sludge 
Nitrification 
Phosphorus Removal 

Disinfection 

Activated Sludge 
Disinfection 
Land ~ p p l i c a t i o n ~  

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Advanced 

Auxiliary 

Secondary 
Auxiliary 
Advanced 

Estimated 
Population 

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly l imits) 

BOD5 Discharge: 15.0 mgll 
Ammonia-Nitrogen Discharge: 
1.5 mgll 

Phosphorus Discharge: 
0.1 mgllb 

Fecal Coliform Concentration: 
20011 00 ml 

BOD5 Discharge: 30.0 mgll 
Fecal Coliform Concentration: 
20011 00 ml 

1985 

29,900 

29,900 

Estimated 

Total 
Capital 

$ 9,075,000 

. . 

$ 9,075,000 

$19,288,000 
2,200,000 

$21,488,000 

.. 

$21,498,000 

2000 

41,600 

41,600 

Cost: 1975-2000 

Average Annual 
Operation and 
Maintenance 

$951,000 

-. 

$951,000 

$571,000 
.. 

$571,000 

- - 

$57 1.000 

Economic Analysis 

Present Worth: 1975-2025 

Construction 

$ 6,863,000 

. . 

$ 6,863,000 

$13,927,000 
1,263,000 

$1 5,190,000 

. . 

$1 5.1 90,000 

Estimates 

Equivalent Annual: 1975-2025 

Construction 

$435,000 

. - 

$435,000 

$884,000 
80,000 

$964.000 

. . 

$964,000 

Operation and 
Maintenance 

$14,744,000 

-. 

$14,744,000 

$9,189,000 
-. 

$ 9.1 89,000 

- - 

$ 9.1 89,000 

Total 

$21,607,000 

. . 

$21,607,000 

$23.1 16,000 
1,263.000 

$2b,379,000 

- - 

$24,379,000 

Operation and 
Maintenance 

$935,000 

. - 

$935,000 

$583,000 
-. 

$583,000 

- - 

$583,000 

Total 

$1,370,000 

. . 

$1,370,000 

$1,467,000 
80,000 

$1,547,000 

- - 

$1,547,000 



Map 41 

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS 
FOR THE WEST BEND SEWER SERVICE AREAS-UPPER 

MILWAUKEE RIVER SUBREGIONAL AREA: 2000 
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The areawide water quality management plan proposes that the existing West 
Bend treatment plant be upgraded t o  serve the year 2000 sewer service area. 
I n  order t o  meet the established water use objectives for the Milwaukee 
River watershed, it wi l l  be necessary for this facility t o  provide either 
secondary waste treatment with auxiliary waste treatment for effluent dis- 
infection followed by land application o f  the plant effluent, or secondary 
waste treatment followed by conventional advanced waste treatment for 
nitrification, a high level of advanced waste treatment for phosphorus 
removal-producing an effluent concentration o f  approximately 0.1 mgll 
o f  total phosphorus-and auxiliary waste treatment for effluent disinfection 
prior t o  discharge t o  the Milwaukee River. Both the treatment and discharge 
alternative and the effluent land application alternative were considered. The 
treatment and discharge alternative is proposed because it is slightly less 
costly than the effluent land application alternative, and more closely 
reflects local planning efforts. Construction of plant additions providing 
for conventional advanced waste treatment for phosphorus removal and 
nitrif ication had been initiated i n  1978. 

The second alternative treatment system is based upon 
the provision of secondary waste treatment with auxiliary 
waste treatment for effluent disinfection followed 
by land application. For areawide systems level analysis 
purposes, rural lands in the Towns of Jackson, Trenton, 
and West Bend were selected to receive the effluent 
from the West Bend wastewater treatment facility. These 
sites would require pumping the effluent about 15,000 
feet. The total present worth over a 50-year analysis 
period of construction and operation of the treatment 
and conveyance facilities included under Alternative 
Plan 2 for the West Bend sewer service area is about 
$24,379,000. The estimated capital cost for construct- 
ing the necessary additional treatment facilities is 
$21,498,000, with an estimated average annual operation 
and maintenance cost of $571,000 (see Table 103). 

On an equivalent annual cost basis, including the cost 
associated with the sludge-related facilities required 
under Alternative Plan 1, Alternative Plan 1 is about 
3 percent less costly than Alternative Plan 2. In addi- 
tion to this cost comparison, there are other less tangible, 
but nevertheless real, factors which should be considered. 
The ultimate implementation of the treatment and 
surface water discharge alternative-Alternative Plan 1- 
should be able to be more readily accomplished, since 
planning for most of the major components of the 
alternative is complete and construction underway, and 
since this alternative represents a continuation of 
existing practices with the added construction and 
operational requirements of expansion and an upgraded 
level of treatment. Because of the land requirements for 
land application under Alternative Plan 2, it would likely 
be difficult to select and acquire sites or make other 
institutional arrangements for the use of agricultural land, 
and thus this alternative would be difficult to implement. 
The land application alternative requires the commitment 
of approximately 2,450 acres of land, resulting in a major 
change in agricultural land management for the selected 
application site area, and requires that treatment plant 
managers become involved in agricultural land manage- 
ment. The land application alternative also requires the 
construction of a major conveyance system in order to 
transport the treatment plant effluent to the land 
application site. Because of the direct and infiirect envi- 
ronmental impacts of the proposed land use changes 
and conveyance system, Alternative Plan 2 would affect 
more area and a greater population than would Alterna- 
tive Plan 1. On the other hand, although there would be 
a greater wastewater pumping requirement under the land 
application alternative for conveyance of the wastewater 
to the land application site, the total energy requirements 
under Alternative Plan 2 would be less than under Alter- 
native Plan 1 because of the energy required for the 
higher level of treatment needed under Alternative 
Plan 1. Other advantages of Alternative Plan 2 are that 
nutrients would be recycled from the wastewater back 
to the agricultural land, and the treatment plant dis- 
charge of pollutants would be completely eliminated 
from the surface waters. However, based on the environ- 
mental impacts and ease of implementation, Alternative 
Plan 1--the treatment and surface water discharge alter- 
native-is recommended. 

Source: SEWRPC. 



Proposed Plan-Jackson Subarea 
In 1975 the wastewater treatment facility serving the 
Village of Jackson had an average hydraulic design 
capacity of 0.03 mgd and provided a secondary level of 
wastewater treatment. It is anticipated that future growth 
will require an average hydraulic design capacity for the 
Jackson sewer service area of about 0.72 mgd in 1985 
and about 1.24 mgd in the year 2000. This year 2000 
design flow is significantly higher than the estimated 
1990 design flow of 0.50 mgd anticipated under the 
regional sanitary sewerage system plan. 

In 1976 the Village of Jackson had completed facilities 
planning for construction of a new wastewater treat- 
ment plant on a site east of Jackson on Cedar Creek and 
adjacent to the existing Libby, McNeill and Libby treat- 
ment facility. The proposed facility is designed to  provide 
secondary and tertiary levels of treatment with advanced 
waste treatment for phosphorus removal and nitrification 
and auxiliary waste treatment for disinfection prior 
to discharge to Cedar Creek. The plant is proposed to 
have an average hydraulic design capacity of 0.87 mgd. 

In order to  meet established water use objectives for 
Cedar Creek, this facility will need to provide either 
secondary waste treatment with auxiliary waste treat- 
ment for effluent disinfection followed by land applica- 
tion of treatment plant effluent, or secondary waste 
treatment followed by conventional advanced waste 
treatment for nitrification, a high level of advanced 
waste treatment for phosphorus removal-producing an 
effluent with a concentration of approximately 0.1 mg/l 
of total phosphorusand auxiliary waste treatment for 
effluent aeration and disinfection prior to discharge to 
Cedar Creek. The recommendations concerning treatment 
and discharge to  surface waters differ from the recom- 
mendations contained in the regional sanitary sewerage 
system plan with regard to  the provision of effluent 

aeration and the level of phosphorus removal that should 
be achieved. That plan recommended the provision of 
secondary waste treatment plus conventional advanced 
waste treatment for phosphorus removal and nitrifica- 
tion, and auxiliary waste treatment for disinfection. As 
previously noted, the local facilities planning work has 
been completed for the Village of Jackson wastewater 
treatment plant. Because of this existing stage of imple- 
mentation, the decision to  provide advanced waste 
treatment followed by discharge to  the surface waters 
has been treated as a committed local decision, even 
though the areawide analysis indicates that, on a general- 
ized basis, an effluent land application alternative may be 
less costly than providing the levels of treatment needed 
prior to discharge to surface waters. Future facilities 
planning efforts designed to evaluate the higher level of 
phosphorus reduction component of the proposed plan 
should further consider the land application alternative. 
The recommended treatment levels and performance 
standards for the Village of Jackson wastewater treat- 
ment plant are set forth in Table 104, and the proposal is 
shown on Map 42. 

The total present worth over a 50-year analysis period 
of construction and operation of the proposed treatment 
and conveyance facilities is about $5,724,000. The esti- 
mated capital cost for constructing the necessary addi- 
tional treatment facilities is $3,419,000, with an esti- 
mated average annual operation and maintenance cost of 
$205,300 (see Table 105). 

Proposed Plan-Newb'urg Subarea 
In 1975 the wastewater treatment facility serving the 
Newburg sewer service area had an average hydraulic 
design capacity of 0.05 mgd, and provided a secondary 
level of waste treatment with auxiliary waste treatment 
for effluent disinfection. It is anticipated that future 
growth will require an average hydraulic design capacity 

Table 104 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-PROPOSED SANITARY SEWERAGE 
SYSTEM PLAN FOR THE JACKSON SEWER SERVICE AREA: UPPER MILWAUKEE RIVER SUBREGIONAL AREA 

a See Map 39. 

This treatment recommendation differs from the regional sanitary sewerage system plan recommendations which included the provision o f  secondary waste 
treatment followed b y  conventional advanced waste treatment for nitrif ication andphosphorus removal (effluent concentration o f  1.0 rngn o f  total  phosphorus), 
and auxiliary waste treatment for effluent disinfection. 

Recommended 
Performance Standards i n  
Terms o f  Effluent Quality 

(all standards represent 
average monthly l imits) 

BOD5 Discharge: 15  mg/l 
Ammonia-Nitrogen: 1.5 mg/l 
Phosphorus Discharge: 0.1 mg/l 

b 

Dissolved Oxygen i n  Effluent: 
6.0 mgll 

Fecal Coliform Concentration: 
2001100 m l  

Wastewater 
Treatment 

Plant 

Village of Jackson 

Source: SEWRPC. 

Estimated Average 
Hydraulic Design 
Capacity (mgd) 

1985 

0.72 

~ n ~ ~ ~ s ~ f ~ ~ ~ ~  
serveda 

Jackson 

2000 

1.24 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Advanced 

Auxiliary 

Type of Wastewater 
Treatment Assumed for  
Cost Analysis Purposes 

in Plan Preparation 

Activated Sludge 
Nitrif ication 
Phosphorus Removal 
Effluent  erat ti on^ 

Disinfection 

Estimated 
Population 

1985 

3,500 

2000 

6,000 
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PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE JACKSON SEWER SERVICE AREA- 

UPPER MILWAUKEE RIVER SUBREGIONAL AREA 
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The areawide water quality management plan proposes that the existing 
Jackson wastewater treatment plant be relocated to a new site and provide 
sufficient capacity to  enable the abandonment of the adjacent private 
wastewater treatment plant operated by the Libby, McNeill and Libby, Inc. 
canning plant. In order to meet the established water use objectives for 
Cedar Creek, this facility will need to provide either secondary waste 
treatment with auxiliary waste treatment for effluent disinfection followed 
by land application of plant effluent, or secondary waste treatment followed 
by conventional advanced waste treatment for nitrification, a high level of 
advanced waste treatment for phosphorus removal-producing an effluent 
with a concentration of approximately 0.1 mgll of total phosphorus-and 
auxiliary waste treatment for effluent disinfection prior to discharge to 
Cedar Creek. Because of the existing stage of implementation, the areawide 
plan assumes the surface water discharge alternative. Completed local plans 
recommend the provision of conventional advanced waste treatment for 
phosphorus removal (effluent total phosphorus concentration of 1.0 mgll) 
and nitrification prior to discharge to Cedar Creek. Future planning efforts 
should consider increasing the level of phosphorus removal, and should 
evaluate the alternative of effluent land application. 

Source: SEWRPC. 

for the sewer service area of about 0.24 mgd in 1985 
and about 0.45 mgd in the year 2000. This year 2000 
design flow is significantly larger than the 0.12 mgd 
planned 1990 flow anticipated under the regional sani- 
tary sewerage system plan. 

In order to  meet the established water quality objectives 
for the Milwaukee River, this facility will need to provide 
either a secondary level of waste treatment with auxil- 
iary waste treatment for effluent disinfection followed by 
land application of treatment plant effluent, or secondary 
waste treatment followed by conventional advanced 
waste treatment for phosphorus removal and auxiliary 
waste treatment for effluent disinfection prior to  dis- 
charge to the Milwaukee River. The recommendations 
concerning treatment and discharge to  surface waters 
at the Newburg wastewater treatment plant differ from 
recommendations contained in the regional sanitary 
sewerage system plan only with regard to the provision 
of advanced waste treatment for phosphorus removal. 
That plan recommended the provision of secondary 
waste treatment plus auxiliary waste treatment for 
effluent disinfection. 

Based upon the general analysis described earlier in this 
chapter, the provision of secondary waste treatment 
followed by auxiliary waste treatment for effluent 
disinfection and effluent land application is considered to  
be a viable alternative to  providing secondary waste 
treatment followed by conventional advanced waste 
treatment for phosphorus removal and auxiliary waste 
treatment for effluent disinfection when considering 
treatment plants the size of the Newburg facility. The 
recommendation of the areawide water quality manage- 
ment planning program is based on the alternative of 
treatment and effluent land application, but recognizes 
the need for more detailed local facility planning to 
examine alternatives providing for a surface water dis- 
charge as well as the land application alternative. Should 
local facilities planning efforts indicate that land applica- 
tion of plant effluent is not practical to implement, then 
an alternative treatment system designed to ultimately 
achieve the level of treatment noted above as needed to 
meet water quality standards with effluent discharge to 
the surface waters should be considered. A local facility 
planning program is presently being conduct& to estab- 
lish wastewater treatment and conveyance needs for the 
Newburg sewer service area. The recommended treatment 
levels and performance standards for the Newburg 
wastewater treatment plant are set forth in Table 106, 
and the proposal is shown on Map 43. 

The total present worth over a 50-year analysis period 
of construction and operation of the proposed treatment 
facilities for the Newburg sewer service area is about 
$3,096,000. The estimated capital cost for constructing 
the necessary additional treatment facilities is $2,456,000, 
with an estimated average annual operation and mainte- 
nance cost of $84,000 (see Table 107). 

Alternative Plans-Fredonia-Waubeka Subareas 
As already noted, the alternative analysis to  be conducted 
will consider the interconnection of the Fredonia and 



Table 105 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE JACKSON SEWER SERVICE AREA: UPPER MILWAUKEE RIVER SUBREGIONAL AREA 

Source: SEWRPC. 

Plan Subelement 

Wastewater Treatment Plant 
Village of Jackson . . . . 

Trunk Sewers 
Village of Jacksc.~ . . 

Total 

Table 106 

WASTEWATER TREATMENT LEVEL AND PERFORMANCE STANDARDS-PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE NEWBURG SEWER SERVICE AREA: UPPER MILWAUKEE RIVER SUBREGIONAL AREA 

Estimated Cost: 1975-2000 

a See Map 39. 

Economic Analysis Estimates 

Total 
Capital 

$3,215,000 

204,000 

$3,419,000 

This treatment recommendation differs from the regional sanitary sewerage system plan recommendations, which included the provision of  secondary waste 
treatment followed b y  auxiliary waste treatment for effluent aeration and disinfection. 

Average Annual 
Operation and 
Maintenance 

$205,000 

300 

$205,300 

Source: SEWRPC. 

Present Worth: 1975-2025 

Type of Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

in Plan Preparation 

\ 

Activated Sludge 
Disinfection 
Land ~ p p l i c a t i o n ~  

' Estimated Average 1 Hydraulic Design 
Wastewater 

, Capacity (mgd) 
Treatment 

Table 107 

Equivalent Annual: 1975-2025 

Construction 

$2,431,000 

128,000 

$2,559,000 

Recommended 
Performance Standards i n  
Terms of Effluent Quality 

(all standards represent 
average monthly l imits) 

BOD5 Discharge: 30 mgll  
Fecal Coliform Concentration: 

200/100 m l  

Sewer Service 
Analysis Area 

serveda 

Newburg 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE NEWBURG SEWER SERVICE AREA: UPPER MILWAUKEE RIVER SUBREGIONAL AREA 

Construction 

$154,000 

8,000 

$1 62,000 

2000 

0.45 

Plant 1 1985 

Operat~on and 
Maintenance 

$3,161,000 

4,000 

$3.1 65,000 

Village of Newburg 

Source: SEWRPC. 

2 0 2  

Total 

$5,592,000 

132,000 

$5,724,000 

Operation and 
Maintenance 

$201,000 

300 

$201,300 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Auxiliary 
Advanced 

Estimated 

POpulatlon 

0.24 

Plan Subelement 

Wastewater Treatment Plant 
Village of Newburg 

Facilities . . . . . . . .  
Land . . . . . . . . . . .  

Subtotal 

Trunk Sewers-None 

Total 

Total 

$355,000 

8,300 

$363,300 

1985 

1,400 

2000 

2,400 

Estimated Cost: 1975-2000 Economic Analysis Estimates 

Total 
Capital 

$2,294,000 
162,000 

$2,456,000 

. . 

$2,456,000 

Average Annual 
Operation and 
Maintenance 

$84,000 
- - 

$84,000 

- - 

$84,000 

Present Worth: 1975-2025 Equivalent Annual: 1975-2025 

Construction 

$1,671,000 
93,000 

$1,764,000 

- - 

$1,764,000 

Construction 

$1 02,000 
10.000 

$1 12,000 

-. 

$1 12,000 

Operation and 
Maintenance 

$1,332,000 
. - 

$1,332,000 

. . 

$1,332,000 

Operation and 
Maintenance 

$85,000 
. - 

$85,000 

. - 

$85,000 

Total 

$3,003,000 
93,000 

$3,096,000 

. . 

$3,096,000 

Total 

$187,000 
10.000 

$197,000 

- - 

$1 97,000 



Map 43 

PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
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The areawide water quality management plan proposes that the existing 
Newburg wastewater treatment plant be expanded to meet the anticipated 
year 2000 needs. In order to meet the established water use objectives for 
the Milwaukee River, i t  will be necessary for the plant to be upgraded to 
provide either land application of plant effluent following the current 
secondary level of treatment, or secondary waste treatment followed by 
conventional advanced waste treatment for phosphorus removal and 
auxiliary waste treatment for disinfection prior to discharge to the 
Milwaukee River. 

Source: SEWRPC. 

Waubeka subareas for wastewater treatment plant pur- 
poses. Two basic alternative plans were formulated. 
The first alternative plan assumes the provision of two 
individual wastewater treatment plants to  serve the two 
sewer service areas. The second alternative provides for 
a single sewage treatment facility at the existing Fre- 
donia wastewater treatment plant site. 

In 1975 the wastewater treatment facility serving the . 
Fredonia sewer service area had an average hydraulic 
design capacity of 0.12 rngd and provided a secondary 
level of waste treatment with auxiliary waste treatment 
for effluent disinfection. It is anticipated that future 
growth will require an average hydraulic design capacity 
for the Fredonia sewer service area of about 0.34 rngd 
in 1985 and about 0.41 rngd in the year 2000. This year 

2000 design flow is considerably larger than the 0.23 rngd 
planned 1990 flow developed under the regional sanitary 
sewerage system plan. Interconnection of the Fredonia 
and Waubeka sewer service areas will require an average 
hydraulic design capacity of about 0.54 rngd in the year 
2000 at the Fredonia wastewater treatment plant. 

In 1978 the Village of Fredonia was in the final stages of 
the facility planning process to  upgrade the existing 
facility to  provide additional capacity for future needs of 
the Village and the neighboring community of Waubeka. 
In order to  meet established water use objectives for the 
Milwaukee River, a treatment facility serving either the 
Village of Fredonia or the Waubeka area will need to 
provide either a secondary level of treatment with 
auxiliary waste treatment for effluent disinfection 
followed by land application of treatment plant effluent, 
or secondary waste treatment followed by conventional 
advanced waste treatment for phosphorus removal and 
auxiliary waste treatment for effluent disinfection prior 
to discharge to the Milwaukee River. The recommenda- 
tions concerning treatment and discharge t o  surface 
waters differ from the recommendations contained in the 
regional sanitary sewerage system plan with regard to the 
provision of phosphorus removal. That plan was based 
upon a treatment facility serving only the Fredonia 
area and recommended the provision of secondary 
waste treatment and auxiliary waste treatment for 
effluent disinfection. 

Based on the generalized analysis described earlier in this 
chapter, land application is a viable alternative to  
providing the recommended levels of treatment prior to  
surface water discharge for plants the size of those 
considered for the Waubeka and Fredonia sewer service 
areas. Based upon the preliminary findings of the local 
facility planning study, the plans developed for the 
interconnection of the two sewer service areas have 
incorporated the option of treatment followed by dis- 
charge to the surface waters. 

Two alternative plans were considered. Alternative 
Plan 1 provides for separate treatment facilities for the 
Fredonia and Waubeka area, and Alternative Plan 2 
considers interconnection of the two areas forwastewater 
treatment. The recommended treatment levels and 
performance standards for both of the alternatives are set 
forth in Table 108, and the two proposals are shown on 
Maps 44 and 45. 

Under Alternative Plan 1, separate wastewater treatment 
plants would serve the Village of Fredonia and the 
Waubeka area. The Village of Fredonia facility would be 

c upgraded and expanded to provide an average hydraulic 
gtcapacity of 0.41 mgd. The new Waubeka facility would 

be constructed with a capacity of 0.13 mgd. 

The total present worth over a 50-year analysis period 
of construction and operation of the proposed treatment 
facilities under Alternative Plan 1 for the Fredonia and 
Waubeka sewer service areas is about $4,213,000. The 
estimated capital cost for constructing the necessary 



Table 108 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS 
FOR THE FREDONIA AND WAUBEKA SEWER SERVICE AREA: UPPER MILWAUKEE RIVER SUBREGIONAL AREA 

a See Map 39. 

This treatment standard differs from the regional sanitary sewerage system plan recommendations, which included the provision o f  secondary waste treatment 
followed b y  auxiliary waste treatment for effluent disinfection pr io r  to discharge to the Milwaukee River. 

Recommended 
Performance Standards i n  
Terms o f  Effluent Quality 

(all standards represent 
average monthly limits) 

BOD5 Discharge: 15.0 rngll 
Phosphorus Discharge: 1.0 mgl l  
Fecal Coliform Concentration: 

20011 0 0  m l  

BOD5 Discharge: 15.0 mgll 
Phosphorus Discharge: 1.0 mg/l 
Fecal Coliform Concentration: 

20011 00 m l  

BOD5 Discharge: 15.0 mgll 
Phosphorus Discharge: 1.0 mgll 
Fecal Coliform Concentration: 

2001100 m l  

Wastewater 
Treatment 

Plant 

Alternative Plan 1 

Village of Fredonia 

Waubeka 

Alternative Plan 2 

Village of Fredonia 

Source: SEWRPC. 

additional treatment facility at Waubeka and upgrading 
the existing plant at Fredonia is $2,357,000, with an 
estimated average annual operation and maintenance cost 
of $169,000 (see Table 109). 

Under Alternative Plan 2, wastewater from the Waubeka 
sewer service area would be conveyed via a new trunk 
sewer to an expanded Fredonia wastewater treatment 
facility. The Fredonia facility would need to  be expanded 
to provide an average hydraulic capacity of 0.54 mgd. 

Type of Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

in Plan Preparation 

Activated Sludge 
Phosphorus Removal 
Disinfection 

Activated Sludge 
Phosphorus Removal 
Disinfection 

Activated Sludge 
Phosphorus Removal 
Disinfection 

The total present worth over a 50-year analysis period 
of construction and operation of the recommended 
treatment facilities under Alternative Plan 2 for the 
Fredonia and Waubeka sewer service areas is about 
$3,425,000. The estimated capital cost for constructing 
the necessary additional treatment facilities is $1,718,000, 

Estimated Average 
Hydraulic Design 
Capacity (mgd) 

with an estimated average annual operation and main- 
tenance cost of $137,000 (see Table 109). The costs of 
both alternatives are- based upon the provision of secon- 
dary waste treatment followed by conventional advanced 
waste treatment for phosphorus removal, and auxiliary 
waste treatment for effluent disinfection prior to  dis- 
charge to the Milwaukee River. 

1985 

0.34 

0.13 

0.47 

On an equivalent annual basis, Alternative Plan 2 is 
about 19  percent less costly than Alternative Plan 1. In 
addition, other less tangible, but nevertheless real, con- 
siderations were evaluated in selecting a recommended 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
~ d v a n c e d ~  
Auxiliary 

Secondar 
Advanced 
Auxiliary 

Secondary 
~ d v a n c e d ~  
Auxiliary 

Sewer 
Analysis Areas 

seweda 

Fredonia 

Waubeka 

Fredonia, 
Waubeka 

2000 

0.41 

0.13 

0.54 

plan from between these two alternatives. The second 
alternative has the advantage of providing only one 
treatment facility, thus avoiding the duplication of staff 
and related facilities associated with two plants. The 
monitoring requirements associated with the treatment 
facilities would also be less under Alternative Plan 2. The 
second alternative has an inherent disadvantage in that it 
requires the conveyance of wastewater from the Waubeka 
sewer service area via a trunk sewer to  the Fredonia 
sewer service area. Thus, because of the environmental 
impacts of the construction program that would be 
needed under Alternative Plan 2, that alternative would 
affect more area and a greater population than would 
Alternative Plan 1. In addition, under Alternative Plan 2 
additional pumping-with its associated energy use- 
would be required to convey the wastes from the Wau- 
beka sewer service area to  the Fredonia sewer system. 

Estimated 
Population 

1985 2000 

1,800 2,100 

600 600 

2,400 2,700 

Based upon all of these considerations, neither alternative 
is clearly better. However, on the basis of cost and the 
desire to miyimize the proliferation of treatment plants, 
the second alternative--one wastewater treatment plant 
to serve both the Fredonia and Waubeka sewer service 
areas-is recommended. 

Proposed PlanrGrafton Subarea 
In 1975 the wastewater treatment facility serving the 
Grafton sewer service area had an average hydraulic 
design capacity of 1.00 mgd, and provided a secondary 
level of waste treatment with advanced waste treatment 



Map 44 

I ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN 1 FOR 
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The first alternative plan considered for  the Fredonia and Waubeka sewer 
service areas proposes the establishment o f  two wastewater treatment 
facilities, one t o  serve the Waubeka area and one t o  serve the Fredonia 
area. The existing Fredonia wastewater treatment facility would be 
expanded and provide, in addition t o  secondary waste treatment, conven- 
tional advanced waste treatment fo r  phosphorus removal and auxiliary waste 
treatment for disinfection prior t o  discharge t o  the Milwaukee River. A new 
Waubeka wastewater treatment plant would be constructed on a site along 
the Milwaukee River and would also provide secondary waste treatment, 
advanced waste treatment for phosphorus removal, and auxiliary waste 
treatment for disinfection. Land application o f  plant effluent following 
a secondary level o f  treatment is considered a viable alternative t o  providing 
advanced waste treatment with discharge t o  surface waters. 

Source: SEWRPC. 

Map 45 

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN 2 FOR 
THE FREDONIA AND WAUBEKA SEWER SERVICE AREAS- 

UPPER MILWAUKEE RIVER SUBREGIONAL AREA: 2000 

for phosphorus removal and auxiliary waste treatment 
for effluent disinfection. It is anticipated that future 
growth will require an average hydraulic design capacity 
for the Grafton sewer service area of about 1.53 mgd in 
1985 and about 2.56 mgd in the year 2000. This year 
2000 design flow is higher than the 1.90 mgd planned 
1990 flow anticipated under the regional sanitary sewer- 
age system plan. 

The Village of Grafton, in conjunction with the City of 
Cedarburg and the Towns of Cedarburg and Grafton, is in 
the final stages of a local facilities planning study to 
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The second alternative plan for the Fredonia and Waubeka sewer service 
areas provides for a single wastewater treatment plant t o  serve both  areas. 
The existing Fredonia wastewater treatment facility would be expanded 
t o  provide service for both the Fredonia and Waubeka sewer service areas. 
This facil ity would provide secondary waste treatment, conventional 
advanced waste treatment for phosphorus removal, and auxiliary waste 
treatment fo r  disinfection. Based upon cost and the desirability o f  avoiding 
proliferation o f  treatment plants, this alternative is recommended over the 
alternative o f  providing separate treatment facilities t o  serve the Waubeka 
and Fredonia sewer service areas. 

Source: SEWRPC. 

determine the existing and future wastewater treatment 
and conveyance needs for the Cedarburg-Grafton area. 
The local facility planning program has specifically been 
designed to deal with wastewater treatment requirements 
for areas outside of as well as within the designated 
year 2000 sewer service area. That local facility planning 
program has concluded that a treatment and discharge 
alternative is more practical than an effluent land applica- 
tion alternative. Studies conducted under the areawide 
water quality planning program have indicated that 
only a very limited amount of open land is suitable for 
effluent land application in the vicinity of the Cedarburg- 
Grafton area. 



Table 109 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS 
FOR THE FREDONIA A N D  WAUBEKA SEWER SERVICE AREAS: UPPER MILWAUKEE RIVER SUBREGIONAL AREA 

Source: SEWRPC. 

Plan Subelement 

Alternative Plan 1 

Wastewater Treatment Plants 
Village of Fredonia . . . 
Waubeka . . . . . . . . . 

Trunk Sewers-None 

The local facility planning program evaluated various 
alternatives with respect to  the number and location of 
treatment facilities needed to  sewer the Cedarburg- 
Grafton area. Alternatives given detailed consideration 
included the following: 

1. The upgrading and expansion of the two exist- 
ing treatment facilities to serve the year 2000 
service area. 

2. The abandonment of the existing Grafton plant 
and construction of a new areawide treatment 
facility located in the vicinity of the confluence 
of Cedar Creek with the Milwaukee River. Secon- 
dary effluent from the Cedarburg plant would 
be conveyed to this new plant for advanced 
waste treatment. 

Estimated Cost: 1975-2000 

3. The maintenance of the two existing treatment 
plants to provide secondary treatment, and 
construction of a new areawide facility to pro- 
vide advanced waste treatment for the secondary 
effluent from both the Cedarburg and the Graf- 
ton plants. 

Total 
Capital 

$1,409,000 
948,000 

. - 

The preliminary findings of the local facility planning 
study have indicated that the first alternative-upgrading 
and expansion of the two existing plants-is the most 
desirable. The proposed areawide plan has incorporated 
the recommendations of the local planning effort with 
regard to the number and location of wastewater treat- 
ment plants. 

Average Annual 
Operation and 
Maintenance 

$1 13,000 
56,000 

. . 

$1 12,500 

$ 64.000 

20,000 

$ 84,000 

Economic Analysis 

Present Worth: 1975-2025 

Total $1,782,000 

In order to meet the qtablished water quality objectives 
for the Milwaukee River, the Grafton facility will need to 
provide a secondary level of waste treatment with 
conventional advanced waste treatment for phosphorus 
removal and nitrification and auxiliary waste treatment 
for effluent disinfection. These recommendations con- 
cerning the level of treatment a t  the Grafton wastewater 
treatment plant differ from those contained in the 
regional sanitary sewerage system plan. That plan recom- 
mended the provision of secondary waste treatment, 
advanced waste treatment for phosphorus removal, and 

Estimates 

Equivalent Annual: 1975-2025 

$1 55,000 

$129,000 $193,000 

3,500 

$1 32,500 $216,500 

Construction 

$1,065,000 
71 7,000 

. - 

$2,431.000 

$2,040,000 

55,000 

$2,095,000 

Alternative Plan 2 

Wastewater Treatment Plant 
Village of Fredonia . . . 

Trunk Sewer 
Waubeka . . . . . . . . . 

Total 

auxiliary waste treatment for effluent disinfection. The 
recommendation for nitrification was added based upon 

$4.21 3,000 

$3,050,000 

375,000 

$3,425,000 

an analysis of instream conditions which affect the 
toxicity of ammonia. The recommended treatment levels 
and performance standards for the Village of Grafton 
wastewater treatment plant are set forth in Table 110, 
and the proposal is shown on Map 46. 

Total 

$172,500 
95,000 

-. 

Construction 

$ 67,500 
45,000 

- . 

Operation and 
Maintenance 

$1,649,000 
782,000 

. - 

$1,335,000 

383,000 

$1.71 8,000 

The total present worth over a 50-year analysis period of 

Operation and 
Maintenance 

$105,000 
50,000 

- - 

Total 

$2,714,000 
1,499,000 

. - ----- 

construction and operation of the proposed treatment 
facilities for the Grafton sewer service area is about 
$6,379,000. The estimated capital cost for constructing 
the necess- additional treatment facilities is $3,005,000, 
with an estimated average annual operation and mainte- 
nance cost of $264,000 (see Table 111). 

$134,000 

3,000 

$137,000 

Proposed Plan--Cedarburg Subarea 
In 1975 the wastewater treatment facility serving the 
Cedarburg sewer service area had an average hydraulic 
design capacity of 3.00 mgd, and provided a secondary 
level of waste treatment with advanced waste treatment 

$1,010,000 

320,000 

$1,330,000 



Table 110 

WASTEWATER TREATMENT LEVELS A N D  PERFORMANCE STANDARDS-PROPOSED SANITARY SEWERAGE 
SYSTEM PLAN FOR THE GRAFTON SEWER SERVICE AREA: UPPER MILWAUKEE RIVER SUBREGIONAL AREA 

a 
See Map 39. 

Source: SEWRPC. 

Table 11 1 

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly limits) 

BOD5 Discharge: 15 mgll 
Phosphorus Discharge: 1.0 mgl l  
Ammonia-Nitrogen Discharge: 

1.5 mgll 
Fecal Coliform Concentration: 

2001100 m l  

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE GRAFTON SEWER SERVICE AREA: UPPER MILWAUKEE RIVER SUBREGIONAL AREA 

Type o f  Wastewater 
Treatment Assumed for  
Cost Analysis Purposes 

in Plan Preparation 

Activated Sludge 
Phosphorus Removal 
Nitrif ication 
Disinfection 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Advanced 
Auxiliary 

Wastewater 
Treatment 

Plant 

Village o f  Grafton 

Source: SEWRPC, 

Plan Subelement 

Wastewater Treatment Plant 
Village of Grafton . . . . 

Trunk Sewers-None 

Total 

for phosphorus removal and auxiliary waste treatment 
for effluent disinfection. It is anticipated that future 
growth will require an average hydraulic design capacity 
for the Cedarburg sewer service area of about 2.31 mgd 
in 1985 and about 3.07 mgd in the year 2000. This year 
2000 design flow is higher than the 2.48 mgd planned 
1990 flow anticipated under the regional sanitary sewer- 
age system plan. 

Estimated Average 
Hydraulic Design 
Capacity (mgd) 

1985 2000 

1.53 2.56 

As previously noted, the City of Cedarburg, in conjunc- 
tion with the Village of Grafton and the Towns of 
Cedarburg and Grafton, is in the final stages of a local 
facilities planning study to determine the existing and 
future wastewater treatment and conveyance needs for 
the Cedarburg-Grafton area. The local facility planning 
program, as discussed with regard to the Grafton subarea, 
evaluated various alternatives with respect to the number 
and location of treatment facilities needed to serve the 
Cedarburg-Grafton area. The preliminary findings of the 
local facility planning study indicate that the alternative 
providing for expansion and upgrading of the two exist- 
ing plants to  serve the year 2000 sewer service area is the 

Sewer Sewice 
Analysis Area 

Serveda 

Grafton 

Estimated Cost: 1975-2000 

most desirable. The local facility planning program has 

Estimated 
Population 

1985 2000 

11,900 16,800 

Economic Analysis Estimates 

Total 
Capital 

$3,005,000 

- - 

$3,005,000 

also concluded that the treatment and discharge alterna- 
tive is more practical than the effluent land application 

-. 
Average Annual 
Operation and 
Maintenance 

$264,000 

. . 

$264,000 

alternative. Studies conducted under the arecawide water 
quality planning program have indicated that' only a very 
limited amount of open land is suitable for effluent 1 
application in the vicinity of the Cedarburg area. 

Present Worth: 1975-2025 Equivalent Annual: 1975-2025 

Total 

$6,379,000 

- - 

$6,379,000 

Construction 

$2,292,000 

. - 

$2,292,000 

Total 

$404,000 

- - 

$404,000 

Construction 

$145,000 

. - 

$145,000 

Operation and 
Maintenance 

$4,087,000 

. - 

$4,087,000 

Operation and 
Maintenance 

$259,000 

- - 

$259,000 



Map 46 discharge to either Cedar Creek or the Milwaukee River 
main stem. These state standards call for an effluent 

PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE total phosphorus concentration of 1.0 mg/l. Because of 
GRAFTON SEWER SERVICE AREA-UPPER MILWAUKEE the similar initial treatment standards for discharge to 

RIVER SUBREGIONAL AREA: 2000 Cedar Creek or the Milwaukee River main stem, the 
construction of an outfall sewer from Cedarburg to the 
river main stem was not seriously considered in the local 
study. However, future planning should consider the 
construction of a trunk sewer as an alternative to the 
provision of a higher level of phosphorus removal. Each 
of these alternatives was considered under the areawide 
plan, and the cost of the two alternatives was com- 
parable-within 10  percent. Because constructing an 
outfall sewer from the Cedarburg plant site to the 
confluence of Cedar Creek with the Milwaukee River 
could adversely affect areas with potential archeological 
significance, and because of the adverse affect of adding 
an additional phosphorus load to the Milwaukee River, 
the areawide plan has been based upon the provision of 
a high level of phosphorus removal at the Cedarburg 
plant, with continued discharge of the effluent to Cedar 
Creek. This proposed plan should be reevaluated as part 
of the local planning which will be needed to provide for 
the higher level of treatment. At that time, the results of 
an archeological survey being conducted as part of the 
ongoing local facility plan for the Cedarburg-Grafton area 
will be available. 

The recommended treatment levels and performance 

LEEND 
standards for the Cedarburg treatment plant are set forth 

SEWER PERWE AREAS in Table 112, and the proposal is shown on Map 47. 

I """" '"" 
-ED 2000 The total present worth over a 50-year analysis period of 

i construction and operation of the proposed treatment 
SEWAGE TREATMENT FACILITIES 

+ 
EXISTING PUBLIC TO BE RETAINED 

facilities for the Cedarburg sewer service area is about 
$8,679,000. The estimated capital cost for constructing 

SEWERS AND APPURTENANT FACILITIES the necessary additional treatment facilities is $1,713,000, - EXISTING TRUNK SEWER a R A p m t c  9 c 6 L e  with an estimated average annual operation and mainte- 
.He. EXISTING FORCE MAIN M'Lc nance cost of $458,000 over the design period 1975-2000 

EXISTING PUMPING STATION (see Table 113). 

The areawide water quality management plan for the Grafton sewer service 
area proposes for the expansion of the existing Village of Grafton waste- 
water treatment plant. The Village would provide advanced waste treatment 
for nitrification in addition to the current secondary waste treatment, 
conventional advanced waste treatment for phosphorus removal, and 
auxiliary waste treatment for effluent disinfection prior to discharge to the 
Milwaukee River. Detailed local facility planning studies have concluded 
that the proposed plan providing for expansion and upgrading of the exist- 
ing Grafton plant is better than alternatives calling for interconnection 
with the Cedarburg sewer service area for purposes of wastewater treatment. 

Source: SEWRPC. 

Proposed Plan-Saukville Subarea 
In 1975 the wastewater treatment facilitv serving the - 
Saukville sewer service area had an average hydraulic 
design capacity of 0.28 mgd, and provided a secondary 
level of waste treatment with auxiliary waste treatment 
for effluent disinfection. It is anticipated that future 
growth will require an average hydraulic design capacity 
for the Saukville sewer service area of about 0.73 rngd 
in 1985 and.about 1.17 mgd in the year 2000. This year 
2000 design flow is significantly higher than the 0.40 mgd 
planned 1990 flow anticipated under the regional sani- 
tary sewerage system plan. 

that the plant effluent have a total phosphorus concen- In 1977 the'village of Saukville had completed facilities 
tration of 1.0 mg/l, and that the effluent be conveyed to planning for upgrading and expansion of the Village's 
the Milwaukee River main stem via an outfall sewer. wastewater treatment facility. The proposed wastewater 

'atment plant is designed to provide secondary waste 
The preliminary recommendations oi wle loca facility ~reatment with conventional advanced waste treatment 
planning program analyses have been based upon Wis- for phosphorus removal and auxiliary waste treatment for 
consin Department of Natural Resources standards effluent disinfection. The plant is proposed to have an 
which call for similar effluent concentration limits for average hydraulic design capacity of about l.0mgd. 



Table 112 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-PROPOSED SANITARY SEWERAGE 
SYSTEM PLAN FOR THE CEDARBURG SEWER SERVICE AREA: UPPER MILWAUKEE RIVER SUBREGIONAL AREA 

a ~ e e  Map 39. 

Source: SEWRPC, 

Wastewater 
Treatment 

Plant 

City of Cedarburg 

Table 113 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE CEDARBURG SEWER SERVICE AREA: UPPER MILWAUKEE RIVER SUBREGIONAL AREA 

Source: SEWRPC. 

Type of Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

in Plan Preparation 

Activated Sludge 
Phosphorus Removal 
Nitrification 
Disinfection 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Advanced 
Auxiliary 

Plan Subelement 

Wastewater Treatment Plant 
City of Cedarburg . . . . 

Trunk Sewers-None 

Total 

In order to meet the established water quality objectives 
for the Milwaukee River, this facility will need to  provide 
either a secondary level of waste treatment with auxil- 
iary waste treatment for effluent disinfection followed by 

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly limits) 

BOD5 Discharge: 15 mgll 
Phosphorus Discharge: 0.1 mgll 
Ammonia-Nitrogen Discharge: 

1.5 mgll 
Fecal Coliform Concentration: 

2001100 ml 

Estimated Average 
Hydraulic Design 
Capacity (mgd) 

land application of treatment plant effluent, or secondary 
waste treatment followed by conventional advanced 

Sewer Service 
Analysis Area 

serveda 

Cedarburg 

1985 

2.31 

waste treatment for phosphorus removal and auxiliary 
waste treatment for effluent disinfection prior to dis- 
charge to the Milwaukee River. The recommendations 
concerning treatment and discharge to surface waters are 
the same as those contained in the regional sanitary 
sewerage system plan. 

2000 

3.07 

Estimated Cost: 1975-2000 

Based upon the general analysis described earlier in 
this chapter, the provision of secondary waste treatment 
followed by auxiliary waste treatment for effluent 
disinfection and land application is considered to  be 
a viable alternative to providing secondary waste treat- 
ment followed by conventional advanced waste treatment 
for phosphorus removal and auxiliary waste treatment for 
effluent disinfection when considering treatment plants 
the size of the Saukville facility. However, local facility 
planning studies have indicated that the treatment and 
discharge alternative is more practical for the Saukville 

Estimated 
Population 

Economic Analysis Estimates 

Total 
Capital 

$1,713,000 

. . 

$1,713,000 

plant. The recommended treatment levels and perfor- 
mance standards for the Saukville wastewater treatment 
plant are set forth in Table 114, and the proposal is 
shown on Map 48. 

1985 

14,700 

Average Annual 
Operation and 
Maintenance 

$458,000 

. - 

$458.000 

The total present worth over a 50-year analysjs period of 
construction and operation of the proposed' treatment 
facilities for the Saukville sewer service area is about 
$3,786,000. The estimated capital cost for constructing 
the necessary additional treatment facilities is $1,876,000, 
with an estimated average annual operation and mainte- 
nance cost of $155,000 over the design period 1975-2000 
(see Table 115). These costs are based upon the provi- 
sion of secondary waste treatment followed by conven- 
tional advanced waste treatment for phosphorus removal, 
and auxiliary waste treatment for effluent disinfection 
prior to discharge to the Milwaukee River. 

2000 

18,300 

Present Worth: 1975-2025 

Private Wastewater Treatment Plants 
There are five known private wastewater treatment 

Equivalent Annual: 1975-2025 

facilities in the Upper ~ i iwaukee  River subregional area 
which in general serve isolated enclaves of urban land uses 
and treat wastes which can be accepted in public sanitary 
sewer systems. These facilities currently discharge rela- 

Total 

$8,679,000 

. - 

$8,679,000 

Construction 

$1,699,000 

. - 

$1,699,000 

Total 

$551,000 

- - 

$551,000 

Construction 

$1 08,000 

. . 

$1 08,000 

Operation and 
Maintenance 

$6,980,000 

. . 

$6,980,000 

Operation and 
Maintenance 

$443,000 

. . 

$443,000 



Map 47 Map 48 

PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE CEDARBURG SEWER SERVICE AREA- 

UPPER MILWAUKEE RIVER SUBREGIONAL AREA: 2000 

PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE SAUKVILLE SEWER SERVICE AREA- 

UPPER MILWAUKEE RIVER SUBREGIONAL AREA: 2000 

LEGEND 

SEWER SERVICE AREAS 

I 1875 

m PROPOsED 

SEWAGE TREATMENT FACILITIES 

EXISTIN5 PUBLIC TO BE RETAINED 

SEWERS AND APPURTENANT FACILITIES - EXISTIN5 TRUNK SEWER - EXISTINO FDRCE MAIN 

UlSTlNS PUMPIW STATION 

The areawide water quality management plan for the Cedarburg sewer 
service area proposes the expansion of the existing City of Cedarburg 
wastewater treatment plant. The City would prwide secondary waste 
treatment, advanced waste treatment for nitrification, a high level of 
advanced waste treatment for phosphorus removal-producing an effluent 
with a total phosphorus concentration of about 0.1 mgll-and auxiliary 
waste treatment for effluent aeration and disinfection prior M discharge t o  
Cedar Creek. Detailed local facility planning studies have concluded that the 
proposed plan providing for expansion and upgrading of the existing Cedar- 
burg plant is better than alternatives providing for interconnection with the 
Grafton sewer service area for purposes o f  wastewater treatment. 

Source: SEWRPC. 

tively minor amounts of treated wastewaters to the 
streams and groundwater in the Upper Milwaukee River 
subregional area. These five facilities serve the Justro 
Feed Corporation in the T o m  of Cedarburg (this facility 
is not presently-1978-in operation), the S & R Cheese 
Corporation in the T o m  of GauhiHe, the Cedar Lake 
Rest Home in the Town of West Bend, and the Level 
Valley Dairy and Libby, McNeiU, and Libby-Jachon 
facility in the Town of Jackson. Four of these facilities, 
the Justro Feed Corporation, S & R Cheese Corporation, 

LEGEND 

SEWER S E R V I C E  A R E A S  

I 1975 

O 
SEWAGE T R E A T M E N T  F A C I L I T I E S  

EXISTING PUBLIC TO BE RETAINED 

S E W E R S  A N D  A P P U R T E N A N T  F A C I L I T I E S  - EXISTING TRUNK SEWER 

**** EXISTING FORCE MAIN 

EXlSTlNG PUMPINO STATION 

The areawide water quality management planning program proposes that the 
existing Saukville wastewater treatment facility be expanded and provide, 
in addition to secondary waste treatment, conventional advanced waste 
treatment for phosphorus removal and auxiliary waste treatment for effluent 
disinfection prior t o  discharge to the Milwaukee River. 

Source: SEWRPC. 

Cedar Lake Rest Home, and Level Valley Dairy lie 
beyond the proposed year 2000 service areas of the 
public sanitary sewerage systems discussed above. These 
facilities, accordingly, must be retained and, as necessary, 
upgraded to provide a level of waste treatment adequate 
to meet the water use objectives and standards for 
streams within the Milwaukee River watershed. The 
remaining facility lies within a proposed sewer service 
area in the Upper Milwaukee River subregional area. This 
facility, the Libby, McNeill, and Libby-Jackson plant, 



Table 114 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-PROPOSED SANITARY SEWERAGE 
SYSTEM PLAN FOR THE SAUKVILLE SEWER SERVICE AREA: UPPER MILWAUKEE RIVER SUBREGIONAL AREA 

a 
See Map 39. 

Source: SEWRPC. 

Table 115 

Recommended 
Performance Standards i n  
Terms of Effluent Quality 

(all standards represent 
average monthly l imits) 

BOD5 Discharge: 15 mgll 
Phosphorus Discharge: 1.0 mgl l  
Fecal Coliform Concentration: 

20011 00 m l  

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE SAUKVILLE SEWER SERVICE AREA: UPPER MILWAUKEE RIVER SUBREGIONAL AREA 

Type of Wastewater 
Treatment Assumed for  
Cost Analysis Purposes 

in Plan Preparation 

Activated Sludge 
Phosphorus Removal 
Disinfection 

Wastewater 
Treatment 

Plant 

Village o f  Saukville 

Source: SEWRPC. 

Plan Subelement 

Wastewater Treatment Plant 
Village o f  Saukville . . . 

Trunk Sewers-None 

Total 

should be abandoned and connected to  the Village of 
Jackson sewer system as soon as is feasible. 

Estimated Average 
Hydraulic Design 
Capacity (mgd) 

Based upon the generalized analysis ,described learlier 
in this chapter, land application of plant effluent is 

Service 
Analysis Area 

Serveda 

Saukville 

1985 

0.73 

considered a viable alternative to  providing advanced 
waste treatment prior to discharge to the surface water 

2000 

1.17 

Estimated Cost: 1975-2000 

for facilities the size of the four private plants noted 
above to be retained. The proposed plan for these plants 
is based upon the provision of land application of effluent 
(see Table 116). Should local facility planning efforts 
indicate that land application of plant effluent is not 
practical to implement, then an alternative treatment 
system designed to ultimately achieve the level of 
treatment needed to  meet water quality standards 
with effluent discharged to the surface waters should 
be considered. 

Economic Analysis Estimates 

Total 
Capital 

$1,876,000 

. . 

$1,876,000 

The estimated present worth of construction and opera- 
tion of the private wastewater treatment facilities in the 
Upper Milwaukee River subregional area over a 50-year 
analysis period is about $1,790,000. The estimated 
capital cost for constructing the necessary facilities is 
about $970,000, with an estimated average annual 
operation and maintenance cost of $67,000. 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Advanced 
Auxiliary 

Estimated 

Average Annual 
Operation and 
Maintenance 

$155,000 

-. 

$1 55,000 

Existing Unsewered Urban Development Outside 
the Initially Proposed Sanitary Sewer Service Area 

1985 

4,400 

Present Worth: 1975-2025 

There are 1 4  enclaves of unsewered urban development 

2000 

6,500 

Equivalent Annual: 1975-2025 

Construction 

$1,419,000 

- - 

$1,419,000 

located outside of the proposed year 2000 sewer service 

Construction 

$90,000 

. . 

$90,000 

area as shown on Map 39. The corresponding urban 
enclave population in 1975 and 2000 and the distance to 
the nearest proposed year 2000 sewer s e w e  area are 
listed in Table 117. In a generalized analysis described 

Operation and 
Maintenance 

$2,367,000 

. . 

$2,367,000 

earlier in this chapter, the cost of providing public 
sewerage service to enclaves of urban development was 

Operation and 
Maintenance 

$1 50,000 

.. 

$1 50,000 

Total 

$3,786,000 

. . 

$3,786,000 

compared with the cost of continued onsite wastewater 
treatment. Based upon the results of that analysis, it 
was concluded that wastewater treatment for these 
12  enclaves should be provided in one of two ways. 

Total 

$240,000 

.. 

$240,000 

For certain of the unsewered urban areas, the plan 
proposes the continued use of onsite wastewater treat- 
ment systems coupled with a suitable program for moni- 
toring and maintaining the systems. This plan proposal is 
generally applicable to areas with soils and lot sizes which 
are suitable for conventional onsite wastewater treatment 
systems. Nine of the 12  unsewered urban areas are 
included in this category. These areas are the Town 
of Cedarburg-Section 15, the Town of Grafton-Sec- 
tion 29, the Town of Port Washington-Section 30, 



Table 116 

WASTEWATER TREATMENT PERFORMANCE STANDARDS FOR PRIVATE WASTEWATER 
TREATMENT FACILITIES I N  THE UPPER MILWAUKEE RIVER SUBREGIONAL AREA 

Source: SEWRPC. 

Table 117 

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly limits) 

BOD5 Discharge: 3 0  mgll 
Fecal Coliform Concentration: 

2001100 ml 
BOD5 Discharge: 30  mgll 
Fecal Coliform Concentration: 

200/100 ml 
BOD5 Discharge: 30  mgll 
Fecal Coliform Concentration: 

2001100 ml 
BOD5 Discharge: 3 0  mgll 
Fecal Coliform Concentration: 

20011 00  ml 

EXISTING URBAN DEVELOPMENT NOT SERVED 
BY PUBLIC SANITARY SEWERS I N  THE UPPER 
MILWAUKEE RIVER SUBREGIONAL AREA BY 

MAJOR URBAN CONCENTRATION: 2000 

Disposal 
of Effluent 

Land Application 

Land Application 

Land Application 

Land Application 

7 

Name of 
Facility 

Justro Feed Corporation 
(not in operation) . . . . . 

S & R Cheese Corporation. . 

Level Valley Dairy . . . . . . 

Cedar Lake Rest Home. . . . 

Est'mated Dtrtance from 

p ~ ~ ~ & ~ ~ n  Year 2000 Sewer 
Service Area 1 P4umbera 1 Major Urban concentrationb 

Ozaukee County 
Town of CedarburgSection 15 
Town of Grafton-Sectton 29 
Town of Grafton-Section 31 
Town of Port Warh8ngton-Section 30  
Deckers Corner 
CedarburgIGrafton-Sect~ons 35 and 3 6  

Civil 
Division 
Location 

Town of Cedarburg 

Town of Fredonia 

Town of Jackson 

Town of West Bend 

Total 

Washington County 
Clty of West Bend-East 
Town of Jackson-Sectlon 22  
Town of Jackran-Section 36  
Town of Polk-Section 3 6  
Town of R~chfield-Section 12  
Big Cedar Lake 
Little Cedar Lake 
S~lver Lake 

Type of 
Land Use 

Served 

Industrial 

l ndustrial 

Industrial 

Institutional 

a 
See Map 39. 

Type of 
Wastewater 

Process 

Process 

Process and 
Cooling 

Sanitary 

b 
Urban develapment is defined in this context as concentrations of urban land uses within any given 
U. S. Public Land Survey quarter section that has at least 32 housing units. or an average of one 
hous,ng unit per five gross acres, and is not served by public sanitary sewers. 

Source: SEWRPC. 

Deckers Comers and CedarburgIGrafton-Sections 35 
and 36 all in Ozaukee County; and City of West Bend- 
East, the Town of Jackson-Section 22, the Town of 
Polk-Section 36, and the Town of Richfield-Section 12, 
all in Washington County. 

For the remaining five enclaves, the plan proposes the 
conduct of further site-specific planning to determine 
the best wastewater management practice. The five urban 
enclaves which should consider alternative methods of 
onsite waste disposal, as well as intensive inspection 
and maintenance programs for conventional systems, are 
the Town of Grafton-Section 31 in Ozaukee County, 
and Town of Jackson-Section 36, Big Cedar Lake, 
Little Cedar Lake, and Silver Lake in Washington County. 
In general, areas in this category have soil conditions and 
lot sizes which are considered unsuitable for conventional 
methods of onsite wastewater treatment. 

Sanitary System Flow Relief Devices 
In 1975 there were eight known sanitary sewer system 
flow relief devices in the Upper Milwaukee River sub- 
regional area. The proposed plan recommends that local 
facilities planning efforts include the formulation of plans 
for the elimination of these sewage flow relief devices. 

Other Known Point Sources of Wastewater 
There are a total of 21 known point sources of waste- 
water other than wastewater treatment plants and sewer 
system flow relief devices in the Upper Milwaukee River 
subregional area. These other point sources consist 
primarily of industrial cooling, process, and backwash 
waters which are discharged without treatment, or 
following pretreatment, directly to  surface waters or to 
storm sewers tributary to  such streams and watercourses. 
The discharge characteristics of these point sources of 
wastewater are reported in Chapter 111 of SEWRPC 
Technical Report NO. 21, sources-of Water Pollution in 
Southeastern Wisconsin: 1975. It is recommended that 
these other ~ o i n t  sources reduce the effluent concen- 
tration of BOD5, ammonia-nitrogen, phosphorus, and 
fecal coliform to levels generally recommended for 
the public and private wastewater treatment plants 
in the Region discharging to the same or similar surface 
water bodies. In all but three cases no further treatment 



recommendations were advanced for these other point 
sources with regard to these constituents. It is also 
recommended that these point sources in general reduce 
discharge temperatures to  8 9 O ~  or less, oils and grease to 
less than 10 mg/l, and heavy metals, organics, and other 
pollutant concentrations to  levels required by "Best 
Available Technology," or as identified on a case-by-case 
basis under the state permit system process. Reported 
effluent characteristics for these point sources which 
could require treatment are noted in Table 118. 

The degree of treatment and costs of constructing and 
operating treatment facilities associated with these point 
sources of wastewater should be determined on an 
individual basis in conjunction with other pretreatment 
requirements for existing discharges to public sanitary 
sewerage systems. However, in order to present a com- 
plete analysis of the cost of the areawide water quality 
management planning program for this subregional area, 
a cost estimate was made of the treatment requirements 
which appeared to be needed from the limited data 
available on these point sources. Only three of these 
point sources appeared to require treatment prior to 
discharge. One of these three-Dayton Meta-Mold Divi- 
sionshould consider connection to the City of Cedar- 
burg sanitary sewer system. This estimate excludes 
existing industrial process system modifications designed 
to reduce pollutant discharge, existing industrial treat- 
ment facilities, and existing pretreatment systems utilized 
for treatment of waste conveyed to public sanitary 
sewerage systems. The total present worth over a 50-year 
analysis period of construction and operation of treat- 
ment facilities needed to correct existing discharges of 
industrial wastes is estimated to be about $200,000. 
The capital cost for constructing the facilities is about 
$139,000, with an estimated average annual cost of 
$3,000 over the design period 1975 to 2000. 

SAUK CREEK SUBREGIONAL AREA 

The Sauk Creek subregional area includes all of the 
Sauk Creek watershed, that portion of the Sheboygan 
River watershed lying within the Region, and minor 
drainage areas that are directly tributary to Lake Michi- 
gan lying generally north of the City of Port Washington. 
The entire subregional area lies within Ozaukee County. 
While predominantly rural and agricultural in character, 
this subregional area contains the City of Port Washing- 
ton and environs, the Village of Belgium, concentrations 
of urban development along the shoreline of Lake Michi- 
gan in the Town of Belgium, and the newly established 
Harrington Beach State Park, a major outdoor recreation 
facility recommended to be established in the adopted 
regional land use plan and the adopted regional park and 
open space plan. 

Centralized sanitary sewer service in the Sauk Creek 
subregional area was provided by two systems in 1975: 
those operated by the City of Port Washington and the 
Village of Belgium. The service areas of these two systems 
together comprised an area of about 2.8 square miles and 
served an estimated population of about 10,400 persons. 
In 1975 there were about 3,100 persons residing in the 
subregional area not served by centralized sanitary sewer- 
age facilities. Specific population, service area, and related 
characteristics of the two existing systems are presented 
in Volume One, Chapter V of this report, and in Chap- 
ter I11 of SEWRPC Technical Report No. 21, Sources 
of Water Pollution in Southeastern Wisconsin: 1975. 

Sewer Service Analysis Areas 
A total of three sewer service analysis areas may be 
identified within the Sauk Creek subregional area (see 
Table 119). These three sewer service analysis areas are 
shown on Map 49 and may be described as follows: 

Table 118 

REPORTED EFFLUENT CHARACTERISTICS FOR KNOWN POINT SOURCES OTHER THAN 
SEWAGE TREATMENT PLANTS AND SEWAGE FLOW RELIEF DEVICES THAT REQUIRE 

TREATMENT CONSIDERATION-UPPER MILWAUKEE RIVER SUBREGIONAL AREA: 1975 

a Onless s~ecifically noted otherwise, data were obtained, in order of priority, from: quarterly reports filed with the Wisconsin Department of Natural Resources 
under the Wisconsin Pollutant Discharge Elimination System or under Section 101 of the Wisconsin Administrative Code, or from the Wisconsin Pollutant Dis- 
charge Elimination System permit itself. 

Source: Wisconsin Department of Natural Resources and SEWRPC. 

Point Source Discharge 
Average 

Flow 
1975 

(mgd) 

0.021 

0.229 
0.003 

Name 

Upper Milwaukee River Subregional Area 
Dayton Malleable Meta-Mold Division. . . 

Bermico Company. . . . . . . . . . . . . . 
Culligan Water Conditioning, Inc. . . . . . 

Civil 
Division 
Location 

City of Cedarburg 

City of West Bend 
City of West Bend 

Receiving 
Water 
Body 

Cedar Creek 
via Shorm Sewer 
and Drainage Ditch 

Milwaukee River 
Milwaukee River 

via Storm Sewer 

Constituents 
Requiring 
Treatment 

considerationa 

Five-Day Biochemical Oxygen 
Demand, Suspended Solids 

Suspended Solids 
Five-Day Biochemical Oxygen 

Demand, Heavy Metals 



Table 119 

SELECTED CHARACTERISTICS OF SEWER SERVICE AREAS I N  THE SAUK CREEK SUBREGIONAL AREA: 1975,1985, AND 2000 

a ~ e e  Map 49. 

blncludes an estimated flow contribution of 0.01 mgd from Harrington Beach State Park. 

Source: SEWRPC. 

1.  Area A-This area consists of the Village of 
Belgium and environs. In 1975 sanitary sewer 
service was provided in this area to about 
0.4 square mile, having a total resident population 
of about 900 persons. The total area anticipated 
to be served by the year 2000 approximates 
1.1 square miles, with a projected resident popu- 
lation of about 1,500 persons. This represents 
a slight decrease in planned population from the 
1,600 persons forecast for the area for 1990 in 
the regional sanitary sewerage system plan. This 
subarea is referenced as the "Belgium" sewer 

Planned 2000 

service area in the ensuing discussion. 

Area 
Served 

(square miles) 

1.12 
1.58 
4.36 

7.06 

Planned 1985 

Sewer Service 
Analysis ~ r e a ~  

2. Area B-This area consists of the unincorporated 
village of Lake Church in the Town of Belgium, 
existing urban development along the shordline of 
Lake Michigan in the Town of Belgium, and the 
Harrington Beach State Park. About 700 persons 
resided in this area in 1975, but no sanitary sewer 
service was provided. Because of widespread fail- 
ure of septic tank systems, the Wisconsin Depart- 
ment of Natural Resources has ordered the 

Population 
Served 

1,200 
600 

11,500 

13,300 

Existing 1975 

Letter 

A 
B 
C 

installation of centralized sanitary sewer service 
in the area comprising the unincorporated village 
of Lake Church. The total area anticipated to 
be served with centralized sanitary sewer service 
by the year 2000 approximates 1.6 square miles, 
with a projected resident population of about 
700 persons. This is the same planned popula- 
tion as was forecast for the area for 1990 in 
the regional sanitary sewerage system plan. In 
addition, the Harrington Beach State Park is 
anticipated to provide a design sewage flow 
of about 0.01 mgd. This subarea is referenced 
as the "Lake Church" sewer service area in the 
ensuing discussion. 

Population 
Sewed 

1,500 
700 

13,600 

15,800 

Design 
Hydraulic 
Loading 
(mgd) 

0.13 
0 . 1 4 ~  
2.12 

2.39 

Name 

Belgium 
Lake Church 
Port Washington 

Total 

3. Area C-This area consists of the City of Port 
Washington and environs. In 1975 sanitary 
sewer service was provided in this area to about 
2.5 square miles, having a total resident popula- 
tion of about 9,500 persons. The total area 
anticipated to  be sewed by the year 2000 
approximates 4.4 square miles, with a projected 
resident population of about 13,600 persons. This 
represents an increase in the planned population 
from the 12,400 persons forecast for the area 
for 1990 in the regional sanitary sewerage 
system plan. This subarea is referenced as the 
"Port Washington" sewer service area in the 
ensuing discussion. 

Design 
Hydraulic 
Loading 
(mgd) 

0.20 
0 . 1 6 ~  
2.56 

2.92 

Area 
Served 

(square miles) 

0.36 
. . 

2.47 

2.83 

Formulation of Alternatives 
As noted earlier in this chapter, a systematic proce- 

Average 
Hydraulic 
Loading 
(mgd) 

0.07 
. - 

1.70 

1.77 

Population 
Served 

900 
. . 

9,500 

10,400 

dure was utilized in the regional sanitary sewerage system 
plan for the formulation and evaluation oL,alternative 
public sanitary sewerage system plans. First, the potential 
for interconnection of community sanitary sewerage 
systems was evaluated. One interconnection in the Sauk 
Creek subregional area-Belgium to Lake Church-was 

Unserved 
Population 

Residing in the 
Proposed 2000 

Service Area 

100 
700 
300 

1.100 

found to be potentially feasible through the application 
of Wisconsin Department of Natural Resources guidelines 
concerning distances between and populations of com- 
munities. Preliminary economic analyses were then made 
for that interconnection, with a more detailed analysis 
conducted for those system alternatives for intercon- 
nection which continued t o  appear feasible following the 
preliminary analyses. A detailed economic analysis was 
was made for five alternative plans for the Belgium and 
Lake Church sewer service areas. The regional sanitary 
sewerage system plan concluded that the alternative 
calling for a single treatment facility, located at the 
Village of Belgium, to serve the Belgium and Lake Church 
sewer service areas was the most desirable. A detailed 



Map 49 

SEWER SERVICE ANALYSIS AREAS 
SAUK CREEK SUBREGIONAL AREA 

discussion of the alternative proposals analyzed can 
be found in Chapter XI of SEWRPC Planning Report 
No. 16, A Regional Sanitary Sewerage System Plan for 
Southeastern Wisconsin, February 1974. 

LEGEND 

::YF~*,E::E 

Three distinct sewer service analysis areas were identified within the Sauk 
Creek subregional area. These areas include the Village of Belgium; urban 
development in the Town of Belgium, including the unincorporated village 
of Lake Church, nearby Lake Michigan shoreline development, and the 
Harrington Beach State Park; and the City of Port Washington. Centralized 
sanltary sewer service was provided in 1975 by the City of Port Washington 
and the Village of Belgium. The Lake Church area was under orders from the 
Wisconsin Department of Natural Resources to provide such service. By the 
year 2000 i t  is anticipated that about 15,800 persons will reside in these 
three sewer service areas, which will approximate 7.06 square miles. In 1975 
there were about 13,500 persons residing in the Sauk Creek subregional 
area, of which 10,400 were served by centralized sewer service and 3,100 by 
onsite sewage disposal systems. 

Source: SEWRPC. 

The water quality simulation work developed under the 
areawide water quality management planning program 
indicated that higher levels of wastewater treatment 
with regard to phosphorus removal would be required 
for the Village of Belgium wastewater treatment plant, 
which discharges to  the Onion River, than had been 
recommended in the regional sanitary sewerage system 
plan. In addition, the level of treatment which would 
be required under an alternative considering discharge 
to  Lake Michigan would be the same or more stringent 
than the standards utilized under the analysis of alterna- 
tives in the regional sanitary sewerage system plan. Based 
upon generalized cost relationships, the potential need to 
provide higher levels of treatment would generally be 
expected to  favor a joint treatment alternative, which was 
recommended in the regional sanitary sewerage system 
plan. Since the more stringent treatment requirements 
would economically favor joint treatment, and because 
a preliminary economic analysis utilizing the revised year 
2000 design capacities indicated that joint treatment was 
less costly in the case of the Belgium and Lake Church 
sewer service areas, it was concluded that the recommen- 
dations of that plan with regard to a joint treatment 
facility to serve these sewer service areas need not be 
fully reevaluated. However, because of the higher level of 
treatment indicated for the discharge at the Village of 
Belgium plant, the location of the joint treatment facility 
serving the Belgium and Lake Church sewer service areas 
was reconsidered, and a new economic analysis was con- 
ducted considering an alternative treatment plant with 
a discharge to Lake Michigan. Accordingly, it was deter- 
mined that the following sanitary sewerage system plans 
for the Sauk Creek subregional area should be prepared 
and evaluated: 

1. A proposed plan for the Port Washington sewer 
service area. 

2. Two alternative plans with regard to the treat- 
ment facility location for the Belgium and Lake 
Church sewer service areas. 

The recommended plan for the sanitary sewerage systems 
in the Sauk Creek subregional area as developed under 
the regional sanitary sewerage system plan is incor- 
porated, with certain modifications indicated as desirable 
by subsequert system and facilities planning efforts, as an 
integral part of the areawide water quality management 
plan recommendations. Results of water quality simula- 
tions are presented under the previous section on non- 
point source control element recommendations for the 
Sheboygan River and Sauk Creek watersheds. 

Sanitary sewerage system plans for the three sewer service 
areas that lie within the Sauk Creek subregional area are 
described in the frollowing sections. 

3 L 

3 
i $ 

i - 215 



Proposed Plan-Port Washington Subarea 
In 1975 the sewage treatment facility serving the Port 
Washington sewer service area had an average hydraulic 
design capacity of about 1.25 mgd, and provided a secon- 
dary level of waste treatment plus advanced waste treat- 
ment for phosphorus removal, and auxiliary waste 
treatment for effluent disinfection. Disposal of effluent is 
directly to Lake Michigan within the Port Washington 
Harbor. It  is anticipated that future growth will require 
an average hydraulic design capacity for the treatment 
facility serving the Port Washington sewer service area of 
about 2.12 mgd in 1985 and about 2.56 mgd in the year 
2000. This year 2000 design flow is the same as the 
estimated 1990 design flow anticipated under the regional 
sanitary sewerage system plan. 

The proposed plan for the Port Washington sewer ser- 
vice area includes expansion of the plant and continua- 
tion of the current levels of treatmentsecondary waste 
treatment, advanced waste treatment for phosphorus 
removal, and auxiliary waste treatment for effluent 
disinfection. In addition, the plan proposes the construc- 

tion of a new outfall sewer to  carry the sewage effluent 
out to Lake Michigan south of the Port Washington 
Harbor area. The recommendations concerning the level 
of treatment at the Port Washington treatment plant are 
the same as those contained in the regional sanitary 
sewerage system plan. The recommended treatment levels 
and performance standards for the Port Washington 
wastewater treatment plant are set forth in Table 120, 
and the proposal is shown on Map 50. 

The total present worth over a 50-year analysis period 
of construction and operation of the proposed treatment 
facilities for the Port Washington sewer service area is 
about $7,197,000. The estimated capital cost for con- 
structing the necessary additional treatment facilities is 
$3,123,000, with an estimated average annual operation 
and maintenance cost of $308,000 (see Table 121). 

Alternative Plans-Belgium and Lake Church Subareas 
The regional sanitary sewerage system plan recommended 
that the Belgium and ~ a k e  Church sewer service areas 
be served by the Village of Belgium wastewater treat- 

Table 120 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-PROPOSED SANITARY SEWERAGE 
SYSTEM PLAN FOR THE PORT WASHINGTON SEWER SERVICE AREA: SAUK CREEK SUBREGIONAL AREA 

a ~ e e  Map 49. 

Source: SEWRPC, 

Table 121 

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly limits) 

BOD5 Discharge: 15 mg/l 
Phosphorus Discharge: 1.0 mg/l 
Fecal Coliform Concentration: 

20011 00 ml 

Wastewater 
Treatment 

Plant 

City of 
Port Washington 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE PORT WASHINGTON SEWER SERVICE AREA: SAUK CREEK SUBREGIONAL AREA 

Source: SEWRPC. 

2 16 

Type of Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

in Plan Preparation 

Activated Sludge 
Phosphorus Removal 
Disinfection 

Plan Subelement 

Wastewater Treatment Plant 
City of Port Washington 

Facilities . . . . . . . . 
Outfall Sewer. . . . . . 

Subtotal 

Trunk Sewers-None 

Total 

Estimated Average 
Hydraulic Design 
Capacity (mgd) 

Sewer 
Analysis Area 

serveda 

Port Washington 

1985 

2.1 2 

2000 

2.56 

Estimated Cost: 1975-2000 
Economic Analysis Estimates 

Total 
Capital 

$2.1 13,000 
1.01 0,000 

$3,123,000 -- 
. - 

$3,123,000 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Advanced 
Auxiliary 

Estimated 
Population 

-- 
Average Annual 
Operation and 
Maintenance 

$301,000 
7,000 

$308,000 

.. 

$308,000 

1985 

11,500 

Present Worth: 1975-2025 

2000 

13,600 

Equivalent Annual: 1975-2025 

Construction 

$1,737,000 
625,000 

$2,362,000 

-. 

$2,362,000 

Total 

$410,000 
47,000 

$457,000 

-. 

$457,000 

Operation and 
Maintenance 

$4,710,000 
125.000 

1 $4,835,000 

- - 
$4,835,000 

Construction 

$1 11,000 
39,000 

$150,000 

- - 

$1 50,000 

Total 

$6,447,000 
750,000 

$7,197,000 

- - 

$7.1 97,000 

Operation and 
Maintenance 

$299,000 
8,000 

$307,000 -- 

. - 

$307,000 



Map 50 

PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE PORT WASHINGTON SEWER SERVICE AREA- 

SAUK CREEK SUBREGIONAL AREA: 2000 

LEGEND 

SEWER SERVICE AREAS 
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SEWAGE TREAMENT FACILITIES 

EXISTING PUBLIC T O  BE RETAINED 

***** EXlSTlNG FORCE MAIN 

0.0.. PROPOSED FORCE MAIN 

EXISTING PUMPING STATION 

PROPOSED PUMPING STATION 

SEWERS AND APPURTENANT FACILITIES - EXlSTlNG TRUNK SEWER - PROPOSED TRUNK SEWER 

In  1975 the City of Port <Washington provided secondary waste treatment 
followed by advanced treatment for phosphorus removal and auxiliary 
treatment for disinfection, with discharge of effluent directly to Lake Michi- 
gan within the harbor area. The proposed plan for Port Washington includes 
expansion of the plant capacity, continuation of the current levels of treat- 
ment, and construction of a new outfall sewer to carry the sewage treatmen 

ment facility. As previously noted, alternative analyses 
were conducted which considered two different locations 
for a single treatment facility t o  serve these two sewer 
service areas. One alternative considered upgrading and 
expansion of the existing Village of Belgium treatment 
plant, while the second alternative called for treatment of 
wastewater from the Belgium and Lake Church sewer 
service areas at a new treatment plant to be located 
near Lake Michigan in the Lake Church area. This facility 
would discharge its effluent directly to Lake Michigan. 
The recommended treatment levels and performance 
standards under the two alternatives are set forth in 
Table 122, and the two proposals are shown on Maps 51 
and 52. 

Under Alternative 1 ,  the existing Village of Belgium 
wastewater treatment plant would be upgraded and 
expanded to serve the Belgium and Lake Church sewer 
service areas. In 1975 the sewage treatment facility 
serving only the Village of Belgium sewer service area had 
an average hydraulic design capacity of about 0.07 mgd, 
and provided a secondary level of waste treatment and 
auxiliary waste treatment for effluent disinfection. It 
is anticipated that future growth and the addition of the 
Lake Church sewer service area will require an average 
hydraulic design capacity for the treatment facility 
serving the Belgium and Lake Church sewer service areas 
of about 0.27 mgd in 1985 and about 0.36 mgd in the 
year 2000. 

In order to  meet established water use objectives for 
the Onion River under Alternative Plan 1,  the treatment 
plant located at the Village of Belgium will need to 
provide either a secondary level of treatment. with 
auxiliary waste treatment for effluent disinfection 
followed by land application of treatment plant effluent, 
or secondary waste treatment followed by conventional 
advanced waste treatment for nitrification, a high level of 
advanced waste treatment for phosphorus removal- 
producing an effluent with a concentration of approxi- 
mately 0.1 mg/l of total phosphorus--and auxiliary waste 
treatment for aeration and disinfection prior to  discharge 
to the current receiving stream, a tributary of the Onion 
River. The recommendations concerning treatment and 
discharge to  the surface waters differ from those con- 
tained in the regional sanitary sewerage system plan only 
with regard to the provision of phosphorus removal. The 
regional sanitary sewerage system plan made no specific 
recommendation with regard to  phosphorus removal, 
while the recommendations of the areawide water quality 
management planning program are based upon an effluent 
total phosphorus concentration of about 0.1 mg/l. 

Based upon the general analyses described earlier in this 
chapter, the provision of secondary waste treatment 
followed by auxiliary waste treatment for effluent 
disinfection and effluent land application is considered to  
be less costly than providing secondary waste treatment 
followed by a high level of advanced waste treatment for 
phosphorus removal and auxiliary waste treatment. The 
simulation model studies indicated that the water quality 
standards for phosphorus cannot be achieved for the 



Map 51 Map 52 

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN 1 '. ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN 2 
FOR THE BELGIUM AND LAKE CHURCH SEWER SERVICE FOR THE BELGIUM AND LAKE CHURCH SEWER SERVICE 

AREAS-SAUK CREEK SUBREGIONAL AREA: 2000 AREAS-SAUK CREEK SUBREGIONAL AREA: 2000 

SEWER S E W I C E  A M -  = EXISTING 1975 

PROPOSED 2 0 0 0  

SEWAGE TREATMENT FACILITIES + EXISTING PUBLIC TO BE RETAINED 

EXISTING PRIVATE TO BE RETAINED 

4 EXISTING PRIVATE TO BE ABANKXED 

SEWERS AN0 APPURTENANT FACILITIES 
- EXISTING TRUNK SEWER 

- PROPOSED TRUNK SEWER U 
a n & w " , "  S C A L E  ..... PROPOSE0 FORCE MAIN 

Y- 

PROFOSEO PUMPING STATION - 
The first alternative plan for the Belgium and Lake Church sewer service 
areas provides for expansion and upgrading of the existing Belgium waste- 
water treatment facility to provide wastewater treatment for both the 
Belgium and Lake Church sewer service areas. This facility would provide 
secondary waste treatment and auxiliary waste treatment prior to  land 
application of plant effluent, or secondary waste treatment, conventional 
advanced waste treatment for nitrification, a high level of advanced waste 
treatment for phosphorus removal, and auxiliary waste treatment for 
effluent aeration and disinfection. Wastewater would be conveyed from the 
Lake Church area to the Belgium sewer service area through the trunk sewer 
system indicated on the above map. 

Source: SEWRPC 
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ie second alternative plan for the Belgium and Lake Church sewer service 
3as would provide for a new treatment facility at Lake Church near the 

Lake Michigan shoreline and would include an outfall to  Lake Michigan. The 
plan would also provide for the abandonment of the existing Belgium waste- 
water treatment plant. Secondary waste treatment with conventional 
advanced waste treatment for phosphorus removal followed by auxiliary 
waste treatment for effluent disinfection would be provided at the new 
treatment facility prior to discharge to the lake. I 



Table 122 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-ALTERNATIVE SANITARY SEWERAGE 
SYSTEM PLANS FOR THE BELGIUM AND LAKE CHURCH SEWER SERVICE AREAS: SAUK CREEK SUBREGIONAL AREA 

a See Map 49. 

This treatment recommendation differs from the regional sanitary sewerage sj 
treatment followed by advanced waste treatment for nitrification and auxiliary 
Onion River. 

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly limits) 

BOD5 Discharge: 3 0  mg/l 
Fecal Coliform Concentration: 

2001100 ml 

Source: SEWRPC. 

Type of Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

in Plan Preparation 

Activated Sludge 
Disinfection 
Land ~ p p l i c a t i o n ~  

Onion River when conventional advanced waste treatment 
for phosphorus removal is provided prior to discharge of 
the effluent to  the surface waters. The phosphorus 
standard can be achieved about 90 percent of the time if 
land application of effluent is practiced, or if a high level 
of advanced waste treatment for phosphorus removal is 
provided prior to discharge to the surface waters and 
if the appropriate level of diffuse pollutant control 
is achieved. Accordingly, the effluent land applica- 
tion alternative is incorporated as a treatment system 
under Alternative Plan 1. 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Auxiliary 
Advanced 

The total present worth over a 50-year analysis period 
of construction and operation of the treatment and 
conveyance facilities proposed under Alternative Plan 1 
for the Belgium and Lake Church sewer service areas is 
about $3,060,000. The estimated capital cost for con- 
structing the necessary additional treatment facilities is 
$2,542,000, with an estimated average annual operation 
and maintenance cost of $84,000 (see Table 123). 

Secondary Activated Sludge 

Auxiliary Disinfection Fecal Coliform concentration: 

Wastewater 
Treatment 

Plant 

Alternative Plan 1 

Village of Belgium 

Alternative Plan 2 

Under Alternative Plan 2, all wastewater from the Belgium 
and Lake Church sewer service areas would be treated at 
a new 0.36 mgd wastewater treatment facility to be 
located near the Lake Michigan shoreline in the Lake 
Church sewer service area. This facility would discharge 
its effluent directly t o  Lake Michigan through an outfall 
sewer extending 1,000 feet into the lake. This facility 
would be required to provide secondary waste treatment, 

Sewer Service 
Analysis Areas 

serveda 

Belgium, 
Lake Church 

Lake Church 

advanced waste treatment for phosphorus removal, and 
auxiliary waste treatment for effluent disinfection. The 

Belgium, 
Lake Church 

Estimated Average 
Hydraulic Design 
Capacity (mgd) 

level of treatment for a waste treatment plant discharge 
to Lake Michigan recommended under Alternative Plan 2 
is the same that recommended in the regional sanitary 
sewerage system plan for a similar alternative, except 
for the provision of phosphorus removal. The regional 

1985 

0.27 

0.27 

Estimated 
Population 

{stem plan recommendations, which included the provision o f  secondary waste 
waste treatment for effluent aeration and disinfection prior to discharge to the 

2000 

0.36 

0.36 

1985 

1,900 

1,900 

sanitary sewerage system plan did not recommend 
phosphorus removal. 

2000 

2,200 

2,200 

The total present worth over a 50-year analysis period 
of construction and operation of the treatment and 
conveyance facilities proposed under Alternative Plan 2 
for the Belgium and Lake Church sewer service- areas 
is about $3,397,000. The estimated capital cost for 
constructing the necessary treatment and convey- 
ance facilities is $2,799,000, with an estimated average 
annual operation and maintenance cost of $91,000 
(see Table 123). 

A third alternative was also initially considered which is 
similar to Alternative Plan 1, but would provide for 
treatment of wastewater from the Belgium and Lake 
Church sewer service areas at a new treatment facility 
located at Lake Church on Sucker Creek. The treatment 
levels required under this alternative would be the same 
as those required under Alternative Plan 1. In addition, 
the costs of the alternative would be similar to  those of 
Alternative Plan 1. Alternative Plan 1 would have certain 
advantages over an alternative calling for discharges to  
Sucker Creek with regard to implementation since the 
existing Belgium wastewater treatment facility would 
continue to operated under this alternative. Under the 
third alternative, the Belgium plant would be abandoned, 
and a new plant operation under a different operating 
agency would be developed. For this reason, the alterna- 
tive providing for a treatment facility adjacent to  Sucker 
Creek was considered, to be less practical than Alternative 
Plan 1, and was not considered specifically in the altema- 
tive analysis. 

Since, on an equivalent annual basis, the cost of imple- 
menting Alternative Plan 1 is about 10  percent less 



Table 123 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS 
FOR THE BELGIUM AND LAKE CHURCH SEWER SERVICE AREAS: SAUK CREEK SUBREGIONAL AREA 

Source: SEWRPC. 

Plan Subelement 

Alternative Plan 1 

Wastewater Treatment Plant 
Village of Belgium 

Facilities. . . . . . . . . . 
Land. . . . . . . . . . . . 

Subtotal 

Trunk Sewer 
Lake Church-Belgium . . . 

Total 

Alternative Plan 2 

Wastewater Treatment Plant 
Lake Church 

Facilities. . . . . . . . . . 
Outfall Sewer . . . . . . . 

Subtotal 1 
Trunk Sewer 

Belgium-Lake Church . . . 
Total 

than the cost of implementing Alternative Plan 2 within 
the accuracy of the costestimating procedures-plan 
selection must be based upon other less tangible, but 
nevertheless real, considerations. The first alternative 
has certain advantages concerning ease of implementation 
in that a wastewater treatment facility would continue to 
be operated by the unit of government now providing 
public sanitary sewer service within the two sewer service 
areas. Alternative Plan 2 has an advantage in that the level 
of treatment required is less than that, required under 
Alternative Plan 1, and it thereby requires less manpower 
and energy. However, the potential future requirement 
for increased levels of treatment prior to discharge into 
Lake Michigan is a real consideration. As is noted under 
the discussion on the Milwaukee metropolitan and 
Kenosha-Racine subregional areas, higher levels of treat- 
ment may be required for the treatment plants serving 
the Milwaukee metropolitan area and the Cities of 
Kenosha, Racine, and South Milwaukee as a result of 
agreements or settlements with the State of Illinois. 
Conversely, Alternative Plan 1 provides for elimination of 
all wastewater discharges to the surface waters, provided 
the effluent land application system is satisfactorily 
implemented. And, Alternative Plan 2 has a disadvantage 
in that it requires construction of an outfall in Lake 
Michigan with the associated environmental impacts. 
Thus, Alternative Plan 2 would have a greater impact on 
the environment than would Alternative Plan 1. Based 

principally on the lesser construction requirement and 
the ease of implementation, Alternative Plan 1-a waste- 
water treatment facility located at the Village of Belgium 
to serve the Belgium and Lake Church sewer service 
areas with a plant effluent discharge to a land application 
system-is recommended. Should local facility planning 
efforts indicate that land application of plant effluent 
is not practical to implement, then an alternative treat- 
ment system designed to  ultimately achieve the level 
of treatment required to meet water quality standards 
with the effluent discharged to  the surface waters should 
be considered. 

Estimated 

Total 
Capital 

$1,927,000 
144,000 

$2,071,000 

471,000 

$2,542,000 

$1,127,000 
1,000,000 

672,000 

$2,799,000 

Private Wastewater Treatment Plants 
There are three known privately owned sewage treatment 
facilities in the Sauk Creek subregional area, which 

Cost: 1975-2000 
P 

Average Annual 
Operation and 
Maintenance 

$ 79,000 
. - 

$ 79,000 

4,000 

$ 84,000 

$ 83,000 
. . 
- 

$ 83,000 

8,000 

$ 91,000 

in general serve isolated enclaves of urban land uses 
and treat wastes which can be accepted in public sanitary 

. Economic 

sewerage systems. These facilities currently discharge 
relatively minor amounts of treated wastewaters to the 

Analysis Estimates 

Present 

Construction 

$1,409,000 
90,000 

$1,499,000 

291,000 

$1,790,000 

$ 852,000 
618,000 

1 
554,000 

$2,024,000 

streams and groundwaters of the Sauk Creek subregional 
area. These three facilities serve the Cedar Valley Cheese 
Factory in the Town of Fredonia, and the Krier Pre- 
serving Company and the Port Country Club in the Town 
of Belgium. Except for the Port Country Club facility, 
each of these facilities lies beyond the proposed year 
2000 service areas of the public sanitary sewerage systems 
discussed above. These facilities should, therefore, be 

Equivalent 

Construction 

$ 89,000 
6,000 

$ 95,000 

18,000 

$1 13,000 

$ 54,000 
39,000 

$ 93,000 

35,000 

$1 28,000 

Worth: 1975-2025 

Operation and 
Maintenance 

$1,208,000 
.. 

$1,208,000 

62,000 

$1,270,000 

$1,262,000 
. . 
- 
$1,262,000 

1 1 1.000 

$1,373,000 

Annual: 1975-2025 

Operation and 
Maintenance 

$77,000 
. - 

$77,000 

4,000 

$81,000 

$80,000 
. - 

-- 
$80,000 

Total 

$2,677,000 
90,000 

$2,707,000 

353,000 

$3,060,000 

$2.1 14,000 
61 8,000 

1 
665,000 

$3,397,000 

Total 

$166,000 
6.000 

$ 72,000 

22,000 

$194,000 

$134,000 
39,000 

7,000 

$87,000 $21 5,000 



retained and, as necessary, upgraded to provide a level 
of waste treatment adequate to meet the water use 
objectives and standards for the streams in the Sauk 
Creek subregional area. The Port Country Club facility 
should be abandoned upon implementation of the 
proposed sewerage system plan for the Belgium and 
Lake Church sewer service areas. 

As noted earlier in this section, effluent land application 
facilities are considered a viable alternative to providing 
advanced waste treatment and auxiliary waste treatment 
at treatment facilities the size of the private treatment 
plants in the Sauk Creek subregional area. The proposed 
plan for these two private plants is based upon the 
provision of land application of effluent (see Table 124). 
Should local facility planning efforts indicate that land 
application of plant effluent is not practical to implement 
at those private wastewater treatment facilities where 
that method of treatment is recommended, then an 
alternative treatment system designed to ultimately 
achieve the level of treatment needed to meet water 
quality standards with effluent discharged to the surface 
waters should be considered. 

The estimated present worth of construction and opera- 
tion of the private wastewater treatment facilities in the 
Sauk Creek subregional area over a 50-year analysis 
period is about $1,724,000. The estimated capital cost 
for constructing the necessary facilitiesis about $550,000, 
with an estimated average annual operation and mainte- 
nance cost of $83,000. 

Existing Unsewered Urban Development Outside 
the Initially Proposed Sanitary Sewer Service Area 
There are no existing enclaves of unsewered urban 
development located outside the proposed year 2000 
sewer service area in the Sauk Creek subregional area. 

Sanitary Sewer System Flow Relief Devices 
In 1975 there were seven sanitary sewer system flow 
relief devices in the Sauk Creek subregional area. The 

plan proposes that local facilities planning efforts include 
the formulation of plans for the elimination of these flow 
relief devices. 

Other Known Point Sources of Wastewater 
There are a total of six known point sources of waste- 
water other than wastewater treatment plants and sewer 
system flow relief devices in the Sauk Creek subregional 
area. These point sources consist primarily of industrial 
cooling, process, and backwash waters which are dis- 
charged without treatment, or following pretreatment, 
directly to  surface waters or to storm sewers tributary to  
such stream and watercourses. The discharge character- 
istics of these point sources of wastewater are reported in 
Chapter I11 of SEWRPC Technical Report No. 21, 
Sources of Water Pollution in Southeastern Wisconsin: 
1975, and are indicated to  contain constituents of 
BOD5, ammonia-nitrogen, phosphorus, and fecal coli- 
form which are generally lower than those established as 
performance standards for the public and private waste- 
water treatment plants in the Region discharging to the 
same or similar receiving water bodies. Thus, in most 
cases no further treatment recommendations were 
advanced for these other point sources with regard to  
these constituents. However, it is recommended that 
these point sources in general reduce discharge tem- 
peratures to  8g°F or less, oils and grease to  less than 
10  mg/l, and heavy metals, organics, and other pollutant 
concentrations to  levels required by "Best Available 
Technology," or as identified on a case-by-case basis 
under the state permit system process. Reported effluent 
characteristics for these point sources which could 
require treatment are noted in Table 125. 

The degree of treatment and costs of constructing and 
operating treatment facilities associated with these point 
sources of wastewater should be determined on an indi- 
vidual basis in conjunction with other pretreatment 
requirements for existing discharges to public sanitary 
sewerage systems. However, in order to  present a com- 
plete analysis of the cost of the areawide water quality 
management planning program for this subregional area, 

Table 124 

WASTEWATER TREATMENT PERFORMANCE STANDARDS FOR PRIVATE WASTEWATER 
TREATMENT FACILITIES I N  THE SAUK CREEK SUBREGIONAL AREA 

Source: SEWRPC. 

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly limits) 

BOD5 Discharge: 3 0  mgll 
Fecal Coliform Concentration: 

20011 0 0  ml 
BOD5 Discharge: 3 0  mgll 
Fecal Coliform Concentration: 

20011 0 0  ml 

Disposal 
of Effluent 

Land Application 

Land Application 

Name of 
Facility 

Cedar Valley 
Cheese Factory. . . . . . . 

Krier Preserving Company . . 

Type of 
Land Use 

Served 

Industrial 

Industrial 

Civil 
Division 
Location 

Town of Fredonia 

Town of Belgium 

Type of 
Wastewater 

Process and 
Cooling 

Process 



a cost analysis was to be made of the treatment require- 
ments which appeared to be needed from the limited data 
available on these point sources. Only one point source, 
the Wisconsin Electric Power Company-Port Washington 
Power Plant, appeared to  require treatment prior to 
discharge. Costs were not estimated, however, because 
the wastewater characteristics were bordering the recom- 
mended levels, and it was assumed that low-cost process 
modifications could be effected to  satisfactorily reduce 
the effluent concentrations. 

KENOSHA-RACINE SUBREGIONAL AREA 

The Kenosha-Racine subregional area consists of all 
those parts of Racine and Kenosha Counties lying east 
of IH 94 except those portions within the Des Plaines 
River watershed and, therefore, west of the subcon- 
tinental divide. This subregional area contains all of the 
Pike River watershed, a major portion of the Root River 
watershed, and several minor watersheds that drain 
directly t o  Lake Michigan. The area is rapidly urbanizing 
and includes the central cities of Kenosha and Racine; the 
Villages of Sturtevant, Elmwood Park, Wind Point, and 
North Bay; and the highly urbanized Towns of Caledonia, 
Mt. Pleasant, Somers, and Pleasant Prairie. 

Centralized sanitary sewer service in the Kenosha-Racine 
subregional area was provided by six individual systems in 
1975. These systems are the City of Kenosha system, 
which in addition to serving the city proper provides 
contract service to  the Town of Somers Sanitary District 
No. 1 and the Town of Pleasant Prairie Sewer Utility 
Districts Nos. 1 and 2 and A, B, C, and E; the Town of 
Somers Utility District No. 1 system; the Pleasant Park 
Utility Company, Inc. system, a privately owned sewer 
utility classified for planning purposes as a centralized 
sanitary sewerage system in the regional sewerage system; 
the City of Racine system, which in addition to serving 
the city proper provides contract service to  the Villages 
of Elmwood Park and North Bay, the Caledonia Sewer 
Utility District No. 1, and the Mt. Pleasant Sewer Utility 
District No. 1; the Village of Sturtevant system; and the 

Table 125 

REPORTED EFFLUENT CHARACTERISTICS FOR 
KNOWN POINT SOURCES OTHER THAN SEWAGE 

TREATMENT PLANTS A N D  SEWAGE FLOW RELlEF 
DEVICES THAT REQUIRE TREATMENT CONSIDERATION- 

SAUK CREEK SUBREGIONAL AREA: 1975 

a Unless speoficallv noted otherwrse, data were obtained, in order of pnorrtv, from: quarterly reports 
fried with the Wmconsrn Deparmenr of Natural Resources under the Wiscans,n PoNuranr DJscharge 
Eiimrnation System report pronded under Seceon 101 of the Wisconstn Admin,strative Code, or 
from the Wisconsin Pollutant Drscharge El,m,naNon System permtt ~tself. 

North Park Sanitary District system, which serves the 
Village of Wind Point and parts of the Town of Cale- 
donia, including the Crestview Sanitary District in the 
Town of Caledonia. Together, these six systems com- 
prised a service area of about 49.4 square miles and 
served an estimated population of about 221,200 per- 
sons. In 1975 there were about 16,900 persons residing 
in the subregional area not served by centralized sanitary 
sewerage facilities. Specific population, service area, and 
related characteristics of the six existing systems are 
presented in Volume One, Chapter V of this report, 
and in Chapter I11 of SEWRPC Technical Report 
No. 21, Sources of Water Pollution in Southeastern 
Wisconsin: 1975. 

Palnt Source Discharge 

Sewer Service Analysis Areas 
A total of four sewer service analysis areas may be identi- 
fied within the Kenosha-Racine subregional area (see 
Table 126). The delineation of these analysis areas was 
based upon consideration of both the existing sanitary 

Average 

Flow 
1975 

(mgdl 

1 80 

Name 

Sauk Creek Subreg8onal Area 
Wlrcans~n Eiectr,c 
Power Campany- 

Port Waehtngton Power Plant 

sewer service areas and the natural drainage areas in both 
the Kenosha and Racine Planning Districts. As rational 
sewerage system planning areas, these subareas do not 
correspond directly to  existing civil division or special- 
purpose district boundaries, and should not be confused 
with such legal entities as discussed in the sewerage system 
inventories presented in Chapter I11 of SEWRPC Techni- 
cal Report No. 21, Sources of Water Pollution in South- 
eastern Wisconsin: 1975 and in Volume One, Chapter V 
of this report. These sewer service analysis areas are 
shown on Map 53 and may be described as follows: 

Civil 
Dlvirton 
Location 

C ~ t y  of 
Port Washington 

1.  Area A-This area consists of the City of Racine, 
the Villages of Elmwood Park, North Bay, Wind 
Point, and Sturtevant, and major portions of the 
Towns of Caledonia and Mt. Pleasant, including 
the existing Crestview and North Park Sanitary 
Districts and the Caledonia Sewer Utility District 
No. 1. In 1975 sanitary sewer service was provided 
in this area to  about 32.9 square miles, having 
a total population of about 130,200 persons. The 
total area anticipated to  be served by the year 
2000 approximates 44.0 square miles, with 
a projected population of about 153,500 persons. 
This represents a decrease in the planned popula- 
tion from the 220,000 persons forecast for the 
area for 1990 in the regional sanitary sew- 
erage system plan. This subarea is referenced 
as the "Racine" sewer service area in the 

Recetvlng 
Water 
Body 

Lake 
Michigan 

ensuing discussion. 

Con~tituent 

Requiring 
Treatment 

conrideratlona 

Suspended 
Sailds 

2. Area B-This area consists of the City of Kenosha 
and portions of the Towns of Pleasant Prairie 
and Somers, including the Town of Somers Sani- 
tary District No. 1 ,  the Town of Pleasant Prairie 
Sewer Utility Districts Nos. 1 and 2 and A, B, C, 
and E, and the University of Wisconsin Parkside 
campus. In 1975 sanitary sewer service was pro- 
vided in this area to  about 16.0 square miles, 
having a total resident population of about 
89,500 persons. The total area anticipated to be 
served by the year 2000 approximates 33.9 square 

Source. W,rconsin Department of NaNral Resources and SEWRPC miles, with a projected resident population of 



Map 53 

SEWER SERVICE ANALYSIS AREAS 
KENOSHA-RACINE SUBREGIONAL AREA 
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The contiguity o f  the Kenosha-Racine metropolitan areas, together with the 
surface water drainage and urban land use development patterns i n  these 
areas, necessitated the consideration o f  these two areas as a single unit  for 
sanitary sewerage system planning purposes. Four individual sewer service 
analysis areas within the Kenosha-Racine subregion were identified. The 
delineation o f  these areas was based upon the existing sanitary sewer service 
areas and the natural drainage areas in both the Kenosha and Racine urban 
planning districts. By the year 2000, about 288,600 persons are expected t o  
reside in these four sewer service areas, which wi l l  approximate 81 square 
miles. I n  1975 there were about 238,100 persons residing i n  the Kenosha- 
Racine subregional area, o f  which 221,200 were served by  centralized sewer 
service and 16,900 by onsite sewage disposal systems. 

Source: SEWRPC. 



Table 126 

SELECTED CHARACTERISTICS OF SEWER SERVICE AREAS I N  THE 
KENOSHA-RACINE SUBREGIONAL AREA: 1975,1985, AND 2000 

a ~ e e  Map 53. 

blncludes an estimated contribution from Frank Pure Foods Company and from St. Bonaventure Seminary. 

Clncludes an estimated contribution from the Sienadale Motherhouse and from the American Motors Corporation. 

Source: SEWRPC. 

Planned 2000 

about 128,600 persons. This represents a decrease 
in the planned population from that forecast for 
the area for 1990 in the regional sanitary sewer- 
age system plan. A direct comparison of popula- 
tion cannot be made because this area's 1990 
delineation has been combined with portions 
of other areas in the 2000 delineation. This sub- 
area is referenced as the "Kenosha" sewer service 
area in the ensuing discussion. 

Planned 1985 

Sewer Service 
Analysis ~ r e a ~  

3. Area C-This area consists of a small area sur- 
rounding the unincorporated community of 
Somers. In 1975 sanitary sewer service was 
provided in this area to about 0.3 square mile, 
having a total population of about 700 persons. 
The total area anticipated to be served by the 
year 2000 approximates 1.8 square miles, with 
a projected population of about 4,700 persons. 

Design 
Hydraulic 
Loading 

(mgd) 

26.24b 
26.61' 
0.90 
0.25 

54.00 

Area 
Sewed 

(square miles) 

44.00 
33.94 

1.79 
1.24 

80.97 

Population 
Sewed 

140.800 
112,600 

1,500 
1,800 

256.700 

Existing 1975 

Letter 

A 
B 
C 
D 

This represents a decrease in the planned popu- 
lation from that forecast for 1990 in the regional 

Population 
Sewed 

153,500 
128,600 

4,700 
1,800 

288.600 

Design 
Hydraulic 
Loading 
(mgd) 

23.58b 
23.25' 
0.23 
0.25 

47.31 

Area 
Served 

(square miles) 

32.87 
16.03 
0.29 
0.19 

49.38 

Name 

Racine 
Kenosha 
Somers 
Pleasant Park 

Total 

sanitary sewerage system plan. A direct com- 
parison of population cannot be made because 
portions of this area's 1990 delineation in the 
regional sanitary sewerage system plan have 
now been combined with the Kenosha area 
year 2000 delineation. This subarea is refer- 
enced as the "Somers" sewer service area in the 
ensuing discussion. 

4. Area D-Thjs area consists of a small portion 
of the Town of Pleasant Prairie currently served 
by the Pleasant Park Sewer Utility wastewater 
treatment plant. In 1975 sanitary sewer service 
was provided in this area to about 0.2 square 
mile, having a total population of about 800 per- 
sons. The total area anticipated to be served by 
the year 2000 approximates 1.2 square miles, 
with a projected population of about 1,800 
persons, This represents a decrease in the planned 
population from that forecast for 1990 in the 

Unsewed 
Population 

Residing in the 
Proposed 2000 

Service Area 

1,300 
6,600 
. - 
300 

8,200 

Population 
Sewed 

130,200 
89,500 

700 
800 

221.200 

regional sanitary sewerage system plan. A direct 
comparison of population cannot be made 
because portions of this area's 1990 delineation 
in the regional sanitary sewer system plan have 
now been combined with the Kenosha area year 
2000 delineation. This subarea is referenced as 
the "Pleasant Park" sewer service area in the 
ensuing discussion. 

Average 
Hydraulic 
Loading 
(mgd) 

21.35 
18.40 
0.06 
0.04 

39.85 

Summary of Previously Prepared Regional Plan Elements 
Previously adopted areawide plan recommendations 
relating to water quality management and to the provi- 
sion of centralized sanitary sewer service apply to major 
portions of the Kenosha-Racine subregional area. Speci- 
fically, the Root River watershed plan,23 prepared and 
adopted by the Commission in 1966, recommended that, 
with respect to urban development in the Root River 
watershed portion of the Kenosha-Racine subregional 
area, centralized sanitary sewer service be extended 
from the existing City of Racine system to serve the 
entire anticipated urban development area. In addi- 
tion, the Root River watershed plan recommended that 
the private sewage treatment facility serving the Frank 
Pure Food Company in the Towns of Caledonia and Mt. 
Pleasant be abandoned and that the company be con- 
nected to  the centralized sanitary sewerage system 
operated by the City of Racine and the Town of Cale- 
donia Sewer Utility District No. 1. With respect to the 
Kenosha portion of the Kenosha-Racine subregional area, 
the Commiasion prepared in 1967, and adopted in 
1972, a comprehensive plan for the Kenosha Planning 
District. 24 This comprehensive plan included a recom- 

23 See SE WRPC Planqing Report No. 9, A Comprehensive 
Plan for the Root River Watershed, September 1966. 

24 See SEWRPC Planning R e ~ o r t  No. 10. A Corn~re- - .  
hensive Plan for the Kenosha Planning District, Febru- 
ary 1967. 



mendation that the entire anticipated year 2000 urban 
area within the District be served through appropriate 
extensions of the existing City of Kenosha sanitary 
sewerage system. Under this plan recommendation, the 
existing sewage treatment facilities operated by the Town 
of Somers Utility District No. 1 and the Pleasant Park 
Utility Company, Inc. would be abandoned and their 
tributary service areas connected to the expanded 
centralized sewer service system. Similarly, the plan 
recommended that the private sewage treatment facilities 
serving the American Motors Truck Service Garage in the 
Town of Somers and the Sienadale Motherhouse in the 
Town of Pleasant Prairie be abandoned and connected to  
the Kenosha system as trunk sewer service became 
available. It is important to  note not only that the 
foregoing sewerage system recommendations contained in 
both the Root River and Kenosha Planning District 
comprehensive plans have been adopted by key local 
units of government, but that these units of government 
have set in motion a series of plan implementation 
actions designed to carry out the plan recommendations. 

While conducting the regional sanitary sewerage system 
planning program, the Regional Planning Commission 
was requested by Racine County, acting on behalf of 
several local units of government in the Racine portion 
of the Kenosha-Racine subregional area, to prepare 
a comprehensive plan for the Racine Urban Planning 
District. This plan was to have as a major component 
a sanitary sewerage system element. While initially, the 
geographical scope of the investigation was to be 
confined to the area encompassed by the Racine Urban 
Planning District, several factors intervened during the 
course of conducting the planning program that dictated 
the need to expand the geographic scope of the sewerage 
system investigation to include, as a unit, the entire 
Kenosha-Racine subregional area. These factors included 
the interconnection planning requirements set forth by 
the Wisconsin Department of Natural Resources and the 
U. S. Environmental Protection Agency, and a local 
proposal by the Town of Mt. Pleasant to construct 
a major new sewage treatment plant on the Pike River 
which would ultimately provide sanitary sewer service to 
a portion of the Town of Somers. Because these factors 
conflicted with the sewerage system plan recommenda- 
tions contained in the adopted Kenosha Planning District 
plan, it became necessary to  reopen the question of 
sewerage system extensions in the Kenosha Planning 
District and consider the Kenosha and Racine Planning 
Districts as a single planning unit under the regional 
sanitary sewerage system planning program. 

As noted earlier in this chapter, a systematic proce- 
dure was utilized in the regional sanitary sewerage system 
plan for the formulation and evaluation of alternative 
public sanitary sewerage system plans. In the Kenosha- 
Racine subregional area, all of the sewer service areas 
were essentially contiguous and it was therefore assumed 
that a detailed analysis would be required to  deter- 
mine the recommended number and location of public 
wastewater treatment facilities for the subregional area. 
A detailed economic analysis was made for five alterna- 

tives, which were selected from the many potential 
alternative sanitary sewerage system plans for the 
Kenosha-Racine subregional area. The recommended plan 
included in the regional sanitary sewerage system plan 
proposed two public wastewater treatment facilities to 
serve the subregional area. These are the treatment plants 
operated by the Cities of Kenosha and Racine. 

Formulation of Alternatives 
Several local planning efforts have taken place which 
represent a step toward implementation of the recom- 
mendations of the regional sanitary sewerage system plan 
for the Kenosha-Racine subregional area. Local facility 
planning has been completed for the recommended trunk 
sewer needed to convey wastewater from the Sturtevant- 
Mt. Pleasant sewer service area to the Racine wastewater 
treatment plant. Detailed plans have been developed for 
construction of this major trunk sewer. Local facility 
planning has also been initiated by the Cities of Kenosha 
and Racine which essentially considers all of the year 
2000 urban development within the Kenosha-Racine 
subregional area. As part of that facility planning effort, 
alternative analyses will likely be conducted to refine the 
recommendations of the regional sanitary sewerage 
system plan for wastewater treatment within the areas 
tributary to the Racine and Kenosha wastewater treat- 
ment facilities. In 1977 the Town of Somers Utility 
District No. 1 initiated construction of an interim 
addition to its existing wastewater treatment plant, which 
is planned to bring the capacity of the plant up to a level 
which will be adequate until trunk sewer capacity for 
connection to the Kenosha sanitary sewer system is 
available. To date, the local facility planning effort in the 
Kenosha area has recommended that the treatment 
facilities operated by the Town of Somers Sewer Utility 
District No. 1 and the Pleasant Park Utility Company, 
Inc. be abandoned and that one wastewater treatment 
plant-that operated by the City of Kenosha-provide 
sewage treatment for the entire Kenosha Urban Planning 
District. Because of the previously committed decisions, 
the confirmation by local facility planning of the 
previous recommendations regarding the number and 
location of treatment plants to serve the Kenosha Urban 
Planning District, and the concurrent analyses being 
developed through local facility planning, further formu- 
lation and analysis of alternative sanitary sewerage system 
plans was not considered for this subregional area. In lieu 
of considering alternatives, the plan for sanitary sewerage 
systems within the Kenosha-Racine subregional area as 
developed under the regional sanitary sewerage system 
plan is incorporated, with certain modifications indicated 
as desirable by subsequent areawide and local facilities 
planning efforts, as an integral part of the areawide water 
quality planning program. 

Results of water quality simulations are presented under 
the previous section on diffuse source control elements 
for the Pike River and Root River watersheds and Barnes 
Creek and Pike Creek subwatersheds. 

Sanitary sewerage system plans for the four sewer service 
areas that lie within the Kenosha-Racine subregional area 
are described in the following sections. 



Proposed Plan-Racine Subarea 
The recommended plan for the Racine sewer service area 
proposes that the entire Racine sewer service area be 
served by the City of Racine wastewater treatment 
facility, with the abandonment of the existing North 
Park Sanitary District and Sturtevant wastewater treat- 
ment facilities. 

In 1975 the wastewater treatment facility serving the 
City of Racine area had an average hydraulic design 
capacity of about 23.0 mgd, and provided secondary 
waste treatment followed by advanced waste treatment 
for phosphorus removal and auxiliary waste treatment 
for effluent disinfection prior to discharge to Lake 
Michigan. Additions to the existing facilities were 
completed in 1977, bringing the plant average hydraulic 
capacity up to  30.0 mgd. It  is anticipated that connection 
of the remaining portions of the sewer service area and 
future growth will require an average hydraulic design 
capacity for the Racine wastewater treatment plant of 
about 23.6 mgd in 1985 and about 26.2 mgd in the year 
2000. This year 2000 design flow is considerably less 
than the estimated 1990 design flow of 48.5 mgd 
anticipated under the regional sanitary sewerage system 
plan. This change is partially the result of the slightly 
different method of calculating the design hydraulic 
loading used in the later study (1975), which consid- 
ered the existing loading as the principal factor for 
a facility with relatively limited projected increases 
in tributary population. 

The proposed plan for the Racine sewer service area 
includes the provision of secondary waste treatment 

with conventional advanced waste treatment for phos- 
phorus removal and auxiliary waste treatment for effluent 
disinfection at the City of Racine wastewater treatment 
plant. As noted above, provisions for the public waste- 
water treatment plant element of the recommended plan 
have essentially been completed. In addition, major 
improvements to existing trunk sewers would be required 
to serve the Crestview-in the northern portion of the 
Racine sewer service area-North Park and Caledonia 
areas. Finally, a major new trunk sewer would be 
required to  connect the Village of Sturtevant and 
portions of the Town of Mt. Pleasant in the western and 
southern portion of the sewer service area to the Racine 
wastewater treatment plant. The location of the major 
new trunk sewer and additions is shown on Map 54. 

On October 16, 1973, officials of the Cities of Kenosha 
and Racine signed a settlement to a Lake Michigan pollu- 
tion lawsuit brought by the State of Illinois which 
would commit the Cities to  provide higher levels of 
waste treatment at their wastewater treatment facili- 
ties and eliminate pollution from combined sewer over- 
flows. The agreement, which is binding on Racine and 
Kenosha only if all necessary federal and state funds 
are made available and if all other municipalities dis- 
charging effluent t o  Lake Michigan in the four states 
bordering Lake Michigan are also required to meet the 
treatment standards, provides for more stringent effluent 
limitations than those recommended in the areawide 
water quality management plan. Table 127 summarizes 
the effluent limitations agreed to  by the Cities of 
Kenosha and Racine,\and compares these limitations to 
those recommended herein. 

Table 127 

COMPARISON OF EFFLUENT LIMITATIONS: KENOSHA-RACINE AGREEMENT 
AND REGIONAL WATER QUALITY MANAGEMENT PLAN 

Source: Cities of Kenosha and Racine, and SEWRPC. 

2 2 6  

Regional 
Plan 

15/mg/l 
(monthly average) 

1 mgll 
(monthly average) 

20011 00 ml 
(monthly average) 

Effluent 
Limitation 

BOD5 

Suspended Solids 

Phosphorus 

Fecal Coliform 

B v 
711 I79 

4 mg/l 
(monthly average) 

5 mg/l 
(monthly average) 

1 mg/l 
(monthly average) 

90% Removal 
(annual average) 

4011 00 ml 
(Maximum at 

any time) 
2011 00 m l 

(annual average) 

B v 
12/31 176 

20 mg/l 
(monthly average) 

20 mg/l 
(monthly average) 

I mg/l 
(monthly average) 

4011 00 ml 

(Maximum at 
any time) 
2011 00 ml 

(annual average) 

Kenosha-Racine Agreement 

BY 
12/31 I77 

10 mg/l 
(monthly average) 

10 mg/l 
(monthly average) 

1 mg/l 
(monthly average) 

90% Removal 
(annual average) 

4011 00 ml 
(Maximum at 

any time) 
201100 ml 

(annual average) 



The City of Racine is presently conducting a detailed 
facilities planning program to determine wastewater 
treatment and conveyance needs. A major component of 
the facility planning program is the sewer system infil- 
tration and inflow studies as well as the analyses of 
alternatives for eliminating the pollution discharges from 
the combined sewer overflow system. Phase one of the 
sewer system evaluation was completed in 1976. The 
second phase of the sewer system evaluation, the com- 
bined sewer overflow pollution abatement study 
presently (1978) underway and the facility planning 
considering the analysis of wastewater conveyance and 
treatment needs, is in the grant application stage. The 
recommended performance standards for the Racine 
wastewater treatment plant are set forth in Table 128, 
and the proposal is shown on Map 54. 

The total present worth over a 50-year analysis period 
of construction and operation of the proposed treat- 
ment and conveyance facilities for the Racine sewer 
service area is about $47,210,000, including the cost 
of the recently completed treatment plant expansion. 
The estimated capital cost for constructing the neces- 
sary additional treatment and conveyance facilities is 
$23,876,000, with an estimated average annual opera- 
tion and maintenance cost of $2,000,000 (see Table 129). 
Costs associated with the combined sewer overflow 
pollution abatement program are included in a separate 
section of this chapter. As noted above, the level treat- 
ment required at the Racine wastewater treatment plant 
could increase depending on the outcome of a lawsuit 
brought by the State of Illinois. Compliance with the 
effluent limitations set forth in the agreement would 
significantly add to the above-noted costs for the plant. 

Table 128 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-PROPOSED SANITARY SEWERAGE 
SYSTEM PLAN FOR THE RACINE SEWER SERVICE AREA: KENOSHA-RACINE SUBREGIONAL AREA 

a ~ e e  Map 53. 

Source: SEWRPC. 

Wastewater 
Treatment 

Plant 

City o f  Racine 

Table 129 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE RACINE SEWER SERVICE AREA: KENOSHA-RACINE SUBREGIONAL AREA 

Estimated Average 
Hydraulic Design 
Capacity (mgd) 

Source: SEWRPC. 

Sewer Service 
Analysis Area 

serveda 

Racine 

1985 

24.0 

Plan Subelement 

Wastewater Treatment Plant 
CiW of Racine . . . . . . . 

Trunk Sewers 
Caledonia, Crestview- 

North Park t o  Racine . . 
Sturtevant t o  
Mt. Pleasant and 
Sanders Park t o  Racine . 

Subtotal 

Total 

2000 

26.0 

Estimated 

Population 

Estimated Cost: 1975-2000 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Advanced 
Auxiliary 

1985 

140,800 

Economic Analysis Estimates 

Total 
Capital 

$ 8,200,000 

5,016,000 

10,660,000 

$15,676,000 

$23,876,000 

2000 

153,500 

Average Annual 
Operation and 
Maintenance 

$1,962,000 

27,000 

1 1.000 

$ 38.000 

$2,000,000 

Type o f  Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

i n  Plan Preparation 

Activated Sludge 
Phosphorus Removal 
Disinfection 

Present Worth: 1975-2025 

Recommended 
Performance Standards in 

Terms of Effluent Quality 
(all standards represent 

average monthly limits) 

BOD5 Discharge: 15.0 mgll 
Phosphorus Discharge: 1.0 mgll  
Fecal Coliform Concentration: 

20011 00 m l  

Equivalent Annual: 1975-2025 

Total 

$36,869,000 

3,508,000 

6,833,000 

$10,341,000 

$47.21 0,000 

Construction 

$ 393,000 

200,000 

424,000 

$ 624,000 

$1.01 7,000 

Construction 

$ 6,201,000 

3,147,000 

6,688,000 

$ 9,835,000 

$1 6,036,000 

Operation and 
Maintenance 

$30,668,000 

361,000 

145,000 

$ 506,000 

$31 ,I  74,000 

Operation and 
Maintenance 

$1,946,000 

23,000 

9.000 

$ 32,000 

$1,978,000 

Total 

$2,339,000 

223,000 

433,000 

$ 656,000 

$2,995,000 
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PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE RACINE SEWER 
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The total present worth over a 50-year analysis period 
of construction and operation of the added treatment 
facilities needed for the Racine wastewater treatment 
plant to comply Mth the State of Illinois agreement 
is about $14,100,000. The estimated capital cost for 
constructing the necessary additional treatment facili- 
ties is $10,300,000, with an estimated average annual 
operation and maintenance cost of $400,000. 

Proposed Plan-Kenosha. Somers. 
andpleasant Park subareas 
The recommended plan for the Kenosha sewer service 
area proposed that the Somers and Pleasant Park sewer 
service areas be served by the Kenosha sewage treat- 
ment facility, with the concurrent abandonment of 
the Town of Somers Utility District No. 1 and Pleasant 
Park Sewer Utility treatment facilities. 

In 1975 the wastewater treatment facility serving the 
Kenosha sewer service area had an average hydraulic 
design capacity of about 18  mgd, and provided a secon- 
dary level of waste treatment followed by advanced 
waste treatment for phosphorus removal and auxiliary 
waste treatment for effluent disinfection prior to dis- 
charge to Lake Michigan. 

It is anticipated that connection with the two above- 
mentioned sewer service areas and future growth will 
require an average hydraulic design capacity for the 
Kenosha wastewater treatment plant of about 23.7 mgd 
in 1985 and about 27.8 mgd in the year 2000. This year 
2000 design flow is less than the estimated 1990 design 
flow of 36 mgd anticipated under the regional sanitary 
sewerage system plan. 

As previously noted, the Town of Somers Utility District 
No. 1 wastewater treatment plant is presently being 
expanded to increase the capacity of this interim plant to 
about 0.13 mgd. The plan is proposed to increase the 
capacity of the plant until trunk sewer capacity is avail- 
able from the City of Kenosha. 

The proposed plan for the Kenosha, Somers, and Pleasant 
Park sewer service areas includes the provision of secon- 
dary waste treatment with conventional advanced waste 
treatment for phosphorus removal and auxiliary waste 
treatment for effluent disinfection at the City of Kenosha 
wastewater treatment plant. In addition, major new trunk 
sewers would be required to connect the Somers and 
Pleasant Park sewer service areas to the Kenosha waste- 
water treatment facility. The location of the major new 
trunk sewers is shown on Map 55. 

As noted under the section on the Racine sewer service 
area, the officials of the Cities of Kenosha and Racine 
signed a settlement to a Lake Michigan pollution law- 
suit brought by the State of Illinois which would commit 
the Cities to  providing higher levels of waste treatment at 
their wastewater treatment facilities and eliminating 
pollution from combined sewer overflows. The agree- 
ment, which is binding on Racine and Kenosha only if all 
necessary federal and state funds are made available and 
if all other municipalities discharging effluent in Lake 

Michigan in the four states bordering Lake Michigan are 
also required to  meet the treatment standards, provides 
for more stringent effluent limitations than those recom- 
mended in the areawide water quality management plan. 
Table 127 summarizes the effluent limitations agreed to 
by the Cities of Kenosha and Racine, and compares these 
limitations with those recommended herein. 

The City of Kenosha is presently conducting a detailed 
facilities planning program to determine wastewater 
treatment and conveyance needs. In addition, under the 
program alternatives means of eliminating the pollution 
discharges from the combined sewer overflow system will 
be analyzed. To date, the preliminary facility planning 
program has recommended the construction of major 
trunk sewers to  convey the wastes from the Somers and 
Pleasant Park sewer service areas to the Kenosha waste- 
water treatment plant. The recommendations of that 
local facility plan with regard to major trunk sewer sizes 
have been incorporated into the areawide plan. The 
recommended standards for the Kenosha wastewater 
treatment plant are set forth in Table 130, and the 
proposal is shown on Map 55. 

The total present worth over a 50-year analysis period 
of construction and operation of the proposed treatment 
and conveyance facilities for the Kenosha, Somers, and 
Pleasant Park sewer service areas is about $46,622,000. 
The estimated capital cost for constructing the neces- 
sary additional treatment and conveyance facilities is 
$21,277,000, with an estimated average annual operation 
and maintenance cost of $2,033,000 (see Table 131). 
Costs associated with the combined sewer overflow 
pollution abatement program are included in a separate 
section of this chapter. As noted above, the level of 
treatment required at the Kenosha wastewater treatment 
plant could increase depending on the outcome of a law- 
suit brought by the State of Illinois. Compliance with the 
effluent limitations set forth in the agreement would 
significantly add to the above-noted costs for the 
Kenosha wastewater treatment plant. 

The present worth over a 50-year analysis period of 
construction and operation of the added treatment 
facilities needed for the Kenosha wastewater treat- 
ment plant to comply with the State of lllinois agree- 
ment is about $14,000,000. The estimated capital cost 
for constructing the necessary additional treatment 
facilities is $10,000,000, with an estimated average 
annual operation and maintenance cost of $400,000. 

Private Wastewater Treatment Plants 
There are five known private wastewater facilities in 
the Kenosha-Racine subiegional area which, in general, 
serve isolated enclaves of urban land use and treat wastes 
which can be accepted in public sanitary sewerage sys- 
tems. These facilities currently discharge relatively minor 
amounts of treated wastewater to streams, groundwater, 
and Lake Michigan in the Kenosha-Racine subregional 
area. These five facilities serve the J. I. Case Company in 
the Town of Mt. Pleasant; the Sienadale Motherhouse in 
the Town of Pleasant Prairie, the American Motors Cor- 
poration in the Town of Somers, the St. Bonaventure 
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Source: SEWRPC. 

Seminary in the Town of Mt. Pleasant, and the Frank 
Pure Food Company in the Town of Caledonia. In 1978 
the facility serving the American Motors truck service 
facility was not in operation. A wastewater holding tank 
is being utilized to store wastewater prior to removal by 
tank truck. All five of these facilities lie within the plan 
year 2000 service areas of the public sanitary sewerage 
systems discussed above. Consequently, it is proposed 
that the Sienadale Motherhouse and the American Motors 
Corporation abandon their treatment facilities and be 

connected to the Kenosha sewer service area; that 
St. Bonaventure Seminary abandon its wastewater 
treatment facility and be connected to the Sturtevant- 
M t .  Pleasant sewer system; and that the Frank Pure Food 
Company abandon its wastewater treatment facility and 
be connected to the Racine sewer service area. The 
J. I. Case Company facility, although located within the 
Racine sewer service area, is recommended to be retained 
due to the nature of its effluent and specialized treatment 
processes already available. It is proposed that per- 



Table 130 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE KENOSHA, SOMERS, AND PLEASANT PARK SEWER SERVICE AREAS: KENOSHA-RACINE SUBREGIONAL AREA 

a ~ e e  Map 53. 

Source: SEWRPC. 

Table 131 

Recommended 
Performance Standards in 
Terms of Effluent Quality 

all standards represent 
average monthly limits) 

BOD5 Discharge: 15.0 mgll 
Phosphorus Discharge: 1.0 mg/l 
Fecal Coliform Concentration: 

20011 00 m l  

Wastewater 
Treatment 

Plant 

City of Kenosha 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE 
KENOSHA, SOMERS, A N D  PLEASANT PARK SEWER SERVICE AREAS: KENOSHA-RACINE SUBREGIONAL AREA 

Source: SEWRPC. 

Estimated Average 
Hydraulic Design 
Capacity Imgd) 

t 

Plan Subelement 

Wastewater Treatment Plant 
City o f  Kenosha 

Facility. . . . . . . . . . 

Trunk Sewers 
Somers t o  Kenosha . . . . 
Pleasant Prairie 

t o  Kenosha . . . . . . . . 
Subtotal 

Total 

formance standards for this facility be established based 

1985 

24.0 

upon specific analyses to be conducted as part of the 
state permit process. The estimated present worth of 
construction and operation of this private wastewater 
treatment facility in the Kenosha-Racine subregional area 
over a 50-year analysis period is about $809,000. The 
estimated capital cost for constructing the necessary 
facilities is about $320,000, with an estimated average 
annual operation and maintenance cost of $36,000. 

Type of Wastewater 
Treatment Assumed for  
Cost Analysis Purposes 

i n  Plan Preparation 

Activated Sludge 
Phosphorus Removal 
Disinfection 

Sewer Service 
Analysis Areas 

Serveda 

Kenosha, 
Somers, 
Pleasant Park 

2000 

28.0 

Combined Sewer Overflow Abatement Plan 
As discussed in Chapter I11 of SEWRPC Technical Report 
No. 21, Sources of Water Pollution in southeastern 
Wisconsin: 1975, portions of the Cities of Kenosha 
and Racine are served by combined sewer systems. In 

Estimated Cost: 1975-2000 

1975 the area served by such combined systems in the 
City of Kenosha totaled about 2.2 square miles, or 

Economic Analysis Estimates 
- 

Total 
Capital 

$10,900,000 

7,546,000 

2,831,000 

$10,377,000 

$21,277,000 

about 14 percent of the total area served by sanitary 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Advanced 
Auxiliary 

Estimated 
Population 

Average Annual 
Operation and 
Maintenance 

$2,023,000 

5,000 

5,000 

1 $ 10.000 

$2,033,000 

sewers.25 The combined sewer overflows were discharged 
through four outfalls in the City of Kenosha, with 
the overflows occurring on an average of 20 times per 
year, and discharging an estimated 260 million gallons of 
raw sewage to the surface waters of the area annually. In 
the City of Racine combined sewers served an area of 
about 2.1 square miles in three separate locations in 

1985 

1 15,900 

Present Worth: 1975-2025 

25 Since the conduct of the Commission inventories in 
1975, the City of Kenosha has completed partial separa- 
tion of the combined sewers for about 0.32 square mile 
of the total, or about 15 percent o f  the 2.2-square-mile 
area referenced. Thus, at  the end o f  1978, about 
1.88 square miles of combined sewer area remained in 
the City of Kenosha. Similarly, the discharge frequency 

2000 

135,100 

Equivalent Annual: 1975-2025 

Construction 

$ 8,243,000 

4,734,000 

1,776,000 

$ 6,510,000 

$14,753,000 

(footnote continued on following page) 

Construction 

$523,000 

300,000 

1 13,000 

1 $413,000 

$936,000 

Operation and 
Maintenance 

$31,741,000 

68,000 

60,000 

$ 128,000 

$31,869,000 

Operation and 
Maintenance 

$2,014.000 

4,000 

4,000 

$ 8,000 

$2,022,000 

Total 

$39,984,000 

4,802,000 

1,836,000 

$ 6,638,000 

$46,622,000 

Total 

$2,537,000 

304,000 

1 17,000 

$ 421,000 

$2,958,000 



1975, or about 16 percent of the total area served by 
sanitary sewers. The combined sewer overflows were 
discharged through 1 0  combined sewer outfalls in the 
City of Racine, with the overflow occurring on an aver- 
age of 20 times per year, and discharging an estimated 
290 million gallons of raw sewage to the surface waters 
of the area annually. Both the City of Kenosha and the 
City of Racine have embarked upon sewerage improve- 
ment programs designed to effect a greater degree of 
separation within the combined sewer areas. The City of 
Racine began its combined sewer separation program in 
1935, and the City of Kenosha began its separation 
program in 1967. The specific areas of the Cities of 
Kenosha and Racine served by combined sewers are 
shown on Maps 54 and 55. 

Local facility planning study of the combined sewer 
overflow problem in the City of Kenosha is underway at 
the present time. The preliminary recommendation of 
that study is to continue the current program of pro- 
viding for partial separation of the remaining combined 
sewers. Such separation would consist of the construction 
of a new system of storm sewers to convey storm water 
flow from street inlets and catch basins and the use of the 
existing combined sewers as partially separated sanitary 
sewers. This program is estimated to have a capital cost of 
about $14.1 million, and minimal operating costs. 

A preliminary engineering study of the sewer overflow 
problem is also nearing completion in the City of Racine. 
The preliminary recommendation of that study is to 
complete partial separation of the remaining combined 
sewers. Such separation would consist of the construction 
of a new system of storm sewers and the conversion of 
the existing combined sewers to sanitary sewers. The total 
capital cost of completing this separation program would 
be about $3.9 million, with minimal operating costs. 

Since the areawide water quality management plan is 
being developed simultaneously with these local com- 
bined sewer overflow abatement studies in the Kenosha 
and Racine urban areas, the proposed plan is based upon 
the preliminary recommendation of those local studies as 
set forth above. It is intended that the final approved 

(footnote 25 continued) 

of 20 times per year and the volume of discharge ranging 
from 68 to 247 million gallons per year were estimated - .  

in the ~reliminarv draft- r e~or t .  Kenosha Service Area 
combined ~ewer"~,verflow/~acilities Plan Report trans- 
mitted to the City on September 14, 1978, by the 
consultant, Donohue and Associates, Inc. For the City 
of Racine. a rough draft reDort transmitted to the Citv 
on 0ctober 20,-1978, and entitled Racine combined 
Sewer Overflow Report, Racine, Wisconsin, reported an 
estimated discharge frequency of 20 times per year, and 
an area served in 1978 of about 1.7 square miles. No 
estimate of the annual discharge volume was included 
in the report. 

recommendation of these studies be incorporated into 
the areawide water quality management plan upon 1 
completion and approval of the local studies by the 
agencies concerned. I 
Existing Unsewered Urban Development Outside 
the Provosed Sanitarv Sewer Service Area 
There are seven enclaves of unsewered urban develop- 
ment located outside of the proposed year 2000 sewer 
service area as shown on Map 53. The corresponding 
urban enclave population in 1975 and 2000 and dis- 
tance to  the nearest proposed year 2000 sewer service 
area are listed in Table 132. In a generalized alternative 
analysis described earlier in this chapter, the cost of 
providing public sewerage service to  the enclaves of urban 
development was compared with the cost of continued 
onsite wastewater treatment. Based upon the results of 
that analysis, it was concluded wastewater treatment for 
these six enclaves of unsewered urban development 
should be provided in one of two ways. 

For certain of the unsewered urban areas, the plan 
proposes the continued use of onsite wastewater treat- 
ment systems coupled with a suitable program for moni- 
toring and maintaining the systems. This plan proposal is 
generally applicable to areas with soils and lot sizes which 
are suitable for conventional onsite wastewater treatment 
systems. Three of the seven unsewered urban enclaves 
were included in this category-the Town of Somers- 

Table 132 

EXISTING URBAN DEVELOPMENT NOT SERVED. 
BY PUBLIC SANITARY SEWERS I N  THE 

KENOSHA-RACINE SUBREGIONAL AREA BY 
MAJOR URBAN CONCENTRATION: 2000 

Town of Mt. Pleasant- 
Sections 4,8, and 9 

Town of Mt. Pleasant- 

a See Map 53. 
I 

Urban development is defined in this context as concentrations of urban 
land uses within any given U. S Public Land Survey quarter section that 
has at least 32 housing units, or an average of one housing unit per five 
gross acres, and is not served by public sanitary sewers. 

Source: SEWRPC. 



Section 1, in Kenosha County; and the Town of Cale- 
donia-Section 6 and Section 7 in Racine County. 

Table 133 

For the remaining enclaves, the plan proposes the con- 
duct of further site-specific planning to determine the 
best wastewater management practice. The four urban 
enclaves which should consider alternative methods of 
onsite waste disposal and an intensive inspection and 
maintenance program for conventional systems, as well 
as the possibility of connections to the public sanitary 
sewer service area, are the Town of Somers-Section 3 
and Section 29 in Kenosha County; and the Town of 
Mt. Pleasant Sections 4, 8, and 9, and Section 17 in 
Racine County. 

Sanitary Sewer System Flow Relief Devices 
In 1975 there were 76 known sanitary or combined sewer 
system flow relief devices in the Kenosha-Racine sub- 
regional area.26 The proposed plan recommends that local 
facilities planning efforts include the formulation of plans 
for the elimination of these sewage flow relief devices. 

Other Known Point Sources of Wastewater 
There are a total of 21 known point sources of waste- 
water other than wastewater treatment plants and sewer 
system flow relief devices in the Kenosha-Racine sub- 
regional area. These other point sources consist primarily 
of industrial cooling, process, and backwash waters which 
are discharged without treatment, or following pretreat- 
ment, directly to  surface waters or to  storm sewers 
tributary to  such streams, watercourses, or Lake Michigan. 
The discharge characteristics of these point sources of 
wastewater are revorted in Chavter I11 of SEWRPC 
Technical Report NO. 21, ~ources'of Water Pollution in 
Southeastern Wisconsin: 1975. and are indicated to  
contain constituents of fiveday biochemical oxygen 
demand (BOD5), ammonia-nitrogen, phosphorus, and 
fecal coliform which are generally lower than those 
established as performance standards for the public 
and private wastewater treatment plants in the Region 
discharging to the same or similar receiving water bodies. 
Thus, in most cases no further treatment recommenda- 
tions were advanced for these other point sources with 
regard to  these constituents. However, it is recommended 
that these point sources in general reduce discharge 
temperatures t o  8 9 ' ~  or less, oils and grease to  less than 
10 mg/l, and heavy metals, organics, and other pollutant 
concentrations t o  levels required by "Best Available 
Technology," or as identified on a case-by-case basis 
under the state permit system process. Reported effluent 
characteristics for these point sources which could 
require treatment are noted in Table 133. 

26 Local sewerage facilities planning activities in the City 
o f  Kenosha as documented in the 1978 report, Prelimi- 
nary Draft-Kenosha Service Area Combined Sewer .. 

0verflow;~acilities Plan Report. September 14, 1978, 
identified 21 additional points o f  sewage flow relief. 
A total o f  41 crossovers and bypasses were identified 
in this 1978 study, compared with 20 such devices 
identified in the 1975 inventory conducted under the 
areawide water quality management planning program. 

REPORTED EFFLUENT CHARACTERISTICS FOR 
KNOWN POINT SOURCES OTHER THAN SEWAGE 

TREATMENT PLANTS AND SEWAGE FLOW RELIEF 
DEVICES THAT REQUIRE TREATMENT CONSIDERATION- 

KENOSHA-RACINE SUBREGIONAL AREA: 1975 

a Unless speofically noted otherwise. data were obtained, in order ofpriority, from: quarterly reports 
fded wrth the Wtscons~n Department of Natural Resources under the Wsconrin Pollutant Discharge 
E1,mination System, reports filed under Section 101 of the Wisconsin Administrative Code, or from 
the Wtsconsin Pollutant Discharge Elimination System permtt jtself. 

Source: SEWRPC. 

Constituents 
Requiring 
Treatment 

~onr tdara t ion~  

Suspended 
Soltdr 

Phosphorus 

The degree of treatment and costs of constructing and 
operating treatment facilities associated with these 
point sources of wastewater should be determined on an 
individual basis in conjunction with other pretreatment 
requirements for existing discharges to  public sanitary 
sewerage systems. However, in order to  present a com- 
plete analysis of the cost of the areawide water quality 
management planning program for this subregional area, 
a cost estimate was made of the treatment requirements 
which appeared to  be needed from the limited data 
available on these point sources. This estimate excludes 
existing industrial process system modifications designed 
to reduce pollutant discharge, existing industrial treat- 

Receiving 
Water 
Body 

Hoods Creek 
via Dra~nage Tile 

Root River 
via Storm Sewer 

ment facilities, and existing pretreatment systems utilized 
for treatment of waste conveyed t o  public sanitary 

Average 
Flaw 
1975 
lmgd) 

0.013 

0.017 

Point Source Dtrcharge 

sewerage systems. The total present worth over a 50-year 
analysis period of construction and operation of the 
treatment facilities needed to correct existing discharges 
of industrial wastes is estimated to be about $113,000. 
The capital cost for constructing the facilities is about 
$108,000, with an estimated average annual cost of 
$2,000 over the design period 1975 to 2000. 

Name 

Kenosha-Racine 
Subregtonal Area 

Frank Pure Food Company 

Twin D m ,  lnc.- 
Racine Street Plant. . . . . . 

ROOT RIVER CANAL SUBREGIONAL AREA 

Clvll 
Dwision 
Location 

Town of 
Caledonia 

City of 
Ractne 

The Root River Canal subregional area consists of all that 
part of the Root River watershed lying west of IH 94 in 
Racine and Kenosha Counties. The Root River Canal 
subregional area consists predominantly of rural, agri- 
cultural land uses, including several farms devoted to  
duck raising and butchering. The only incorporated 
municipality in the Root River Canal subregional area 
is the Village of Union Grove, which actually straddles 
the subcontinental divide, lying partially within the Root 
River watershed and partially within the Des Plaines 
River watershed. In addition, a major state institution- 
the Center for the Developmentally Disabled (Wisconsin 
Southern Colony) operated by the Wisconsin Department 
of Health and Social Services-is located west of the 
Village of Union Grove in the Town of Dover. 



Centralized sanitary sewer service in the Root River Canal 
subregional area was provided in 1975 only by the Village 
of Union Grove to an area of about 1.0 square mile and 
served an estimated population of 3,200 persons. In 1975 
there were also an estimated 8,100 persons residing 
within the subregional area not served by centralized 
sanitary sewerage facilities. Of these 8,100 persons, 
1,400 were served by the private wastewater treatment 
facility operated by the Center for the Developmentally 
Disabled. Specific population, service area, and related 
characteristics of the Village of Union Grove sanitary 
sewerage system are presented in Volume One, Chap- 
ter V of this report, and in Chapter I11 of SEWRPC 
Technical Report No. 21, Sources of Water Pollution 
in Wisconsin: 1975. 

Sewer Service Analysis Areas 
Three sewer service analysis areas may be identified 
within the Root River Canal subregional area (see 
Table 134). These three sewer service analysis areas 
are shown on Map 56 and may be described as follows: 

1. Area A-This area consists of the Village of Union 
Grove and environs. In 1975 sanitary sewer ser- 
vice was provided in this area to about 1.0 square 
mile, having a total resident population of about 
3,200 persons. The total area anticipated to be 
served with centralized sanitary sewer service 
by the year 2000 approximates 3.0 square miles, 
with a projected resident population of about 
6,400 persons. This represents a decrease in the 
planned population from the 7,700 persons 
forecast for the area for 1990 in the regional 
sanitary sewerage system plan. This subarea is 
referenced as the "Union Grove" sewer service 
area in the ensuing discussion. 

2. Area B-This area consists of the Center for the 
Developmentally Disabled (Wisconsin Southern 
Colony) in the Town of Dover. While the sanitary 
sewerage system operated by the Wisconsin 
Department of Health and Social Services to serve 
this institution is not, strictly speaking, a public 
centralized sanitary sewerage system, the service 
area has all the characteristics of a small urban 
village, and the sewage treatment facility is as 
large as many facilities serving typical villages 
throughout the Region. For this reason, and 
because of its proximity to the Village of Union 
Grove, the Center has been considered as a sepa- 
rate sewer service area for regional sewerage 
system planning purposes. The total institution 
population anticipated to be served by the year 
2000 is about 1,900 persons, which closely 
approximates the planned population of 2,000 
persons forecast for 1990 in the regional sanitary 
sewerage system plan. This subarea is referenced 
as the "Center for the Developmentally Disabled" 
sewer service area in the ensuing discussion. 

Map 56 

SEWER SERVICE ANALYSIS AREAS 
ROOT RIVER CANAL SUBREGIONAL AREA 

LEGEND 

E:h$T;;G URBAN 

DEVELOPMENT 
OUTSIDE OF 

2 CODE NlhgER FOR 
DEVELOPMENT SEWER SERVICC OUTSIOE AREAm.-- 

SEE TABLE 140 

The Root River Canal subregional area consists predominantly of rural, 
agricultural land uses, including significant amounts of agricultural-related 
industry such as duck raising and butchering. One urban and one institu- 
tional sewer service area are located in this subregion, namely the Village of 
Union Grove and the Center for the Developmentally Disabled (Wisconsin 
Southern Colony). One other sewer service area has been identified which 
presently includes a private wastewater treatment plant serving the Racine 
County Highway and Park Commission Building in the Town of Yorkville. 
Wastewater treatment is presently planned to be provided to nearby existing 
commercial and residential areas, which are generally located bn soils 
unsuited for conventional onsite wastewater treatment systems. Both the 
Union Grove and the Center's treatment facilities discharge effluent to  the 
West Branch of the Root River Canal. The Racine County Highway and Park 
Commission Building facility discharges into Hoods Creek. By the year 2000 
about 8,400 persons are expected to reside in these three sewer service 
areas, which will approximate 4.17 square miles. In 1975 there were about 

11,300 persons residing in the Root River Canal subregional area, of which 
3,200 were served by centralized sewer service, 1,400 were served by a pri- 
vate wastewater treatment facility, and 6,700 were served by onsite sewage 
disposal systems. 

Source: SEWRPC. 

3. Area C-This area consists of the Racine County 
Highway and Park Commission Building in the 
Town of Yorkville and existing surrounding 
commercial, recreational, and residential land uses 
which are located in areas unsuited for conven- 
tional onsite wastewater disposal systems. While 
this area was not categorized in the previous 
regional planning programs as a public sanitary 



Table 134 

SELECTED CHARACTERISTICS OF SEWER SERVICE AREAS I N  THE 
ROOT RIVER CANAL SUBREGIONAL AREA: 1975,1985, A N D  2000 

a ~ e e  Map 56. 

b ~ h e  population of the Center for the DevelopmentaNy Disabled is presently served by a private wastewater treatment facility. 

'Based upon reported 1975 hydraulic loading of the treatment facility serving the Racine County Highway and Park Commission Building. 

dlncludes an estimated contribution from the Racine County Highway and Park Commission Building. 

Source: SEWRPC. 

sewerage system, local plans have been developed 
which would provide for connection of existing 
development in the vicinity of the Racine County 
Highway and Park Commission Building to  the 
private wastewater treatment plant presently 
operated by the County. The existing develop- 
ment proposed to be connected to the private 
treatment plant is generally located in areas with 
soils which are unsuited for conventional onsite 
wastewater treatment systems. In view of these 
local plans, the area will contain a mixture of 
land uses and have the characteristics of a small 
sewer service area. The population of the area 
is expected t o  remain at about 100 persons 
through the year 2000. This subarea is referenced 
as the "Yorkville" sewer service area in the 
ensuing discussion. 

Planned 2000 

Sewer Service 
Analysis ~ r e a ~  

Summary of Root River 
Watershed Plan Recommendations 

Area 
Served 

(square miles) 

2.99 

0.67 
0.51d 

4.17 

Letter 

A 
B 

C 

- . . . . . - - - - - 

The Root River watershed plan, as adopted in 1966 by 
the Regional Planning Commission, included a water 

Existing 1975 

Name 

Union Grove. . . . . . . . . . . . 
Center for the 

Developmentally Disabled . . . 
Yorkville . . . . . . . . . . . . . .  

Total 

pollution abatement plan element pertaining to  sew- 
erage facility development in the Root River Canal 
subregional area. The Root River watershed plan recom- 
mended an upgrading of the existing sewage treatment 
facilities serving the Village of Union Grove, the Center 
for the Developmentally Disabled, and the Cooper-Dixon 
Duck Farm (now called C&D Foods, Inc.) Such 
upgrading was to  consist of the provision of additional 

Population 
Served 

6,400 

1,900 
100 

8,400 

Planned 1985 

capacity where necessary, coupled with the provision of 
higher levels of treatment.27 

Design 
Hydraulic 
Loading 
(mgd) 

1.10 

0.29 
0 . 0 7 ~  

1.46 

UnServed 
Population 

Residing in the 
Proposed 2000 
Service Area 

200 

. . 

100 

300 

Population 
Served 

4,600 

1,700 
100 

6,400 

Area 
, Served 

(square miles) 

0.97 

. . 

. . 

0.97 

Formulation of Alternatives 
As noted earlier in this chapter, a systematic proce- 

Design 
Hydraulic 
Loading 
(mgd) 

0.72 

0.24 
0.07 

1.03 

dure was utilized in the regional sanitary sewerage system 
plan for the formulation and evaluation of alternative 
public sanitary sewerage system plans. First, the potential 
for interconnection of community sanitary sewerage 
systems was evaluated. The interconnection of Union 
Grove and the Center for the Developmentally Disabled 

Population 
Served 

3.200 

1 ,400~  
.. 

4,600 

was found to be potentially feasible through the applica- 
tion of Wisconsin Department of Natural Resources 

Average 
Hydraulic 
Loading 
(mgd) 

0.43 

0.18 
0.0lc 

0.62 

guidelines concerning distances between and population 
of communities. A preliminary economic analysis was 
then made for the interconnection, with a more detailed 
analysis conducted for those system alternatives for 
interconnection which continued to appear feasible 
following preliminary analysis. A detailed economic 
analysis was made for two alternative plans for the Union 
Grove and Center for the Developmentally Disabled 
sewer service areas. One alternative provided for a joint 
treatment facility to  serve both areas, while the second 
alternative, which was ultimately recommended, provided 
for separate secondary treatment of the wastewater from 
each service area with provisions for advanced and 

27 For a more complete description o f  the water pollu- 
tion abatement element of the Root River watershed 
ulan. see Chanter XII o f  SEWRPC Planning Report No. 9, . , 

A comprehensive ~ l a i  for the Root ~ i v e r  -watershed; 
June 1966. 



auxiliary waste treatment capacity for both areas at the 
new Union Grove facility. A detailed discussion of these 
alternative proposals can be found in Chapter XI of 
SEWRPC Planning R e ~ o r t  No. 16. A Reeional Sanitarv - " 
Sewerage System Plan for Southeastern Wisconsin, 
February 1974. 

Certain conditions incorporated into the alternative 
analyses conducted under the regional sanitary sewerage 
system plan have changed since the time of that study. 
First, the projected year 2000 design population for 
the Union Grove sewer service area is about 1 8  per- 
cent lower than the projected 1990 population utilized 
in the regional sanitary sewerage system plan. Second, it 
has been determined that the existing outfall sewer from 
the Center for the Developmentally Disabled treatment 
plant would not be suitable for conveyance of secondary 
effluent to the Union Grove treatment facility due to 
infiltration, as well as to  the connections of agricultural 
field tile to the sewer. For these reasons, the inter- 
connection of the Union Grove and Center for the 
Developmentally Disabled as analyzed under the regional 
sanitary sewerage system plan was reconsidered, and an 
updated economic analysis conducted. With regard to the 
Yorkville sewer service area, located approximately four 
miles from the Sturtevant sanitary sewer system which is 
part of the proposed Racine sewer service area in the 
Kenosha-Racine subregional area, a plan providing for 
connection of the system to the Racine sewer service 
area was considered as an alternative to upgrading and 
expansion of the existing treatment facility. Accordingly, 
it was determined that the following sanitary sewerage 
system plans for the Root River Canal subregional area 
should be prepared and evaluated: 

1 .  Two alternative plans on the number and location 
of treatment facilities needed to serve the Union 
Grove and Center for the Developmentally 
Disabled sewer service areas. 

2. Two alternative plans for the Yorkville sewer 
service area. 

Results of water quality simulations are presented under 
the previous section on the diffuse source control ele- 
ments for the Root River watershed. 

Sanitary sewerage system plans for the three sewer 
service areas are described in the following sections. 

Alternative Plans-Union Grove and Center 
for the Developmentally Disabled Subareas 
As noted above, alternative analyses were conducted 
which considered bhe interconnection of the Union 
Grove and Center for the Developmentally Disabled 
sewer service areas for wastewater treatment plant 
purposes. Two alternative plans were formulated. The 
first alternative assumes the provision of two individual 
treatment plants--one in each sewer service area. The 
second alternative would provide for consolidation of 
treatment facilities at the site of the new Union Grove 
treatment plant, which is scheduled for completion in 

1978. The recommended treatment levels and per- 
formance standards under the two alternatives are set 
forth in Table 135, and the two proposals are shown 
on Maps 57 and 58. 

The simulation model studies have indicated that it may 
not be possible to achieve the water quality standards 
associated with the warmwater fishery and aquatic life 
and full recreational use objectives in the Root River 
Canal even with extensive point and nonpoint source 
controls. Because of the poor existing water quality 
in this stream and the critical role of exist in-place 
pollutants, it was not possible to precisely predict the 
potential achievement of the high levels of water quality 
standards under a significantly reduced pollutant loading. 
Thus, it is recommended that both point and nonpoint 
source controls be based initially upon the achievement 
of limited fishery, limited recreation, and minimum use 
objectives, with further analyses to be conducted to  
determine whether or not a higher level of water use 
objectives could be achieved. These analyses will be most 
suitably conducted following implementation of the 
controls initially recommended to reduce the existing 
loadings to the Canal. In order to meet even this lower 
objective in the Root River Canal, it will be necessary for 
the treatment plants proposed under each of the two 
alternative plans to provide a secondary level of waste- 
water treatment with auxiliary waste treatment for 
effluent disinfection followed by land application of the 
effluent, or secondary waste treatment with conventional 
advanced waste treatment for nitrification and phos- 
phorus, and auxiliary1 waste treatment for effluent 
aeration and disinfection prior to discharge to the Root 
River Canal. In addition, a high level of phosphorus 
removal producing an effluent with a concentration of 
approximately 0.1 mg/l of total phosphorus is needed to  
achieve water use objectives established for the Root 
River main stem downstream of the confluence with the 
Root River Canal. A warmwater fishery, recreational use 
standard has been recommended for this downstream 
section. The regional sanitary sewerage system plan 
recommended that the treatment facilities serving the 
Union Grove and Center for the Developmentally Dis- 
abled sewer service areas provide secondary waste treat- 
ment with conventional advanced waste treatment for 
phosphorus removal and nitrification and auxiliary waste 
treatment for effluent aeration and disinfection. 

Based upon the general analyses described earlier in 
this chapter, the provision of secondary waste treatment 
and auxiliary waste treatment for effluent disinfection 
followed by effluent land application is considered to  be 
a viable alternative to  providing secondary waste treat- 
ment with cynventional advanced waste treatment for 
nitrification, a high level of advanced waste treatment for 
phosphorus removal, and auxiliary waste treatment for 
effluent aeration and disinfection prior to discharge to 
surface waters for facilities the size of the Village of 
Union Grove and Center for the Developmentally 
Disabled treatment plants. In both alternative plans, 
the alternative analyses have been based upon the 
provision of suitable treatment followed by discharge to  



Table 135 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-ALTERNATIVE SANITARY 
SEWERAGE SYSTEM PLANS FOR THE UNION GROVE AND CENTER FOR THE DEVELOPMENTALLY 

DISABLED SEWER SERVICE AREAS: ROOT RIVER CANAL SUBREGIONAL AREA 

a See Map 56, 

This treatment recommendation differs from the regional sanitary sewerage system recommendations, which included the provision o f  secondary waste treatment with conventional 
advanced waste treatment for phosphorus removal (effluent concentration o f  1.0 m g l  o f  total phosphorus) and nitrification andauxiliary waste treatment for effluent aeration and 
disinfection prior to discharge to the Root River Canal. 

Wastewater 
Treatment 

Plant 

Alternative Plan 1 

Village of Union Grove. . . . . . 

Center for the 
Developmentally Disabled . . . 

Alternative Plan 2 

Village of Union Grove. . . . . . 

Source: SEWRPC. 

Type of Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

in Plan Preparation 

Activated Sludge 
Nitrification 

Phosphorus Removal 

Aeration 

Disinfection 

Activated Sludge 
Disinfection 

Land ~ p p l i c a t i o n ~  
Spray Irrigation 

Activated Sludge 
N~tr i f icat~on 

Phosphorus Removal 

Aeration 

Disinfection 

the surface waters for the Union Grove treatment plant 
since the construction of most major components of the 
needed facilities is presently underway. Under Alternative 
Plan 1 ,  which also includes a treatment facility at the 
Center for the Developmentally Disabled, treatment fol- 
lowed by an effluent land application system was utilized 
in the alternative analysis for that plant, since this alter- 
native was found to be less costly at the systems level and 
since there is no previous commitment to  the construc- 
tion of advanced waste treatment facilities. 

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly limits) 

BOD5 Discharge: 15.0 mgll 
Ammonia-Nitrogen 

Discharge: 1.5 mgll 
Phosphorus Discharge: 

0.1 m g l ~  
3;- .olved Oxygen in 

-ffluent: 6.0 mgll 
Fecal Golifoim Concentration: 

20011 00 mi  

BOD Dtscharge: 30.0 mgll 
5 

Fecal Col~torm Concentration: 
200/100 ml 

. . 

BOD5 Discharge: 15.0 mgll 
Ammonia-Nitrogen 

Discharge: 1.5 mgll 
Phosphorus Discharge: 

0.1 mg/~ 
Dissolved Oxygen in 

Effluent: 6.0 mgll 
Fecal Coliform Concentration: 

20011 00 rnl  

Under Alternative Plan 1 ,  the existing Village of Union 
Grove wastewater treatment plant would be expanded 
and upgraded to serve the Union Grove sewer service 
area. In 1975 the sewage treatment facility serving the 
Village of Union Grove had an average hydraulic design 
capacity of 0.30 mgd, and provided a secondary level of 
waste treatment. Union Grove is currently constructing 
a new treatment facility, which is scheduled for comple- 
tion in 1978. This new facility is designed to  provide 
secondary waste treatment, as well as advanced waste 
treatment for nitrification and phosphorus removal and 

Estimated Average 
Hydraulic Design 

auxiliary waste treatment for effluent aeration and 
disinfection. As previously noted, the treatment facilities 
and the influent sewer have been designed so that addi- 
tions and modifications to accept additional wastewater 
from the Center for the Developmentally Disabled sewer 
service area could be accomplished at a future date. The 
new facility has been designed with an average hydraulic 
design capacity of 1.0 mgd. It is anticipated that future 
growth will require an average hydraulic design capacity 
for the Union Grove sewer service area of about 0.72 mgd 
in 1985 and about 1.10 mgd in the year 2000. This year 
2000 design flow is less than the estimated 1990 design 
flow of 1.43 mgd anticipated under the regional sanitary 
sewerage plan. 

Sewer Service 
Analysis Areas 

seweda 

Union Grove 

Center for the 
Developmentally Disabled 

Union Grove 
Center for the 

Developmentally Disabled 

Capacity 

1985 

0.72 

0.24 

0.96 

The Center for the Developmentally Disabled treat- 
ment facility would also be upgraded under Alterna- 
tive Plan 1. In 1975 the sewage treatment facility serving 
the Center for the Developmentally Disabled had an 
average hydraulic design capacity of 0.45 mgd and 
provided a secondary level of waste treatment. It is 

lmgd) 

2000 

1.10 

0.29 

1.39 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Advanced 

Auxiliary 

Secondary 
Auxiliary 

Advanced 

Secondary 
Advanced 

Auxiliary 

Estimated 
Population 

1985 

4,600 

1,700 

6,300 

2000 

6.400 

1,900 

8,300 



Map 57 Map 58 

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN 1 
FOR THE UNION GROVE AND CENTER FOR THE 

DEVELOPMENTALLY DISABLED SEWER SERVICE AREAS- 
ROOT RIVER CANAL SUBREGIONAL AREA: 2000 
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ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN 2 
FOR THE UNION GROVE AND CENTER FOR THE 

DEVELOPMENTALLY DISABLED SEWER SERVICE AREAS- 
ROOT RIVER CANAL SUBREGIONAL AREA: 2000 

LEGEND 

SEWER SERVICE AREAS 

EXISTING 1975-PUBLIC 

[7 PROPOSED 2 0 0 0  

SEWAGE TREATMENT FACILITIES 

$ PROPOSED PUBLIC 

4 A:STa2GDPRIVATE TO BE 

SEWERS AND APPURTENANT 
F A C I L I T I E S  - EXISTING TRUNK SEWER 

- PROPOSED TRUNK SEWER e m A p w , c  s c a L s  

**** EXISTING FORCE MAIN o 8 WLS 
F ?--- I 

[7 EXISTING L I F T  STATIQJ ~ o o a  4000 6000 soao FEET 

v------ 
EXlSTlNG PUMPING 
STATION 

The first alternative plan for providing service to the Union Grove and 
Center for the Developmentally Disabled sewer service areas proposes the 
continued operation of two wastewater treatment facilities, with relocation 
of the existing Union Grove plant to  a new site located on the West Branch 
of the Root River Canal. The new Union Grove plant would provide 
secondary waste treatment with conventional advanced waste treatment for 
nitrification, a high level of advanced waste treatment for phosphorus 
removal, and auxiliary waste treatment for effluent aeration and disinfection 
prior to discharge to the West Branch of the Root River Canal. The existing 

' Center for the Developmentally Disabled treatment facility would be 
upgraded to provide secondary waste treatment followed by auxiliary waste 
treatment for effluent disinfection and land application of plant effluent. 

Source: SEWRPC. 

anticipated that the future resident population of the 
Center for the Developmentally Disabled sewer service 
area will require an average hydraulic design capacity of 
about 0.24 mgd in 1985 and about 0.29 mgd in the year 
2000. This year 2000 design flow is less than the esti- 
mated 1990 design flow of 0.40 mgd anticipated under 
the regional sanitary sewerage system plan. 

The total present worth over a 50-year analysis period of 
construction and operation of the proposed treatment 
and conveyance facilities included under Alternative 
Plan 1 for the Union Grove and Center for the Develop- 
mentally Disabled service areas is about $7,240,000. 
The estimated capital cost for constructing the neces- 
sary additional treatment and conveyance facilities is 
$4,360,000, with an estimated average annual operation 
and maintenance cost of $268,000 (see Table 136). 

LEGEND + ,,ST, PRIVATE T O  BE 

SEWER SERVICE AREAS 

EXISTING 1975-PUBLIC 

111111 EXISTING 1975-PRIVATE 

a PROPOSED 2 0 0 0  

SEWAGE TREATMENT FACILITIES 

SEWERS AND APPURTENANT 
F A C I L I T I E S  - EXISTING TRUNK SEWER 

- PROPOSED TRUNK SEWER 

**** EXlSTlNG FORCE MAIN 

[7 EXISTING L l F T  STATION 

ysTUsb"," PUMPING 
O R A P " 4 C  8 C h L E  

8 M#LE - -- 4 

O LOO0 4000 eooo B O O 0  F L E I  
r .  

The second alternative plan for providing service to the Union Grove and 
Center for the Developmentally Disabled sewer service areas proposes con- 
solidation of wastewater treatment for the two areas at the new Union Grove 
wastewater treatment plant located on the West Branch of the Root River 
Canal. The new Union Grove plant would provide secondary waste treatment 
with conventional advanced waste treatment for nitrification, a high level 
of advanced waste treatment for phosphorus removal, and auxiliary waste 
treatment for effluent aeration and disinfection. Waste would be conveyed 
from the Center for the Developmentally Disabled treatment plant to the 
existing Union Grove treatment plant site and be combined with the waste- 
water from Union Grove prior to being conveyed to the new plant site 
through a common trunk sewer. 

Source: SEWRPC. 

Under Alternative Plan 2, the Union Grove and Center 
for the Developmentally Disabled sewer service areas 
would consolidate their wastewater treatment at the 
site of the new Union Grove wastewater treatment 
plant, which is presently under construction. Waste- 
water would be conveyed from the Center for the Devel- 
opmentally Disabled plant site to the site of the old 
Union Grove wastewater treatment plant via a new trunk 
sewer. The wastes from the two service areas would then 
be combined and conveyed to the new plant site through 
a new 21-inch trunk sewer which is presently under 
construction, and which. has been designed to handle the 
flow from both sewer service ares. It is anticipated that 
future growth will require an average hydraulic design 
capacity for the Union Grove and Center for the Develop- 
mentally Disabled sewer service areas of about 0.96 mgd 
in 1985 and 1.39 mgd in the year 2000. 



Table 136 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-ALTERNATIVE SANITARY SEWERAGE 
SYSTEM PLANS FOR THE UNION GROVE AND CENTER FOR THE DEVELOPMENTALLY 

DISABLED SEWER SERVICE AREAS: ROOT RIVER CANAL SUBREGIONAL AREA 

Source: SEWRPC 

The total present worth over a 50-year analysis period of 
construction and operation of the proposed treatment 
and conveyance facilities included under Alternative 
Plan 2 for the Union Grove and Center for the Devel- 
opmentally Disabled sewer service areas is about 
$6,987,000. The estimated capital cost for constructing 
the necessary additional treatment and conveyance 
facilities is $4,536,000, with an estimated average 
annual operation and maintenance cost of $234,700 
(see Table 136). 

Plan Subelement 

Alternative Plan 1 

Wastewater Treatment Plant 
V~llage of Union Grove. . . . 
Center for the 
Developmentally Disabled 

F a c ~ l ~ t y  . . . . . . . . . . . . 
Land . . . . . . . . . . . . . 

Subtotal 

Subtotal- 
Treatment Plants 

Trunk Sewers 
V~llage of Union Grove. . . . . 

Total 

Alternative Plan 2 

Wastewater Treatment Plant 
Village of U n ~ o n  Grove. . . . 

Trunk Sewers 
V~llage of Union Grove. . . . . 
Center for the 
Developmentally Disabled. . . 

Subtotal 

Total 

On an equivalent annual basis, Alternative Elan 2 would 
be about 3 percent less costly to implement than Alter- 
native Plan 1. However, other less tangible, but never- 
theless real, considerations were also evaluated in the 
alternative analysis. Alternative Plan 2 has the advantage 

Estimated 

Total 
Cap~tal 

52,854,000 

1,210,000 
1 10,000 

$1,320,000 

54.1 74,000 

186.000 

54.360.000 

54,160.000 

210.000 

186,000 

$ 396,000 

54,536,000 

Economic Analys~s 

of providing only one treatment facility to  serve the 
two sewer service areas, thus avoiding the duplication 
of staff and related facilities associated with two plants. 
The monitoring requirements associated with the treat- 
ment facilities would also be less under Alternative 
Plan 2. Alternative Plan 1 has the advantage of continued 
use of the existing Center for the Developmentally 

Cost: 1975-2000 
P 

Average Annual 
Operation and 

Maintenance 

$192,700 

75,000 
. . 

5 75,000 

$267,700 

300 

526S.000 

$234,000 

400 

300 

5 700 

$234,700 

Est~mates 

Disabled treatment facility, which was remodeled in 
1968. Alternative Plan 1 also has certain advantages 

Total 

$5,136,000 

1,920,000 
63,000 

$1,983,000 

$7,119.000 

121,000 

$7,240,000 

$6,728,000 

138.000 

121,000 

$ 259,000 

$6,987,000 

Present 

Construction 

$2.150.000 

755,000 
63,000 

$ 818.000 

$2,968,000 

1 1  7,000 

$3,085,000 

$3,145,000 

132.000 

1 17.000 

$ 249,000 

$3,394,000 

concerning the probability of implementation in that 

Total 

$326,700 

60,000 
4.000 

5 64.000 

$390.700 

7,300 

$398,000 

$426,000 

8.400 

7,300 

5 15,700 

$441,700 

Equivalent 

Construction 

$137,000 

48.000 
4,000 

5 52,000 

$189,000 

7.000 

$196.000 

$199,000 

8.000 

7.000 

5 15.000 

$214,000 

Worth: 1975-2025 

Operation and 
Maintenance 

$2,986,000 

1.1 65,000 
. . 

$1.165.000 

$4,151.000 

4,000 

$4,155,000 

$3,583,000 

6,000 

4,000 

$ 10,000 

$3,593.000 

wastewater treatment facilities would continue to  be 
operated by the two units of government now providing 
public sanitary sewer service in the Root River Canal 
subregional area. Based upon all these considerations, 
neither alternative is clearly better. However, principally 

Annual: 1975-2025 

Operatton and 
Maintenance 

$1 89,700 

12,000 
. . 

5 12,000 

$201,700 

300 

$202.000 

$227.000 

400 

300 

5 700 

$227,700 

on the basis of the desirability of consolidating treatment 
service and lower operating costs, Alternative Plan 2-the 
consolidation of waste treatment for the Union Grove 
and Center for the Developmentally Disabled sewer 
service areas-is recommended. 

Alternative Plans-Yorkville Subarea 
As noted above, alternative analyses were conducted 
which considered the interconnection of the York- 
ville sewer service area to  the Sturtevant portion of the 
Racine sewer service area, with ultimate conveyance to  
the Racine wastewater treatment facility in the Kenosha- 
Racine subregional area. Two alternative plans were 
formulated. The first alternative assumes continued 
operation along with the needed expansion and upgrading 
of the treatment facility in the Yorkville sewer service 
area. The second alternative plan would provide for 
connection of the Yorkville sewer service area to  the 
Sturtevant sewerage system for conveyance to  the Racine 



wastewater treatment plant. The recommended sewage Highway and Park Commission Building treatment plant 
treatment levels and performance standards under the will resolve existing onsite wastewater treatment prob- 
two alternatives are set forth in Table 137, and the two lems that now necessitate the use of holding tanks in the 
proposals are shown on Maps 59 and 60. area. Alternative Plan 1 recommends the expansion and 

In order to meet established water use objectives for 
Hoods Creek under Alternative Plan 1, the treatment 
plant located at the Racine County Highway and Park 
Commission Building will need to provide either a secon- 
dary level of treatment with auxiliary waste treatment 
for effluent disinfection followed by land application 
of treatment plant effluent, or secondary waste treat- 
ment with conventional advanced waste treatment for 
nitrification, a high level of advanced waste treatment 
for phosphorus removal-producing an effluent with 
a concentration of approximately 0.1 mg/l of total 
phosphorusand auxiliary waste treatment for aeration 
and disinfection prior to discharge to Hoods Creek. The - 
regional sanitary sewerage system plan did not contain 
specific recommendations with respect to the level of 
treatment for this facility. However, it was generally 
recommended in that plan that the facility be upgraded 
to meet the established water use objectives and 
supporting standards for the streams within the Root 
River watershed. 

In 1975 the wastewater treatment facility serving the 
Racine County Highway and Park Commission Building 
and the county golf course was considered a private plant 
and had an average hydraulic design capacity of 0.01 mgd 
and provided a secondary level of waste treatment. As 
noted above, the Town of Yorkville has formed a sanitary 
district and proposed the establishment of a public 
sanitary sewerage system to serve commercial, industrial, 
and residential development generally located along 
IH 94, CTH C, CTH A, and STH 20 in the vicinity of the 
Racine County Highway and Park Commission Building. 
The expansion of the area tributary to the Racine County 

upgrading of the existing wastewater treatment facility 
serving this area. This area had not been recommended to 
be served by a public sanitary sewerage system under the 
regional sanitary sewerage system plan, or under the 
newly adopted land use plan. Based principally upon 
local plans, the areawide water quality management plan 
proposes that public sanitary sewers be provided, but 
that this system principally serve existing development 
to provide relief from existing onsite wastewater treat- 
ment problems. Under Alternative Plan 1 ,  the existing 
development located within the sewer service area will 
require an average hydraulic design capacity of about 
0.07 mgd. 

Based upon the general analyses described earlier in this 
chapter, the provision of secondary waste treatment 
followed by auxiliary waste treatment for effluent 
disinfection and effluent land application is considered 
to  be less costly than providing secondary waste treat- 
ment with a high level of advanced waste treatment 
for phosphorus removal and auxiliary waste treatment. 
Accordingly, the effluent land application alternative 
is incorporated as a treatment system under Alternative 
Plan 1 .  

The total present worth over a 50-year analysis period of 
construction and operation of the proposed treatment 
and conveyance facilities included under Alternative Plan 
1 for the Yorkville sewer service area is about $776,500. 
The estimated capital cost for constructing the neces- 
sary additional treatment facility is $735,000, with an 
estimated average annual operation and maintenance cost 
of $15,400 (see Table 138). 

Table 137 

WASTEWATER TREATMENT LEVELS A N D  PERFORMANCE STANDARDS-ALTERNATIVE SANITARY SEWERAGE 
SYSTEM PLANS FOR THE YORKVILLE SEWER SERVICE AREA: ROOT RIVER CANAL SUBREGIONAL AREA 

a ~ e e  Map 56. 

Source: SEWRPC. 

Wastewater 
Treatment 

Plant 

Alternative Plan 1 
Town of Yorkville . . 

Alternative Plan 2 
City o f  Racine. . . . . 

Estimated Average 
Hydraulic Design 
Capacity (mgd) 

Service 
Analysis Areas 

Serveda 

Yorkville 

Racine, Yorkville 

1985 

0.07 

24.0 

2000 

0.07 

26.0 

Estimated 
Population 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Auxiliary 

Advanced 

Secondary 
Advanced 
Auxiliary 

1985 

100 

140,900 

2000 

100 

153,600 

Type o f  Wastewater 
Treatment Assumed for  
Cost Analysis Purposes 

i n  Plan Preparation 

Activated Sludge 
Disinfection 

Land Application 

Activated Sludge 
Phosphorus Removal 
Disinfection 

1 
Recommended 

Performance Standards i n  
Terms o f  Effluent Quality 

(all standards represent 
average monthly limits) 

BOD5 Discharge: 30.0 mgl l  
Fecal Co l~ form Concentration: 

20011 00 rnl 
- - 

BOD5 Discharge: 15.0 mgl l  
Phosphorus Discharge: 1 .O mgl l  
Fecal Coliform Concentration: 

20011 00 rnl 



Map 59 Map 60 

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN 1 
FOR THE YORKVILLE SEWER SERVICE AREA- 

ROOT RIVER CANAL SUBREGIONAL AREA: 2000 

LEGEND 

SEWER SERVICE AREAS 

0 
SEWAGE TREATMENT FACILITIES 

EXISTING PUBLIC TO BE RETAINED 

The first alternative plan for providing service to the Yorkville sewer service 
area proposes the expansion and upgrading of the existing private wastewater 
treatment plant now sewing the Racine County Highway and Park Commis- 
sion Building and the adjacent golf course and reclassification of this plant as 
a public facility. Public sanitary sewer sewice is proposed to be provided to 
serve existing commercial, industrial, and residential development in the 
vicinity of the existing plant in order to  resolve existing onsite wastewater 
disposal problems that now necessitate the use of holding tanks in portions 
of the area. The wastewater treatment plant is proposed to provide a secon- 
dary level of treatment followed by land application of plant effluent. 

Source: SEWRPC. 

Under Alternative Plan 2, all wastewater from the York- 
ville sewer service area would be conveyed to the 
Sturtevant sanitary sewer system, then to  the Racine 
wastewater treatment plant. This facility would discharge 
its effluent directly to Lake Michigan as described under 
the Kenosha-Racine subregional area alternative analysis. 
As previously noted, the areawide water quality manage- 
ment plan proposes that the Racine wastewater treatment 
plant provide secondary waste treatment with advanced 
waste treatment for phosphorus removal and auxiliary 
waste treatment for effluent disinfection. 

The total present worth over a 50-year analysis period of 
construction and operation of the proposed treatment 
and conveyance facilities included under Alternative 
Plan 2 for the Yorkville sewer service area is about 
$750,400. The estimated capital cost for constructing the 
necessary additional treatment and conveyance facilities 
is $958,500, with an estimated average annual operation 
and maintenance cost of $10,800 (see Table 138). 

Since, on an equivalent annual basis, the costs of imple- 
menting Alternative Plan 1 and Alternative Plan 2 are 
almost equal, plan selection must be based upon other 

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN 2 
FOR THE YORKVILLE SEWER SERVICE AREA- 

ROOT RIVER CANAL SUBREGIONAL AREA: 2000 

LEGEND 

SEWER SERVICE AREAS 

0 
SEWAGE TREATMENT FACILITIES 

EXlSTlNG PUBLIC TO BE ABANDONED 

SEWERS AND APPURTENANT FACILITIES 
- PROPOSED TRUNK SEWER 

..W.. PROPOSED FORCE MAIN 

P R O W E D  PUMPING STATION 

The second alternative plan for providing service to the Yorkville sewer 
service area proposes the abandonment of the existing private wastewater 
treatment plant now sewing the Racine County Highway and Park Commis- 
sion Building and adjacent golf course. Wastewater generated in the area 
would be conveyed to the Racine sewer service area for treatment at the 
City of Racine treatment plant. 

Source: SEWRPC. 

less tangible, but nevertheless real, considerations. The 
first alternative has certain advantages concerning ease of 
implementation in that a wastewater treatment facility 
would continue to  be operated by the present operating 
agencies. The second alternative has the advantage of 
eliminating one wastewater treatment facility, thus 
avoiding the duplication of staff and related facilities and 
the added monitoring associated with two plants. Alter- 
native Plan 2 also has an advantage in that the level of 
treatment required is less than that required under 
Alternative Plan 1, and thereby less manpower and 
energy is required. However, the potential future require- 
ment for increased levels of treatment prior to  discharge 
into Lake Michigan is a real consideration. As noted 
under the discussions on the Milwaukee metropolitan 
and Kenosha-Racine subregional areas, higher levels of 



Table 138 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS 
FOR THE YORKVILLE SEWER SERVICE AREA: ROOT RIVER CANAL SUBREGIONAL AREA 

a Costs are based upon a portion of the City of Racine wastewater treatment facility cost based upon the proportion o f  flow tributary to the City o f  Racine from 
the Yorkville sewer service area. 

Plan Subelement 

Alternative Plan 1 

Wastewater Treatment Plant 
Town of Yorkville 

Facilities . . . . . . . . . .  
Land. . . . . . . . . . . .  

Subtotal 

Trunk Sewers-None . . . . .  
Total 

Alternative Plan 2 

Wastewater Treatment Plant 
City of Fiacinea . . . . . . .  

Trunk Sewers 
Yorkville to Sturtevant. . .  
Sturtevant to Racine . . . .  

Subtotal 

Total 

Source: SEWRPC. 

treatment may be required for the treatment plants 
serving the Milwaukee metropolitan area and the Cities 
of Kenosha, Racine, and South Milwaukee as a result 
of agreements or settlements with the State of Illinois. 
Conversely, Alternative Plan 1 provides for elimination 
of all wastewater discharges from the Yorkville sewer 
service area, provided the effluent land application 
system is satisfactorily implemented. Alternative Plan 2 
also has a disadvantage in that it requires the construction 
of a system to convey wastewater from the Yorkville area 

Estimated 

Total 
Capital 

$685,500 
49,500 

$735,000 

-. 

$735,000 

$ 18,600 

752,900 
187,000 

$939,900 

$958,500 

to the Sturtevant sewer system. Thus, Alternative Plan 2 
would have a greater impact on the environment and 

Cost: 1975-2000 

Average Annual 
Operation and 
Maintenance 

$1 5,400 
. - 

$1 5,400 

. - 

$1 5,400 

$ 5,200 

5,400 
200 

$ 5,600 

$1 0,800 

affect a greater population than would Alternative Plan 1. 
Based upon all these considerations, neither alternative is 
clearly better. However, based principally upon the ease 
of implementation, Alternative Plan 1--expansion and 
upgrading of the existing facility in the Yorkville sewer 
service area-is recommended. 

Economic Analysis 

Private Wastewater Treatment Plants 
There are seven private wastewater treatment facilities 
in the Root River Canal subregional area which serve 
isolated enclaves of urban land uses and generally treat 
wastes which can be accepted in public sanitary sewerage 
systems. These facilities currently discharge treated waste- 

Estimates 

waters to the streams and groundwaters in the Root 
River Canal subregional area. These facilities serve C&D 
Foods, York Duck Farms, Pekin Duck Farm, the Racine 
County Highway and Park Commission, and Fonk's 
Mobile Home Park No. 1 in in the Town of Yorkville; 
Grove Duck Farm in the Town of Raymond; and Meeter 
Brothers Company and the Center for the Develop- 
mentally Disabled in the Town of Dover. 

Equivalent 

Construction 

$33,500 
1,800 

$35.300 

. - 

$35,300 

$ 600 

30,600 
6,200 

$36,800 

$37,400 

r~ 

Total 

$748,100 
28,400 

$776,500 

. . 

$776,500 

$ 91,700 

557,500 
101,200 

$658,700 

$750,400 

Present 

Construction 

$527,600 
28,400 

$556,000 

-. 

$556,000 

$ 9,900 

482.1 00 
98,300 

$580,400 

$590,300 

Except for the facilities serving the Center for the Devel- 
opmentally Disabled and the Racine County Highway 
and Park Commission Building, which are described 
above, and Meeter Brothers Company, each of these 
facilities lies beyond the proposed year 2000 service 
area of the public sanitary sewerage systems in the 
subregional area. These facilities, accordingly, must be 
retained and, as necessary, upgraded to provide a level 
of waste treatment adequate to meet the water use 
objectives and standards for the streams within the Root 
River Canal subregional area. The private plant serving 
the Center for the Developmentally Disabled would be 
abandoned, and that area would be interconnected to  the 
Union Grove sewer service area for wastewater treatment. 
The facility serving the Racine County Highway and 
Park Commission Building is discussed in the previous 

Worth: 1975-2025 

Operation and 
Maintenance 

$220,500 
-. 

$220,500 

. . 

$220,500 

$ 81,800 

75,400 
2,900 

$ 78,300 

$160,100 

Annual: 1975-2025 

Operation and 
Maintenance 

$14,000 
- - 

$14,000 

- - 

$14,000 

$ 5,200 

4,800 
200 

$ 5,000 

$10,200 

Total 

$47,500 
1.800 

$49,300 

. - 

$49,300 

$ 5,800 

35,400 
6,400 

$41,800 

$47,600 



section, and is proposed to be expanded and upgraded, facilities in the Root River Canal subregional area over 
and reclassified as a public wastewater treatment plant. a 50-year analysis period is about $2,705,000. The esti- 
The Meeter Brothers Company facility lies within the mated capital cost for constructing the necessary facilities 
proposed year 2000 sewer service area limits of the is about $1,890,000, with an estimated average operation 
Union Grove sewer service area. However, the facility and maintenance cost of $81,000. 
is a specialized treatment system constructed for the 
purpose of treating canning wastes with relatively high 
and seasonally variable waste strength and volume. This 
facility is proposed to  be retained, and should be 
upgraded as necessary to  meet the recommended water 
use objectives and supporting standards for the streams 
in the area of this facility. 

Based upon the general analysis described earlier in this 
chapter, land application of plant effluent is considered 
to be less costly than providing advanced waste treat- 
ment prior to discharge to the surface water for facilities 
the size of the four private plants noted above to be 
retained. The proposed plan for these plants is based 
upon the provision of land application of plant effluent 
(see Table 139). 

Should local facilities planning efforts indicate that land 
application of plant effluent is not practical to imple- 
ment, then an alternative treatment system designed to 
ultimately achieve the level of treatment needed to meet 
water quality standards with effluent discharge to the 
surface waters should be considered. 

The estimated present worth for construction and opera- 
tion of the necessary private wastewater treatment 

Existing Unsewered Urban Development Outside 
the Proposed Sanitary Sewer Service Area 
There are three enclaves of unsewered urban develop- 
ment located outside of the proposed year 2000 sewer 
service area, as shown on Map 56. The corresponding 
urban enclave population in 1975 and 2000 and the 
distance to the nearest proposed year 2000 sewer service 
area are listed in Table 140. In a generalized alternative 
analysis described earlier in this chapter, the cost of 
providing public sewerage service to these enclaves of 
urban development was compared with the cost of 
continued onsite wastewater treatment. Based upon the 
results of that analysis, it was concluded that wastewater 
treatment for these enclaves of unsewered urban develop- 
ment should be provided in one of two ways. 

For certain of the unsewered urban areas, the plan pro- 
poses the continued use of onsite wastewater treatment 
systems coupled with a suitable program for monitoring 
and maintaining the systems. This plan proposal is gen- 
erally applicable to areas with soils and lot sizes which 
are suitable for conventional onsite wastewater treatment 
systems. One of the unsewered urban areas was included 
in this category-the Town of Raymond-Section 1 3  in 
Racine County. 

Table 139 

WASTEWATER TREATMENT PERFORMANCE STANDARDS FOR PRIVATE WASTEWATER 
TREATMENT FACILITIES I N  THE ROOT RIVER CANAL SUBREGIONAL AREA 

Source: SEWRPC. 

Name of Facility 

C&D Foods- 
York Duck Farm 

Fonk's Mobile Home 
Park No. 1 

Grove Duck Farm 

Meeter Brothers Company 

Pekin Duck Farm 

Civil 
Division 
Location 

Town of Yorkville 

Town of Yorkville 

Town of  Raymond 

Town of Dover 

Town of Yorkville 

Type o f  
Land Use 
Served 

Industrial 

Residential 

Industrial 

Industrial 

Industrial 

TY 
of 

Wastewater 

Process and 
Sanitary 

Sanitary 

Process and 
Sanitary 

Process and 
Sanitary 

Process 

Disposal 
of 

Effluent 

Land Application 

Land Application 

Land Application 

Land Application 

Land Application 

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly limits) 

BOD5 Discharge: 30 mgll 
Fecal Coliform Concentration: 

20011 00 m l  

BOD5 Discharge: 30 mgll 
Fecal Coliform Concentration: 

20011 00 ml  

BOD5 Discharge: 30 mgll 
Fecal Coliform Concentration: 

2001100 ml  

BOD5 Discharge: 30 mgll 
Fecal Coliform Concentration: 

20011 00 m l  

BOD5 Discharge: 30 mgll 
Fecal Coliform Concentration: 

2001100 ml  



Table 140 

EXISTING URBAN DEVELOPMENT NOT SERVED 
BY PUBLIC SANITARY SEWERS I N  THE 

ROOT RIVER CANAL SUBREGIONAL AREA BY 
MAJOR URBAN CONCENTRATION: 2000 

See Map 56. 

~ u r n b e r ~  

1 
2 
3 

Total 

Urban development ,s deftned ,n rh,s context as concentranons of urban land user mthm any grven 
U. S. P u b l , ~  Land Survey quarter sectton that has at least 32 hourtng un,ts, or an average of one 
housing unrt per five gross acres, and ,s not served by publ,c sanitary sewers. 

Source: SEWRPC. 

For the remaining enclaves, the plan proposes the conduct 
of further site-specific planning to determine the best 
wastewater management practice. The two urban enclaves 
which should consider alternative methods of onsite 
waste disposal, as well as an intensive inspection and 
maintenance program for conventional systems, are 
the Town of Raymond-Section 6 and the Town of 
Yorkville-Sections 26 and 27 in Racine County. These 
areas generally have soil conditions and lot sizes which 
are considered unsuitable for conventional methods of 
onsite wastewater treatment. 

Distance from 
Year 2000 Sewer 

Service Area 
(miles) 

3 5 
2.1 
2.1 

Major Urban concentrattonb 

Ractne County 
Town of Raymond-Sectton 6 
Town of Raymond-Sectton 13 
Town of Yarkv8lle-Sect8onr 26 and 27 

Sanitary Sewer System Flow Relief Devices 
In 1975 there was one sanitary sewer system flow relief 
device in the Root River canal subregional area. The 
proposed plan recommends that local planning efforts 
include the formulation of a plan for the elimination of 
this sewage flow relief device. 

Estimated 

Population 

Other Known Point Sources of Wastewater 
There are a total of six known point sources of waste- 

1975 

137 
170 
484 

791 

water other than wastewater treatment plants and sewer 
system flow relief devices in the Root River Canal 
subregional area. These other point sources consist 
primarily of industrial cooling, process, and backwash 
waters which are discharged without treatment, or 
following pretreatment, directly to  surface waters or to 
storm sewers tributary to such streams and watercourses. 
The discharge characteristics of these point sources of 
wastewater are reported in Chapter I11 of SEWRPC 
Technical Report No. 21. Sources of Water Pollution in 

2000 

212 
162 
506 

880 

Southeastern Wisconsin: 1975, and are indicated to 
contain constituents of fivedav biochemical oxveen " - 
demand (BOD5), ammonia-nitrogen, phosphorus, and 
fecal coliform which are generally lower than those 
established as performance standards for the public 
and private wastewater treatment plants in the Region 
$ischarging to the same or similar surface water bodies. 
Thus, in most cases no further treatment recommenda- 
tions were advanced for these other point sources with 

regard to these constituents. However, it is recommended 
that the remaining point sources in general reduce 
discharge temperatures to 8g°F or less, oils and grease 
to less than 10 mg/l, and heavy metals, organics, and 
other pollutant concentrations t o  levels required by "Best 
Available Technology," or as identified on a case-by-case 
basis under the state permit system process. Reported 
effluent characteristics for these point sources which 
could require treatment are noted in Table 141. 

There are no costs calculated for these point sources 
in the Root River Canal subregional area. From the 
limited data available on these point sources, no addi- 
tional treatment appears to be required. Only one point 
source in this category was noted as needing further 
treatment consideration. That facility had a relatively low 
flow and effluent concentrations were bordering accept- 
able levels. Thus, the cost of treatment or substitution 
of process changes was estimated to  be minimal. 

DES PLAINES RIVER SUBREGIONAL AREA 

The Des Plaines River subregional area consists of all that 
part of the Des Plaines River watershed in Kenosha and 
Racine Counties except for the concentration of urban 
development along the shorelines of Lake Shangrila and 
Benet Lake in the Towns of Bristol and Salem, which has 
been grouped with adjacent development on the shore- 
lines of Voltz Lake and Cross Lake in the Lower Fox 
River subregional area for sewerage system planning 
purposes, and a portion of the urban area of the Village 
of Union Grove, placed in the Root River Canal 
subregional area for planning purposes. The Des Plaines 
River subregional area consists of predominantly rural 
and agricuitural land uses, with relatively- small 
concentrations of urban development in the Towns of 
Pleasant Prairie, Bristol, and Salem and the Village of 
Paddock Lake. 

Table 141 

REPORTED EFFLUENT CHARACTERISTICS FOR 
KNOWN POINT SOURCES OTHER THAN SEWAGE 

TREATMENT PLANTS A N D  SEWAGE FLOW RELIEF 
DEVICES THAT REQUIRE TREATMENT CONSIDERATION- 

ROOT RIVER CANAL SUBREGIONAL AREA: 1975 

Pomt Source Dlrcharge 
Average 

Clvil Raquirang 
Water Treatment 

Consideration 

Culligan Water 

Unto" Grave via Storm Sewer 

a Unless specifteally noted otherwise, data were obtained, ,n order of priority, from: quarterly reports 
filed with the Wisconsin Department of Natural Resources under the Wisconsin Pollotant Discharge 
E1,mination System, reports filed under Sectron 107 of the Wsconsin Administrative Code, or from 
the Wisconsrn Pollutant Dtscharge Elim,nat,on System permit ifself. 

Source: Wiseons,n Department of Natural Resources and SEWRPC 



Centralized sanitary sewer service in the Des Plaines 
River subregional area was provided by five systems in 
1975: those operated by the Village of Paddock Lake; 
the Town of Pleasant Prairie Sewer Utility District D; 
the Town of Pleasant Prairie Sanitary District No. 73-1; 
the Town of Bristol Sewer Utility District No. 1 ,  and 
the Town of Salem Sewer Utility District No. 1. 
Together, the service areas of these five systems 
comprised about 2.7 square miles and served an estimated 
population of 4,800 persons. In 1975 there were about 
7,200 persons residing within the subregional area not 
served by centralized sanitary sewerage facilities. Specific 
population, service area, and related characteristics of the 
five existing systems are presented in Volume One, 
Chapter V of this report. and in Chapter I11 of SEWRPC 
~echnical Report N;. 21, Sources of Water Pollution in 
Southeastern Wisconsin : 1975. 

Sewer Service Analvsis Areas 
A total of six sewer service analysis areas have been 
identified within the Des Plaines River subregional area 
(see Table 142). These six sewer service analysis areas 
are shown on Map 61 and may be described as follows: 

1. Area A-This area consists of the Village of 
Paddock Lake and environs. In 1975 sanitary 
sewer service was provided in this area to  about 
0.8 square mile, having a total resident population 
of about 1,900 persons. The total area anticipated 
to  be served by the year 2000 approximates 
1.7 square miles, with a projected resident popu- 
lation of about 3,300 persons. This represents 
a decrease in planned population from the 3,800 
persons forecast for the area for 1990 in the 
regional sanitary sewerage system plan. This 

subarea is referenced as the "Paddock Lake" 
sewer service area in the ensuing discussion. 

2. Area B-This area consists of the Town of Salem 
Sewer Utility District No. 1 and environs, 
including existing and proposed urban develop- 
ment along the shorelines of Hooker and 
Montgomery Lakes. In 1975 sanitary sewer ser- 
vice was provided in this area to  about 0.4 square 
mile, having a total resident population of about 
1,000 persons. The total area anticipated to  be 
served by the year 2000 approximates 1.4 square 
miles, with a projected resident population of 
about 1,800 persons. This represents an increase 
in the planned population from the 1,300 persons 
forecast for the area for 1990 in the regional 
sanitary sewerage system plan. This subarea is 
referenced as the "Hooker-Montgomery Lakes" 
sewer service area in the ensuing discussion. 

3. Area C-This area consists of the Town of Bristol 
Sewer Utility District No. 1 and environs, includ- 
ing existing and proposed urban development in 
the unincorporated village of Bristol and along 
the shoreline of George Lake. In 1975 sanitary 
sewer service was provided in this area to  about 
0.7 square mile, having a total resident population 
of about 800 persons. The total area anticipated 
to be served by the year 2000 approximates 
1.7 square miles, with a projected resident popu- 
lation of about 2,000 persons. This represents an 
increase in the planned population from the 
1,500 persons forecast for the area for 1990 in 
the regional sanitary sewerage system plan. This 
subarea is referenced as the "Bristol-George Lake" 
sewer service area in the ensuing discussion. 

Table 142 

SELECTED CHARACTERISTICS OF SEWER SERVICE AREAS I N  THE 
DES PLAINES RIVER SUBREGIONAL AREA: 1975,1985, AND 2000 

a See Map 61. 

Includes a projected industrialcommercial loading of  0.27 mgd. 

Letter 

A 
B 
C 
D 
E 
F 

Includes an estimated loading o f  10,000 gallons per  day from the Wisconsin Electric Power Company generating facility under construction i n  1978 i n  the Town o f  Pleasant Prairie. 

Source: SEWRPC. 

Sewer Service 
Analysis ~ r e a ~  . 

Name 

Paddock L a k e .  . . . . . . . . . 
Hooker-Montgomery Lakes . . . 
Bristol-George Lake. . . . . . . . 
Br~stol-IH 94. . . . . . . . . . . . 
Pleasant Prairie-North . . . . . . 
Pleasant Prairie-South . . . . . . 

Total 

Ex~sting 1975 Planned 2000 

Area 
Served 

(square m~les) 

0.79 
0.37 
0.72 
. . 

0.68 
0.09 

2.65 

Planned 1985 

Area 
Sewed 

(square miles) 

1.72 
1.35 
1.73 
0.51 
2.52 
3.24 

1 1.07 

Resident 
Population 

Served 

2,800 
1,400 
1,400 

100 
2,000 

700 

8,400 

Resident 
Populat~on 

Served 

1,900 
1.000 

800 
.. 

1.000 
1 00 

4,800 

Design 
Hydraulic 
Loading 
(rngd) 

0.36 
0.16 
0.20 
0 . 2 9 ~  
0.31 
0 . 1 6 ~  

1.48 

Resident 
Population 

Served 

3,300 
1,800 
2,000 

300 
3,000 
1.000 

11,400 

Design 
Hydraul~c 
Loading 
(mgd) 

0.46 
0.25 
0.32 
0 . 3 3 ~  
0.52 
0 . 2 2 ~  

2.10 

Average 
Hydraulic 
Loading 
(mgdl 

0.17 
0.08 
0.07 
. . 
0.10 
0.03 

0.45 

Unsewed 
Population 

Resid~ng in the 
Proposed 2000 
Service Area 

. . 
200 
. . 

100 
100 
600 

1.200 



Map 61 

SEWER SERVICE ANALYSIS AREAS: DES PLAINES RIVER SUBREGIONAL AREA 
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Six individual sewer service analysis areas were identified within the Des Plaines River subregional area. These include the Village o f  Paddock Lake, the Hooker- 
Montgomery Lakes area in the Town of  Salem, the unincorporated village of Bristol and Lake George area in the Town of Bristol, the commercial-industrial land 
use complex located along I H  94 in  the Town of Bristol, the unincorporated village of Pleasant Prairie, and a complex of existing and proposed urban land use 
concentrations i n  the Town of Pleasant Prairie near the Illinois-Wisconsin State line and west of the subcontinental divide. By the year 2000. about 11,400 persons 
are expected t o  reside i n  these six sewer service areas, which will approximate 11.07 square miles. I n  1975 there were about 12,000 persons residing in the Des 
Plaines River subregional area, o f  which 4,800 persons were served by  centralized sewer service and 7,200 by onsite sewage disposal systems. 

Source: SEWRPC. 

4. Area D-Th'is area consists of a portion of the 
Town of Bristol lying along IH 94 between the 
STH 50 and CTH C interchanges. While no public 
sanitary sewer service was provided in this area 
in 1975, one private sewage treatment facility was 
operated in the area serving the Howard Johnson 
Motor Lodge and an adjacent automobile service 
station. In addition, wastes from the truck service 
center operated by Beaver Transport Company 

and Quality Carriers, Inc., are currently trucked 
to the City of Kenosha wastewater treatment 
plant, while the McDonald's restaurant, which 
began operation in the area late in 1977, is served 
by a holding tank. The Town of Bristol has 
proposed the establishment of a public sanitary 
sewerage system to serve this area. The total area 
anticipated t o  be served by the year 2000 
approximates 0.5 square mile, with a projected 



resident population of 300 people. An estimated 
industrialcommercial wastewater loading equiva- 
lent of 1,300 people is included in the forecast 
hydraulic loading for this area. This represents the 
same equivalent population of 1,600 persons 
forecast for the area for 1990 in the regional 
sanitary sewerage system .plan. This subarea is 
referenced as the "Bristol-IH 94" sewer service 
area in the ensuing discussion. 

5. Area E-This area consists of the Town of Plea- 
sant Prairie Sewer Utility District D. In 1975 
sanitary sewer service was provided in this 
area to  about 0.7 square mile, having a total 
resident population of about 1,000 persons. 
The total area anticipated to  be served by the 
year 2000 approximates 2.5 square miles, with 
a projected resident population of about 3,000 
persons. This represents an increase in the 
planned population from the 800 persons forecast 
for the area for 1990 in the regional sanitary 
sewerage system plan. This subarea is referenced 
as the "Pleasant Prairie-North" sewer service area 
in the ensuing discussion. 

6.  Area F-This area consists of a portion of 
the Town of Pleasant Prairie Sanitary District 
No. 73-1, including the site of the proposed 
Wisconsin Electric Power Company power gen- 
eration plant now under construction north of 
CTH T in Section 16 of the Town of Pleasant 
Prairie. In 1975 sanitary sewer service was 
provided in this area to about 0.1 square mile, 
having a total resident population of about 
100 persons. The total area anticipated to be 
served by the year 2000 approximates 3.2 square 
miles, with a projected resident population of 
about 1,000 persons. This represents a decrease 
from the 2,800 persons forecast for the area for 
1990 in the regional sanitary sewerage system 
plan. However, under that plan, 2,000 persons 
of the forecast population were anticipated due 
to local development plans which were current 
at the time and which were not allocated to 
the area under the adopted 1990 regional land 
use plan. As of 1975, these plans had not been 
put in effect. This subarea is referenced as. the 
"Pleasant Prairie-South" sewer service area in 
the ensuing discussion. 

Formulation of Alternatives - 
As noted earlier in this chapter. a systematic ~rocedure - , -  

was utilized in the regional sanitary sewerage system plan 
for the formulation and evaluation of alternative public 
s'anitary sewerage system plans. First, the potential for 
interconnection of community sanitary sewerage systems 
was evaluated. Two interconnections in the Des Plaines 
River subregional area-Hooker-Montgomery Lakes to 
Paddock Lake and Bristol IH 94 to Pleasant Prairie- 
North-were found to be potentially feasible through 
the application of Wisconsin Department of Natural 
Resources guidelines concerning distances between and 

population of communities. Preliminary economic 
analyses were then made for those interconnections 
which were found to  be potentially feasible, with a more 
detailed analysis conducted for those systems which 
continued to appear feasible following the preliminary 
analyses. A detailed economic analysis was made for two 
alternative plans for the Paddock Lake and Hooker- 
Montgomery Lakes sewer service areas. One alternative 
provided for a joint treatment facility to serve both areas, 
while the second alternative, which was ultimately 
recommended, provided for separate treatment of the 
wastewater from each service area. A detailed discussion 
of these alternative proposals can be found in Chapter XI 
of SEWRPC Planning Report No. 16. A Repional Sanitarv - - - 
Sewerage System Plan for Southeastern Wisconsin, 
Februarv 1974. 

Because the water quality simulation work performed 
under the areawide water quality management planning 
program indicated that somewhat higher levels of waste- 
water treatment were required for the point sources in 
the Des Plaines River subregional area than had been 
recommended in the regional sanitary sewerage system 
plan, the two interconnections which were found to 
be potentially feasible in the earlier study were recon- 
sidered, and new economic analyses were conducted. 
In addition, because the interconnection of the Paddock 
Lake and Hooker-Montgomery Lakes sewer service areas 
was deemed to be a viable alternative following the 
economic analyses, an additional alternative was 
evaluated which would combine the Bristol-George Lake 
sewer service area with the Paddock Lake and Hooker- 
Montgomery Lakes service areas. An alternative plan was 
also analyzed which would provide for a single treatment 
facility-located at the site of the existing plant operated 
by the Town of Pleasant Prairie Sanitary District No. 
73-1-to serve all of the urban development in the Town 
of Pleasant Prairie west of the subcontinental divide, 
as well as the highway-oriented commercial development 
located along IH 94 in the Town of Bristol. Accordingly, 
it was determined that the following sanitary sewerage 
system plans for the Des Plaines River subregional area 
should be prepared : 

1.  Three alternative plans on the number and 
location of treatment facilities needed to  serve 
the Bristol-IH 94, Pleasant Prairie-North, and 
Pleasant Prairie-South sewer service areas. 

2. Three alternative plans on the number and 
location of treatment facilities needed to serve 
the Paddock Lake, Hooker-Montgomery Lakes, 
and Bristol-George Lake sewer service areas. 

Results of water quality simulations are presented under 
the previous section on the diffuse source control element 
recommendations for the Des Plaines River watershed. 

Based upon the results of the water quality simulation 
work conducted under the areawide water quality 
management program, it was concluded that in order to 
meet established water quality objectives, it would be 



necessary to provide a high level of advanced waste 
treatment for phosphorus removal in the Des Plaines 
River subregional area in addition to the levels of waste 
treatment recommended under the regional sanitary 
sewerage system plan. The effect of these recommended 
performance standards on the public wastewater treat- 
ment plants is noted in the following sections. Sanitary 
sewerage system plans for the six sewer service areas that 
lie within the Des Plaines River subregional area are 
described in the following sections. 

Alternative Plans-Bristol-IH 94. Pleasant Prairie- 
North, and Pleasant Prairie-South Subareas 
As noted above, alternative analyses were conducted 
which considered the interconnection of the Bristol- 
IH 94, Pleasant Prairie-North, and Pleasant Prairie-South 
subareas for wastewater treatment plant purposes. Three 
basic alternative plans were formulated. The first alter- 
native plan assumes the provision of three individual 
wastewater treatment vlants to  serve the three sewer 
service areas. The second alternative plan would provide 
for the consolidation of the Bristol-IH 94 and Pleasant 
Prairie-North treatment facilities at the site of the 
existing Pleasant Prairie-North treatment plant, together 
with upgrading of the Pleasant Prairie-South treatment 
facility. The third alternative plan would provide for 
a single centralized sewage treatment plant at the site of 
the existing Pleasant Prairie-South treatment facility. The 
recommended sewage treatment levels and performance 
standards under the three alternatives are set forth in 
Table 143, and the three proposals are shown on Maps 
62,63, and 64. 

In order to meet established water use objectives for the 
Des Plaines River, the treatment plants proposed under 
each of the three alternative plans will need to provide 
either a secondary level of wastewater treatment followed 
by auxiliary waste treatment for effluent disinfection and 
land application of the treatment plant effluent, or 
secondary waste treatment with advanced and auxiliary 
waste treatment, including a high level of advanced waste 
treatment for phosphorus removal-producing an effluent 
with a concentration of approximately 0.1 mg/l of total 
phosphorus. The recommendations regarding treatment 
and discharge to surface waters differ from those con- 
tained in the regional sanitary sewerage system plan. 
That plan recommended separate treatment facilities 
to serve each of the subareas in the watershed, and the 
provision of secondary waste treatment plus conventional 
advanced waste treatment for phosphorus removal-with 
an effluent concentration of 1.0 mg/l of total phos- 
phorus-and auxiliary waste treatment for effluent aera- 
tion and disinfection for the Pleasant Prairie Sanitary 
District No. 73-1 facility; secondary waste treatment plus 
auxiliary waste treatment for effluent disinfection for the 
Pleasant Prairie Sewer Utility District D facility; and 
secondary waste treatment plus auxiliary waste treatment 
for effluent aeration and disinfection for the new Bristol- 
IH 94 facility. 

Based upon the general analyses described earlier in this 
chapter, the provision of secondary waste treatment 
followed by auxiliary waste treatment for effluent 

disinfection and land application is considered to  be less 
costly than providing secondary waste treatment followed 
by a high level of advanced waste treatment for phos- 
phorus removal and auxiliary waste treatment. The 
simulation model studies indicated that the water quality 
standards for phosphorus cannot be achieved for the 
Des Plaines River when conventional advanced waste 
treatment for phosphorus removal is provided prior 
to discharge of the plant effluent to the surface waters. 
The phosphorus standard can be achieved about 90 per- 
cent of the time if land application of effluent is prac- 
ticed, or if a high level of advanced waste treatment 
for phosphorus removal is provided prior to discharge 
to the surface waters and if the appropriate level 
of nonpoint source pollution control is achieved. 
Accordingly, the effluent land application alternative 
is recommended. Should local facility planning efforts 
indicate that land application of plan effluent is not 
practical to implement, then an alternative treatment 
system designed to  ultimately achieve the level of 
treatment needed to meet water quality standards with 
the effluent discharged to the surface waters should be 
considered. That alternative treatment system should be 
designed to initially reduce phosphorus to  the lowest 
practicable level, and to  ultimately reduce the total 
phosphorus concentration in the plant effluent to about 
0.1 mg/l. 

Under Alternative Plan 1,  a new wastewater treatment 
plant would be constructed to  serve the existing and 
proposed commercial, industrial, and residential develop- 
ment located along IH 94 between the STH 50 and 
CTH C interchanges. The Town of Bristol had proposed 
the establishment of a public sanitary sewerage system 
to serve this area. The Town had estimated a total design 
hydraulic loading from the area of 0.33 mgd. This 
hydraulic design flow, which has been utilized as the year 
2000 hydraulic loading, is the same as the estimated 1990 
design capacity utilized in the regional sanitary sewerage 
system plan. The establishment of a sanitary sewerage 
system in this area would resolve existing wastewater 
treatment problems that now necessitate the trucking of 
industrial wastes to  the City of Kenosha wastewater 
treatment facility, and would permit the abandonment of 
the existing private wastewater treatment facility serving 
the Howard Johnson Motor Lodge, and of the holding 
tanks now serving other commercial facilities in the area. 

In addition to the new plant to serve the Bristol-IH 94 
area, the existing treatment plants serving the Pleasant 
Prairie-North and Pleasant Prairie-South areas would be 
upgraded. In 1975 the wastewater treatment facility 
serving the Town of Pleasant Prairie Sewer Utility Dis- 
trict D had, an average hydraulic design capacity of 
about 0.13 mgd, and provided a secondary level of 
waste treatment. It is anticipated that future growth 
will require an average hydraulic design capacity for 
the Pleasant Prairie-North sewer service area of about 
0.31 mgd in 1985 and about 0.52 mgd in the year 2000. 
This year 2000 design flow is considerably larger than 
the estimated 1990 design flow of 0.09 mgd anticipated 
under the regional sanitary sewerage system plan. 



Table 143 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-ALTERNATIVE SANITARY 
SEWERAGE SYSTEM PLANS FOR THE BRISTOL-IH 94, PLEASANT PRAIRIE-NORTH, AND PLEASANT 

PRAIRIE-SOUTH SEWER SERVICE AREAS: DES PLAINES RIVER SUBREGIONAL AREA 

a See Map 61. 

Includes a projected industrialcommercial loading o f  0.27 mgd. 

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly l imits) 

BOD5 Discharge: 30 mgll 
Fecal Coliform Concentration: 

20011 00 ml 
. - 

BOD5 Discharge: 30 mgll 
Fecal Coliform Concentration: 

20011 00 ml 
. - 

BOD5 Discharge: 30 mgll 
Fecal Coliform Concentration: 

200l100 ml 
-. 

BOD5 Discharge: 30 mgll 
Fecal Coliform Concentration: 

20011 00 ml 
. - 

BOD5 Discharge: 30 mgll 
Fecal Coliform Concentration: 

2001100 ml 
. . 

BOD5 Discharge: 30 mgll 
Fecal Coliform Concentration: 

20011 00 ml 
-. 

Wastewater 
Treatment 

Plant 

Alternative Plan 1 

Bristol-IH 94 
Proposed District 

Town of Pleasant 
Prairie Sewer 
Ut i l i ty District D 

Town of Pleasant 
Prairie Sanitary 
District No. 73-1 

Alternative Plan 2g 

Town of Pleasant 
Prairie Sewer 
Ut i l i ty District D 

Town of Pleasant 
Prairie Sanitary 
District No. 73-1 

Alternative Plan 3g 

Town of Pleasant 
Prairie Sanitary 
District No. 73-1 

This treatment recommendation differs f rom the regional sanitary sewerage system plan recommendations which included the provision o f  secondary waste treat- 
ment followed by  auxiliary waste treatment for effluent aeration and disinfection prior t o  discharge o f  effluent t o  the surface waters. 

This treatment recommendation differs f rom the regional sanitary sewerage system plan recommendations, which included the provision o f  secondary waste treat- 
ment followed by  auxiliary waste treatment for effluent disinfection prior t o  discharge o f  effluent t o  the surface waters. 

Includes an estimated loading o f  10,000 gallons per day from the Wisconsin Electric Power Company generating facil ity under construction in the Town o f  
Pleasant Prairie 119781. 

Estimated Average 
Hydraulic Design 

This treatment recommendation differs f rom the regional sanitary sewerage system plan recommendations which included the provision o f  secondary waste treat- 
ment with conventional advanced waste treatment for phosphorus removal (effluent concentration o f  1.0 mgn)  and effluent aeration and disinfection pr ior t o  
discharge o f  effluent t o  the surface waters. 

Capacity 

1985 

0 . 2 9 ~  

0.31 

0 . 1 6 ~  

0 . 6 0 ~  

0 . 1 6 ~  

Recommended wastewater treatment levels were no t  specifically reported in the regional sanitary sewerage system plan for this alternative. 

Sewer Service 
Areas 

serveda 

Bristol-IH 94  

Pleasant Prairie-North 

Pleasant Prairie-South 

Pleasant Prairie-North 
Bristol-IH 94  

Pleasant Prairie-South 

(mgd) 

2000 

0 . 3 3 ~  

0.52 

0 . 2 2 ~  

0 . 8 5 ~  

0 . 2 2 ~  

Source: SEWRPC. 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Auxiliary 

~dvanced' 
Secondary 
Auxiliary 

~ d v a n c e d ~  
Secondary 
Auxiliary 

~ d v a n c e d ~  

Secondary 
Auxiliary 

Advanced 
Secondary 
Auxiliary 

Advanced 

Type of Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

in Plan Preparation 

Activated Sludge 
Disinfection 

Land Application 
Activated Sludge 
Disinfection 

Land Application 
Activated Sludge 
Disinfection 

Land Application 

Activated Sludge 
Disinfection 

Land Application 
Activated Sludge 
Disinfection 

Land Application 

Secondary 
Auxiliary 

Advanced 

0 . 7 6 ~ ' ~  

Estimated 

Activated Sludge 
Disinfection 

Land Application 

Population 

1985 

100 

2,000 

700 

2,100 

700 

2,800 

2000 

300 

3,000 

1,000 

3,300 

1,000 

4,300 1 . 0 7 ~ ' ~  Pleasant Prairie-South 
Bristol-IH 94  
Pleasant Prairie-North 



Map 62 Map 63 

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN 1 
FOR THE BRISTOL-IH 94, PLEASANT PRAIRIE-NORTH, AND 

PLEASANT PRAIRIE-SOUTH SEWER SERVICE AREAS- 
DES PLAINES RIVER SUBREGIONAL AREA: 2000 

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN 2 
FOR THE BRISTOL-IH 94, PLEASANT PRAIRIE-NORTH, AND 

PLEASANT PRAIRIE-SOUTH SEWER SERVICE AREAS- 
DES PLAINES RIVER SUBREGIONAL AREA: 2000 
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PROPOSED TRUNK SEWER 

00.0 EXISTING FORCE M A l N  

The first alternative plan considered for the Bristol-IH 94, Pleasant Prairie- 
North and Pleasant Prairie-South sewer service areas proposes the upgrading 
and continued operation of wastewater treatment facilities in the Pleasant 
Prairie-North and Pleasant Prairie-South sewer service areas, and estab- 
lishment of a new facility to  serve the Bristol-IH 94 sewer service area. This 
plan further proposes that all three of these plants provide secondary waste 
treatment followed by auxiliary waste treatment for effluent disinfection 
and land application of effluent or secondary waste treatment with advanced 
waste treatment for nitrification, a high level of advanced waste treatment 
for phosphorus removal, a@ auxiliary waste treatment for effluent aeration 
and disinfection orior to  discharae to the Des Plaines River. 

The second alternative plan considered for the Bristol-IH 94, Pleasant 
Prairie-North, and Pleasant PrairieSouth sewer service area proposes con- 
nections of the Bristol-IH 94 sewer service area to an upgraded and 
expanded Pleasant Prairie-North treatment facility. The treatment facility 
presently serving the Pleasant Prairie-South sewer service area would also 
be upgraded:Both of the proposed treatment plants would provide secon- 
dary waste treatment followed by auxiliary waste treatment for effluent 
disinfection and land application of effluent, or secondary waste treatment 
with advanced waste treatment for nitrification, a high level of advanced 
waste treatment fbr phosphorus removal, and auxiliary waste treatment for 

Source: SEWRPC. 

W e  PROPOSED FORCE MAlN 

EXISTING PUMPING STATION 

PROPOSED PUMPING STATION 

LEGEND 

S E W E R  S E R V I C E  A R E A  

rn 1s75 

0 
S E W A G E  T R E A T M E N T  F A C I L I T I E S  

0.0. PROPOSED FORCE MAlN 

EXISTING PUMPING STATION 

PROPOSED PUMPING STATIOV 

+ EXlSTlNG PUBLIC TO BE RETAINED 

+ 
EXlSTlNG PRIVATE TO BE ABANDONED 

S E W E R S  A N D  A P P U R T E N A N T  F A C I L I T I E S  - EXlSTlNG TRUNK SEWER 

- PROPOSED TRUNK SEWER 
G R A P H I C  SCALE 
L WOO EXISTING FORCE MAIN 

0 4000 BOO0 12000FEET 
F-- ' -- I 

U 
GRAPHIC SCALE 

O t l  2 MILES 
1 

0 4000 8000 12000FEET 



Map 64 

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN 3 
FOR THE BRISTOL-IH 94, PLEASANT PRAIRIE-NORTH, AND 

PLEASANT PRAIRIE-SOUTH SEWER SERVICE AREAS- 
DES PLAINES RIVER SUBREGIONAL AREA: 2000 
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I ne third alternative plan considered for the Bristol-IH 94, Pleasant Prairie- 
North, and Pleasant Prairie-South sewer service areas proposes the 
consolidation of all sewage treatment at the existing Pleasant Prairie-South 
treatment site. Under this alternative, the Pleasant Prairie-South facility 
would be expanded and upgraded to provide secondary waste treatment 
followed by auxiliary waste treatment for effluent disinfection and land 
application of effluent, or secondary waste treatment with advanced waste 
treatment for nitrification, a high level of advanced waste treatment for 
phosphorus removal, and auxiliary waste treatment for effluent aeration and 
disinfection prior to discharge to the Des Plaines River. 

Source: SEWRPC. 

In 1975 the wastewater treatment facility serving the 
Town of Pleasant Prairie Sanitary District No. 73-1 had 
an average hydraulic design capacity of about 0.40 rngd 
and provided a secondary level of waste treatment. It is 
anticipated that future growth will require an average 
hydraulic design capacity for the Pleasant Prairie-South 
sewer service area of about 0.16 rngd in 1985 and about 
0.22 rngd in the year 2000, which is below the existing 
design capacity. This year 2000 design flow is lower than 
the estimated design flow of 0.60 rngd anticipated under 
the regional sanitary sewerage system plan. The 1990 
design flow was based upon a projected population of 
2,800 persons, which included 2,000 persons estimated 
to be tributary to the proposed facility in local 
development plans which were not included in the 1990 
regional land use plan allocations of population. As of 
1975, these plans had not been put in effect. Under the 
newly adopted year 2000 regional land use plan, 
therefore, the total population which was allocated to  the 
Pleasant Prairie-South subarea was about 1,000 persons. 

The total present worth over a 50-year analysis period of 
construction and operation of the proposed treatment 
facilities included under Alternative Plan 1 for the 
Bristol-IH 94, Pleasant Prairie-North, and Pleasant Prairie- 
South sewer service areas is about $6,908,000. The 
estimated capital cost for constructing the necessary 
additional treatment facilities is $5,881,000, with an 
estimated average annual operation and maintenance cost 
of $197,000 (see Table 144). 

Alternative Plan 2 for the Bristol-IH 94, Pleasant Prairie- 
North, and Pleasant Prairie-South sewer service area is 
similar to Alternative Plan 1, except that no new facility 
would be constructed at the Bristol-IH 94 area and that 
sewer service would be connected by a trunk sewer 
to an expanded Pleasant Prairie-North sewage treatment 
facility. Under this alternative, the Pleasant Prairie-North 
treatment facility would be expanded to provide an 
average hydraulic capacity of 0.85 mgd. 

The total present worth over a 50-year analysis period of 
construction and operation of the proposed treatment 
and conveyance facilities included under Alternative 
Plan 2 for the Bristol-IH 94, Pleasant Prairie-North, 
and Pleasant Prairie-South sewer service areas is about 
$6,025,000. The estimated capital cost for constructing 
the necessary additional facilities is $4,947,000, with an 
estimated average annual operation and maintenance cost 
of $162,000 (see Table 144). 

The third alternative plan considered for the Bristol- 
IH 94, Pleasant Prairie-North, and Pleasant Prairie-South 
sewer service areas would consolidate all sewage treat- 
ment at the existing Pleasant Prairie-South treatment 
plant site. Under this alternative, the Pleasant Prairie- 
South treatment plant would provide an average 
hydraulic plant capacity of about 1.07 mgd. Trunk 
sewers to serve the Bristol-IH 94 and Pleasant Prairie- 
North sewer service areas would be constructed to 
convey wastewater from these areas to the Pleasant 
Prairie-South plant site. 



Table 144 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-ALTERANTIVE SANITARY 
SEWERAGE SYSTEM PLANS FOR THE BRISTOL-IH 94, PLEASANT PRAIRIE-NORTH, A N D  PLEASANT 

PRAIRIE-SOUTH SEWER SERVICE AREAS: DES PLAINES RIVER SUBREGIONAL AREA 

Source: SEWRPC. 

2 5 2  

Estimates 

Equivalent 

Construction ----- 

$107,000 
7,000 

$1 14,000 

86,000 
5,000 

$ 91,000 

$ 54,000 
4,000 

$ 58,000 

$263,000 

$142,000 
10.000 

$1 52,000 

$ 44,000 
4,000 

$ 48,000 

$200,000 

$ 29,000 

$229,000 

$159,000 
12,000 

$1 71,000 

$ 29,000 
58,000 

$ 87,000 

$258,000 

Economic Analysis 

Total 

$2,634,000 
106,000 

$2,740,000 

2,332,000 
77,000 

$2,409,000 

$1,702,000 
57,000 

$1,759,000 

$6,908,000 

$3,736,000 
165,000 

$3,901,000 

$1,538,000 
57,000 

$1,595,000 

$5,496,000 

$ 529,000 

$6,025,000 

$4,210,000 
199,000 

$4,409,000 

$ 529,000 
989,000 

$1,518,000 

$5,927,000 

Estimated Cost: 1975-2000 

Average Annual 
Present Worth: 1975-2025 

Total Operation and Operation and 
Plan Subelement Capital Maintenance Construction Maintenance - 

Alternative Plan 1 

Wastewater Treatment Plant 
Town of Pleasant Prairie 
Sewer Ut i l i ty District D 

Facilities. . . . . . . . . . .  
Land.  . . . . . . . . . . . .  

Subtotal 

Bristol-IH 94 
Facilities . . . . . . . . . . .  
Land. . . . . . . . . . . . .  

Subtotal 

Town of  Pleasant Prairie 
Sanitary District No. 73-1 

Facilities. . . . . . . . . . .  
. . . . . . . . . . . . .  Land 

Subtotal 

Total 

Alternative Plan 2 

Wastewater Treatment Plant 
Combined Facility, 
Bristol-IH 94 and 
Pleasant Prairie Sewer 
Ut i l i ty District D 

Facilit ies.. . . . . . . . . .  
Land . . . . . . . . . . . . .  

Subtotal 

Pleasant Prairie Sanitary 
District No. 73-1 

Facilities. . . . . . . . . . .  
Land . . . . . . . . . . . . .  

Subtotal 

Subtotal- 
Treatment Plants 

Trunk Sewer 
Bristol-Pleasant Prairie . . . .  

Total 

Alternative Plan 3 

Wastewater Treatment Plant 
Combined Facility, 
Bristol-IH 94 
Pleasant Prairie Sewer 
Ut i l i ty District D and 
Pleasant Prairie Sanitary 
District No. 73-1 
at South Location 

Facilities . . . . . . . . . .  
Land . . . . . . . . . . . . .  

Subtotal 

Trunk Sewers 
Bristol-Pleasant Prairie . . . .  
Pleasant Prairie-North . . . .  

Subtotal 

Total 

Annual: 1975-2025 

Operation and 
Maintenance 

$ 60,ooo 
- - 

$ 60,000 

61,000 
-. 

61,000 

$ 54,000 
- - 

$ 54.000 

$1 75,000 

$ 95,000 
- - 

$ 95,000 

$ 53,000 
- - 

$ 53.000 

$1 48,000 

$ 5,000 

$1 53.000 

$108,000 
- - 

$108.000 

$ 5,000 
5,000 

$ 10.000 

$1 18,000 

Total 

$167,000 
7,000 

$174,000 

147,000 
5,000 

$1 52,000 

$108,000 
4,000 

$1 12,000 

$438,000 

$237,000 
10,000 

$247.000 

$ 97,000 
4,000 

$101,000 

$348,000 

$ 34,000 

$382,000 

$267,000 
12,000 

$279,000 

$ 34,000 
63,000 

$ 97,000 

$376,000 

185,000 

$2,466,000 

1,845,000 
134,000 

$1,979,000 

$1,337,000 
99,000 

$1,436,000 

$5,881,000 

$2,883,000 
288,000 

$3.1 71,000 

$ 905,000 
99,000 

$1,004,000 

$4.1 75,000 

$ 772,000 

$4,947,000 

$3,374,000 
347,000 

$3,721,000 

$ 772,000 
$1,883,000 

$2,655,000 

$6,376,000 

$ 73,000 

68,000 
- - 

$ 68,000 

$ 56,000 
.. 

$ 56,000 

$197,000 

$100,000 
. - 

$1 00.000 

$ 56,000 
-. 

$ 56,000 

$1 56,000 

$ 6,000 

$1 62,000 

$104,000 
. - 

$1 04,000 

$ 6,000 
7,000 

$ 13,000 

$1 17,000 

$1,793,000 

1,364,000 
77,000 

$1,441,000 

$ 858,000 
57,000 

$ 915,000 

$4,149,000 

$2,233,000 
165,000 

$2,398,000 

$ 702,000 
57,000 

$ 759,000 

$3,157,000 

$ 453,000 

$3,610,000 

$2,499,000 
199,000 

$2,698,000 

$ 453,000 
916,000 

$1,369,000 

$4,067,000 

$ 947,000 
- - 

$ 947,000 

968,000 
- - 

$ 968,000 

$ 844,000 
-. 

$ 844,000 

$2,759,000 

$1,503,000 
. - 

$1,503,000 

$ 836,000 
- - 

$ 836,000 

$2,339,000 

$ 76,000 

$2.41 5,000 

$1.71 1,000 
. . 

$1.71 1.000 

$ 76,000 
73,000 

$ 149,000 

$1,860.000 



The total present worth over a 50-year analysis period 
of construction and operation of the proposed treatment 
and conveyance facilities included under Alternative 
Plan 3 for the Bristol-IH 94, Pleasant Prairie-North, 
and Pleasant Prairie-South sewer service areas is about 
$5,927,000. The estimated capital cost for constructing 
the necessary additional facilities is $6,376,000, with an 
estimated average annual operation and maintenance cost 
of $117,000 (see Table 144). 

On an equivalent annual basis, Alternative Plan 2 would 
be about 1 3  percent less costly to implement than would 
Alternative Plan 1 and would cost about the same as 
Alternative Plan 3. Because the costs of Alternative Plans 
2 and 3 are virtually identical, plan selection must be 
based upon other less tangible, but nevertheless real, 
considerations. The third alternative has the advantage of 
providing only one treatment facility to serve all of the 
urban development in the Town of Pleasant Prairie west 
of the subcontinental divide, as well as the highway- 
oriented commercial development along IH 94, thus 
avoiding the duplication of staff and related facilities 
associated with two plants. The monitoring requirements 
associated with the treatment facilities would also be less 
under Alternative Plan 3. In addition, the third alterna- 
tive has the advantage of fully utilizing the existing 
capacity of the Town of Pleasant Prairie Sanitary District 
No. 73-1 treatment facility, which was constructed in 
1975 with a capacity of 0.40 mgd-a capacity greater 
than the design capacity required under Alternative 
Plan 2. However, the total construction requirement 
for conveyance and treatment of wastewater is less under 
Alternative Plan 2. 

The third alternative has an inherent disadvantage in that 
it requires the conveyance of wastewater from the 
Pleasant Prairie-North sewer service area to  the Pleasant 
Prairie-South sewer service area. Thus, Alternative Plan 3 
would have a greater impact on the environment and 
affect a greater population than would Alternative Plan 2. 
In addition, under Alternative Plan 3 additional pumping, 
with its associated energy use, would be required to 
convey the wastes from the Pleasant Prairie-North sewer 
service area to the Pleasant Prairie-South sewer system. 

The second alternative has certain advantages concerning 
the probability of implementation in that sewage treat- 
ment facilities would continue to be operated by the two 
units of government now providing public sanitary sewer 
service within the Town of Pleasant Prairie. However, 
both of the sanitary districts presently operating the 
public sanitary sewerage systems are extensions of the 
same town government. Based upon all of these consid- 
erations, neither alternative is clearly better. However, on 
the basis of lower energy use for wastewater conveyance 
and lesser construction requirements, the second alter- 
native-two wastewater treatment plants to serve the 
Bristol-IH 94, Pleasant Prairie-North, and Pleasant Prairie- 
South sewer service areas-is recommended. 

Alternative Plans-Bristol-George Lake. 

which considered the interconnection of the Bristol- 
George Lake, Paddock Lake, and Hooker-Montgomery 
Lakes subareas for wastewater treatment purposes. Three 
basic alternative plans were formulated. The first assumes 
the continuation of three individual sewage treatment 
facilities. The second provides for the abandonment of 
the Paddock Lake facility and the connection of the 
Paddock Lake sewer service area to an expanded Town of 
Salem Sewer Utility District No. 1 treatment facility. The 
third alternative provides for a single sewage treatment 
facility at the site of the existing Town of Salem Sewer 
Utility District No. 1 facility. Required sewage treatment 
levels and performance standards under the three 
alternatives are set forth in Table 145, and the three 
proposals are shown on Map 65,66, and 67. 

In order to meet established water use objectives for 
the Des Plaines River, the treatment plants proposed 
under each of the three alternative plans will need to 
provide either a secondary level of wastewater treatment 
followed by auxiliary waste treatment for effluent 
disinfection and land application of the treatment plant 
effluent, or secondary waste treatment with advanced 
and auxiliary waste treatment, including a high level 
of advanced waste treatment for phosphorus removal- 
producing an effluent with a concentration of approxi- 
mately 0.1 mg/l total phosphorus. The recommendations 
regarding treatment and discharge to surface waters differ 
from those contained in the regional sanitary sewerage 
system plan. That plan recommended separate treatment 
facilities to serve each of the three subareas. For the 
Paddock Lake and Hooker-Montgomery Lakes sewer 
service area treatment plants, the regional sanitary sewer- 
age system plan recommended the provision of secondary 
waste treatment plus conventional advanced waste 
treatment for nitrification and phosphorus removal-with 
an effluent concentration of 1.0 mg/l total phosphorus- 
and auxiliary waste treatment for effluent aeration and 
disinfection. For the Bristol sewer service area, the plan 
recommended the provision of secondary waste treat- 
ment plus conventional advanced waste treatment for 
phosphorus removal and auxiliary waste treatment for 
effluent aeration and disinfection. 

Based upon the general analyses described earlier in this 
chapter, the provision of secondary waste treatment 
followed by auxiliary waste treatment for effluent 
disinfection and land application is considered to  be 
less costly than providing secondary waste treatment 
followed by a high level of advanced waste treatment for 
phosphorus removal and auxiliary waste treatment. 
Simulation model studies indicate that water quality 
standards for phosphorus cannot be achieved for the 
Des Plaines River when conventional advanced waste 
treatment for phosphorus removal is provided prior to 
discharge of the plant effluent to the surface waters. The 
phosphorus standard can be achieved about 90 percent of 
the time if land application of effluent is practiced, or if 
a high level of advanced waste treatment for phosphorus 
removal is provided prior to discharge to the surface 
waters, and if the appropriate level of nonpoint source 
pollution control is achieved. Accordingly, the effluent 
land application alternative is recommended. Should 
local facility planning efforts indicate that land applica- 



Table 145 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-ALTERNATIVE 
SANITARY SEWERAGE SYSTEM PLANS FOR THE BRISTOL-GEORGE LAKE, PADDOCK LAKE, AND 

HOOKER-MONTGOMERY LAKES SEWER SERVICE AREAS: DES PLAINES RIVER SUBREGIONAL AREA 

a See Map 61. 

Wastewater 
Treatment 

Plant 

Alternative Plan 1 

Village of 
Paddock Lake 

Town of Salem 
Sewer Uti l i ty 
District No. 1 

Town of Bristol 
Sewer U t ~ l i t y  
District No. 1 

Alternative Plan 2e 

Town of Salem 
Sewer Uti l i ty 
District No. 1 

Town of Bristol 
Sewer Uti l i ty 
District No. 1 

Alternative Plan 3e 

Town of Salem 
Sewer Uti l i ty 
District No. 1 

This treatment recommendation differs from the regional sanitary sewerage system plan recommendations, which included the provision of  secondary waste treatment with advanced 
waste treatment for nitrification and phosphorus removal followed by  auxiliary waste treatment for effluent aeration and disinfection prior to discharge to the surface waters. 

This treatment recommendadon differs from the regional sanitary sewerage system plan recommendations which included the provision o f  secondary waste treatment followed b y  
advanced waste treatment for nitrification and auxiliary waste treatment for effluent aeration and disinfection prior to discharge to the surface waters. 

This treatment recommendation differs from the regional sanitary sewerage system plan recommendations, which included the provision of  secondary waste treatmenr followed by  
auxiliary waste treatmenr for effluent aeration and disinfection prior to discharge to the surface waters. 

Estimated Average 
Hydraulic Design 

Recommended wastewater treatment levels were riot specifically reported i n  the regional sanitary sewerage system plan for this alternative. 

Sewer Service 
Analysis Areas 

Serveda 

Paddock Lake 

Hooker-Montgomery Lakes 

Bristol-George Lake 

Paddock Lake 
Hooker-Montgomery Lakes 

Bristol-George Lake 

Bristol-George Lake 
Paddock Lake 
Hooker-Montgomery Lakes 

Capacity 

1985 

0.36 

0.16 

0.20 

0.52 

0.20 

0.72 

Source: SEWRPC. 

(mgd) 

2000 

0.46 

0.25 

0.32 

0.71 

0.32 

1.03 

tion of plant effluent is not practical to  implement, then 
an alternative treatment system designed to ultimately 
achieve the level of treatment needed to meet water 
quality standards with the effluent discharged to the 
surface waters should be considered. That alternative 
treatment system should be designed to initially reduce 
phosphorus to  the lowest practicable level, and to 
ultimately reduce the total phosphorus concentration 
in the plant effluent to  about 0.1 mg/l. 

Under Alternative Plan 1, the Hooker Lake sewage 
treatment facility would not require expansion beyond 
its present average hydraulic design capacity of 0.30 mgd. 

Recommended 
Performance Standards in 
Terms of Effluent Ouality 

(all standards represent 
average monthly limits) 

BOD5 Discharge: 30 mgll 
Fecal Coliform Concentration: 

20011 00 ml 
. . 

BOD5 Discharge: 30 mgll 
Fecal Coliform Concentration: 

2001100 ml 
. . 

BOD5 Discharge: 30 mgll 
Fecal Coliform Concentration: 

2001100 ml 
. . 

BOD5 Discharge: 15 mgll 
Fecal Coliform Concentration: 

20011 00 ml  
. . 

BOD5 Discharge: 15 mgll 
Fecal Coliform Concentration: 

20011 00 
. . 

r 

BOD5 Discharge: 15 mgll 
Fecal Coliform Concentration: 

2001100 ml 
. . 

It is anticipated that future growth and the inclusion of 
the Montgomery Lake area will require an average 
hydraulic design capacity of about 0.16 mgd in 1985 
and about 0.25 mgd in the year 2000, still within the 
design capacity of the existing facility. This year 2000 
design flow is slightly lower than the estimated 1990 
flow of 0.27 mgd anticipated under the regional sanitary 
sewerage system plan. 

Estimated 

The Paddock Lake wastewater treatment facility would 
be expanded under the first alternative. In 1975 the 
wastewater treatment facility serving the Village of 
Paddock Lake had an average hydraulic design capacity 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Aux~liary 

~ d v a n c e d ~  
Secondary 
Auxiliary 

~dvanced' 
Secondary 
Auxiliary 

~ d v a n c e d ~  

Secondary 
Auxtliary 

Advanced 
Secondary 
Auxiliary 

Advanced 

Secondary 
Auxiliary 

Advanced 

Population 

1985 

2,800 

1.400 

1,400 

4.200 

1.400 

5,600 

Type of Wastewater 
Treatment Assumed for 

Cost Analysis Purposes 
in Plan Preparation 

Activated Sludge 
Disinfect~on 

Land Application 
Activated Sludge 
Disinfection 

Land Application 
Activated Sludge 
Disinfection 

Land Application 

Activated Sludge 
Disinfection 

Land Application 
Activated Sludge 
Disinfection 

Land Application 

Activated Sludge 
Disinfection 

Land Application 

2000 

3.300 

1,800 

2,000 

5,100 

2.000 

7,100 



Map 65 Map 66 

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN 1 
FOR THE BRISTOL-GEORGE LAKE, PADDOCK LAKE, AND 
HOOKER-MONTGOMERY LAKES SEWER SERVICE AREAS- 

DES PLAINES RIVER SUBREGIONAL AREA: 2000 

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN 2 
FOR THE BRISTOL-GEORGE LAKE, PADDOCK LAKE, AND 
HOOKER-MONTGOMERY LAKES SEWER SERVICE AREAS- 

DES PLAINES RIVER SUBREGIONAL AREA: 2000 

LEGEND 

SEWER SERVICE AREAS 

EXISTING 1975 

0 PROPOSED 2 0 0 0  

SEWAGE TREATMENT FACILITIES + EXISTING PUBLIC TO BE RETAINED 

SEWERS AND APPURTENANT FACILITIES 
- 

EXlSTlNG TRUNK SEWER 

0.00 EXISTINO FORCE MAlN 

EXlSTlNG PUMPING STATION 

w 
GRAPHIC SCALE 

0 9000 BOO0 I2OOOFEET 
P - ,  I 

The first alternative plan considered for the Bristol-George Lake, Paddock 
Lake, and Hooker-Montgomery Lakes sewer service areas proposes the 
upgrading and continued operation of the existing treatment facilities 
presently serving each of the three areas. The plan proposes that all three of 
these plants be upgraded to provide secondary waste treatment followed by 
auxiliary waste treatment for effluent disinfection and land application of 
effluent, or secondary waste treatment, with advanced waste treatment for 
nitrification, a high level of advanced waste treatment for phosphorus 
removal, and auxiliary waste treatment for effluent aeration and disinfection 
prior to  discharge to the surface waters. 

Source: SEWRPC. 

LEGEND 

SEWER SERVICE AREAS 

III 
0 PROPOSEO =OoO 

SEWAGE TREATMENT FACILITIES 

A EXlSTlNG PUBLIC TO BE RETAINED 

e EXISTING PUBLIC TO BE ABANDONED 

SEWERS AND APPURTENANT FACILITIES 
- EXlSTlNG TRUNK SEWER - PROPOSED TRUNK SEWER 

0.00 EXlSTlNG FORCE MAlN 

0000 PROPOSED FORCE MAlN 

EXlSTlNG PUMPING STATION 

PROPOSED PUMPING STATION 

ORAPHIC SCALE 

0 8 1  2 MILES 
I 

0 4000 8000 IZOOOFEET 
r-4 - 1 

The second alternative plan considered for the Bristol-George Lake, Paddock 
Lake, Hooker-Montgomery Lakes sewer service areas proposes the abandon- 
ment of the existing sewage treatment plant serving the Paddock Lake sewer 
service area and connection of that area to the expanded plant operated 
by the Town of Salem Sewer Utility District No.1 serving the Hooker- 
Montgomery Lakes sewer service area. The existing wastewater treatment 
plant serving the Bristol-George Lake area would be upgraded and expanded. 
Both of the two treatment plants proposed under this alternative plan would 
provide secondary waste treatment followed by auxiliary waste treatment 
for effluent disinfection and land application of effluent, or secondary waste 
treatment with advanced waste treatment for nitrification, a high level of 
advanced waste treatment for phosphorus removal, and auxiliary waste 
treatment for effluent disinfection prior to  discharge to the surface waters. 

Source: SEWRPC. 



Map 67 

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN 3 
FOR THE BRISTOL-GEORGE LAKE, PADDOCK LAKE, AND 
HOOKER-MONTGOMERY LAKES SEWER SERVICE AREAS- 

DES PLAlNES RIVER SUBREGIONAL AREA: 2000 

L E G E N D  

SEWER SERVICE AREAS 

m 
PROPOSED 2 0 0 0  

SEWAGE TREATMENT FACILITIES 

EXISTING PUBLIC TO BE RETAINED 

EXISTING PUBLIC TO BE ABANDONED 

SEWERS AND APPURTENANT FACILITIES 
- EXISTING TRUNK SEWER - PROPOSED TRUNK SEWER 

0000 EXlSTlNG FORCE MAIN 

.m PROPOSED FORCE MAIN 

a 
GRAPHIC SCALE 
I - 

EXISTING PUMPING STATION 
2 MILES 

O- 

m PROPOSED PUMPING STATION 0 4000 8000 12000FEET 
f-7--2- 

The third alternative plan considered for the Bristol-George Lake, Paddock 
Lake, and Hooker-Montgomery Lakes sewer service areas proposes the 
consolidation of all sewage treatment at the existing treatment facility 
operated by the Town of Salem Sewer Utility District No. 1 in the Hooker- 
Montgomery Lakes sewer service area. This plant would be expanded and 
upgraded to provide secondary waste treatment followed by auxiliary waste 
treatment for effluent disinfection and land application of plant effluent, or 
secondary waste treatment with advanced waste treatment for nitrification, 
a high level of advanced waste treatment for phosphorus removal, and 
auxiliary waste treatment for effluent aeration and disinfection prior to 
discharge to the surface waters. 

Source: SEWRPC. 

of 0.32 mgd, and provided a secondary level of waste 
treatment. It is anticipated that future growth will I 
require an average hydraulic design capacity for the 
Paddock Lake sewer service area of about 0.36 rngd in 
1985 and about 0.46 rngd in the year 2000. This year 
2000 design flow is lower than the estimated 1990 flow I 
of 0.80 rngd anticipated under the regional sanitary 
sewerage system plan. I 
Under the first alternative the Bristol wastewater 
treatment plant would also be expanded. In 1975 the 
wastewater treatment facility serving the Bristol-George 
Lake sewer service area had an average hydraulic design 
capacity of 0.16 mgd, and provided a secondary level of 
waste treatment. It is anticipated that future growth will 
require an average hydraulic design capacity for the 
Bristol-George Lake sewer service area of about 0.20 rngd 
in 1985 and about 0.32 rngd in the year 2000. This 
year 2000 design flow is the same as that developed 
under the regional sanitary sewerage system plan. 

The total present worth over a 50-year analysis period 
of construction and operation of the proposed treat- 
ment facilities included under Alternative Plan 1 for 
the Bristol-George Lake, Paddock Lake, and Hooker- 
Montgomery Lakes sewer service areas is about 
$7,118,000. The estimated capital cost for constructing 
the necessary additional treatment facilities is 
$5,661,000, with an estimated average annual operation 
and maintenance cost of $208,000 (see Table 146). 

Alternative Plan 2 for the Bristol-George Lake, Paddock 
Lake, and Hooker-Montgomery Lakes sewer service areas 
is essentially the same as Alternative Plan 1,  except that 
the existing Paddock Lake sewage treatment facility 
would be abandoned and the entire Paddock Lake sewer 
service area connected to an expanded Town of Salem 
Sewer Utility District No. 1 wastewater treatment 
facility. The Town of Salem Sewer Utility District No. 1 
wastewater treatment facility would need to be expanded 
from its existing 0.32 average hydraulic design capacity 
to a year 2000 average hydraulic design capacity of about 
0.71 mgd. This alternative is expected t o  be similar 
in cost to  another alternative, which would abandon the 
existing Hooker Lake plant and connect the Hooker- 
Montgomery Lakes sewer service area to  an expanded 
Paddock Lake plant. However, for purposes of the 
systems analysis, it was assumed that the Paddock Lake 
plant would be abandoned. This alternative requires the 
conveyance of more wastewater from one service area to  
another, but removes the wastewater discharge from 
the marshland included in the University of Wisconsin 
Nature Area located in the Town of Paris, which is 
deemed to be of state, regional, and county significance. 
It further makes better use of the existing Hooker Lake 
plant which is newer than the Paddock Lake plant. 

The total present worth over a 50-year analysis period 
of construction and operation of the proposed treatment 
and conveyance facilities included under Alternative 
Plan 2 for the Bristol-George Lake, Paddock Lake, and 
Hooker-Montgomery Lakes sewer service areas is about 
$6,044,000. The estimated capital cost for constructing 



Table 146 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-ALTERNATIVE SANITARY SEWERAGE 
SYSTEM PLANS FOR THE BRISTOL-GEORGE LAKE, PADDOCK LAKE, AND HOOKER-MONTGOMERY 

LAKES SEWER SERVICE AREA: DES PLAINES RIVER SUBREGIONAL AREA 

Source: SEWRPC. 

257 

Plan Subelement 

Alternative Plan 1 

Wastewater Treatment Plant 
Town of Paddock Lake 

Facilities. . . . . . . . . . . 
Land. . . . . . . . . . . . . 

Subtotal 

Town of Salem Sewer 
Ut i l i ty District No. 1 

Facilities . . . . . . . . . . .  
Land. . . . . . . . . . . . . 

Subtotal 

Town of Bristol Sewer 
Ut i l i ty District No. 1 

Facilities. . . . . . . . . . . 
Land. . . . . . . . . . . . . 

Subtotal 

Subtotal- 
Treatment Plants 

Trunk Sewers-None 

Total 

Alternative Plan 2 

Wastewater Treatment Plants 
Town of Salem Sewer 
Ut i l i ty District No. 1 

Facilities. . . . . . . . . . . 
Land . . . . . . . . . . . . .  

Subtotal 

Town of  Bristol Sewer 
Ut i l i ty District No. 1 

Facilities . . . . . . . . . . .  
Land. . . . . . . . . . . . . 

Subtotal 

Subtotal- 

Wastewater Treatment Plant 

Estimated 

Total 
Capital 

$2,324,000 
174,000 

$2,498,000 

1,279,000 
110,000 

$1,389,000 

1,644,000 
130,000 

$1,774,000 

$5,661,000 

-. 

$5,661,000 

$2,153,000 
247,000 

$2,400,000 

1,689,000 
135,000 

$1,824,000 

Cost: 1975-2000 
P 

Average Annual 
Operation and 
Maintenance 

$ 84,000 
- - 

$ 84,000 

60,000 
- - 

$ 60,000 

64,000 
-. 

$ 64,000 

$208,000 

. - 

$208,000 

$ 94,000 
-. 

$ 94,000 

63,000 
. - 

$ 63,000 

Economic Analysis Estimates 

Present 

Construction 

$1,699,000 
100.000 

$1,799,000 

986,000 
63,000 

$1,049,000 

1,237,000 
75,000 

$1,312,000 

$4,160,000 

. . 

$4,160,000 

$1,673,000 
142,000 

$1.81 5,000 

1,276,000 
77,000 

$1,353,000 

Equivalent 

Construction 

$108,000 
6,000 

$1 14,000 

63,000 
4,000 

$ 67,000 

78,000 
5,000 

$ 83,000 

$264,000 

. . 

$264,000 

$106,000 
9,000 

$1 15,000 

81,000 
5,000 

$ 86,000 

Worth: 1975-2025 

Operation and 
Maintenance 

$1,065,000 
-. 

$1,065,000 

91 6,000 
-. 

$ 916,000 

977,000 
-. 

$ 977,000 

$2,958,000 

. - 

$2,958,000 

$1,407,000 
- - 

$1,407,000 

974,000 
. - 

$ 974,000 

Annual: 1975-2025 

Operation and 
Maintenance 

$ 68,000 
- - 

$ 68,000 

58,000 
- - 

$ 58,000 

62,000 
. - 

$ 62,000 

$1 88,000 

- - 

$1 88,000 

$ 89,000 
- - 

$ 89.000 

62,000 
. - 

$ 62,000 

Total 

$2,764,000 
100.000 

$2,864,000 

1,902,000 
63,000 

$1,965,000 

2,214,000 
75,000 

$2,289,000 

$7.1 18,000 

. - 

$7.1 18,000 

$3,080,000 
142,000 

$3,222,000 

2,250,000 
77,000 

$2,327,000 

Total 

$176,000 
6,000 

$182,000 

121,000 
4,000 

$125,000 

140,000 
5,000 

$145,000 

$452,000 

- - 

$452,000 

$195,000 
9,000 

$204.000 

143,000 
5,000 

$148,000 - 



the necessary additional facilities is $4,830,000, with an 
estimated average annual operation and maintenance cost 
of $166,000 (see Table 146). 

The third alternative plan considered for the Bristol- 
George Lake, Paddock Lake, and Hooker-Montgomery 
Lakes sewer service areas would c.onsolidate all sewage 
treatment at the existing Town of Salem Sewer Utility 
District No. 1 wastewater treatment plant site. Under this 
alternative, the Hooker Lake plant would provide an 
average hydraulic plant capacity of 1.03 mgd. Trunk 
sewers to serve the Bristol-George Lake and Paddock 
Lake sewer service areas would be constructed to convey 
wastewater from these areas to the Hooker Lake site. 

The total present worth over a 50-year analysis period of 
construction and operation of the proposed treatment 
and conveyance facilities included under Alternative 
Plan 3 for the Bristol-George Lake, Paddock Lake, and 
Hooker-Montgomery Lakes sewer service areas is about 
$6,359,000. The estimated capital cost for constructing 
the necessay additional facilities is $5,289,000, with an 
estimated average annual operation and maintenance cost 
of $163,000 (see Table 146). 

On an equivalent annual basis, Alternative Plan 2 would 
be about 15  percent less costly to implement than would 
Alternative Plan 1, and about 5 percent less costly than 
Alternative Plan 3. Because the costs of Alternative Plans 
2 and 3 are about equal-well within the accuracy of the 
cost estimating procedures-plan selection must be based 
upon other less tangible, but nevertheless real, considera- 
tions. Alternative Plan 3 has the advantage of providing 
only one treatment facility to  serve the three sewer 
service areas, thus avoiding the duplication of staff and 
related facilities associated with two plants serving the 
area. The monitoring requirements associated with the 
treatment facilities would also be less under Alternative 
Plan 3. Alternative Plan 3 has an inherent disadvantage in 
that it requires the conveyance of wastewater from the 
Bristol sewer service area to  the Hooker Lake plant. 
The construction of this conveyance system will add to 
the extent of the area affected by the construction of the 
project. Thus, Alternative Plan 3 would affect a greater 
area and a greater population than would Alternative 
Plan 2. Also, under Alternative Plan 3 additional pump- 
ing, with its associated energy use, would be required to  
convey wastewater from the Bristol sewer service area 
to the Hooker Lake plant site. When compared to  
Alternative Plan 3, the second alternative has certain 
advantages concerning ease of implementation in that 
sewage treatment facilities would continue to be operated 
by the two units of government which are presently 
providing public sanitary sewer service. Based upon all 
of these considerations, neither alternative is clearly 
better. However, on the basis of lower energy use for 
wastewater conveyance and lesser construction require- 
ments, the second alternative-two wastewater treatment 
plants to serve the Bristol-George Lake, Paddock Lake, 
and Hooker-Montgomery Lakes sewer service areas- 
is recommended. 

Private Wastewater Treatment Plants 
There are seven known ~rivate  wastewater treatment 
facilities in the Des ~laines  River subregional area which 
in general serve isolated enclaves of urban land uses and 
treat wastes which can be accepted in public sanitary 
sewerage systems. These facilities currently discharge 
relatively minor amounts of treated wastewaters to the 
streams and groundwater in the Des Plaines River 
subregional area. These facilities serve the Brightondale 
County Park in the Town of Brighton on the abandoned 
Bong Air ForceBase; the Fonk's Mobile Home Park No. 2 
in the Town of Dover; the not yet developed George 
Connolly Development in the Town of Pleasant Prairie, 
near the intersection of IH 94 and CTH V; the Howard 
Johnson Motor Lodge and an adjacent automobile service 
station facility in the Town of Bristol along IH 94; the 
Kenosha Packing Company in the Town of Paris; the 
Paramski Mobile Home Park in the Town of Bristol near 
the Illinois-Wisconsin state line; and the Wisconsin 
Tourist Information Center operated by the Wisconsin 
Department of Transportation in the Town of Pleasant 
Prairie, also near the intersection of IH 94 and CTH V. 
In addition to these seven facilities, the areawide water 
quality management plan proposes a facility to serve 
the Bong Recreational Area. Plans for this new private 
wastewater treatment plant are being developed by the 
Wisconsin Department of Natural Resources. 

Except for the Howard Johnson Motor Lodge facility, 
each of these facilities lies beyond the proposed year 
2000 service areas of the public sanitary sewerage systems 
discussed above. These facilities accordingly must be 
retained and, as necessary, upgraded to provide a level of 
waste treatment adequate to meet the water use objec- 
tives and standards for the streams within the Des Plaines 
River watershed, and consistent with the treatment levels 
proposed for public plants discharging to the same or 
similar surface water systems. The Howard Johnson 
Motor Lodge facility would be abandoned upon imple- 
mentation of the proposed sewerage system plan for the 
Bristol-IW 94 sewer service area. Based upon the general 
analysis described earlier in this chapter, land application 
of plant effluent is considered to  be less costly and 
a viable alternative to  providing advanced waste treat- 
ment prior to discharge to  surface waters for facilities 
the size of the six private plants noted above to be 
retained. The proposed plan for these plants is based 
upon the provision of land application of plant effluent 
(see Table 147). Should local facilities planning efforts 
indicate that land application of plant effluent is not 
practical to implement, then an alternative treatment 
system designed to ultimately achieve the level of treat- 
ment needed to meet water quality standards with 
effluent discharge to  surface waters should be considered. 

The estimated present worth of construction and 
operation of the private wastewater treatment facilities in 
the Des Plaines River subregional area over a 50-year 
analysis period is about $2,220,000. The estimated 
capital cost for constructing the necessary facilities is 
about $1,580,000 with an estimated average annual 
operation and maintenance cost of $65,000. 



Table 147 

WASTEWATER TREATMENT PERFORMANCE STANDARDS FOR PRIVATE WASTEWATER 
TREATMENT FACILITIES I N  THE DES PLAINES RIVER SUBREGIONAL AREA 

Source: SEWRPC. 

Name of 
Facility 

Brightondale County Park 

Bong Recreational Area 

Fonk's Mobile Home 
Park No. 2 

George Connolly Development 

Kenosha Packing Company 

Paramski Mobile Home Park 

Wisconsin Department 
of Transportation- 

Tourist Information Center 

Existing Unsewered Urban Development Outside 
the Provosed Sanitarv Sewer Service Area 
There are five enclaves of unsewered urban development 
located outside of the proposed year 2000 sewer service 
area as shown on Map 61. The corresponding urban 
enclave population in 1975 and 2000 and the distance to 
the nearest proposed year 2000 sewer service area are 
listed in Table 148. In an alternative analysis described 
earlier in this chapter, the cost of providing public 
sewerage service to these enclaves of urban development 
was compared with the cost of continued onsite waste- 
water treatment. Based upon the results of that cost 
comparison, it was concluded that wastewater treatment 
for these enclaves of unsewered urban development 

Civil 
Division 
Location 

Town of  Brighton 

Town of Brighton 

Town of Dover 

Town of 
Pleasant Prairie 

Town of  Paris 

Town of  Bristol 

Town of  
Pleasant Prairie 

should be provided in one of two ways. 

Disposal 
o f  

Effluent 

Soil Absorption 

Land Application 

Land Application 

Land Application 

Land Application 

Land Application 

Land ApplRation 

For certain of the unsewered urban areas, the plan 
proposes the continued use of onsite wastewater 
treatment systems coupled with a suitable program for 
monitoring and maintaining the systems. This plan 
proposal is generally applicable to areas with soils and lot 
sizes which are suitable for conventional onsite waste- 
water treatment systems. Because the soil conditions in 

Recommended 
Performance Standards i n  
Terms of Effluent Quality 

(all standards represent 
average monthly limits) 

BOD5 Discharge: 3 0  mgll 
Fecal Coliform Concentration: 

2001100 m l  

BOD5 Discharge: 3 0  mgll 
Fecal Co l~ form Concentration: 

20011 0 0  m l  

BOO5 Discharge: 3 0  mgll 
Fecal Coliform Concentration: 

20011 0 0  m l  

BOD5 Discharge: 3 0  mgll 
Fecal Coliform Concentration: 

20011 0 0  m l  

BOD5 Discharge: 30 mgl l  
Fecal Coliform Concentration: 

20011 0 0  m l  

BOD5 Discharge: 30 mgll 
Fecal Co l~ form Concentration: 

20011 0 0  m l  

BOD5 Discharge: 3 0  mgll 
Fecal Co l~ form Concentration: 

20011 00 m l  

Type o f  
Land Use 
Served 

Recreational 

Recreational 

Residential 

Commercial 

Industrial 

Residential 

Institutional 

the Des Plaines subregional area are generally unsuitable 
for onsite waste disposal, none of the enclaves of urban 
development were determined to  be in this category. 

Type 
o f  

Wastewater 

Sanitary 

Sanitary 

Sanitary 

Sanitary 

Process, Cooling, 
and Sanitary 

Sanitary 

Sanitary 

Thus, for all of the urban enclaves in the Des Plaines 
River subregional area, the plan proposes the conduct of 
further site-specific planning to  determine the best 
wastewater management practice. These areas, which 
should consider alternative methods of waste disposal 
and an intensive inspection and maintenance program 
for conventional systems, as well as the possibility of 
connection to the public sanitary sewer service areas, 
are the Towns of Brighton-Section 12, the Town of 
Pleasant Prairie-Section 6, the Town of Somers- 
Section 6, afld Mud Lake, all in Kenosha County, and 
the Town of Dover-Section 36 in Racine County. These 
areas generally have soil conditions and lot sizes which 
are considered unsuitable for conventional methods of 
onsite wastewater treatment. 

Sanitary System Flow Relief Devices 
In 1975 there were three sanitarv sewer system flow 
relief devices in the Des Plaines River subregional area. 



Est~mated 

Resident 
Distance from 

Major Urban 
Population 

Year 2000 
Sewer Service 

 umber^ concentrationb 1975 2000 Area (miles) 

Kenosha County 

1 T o w n  of Brighton-Section 12 245 190 
2 T o w n  of Pleasant Prairie-Section 6 152 140 
3 T o w n  of Somers-Sect~on 6 448 446 
4 Mud Lake 214 173 

Racine County 

5 T o w n  of Dover-Section 36 

Total  1,342 1,106 - - 

Table 148 requirements for existing discharges to public sanitary 
sewerage systems. However, in order to  present a com- 

EXISTING URBAN DEVELOPMENT NOT plete analysis of the cost of the areawide water quality 
SERVED BY PUBLIC SANITARY SEWERS IN THE management planning program for this subregional area, 
DES PLAINES RIVER SUBREGIONAL AREA BY a cost estimate was made of the treatment requirements 

MAJOR URBAN CONCENTRATION: 2000 which appeared to  be needed from the limited data 
available on these point sources. This estimate excludes 
existing industrial process system modifications designed 
to reduce pollutant discharge, existing industrial treat- 
ment facilities, and existing pretreatment systems utilized 
for treatment of waste conveyed to public sanitary 
sewerage systems. The total present worth over a 50-year 
analysis period of construction and operation of the 
treatment facilities needed to correct existing discharges 
of industrial wastes is estimated to  be about $123,000. 
The capital cost for constructing the facilities is about 
$100,000, with an estimated average annual cost of 
$3,000 over the design period 1975 to 2000. 

a See Map 61. 

Urban development is defined ,n this context as concentrations o f  urban land uses within 

any given U. S. Public Land Survey quarter section that has a t  least 32 housing units, 

or an  average o f  one housing unit  per five gross acres, and is n o t  served by  public sani- 

tary sewers. 

Source: SEWRPC. 

The proposed plan recommends that facilities planning 
efforts include the formulation of plans for the elimina- 
tion of these sewage flow relief devices. 

Other Known Point Sources of Wastewater 
There are a total of two known point sources of waste- 
water other than wastewater treatment plants and sewer 
system flow relief devices in the Des Plaines River 
subregional area. These other point sources consist 
primarily of industrial cooling, process, and backwash 
waters which are discharged without treatment, or 
following pretreatment, directly to surface waters or to 
storm sewers tributary to  such streams and watercourses. 
The discharge characteristics of these point sources of 
wastewater are reported in Chapter I11 of SEWRPC 
Technical Report No. 21, Sources of Water Pollution in 
Southeastern Wisconsin: 1975. It is recommended that 
these point sources in general reduce discharge tempera- 
tures to  8 9 O ~  or less, oils and grease to less than 10  mg/l, 
and heavy metals, organics, and other pollutant con- 
centrations to levels required by "Best Available 
Technology," or as identified on a case-by-case basis 
under the state permit system process. Reported effluent 
characteristics for these point sources which could 
require treatment are noted in Table 149. 

UPPER FOX RIVER SUBREGIONAL AREA 

The Upper Fox River subregional area consists of all 
that part of the Fox River watershed lying generally 
north of the Vernon Marsh in Waukesha County. This 
rapidly urbanizing area includes the City of Waukesha 
and the westerly portion of the Cities of Brookfield and 
New Berlin; the Villages of Pewaukee, Sussex, and 
Lannon and the westerly portion of the Village of 
Menomonee Falls; and all of the Towns of Brookfield, 
Pewaukee, and Waukesha and portions of the Towns of 
Delafield, Lisbon, and Genesee. 

Centralized sanitary sewer service in the Upper Fox River 
subregional area was provided by four individual systems 
in 1975. These systems are operated by the Cities of 
Waukesha and Brookfield and the Villages of Pewaukee 

Table 149 

REPORTED EFFLUENT CHARACTERISTICS FOR 
KNOWN POINT SOURCES OTHER THAN SEWAGE 

TREATMENT PLANTS A N D  SEWAGE FLOW RELIEF 
DEVICES THAT REQUIRE TREATMENT CONSIDERATION- 

DES PLAINES RIVER SUBREGIONAL AREA: 1975 

The degree of treatment and costs of constructing and a Unless spedficall~ noted otherwise, data were obtained, in order of priority, from: quarterly repor* - - 
operating treatment facilities associated with these point filed mth the Wirconsin Department of Natural Resources. reports filed under the Wisconsin Pollu- 

tant Discharge Elimination Syrtem or under Section 101 of the W o n s i n  Administrative Code, or 

sources of wastewater should be determined on an from the wtscon~in Po//utant Discharge Elimination System permit itself. 

Point Source Discharge 

individual basis in conjunction with other pretreatment Source: Wisconstn Department of Natural Resources and SEWRPC 

Average 
Flow 
1975 

(mgd) 

Intermittent 

0.094 

Name 

Bristol Water Utility . . 

Ladirh Carnpany- 
Tri-Clover Division . . 

Civ~l 
Divis~on 
Laeatlon 

Town of Brlrtol 

Town of 
Pleasant Prairie 

Receiving 
Water 
Body 

Tributary to the 
Der Pla~ner Rwer 

Tributary to the 
Dss Plalnes River 

Conrtftuentr 
Requiring 
Treatment 

considerationa 

Suspended Solids 

Phorphorur, 
Oil and Grease 



and Sussex. The service areas of these four systems 
together comprised about 24.5 square miles and served an 
estimated population of 76,300 persons. In 1975 there 
were about 33,000. persons residing in the subregional 
area not served by centralized sanitary sewerage facilities. 
Specific population, service area, and related charac- 
teristics of the four existing systems are presented in 
Volume One, Chapter V of this report, and in Chapter I11 
of SEWRPC Technical Report No. 21, Sources of Water 
Pollution in Southeastern Wisconsin: 1975. 

Sewer Service Analysis Areas 
A total of four sewer service analysis areas may be 
identified within the Upper Fox River subregional area 
(see Table 150). These four sewer service analysis areas 
are shown on Map 68 and may be described as follows: 

1. Area A-This area consists of the Villages of 
Susses and Lannon, portions of the Village of 
Menomonee Falls, and environs. In 1975 sanitary 
sewer service was provided in this area to about 
1.1 square miles, having a total resident popula- 
tion of about 4,000 persons. The total area 
anticipated to be served by the year 2000 
approximates 7.96 square miles, with a projected 
resident population of about 14,500 persons. 
This represents a significant decrease from the 
27,200 persons forecast for the area for 1990 in 
the regional sanitary sewerage system plan. This 
subarea is referenced as the "Sussex-Lannon" 
sewer service area in the ensuing discussion. 

2. Area B-This area consists of the Village of 
Pewaukee and environs, including urban 
development along the shoreline of Pewaukee 
Lake in the Towns of Delafield and Pewaukee. In 
1975 sanitary sewer service was provided only 
within the Village of Pewaukee to a total area of 
about 1.3 square miles, having a total resident 
population of about 4,800 persons. The total 
area anticipated to be served by the year 2000 
approximates 7.8 square miles, with a projected 
resident population of nearly 17,500 persons. 
This represents an increase from the 15,300 
persons forecast for the area for 1990 in the 
regional sanitary sewerage system plan. This 
subarea is referenced as the "Pewaukee" sewer 
service area in the ensuing discussion. 

3. Area C-This area consists of the westerly portion 
of the City of Brookfield together with portions 
of the Towns of Brookfield and Pewaukee, the 
Village of Menomonee Falls, and the City of 
New Berlin. In 1975 sanitary sewer service 
was provided in this area to about 8.5 square 
miles, having a total resident population of 
about 16,200 persons. The total area anticipated 
to be served by the year 2000 approximates 
27.1 square miles, with a projected resident 
population of about 40,600 persons. This repre- 
sents a decrease from the 49,100 persons forecast 
for the area for 1990 in the regional sanitary 
sewerage system plan. This subarea is referenced 
as the "Brookfield-New Berlin" sewer service 
area in the ensuing discussion. 

Table 150 

SELECTED CHARACTERISTICS OF SEWER SERVICE AREAS I N  THE 
UPPER FOX RIVER SUBREGIONAL AREA: 1975,1985, AND 2000 

a See Map 68. 

Includes an estimated contribution from the Willow Springs Mobile Home Park. 

lncludesan estimated contribution from the Oakton Manor-Tumblebrook Golf Course. 

lncl~~des an estimated contribution from New Berlin High School. 

Includes an estimated contribution from the Steeplechase Inn. 

Source: SEWRPC. 

Sewer Service 
Analysis ~ r e a ~  

Letter 

A 
B 
C 
D 

Existing 1975 

Name 

Sussex-Lannon . . . . . . 
Pewaukee . . . . . . . . . 
Brookfield-New Berlin . . 
Waukesha . . . . . . . . . 

Total 

Area 
Sewed 

(square miles) 

1.06 
1.31 
8.50 

13.59 

24.46 

Planned 1985 

Population 
Sewed 

4,000 
4,800 

16,200 
51,300 

76,300 

Planned 2000 

Population 
Sewed 

10,800 
12,000 
29,400 
62,900 

114,800 

Area 
Sewed 

(square miles) 

7.96 
7.79 

27.1 1 
25.53 

68.39 

Design 
Hydraulic 
Loading 
(mgd) 

1.90 
2.03: 
5.20 

1 ~ . 3 7 ~  

21.50 

Average 
Hydraulic 
Loading 

(mgd) 

0.47 
0.48 
2.49 
9.90 

13.34 

Population 
Served 

14,500 
17,500 
40,600 
77,900 

150,500 

Unsewed 
Population 

Residing in the 
Proposed 2000 
Service Area 

4,900 
4,600 
8,200 
3,600 

21,300 

Design 
Hydraulic 
Loading 

(mgd) 

2.68 
b 

3.15: 
7.61 

1 5.4ge 

28.93 



Map 68 

SEWER SERVICE ANALYSIS AREAS: UPPER FOX RIVER SUBREGIONAL AREA 
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The rapidly urbanizing Upper Fox River watershed may be divided into four sanitary sewer service areas: the SUM-hnon area, the Pewaukee area, the Western 
Brookfield-New Berlin area, and the Waukesha area. By the year 2000, about 150,500 persons are expected to reside in these four sewer service areas, which will 
approximate 68.39 square miles. In 1975 there were about 109,300 persons residing in the Upper Fox River subregional area, of which 76,300 were served by 
centralized sewer service and 33,000 by onsite sewage disposal systems. 

Source: SEWRPC. 



4. Area D-This area consists of the City of Wau- 
kesha and environs, including portions of the 
Towns of Brookfield, Pewaukee, and Waukesha. 
In 1975 sanitary sewer service was provided in 
this area $0 about 13.6 square miles, having 
a total resident population of about 51,300 
persons. The total area anticipated to be served 
by the year 2000 approximates 25.5 square miles, 
with a projected resident population of nearly 
77,900 persons. This represents a decrease from 
the 83,200 persons forecast for the area for 1990 
in the regional sanitary sewerage system plan. 
This subarea is referenced as the "Waukesha" 
sewer service area in the ensuing discussion. 

Summary of Previously Prepared Regional Plan Elements 
The Fox River watershed plan, as adopted in June 1970 
by the Regional Planning Commission, contained specific 
recommendations pertaining to sewerage system develop- 
ment and stream water quality management for the 
Upper Fox River subregional area. These recommenda- 
tions were developed from a detailed examination of 
seven basic alternative stream water quality management 
plan elements for the entire watershed. 

Following the preparation and adoption of the Fox River 
watershed plan, several developments occurred which 
necessitated a reevaluation of the recommendations in 
the adopted plan prior to  their integration into the 
regional sanitary sewerage system plan. These develop- 
ments resulted in an amendment to  the Fox River 
watershed plan, which included a revised number of 
recommended treatment facilities to ultimately serve the 
existing and anticipated urban development in the upper 
Fox River watershed. The revised recommendation, 
which called for two major sewage treatment facilities to  
serve the entire upper watershedvne at Waukesha and 
one at Brookfield-was incorporated into the regional 
sanitary sewerage system plan. Because of the extensive 
consideration of alternative sanitary sewerage system 
plans under the Fox River watershed study, further 
detailed alternative analyses were not conducted under 
the regional sanitary sewerage system plan, and only 
a recommended plan was presented. This plan con- 
sisted of the basic stream water quality management 
recommendations included in the adopted Fox River 
watershed plan, modified to reflect the results of the 
reevaluation under the regional sanitary sewerage system 
planning program. 

Formulation of Alternatives 
Several local planning efforts have taken place which 
represent steps toward the implementation of the Upper 
Fox River watershed water quality management recom- 
mendations of the Fox River watershed plan and the 
regional sanitary sewerage system plan. The local facility 
planning has been completed for the Waukesha sewer 
service area and essentially concurs with the recom- 
mendations of the regional sanitary sewerage system plan 
with regard to sewer service area. The construction of 
additions to  the Waukesha treatment facility are expected 
to begin early in 1979. In July 1978 the City of Brook- 
field initiated a facilities planning program for the Brook- 

field-New Berlin, Lannon-Menomonee Falls, Sussex- 
Lannon, and Pewaukee sewer service areas. The local 
facilities plans providing for the wastewater conveyance 
facilities needed to connect the Pewaukee sewer service 
area to the Brookfield plant have also been completed, 
and detailed plans and specifications for the project were 
completed in 1978. Also, in 1978 the Village of Sussex 
had nearly completed the construction of an addition to  
its existing wastewater treatment facility to  provide for 
interim growth until a timely connection to the Brook- 
field sewer service area can be achieved. In view of these 
developments, it was concluded that the recommenda- 
tions of the regional sanitary sewerage system plan with 
regard to the number and location of the public treat- 
ment facilities in the Upper Fox River subregional area 
should be incorporated into the areawide water quality 
management plan without further alternative considera- 
tion. Thus, with regard to the number and location of 
wastewater treatment plants, only the recommended plan 
for sanitary sewerage in the Upper Fox River subregional 
area as developed under the regional sanitary sewerage 
system plan is described herein, with certain modifica- 
tions indicated as desirable by subsequent system and 
facilities planning efforts. Alternatives are evaluated with 
regard to the type of treatment system to be utilized. 
Results of water quality simulations are presented under 
the previous section on the diffuse source control 
element recommendations for the Fox River watershed. 
The alternative plans for the four sewer service areas that 
lie within the Upper Fox River subregional area are 
described in the following sections. 

Alternative Plans-Waukesha Subarea 
In 1975 the wastewater treatment facility serving the 
Waukesha sewer service area had an average hydraulic 
design capacity of about 8.5 mgd, and provided a secon- 
dary level of waste treatment with advanced waste 
treatment for phosphorus removal and auxiliary waste 
treatment for effluent disinfection. It  is anticipated that 
future growth will require an average hydraulic design 
capacity for the Waukesha sewer service area of about 
12.4 mgd in 1985 and about 15.5 mgd in the year 
2000. This year 2000 flow is somewhat lower than the 
estimated 1990 design flow of 17.5 mgd anticipated 
under the regional sanitary sewerage system plan. 

As previously noted, the City of Waukesha had 
completed facilities planning for the construction of 
major modifications to upgrade and expand the City's 
wastewater treatment plant. The plant is being designed 
to provide secondary waste treatment, advanced waste 
treatment for nitrification and phosphorus removal, and 
auxiliary waste treatment for effluent disinfection. The 
plant is proposed to have an average hydraulic design 
capacity of 16  mgd. Detailed plans and specifications for 
this proposed project were completed as of July 1978, 
with construction expected to  begin early in 1979. 

In order to meet the established water use objectives for 
the Fox River, this facility will need to provide either 
secondary waste treatment with auxiliary waste treat- 
ment for effluent disinfection followed by land applica- 
tion of the plant effluent, or secondary waste treatment 



with conventional advanced waste treatment for nitrifi- 
cation, a high level of advanced waste treatment for 
phosphorus removal-producing an effluent with a con- 
centration of approximately 0.1 mg/l of total phos- 
phorus-and auxiliary waste treatment for effluent 
disinfection prior to discharge to  the Fox River. The 
recommendations concerning treatment and discharge 
to surface waters differ from those contained in the 
regional sanitary sewerage system plan only with regard 
to the level of phosphorus removal which should be 
achieved. The regional sanitary sewerage system plan 
recommended that the plant effluent have a total phos- 
phorus concentration of 1.0 mg/l, while the updated 
recommendations of the areawide water quality manage- 
ment planning program are based upon an effluent total 
phosphorus concentration of about 0.1 mg/l. 

As noted in the analysis described earlier in this chapter, 
the effluent land application alternative and the treat- 
ment and discharge alternative should be considered 

The first alternative is based upon the provision of 
secondary waste treatment with advanced waste treat- 
ment for ammonia-nitrogen and phosphorus removal, and 
would utilize conventional chemical treatment for phos- 
phorus removal, biological secondary treatment and 
nitrification utilizing trickling filters, two-stage chemical 
clarification, multimedia filtration, and chlorination prior 
to discharge of effluent to the Fox River. The total 
present worth over a 50-year analysis period of con- 
struction and operation of the proposed treatment 
and convevance facilities included under Alternative 
Plan 1 for" the Waukesha sewer service area is about 
$32,402,000. The estimated capital cost for constructing 
the necessary additional treatment and conveyance 
facilities is $14,238,000, with an estimated average 
annual operation and maintenance cost of $1,442,000 
(see Table 152). 

The second alternative treatment system is based upon 
the provision of secondary waste treatment with auxiliary 

further in the alternative analyses for a plant the size waste treatment for effluent disinfection followed by 
of the Waukesha facility. Accordingly, two treatment land application. For areawide systems level analysis 
alternatives were considered for the Waukesha sewer 
service area. The first alternative would provide for 
continued discharge of the Waukesha wastewater 
treatment plant effluent to the Fox River following 
the required levels of waste treatment. The second 
alternative assumes the provision of a land application 
system for disposal of secondary treatment plant effluent 
from the Waukesha wastewater treatment facility. The 
recommended wastewater treatment plant performance 
standards for both alternatives are set forth in Table 151, 
and the two proposals are shown on Map 69. 

purposes, rural lands in the Towns of Delafield, Genesee, 
Waukesha, and Pewaukee were selected to  receive the 
effluent from the Waukesha wastewater treatment 
facility. These sites would require that the effluent be 
pumped about 27,000 feet. The total present worth over 
a 50-year analysis period of construction and operation 
of the proposed treatment and conveyance facilities 
included under Alternative Plan 2 for the Waukesha sewer 
service area is about 41,435,000. The estimated capital 
cost for constructing f h  e necessary additional treatment 
and conveyance facilities is $43,507,000, with an esti- 

Table 151 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-ALTERNATIVE SANITARY SEWERAGE 
SYSTEM PLANS FOR THE WAUKESHA SEWER SERVICE AREA: UPPER FOX RIVER SUBREGIONAL AREA 

a See Map 68. 

Wastewater 
Treatment 

Plant 

Alternative Plan 1 

City of Waukesha 

Alternative Plan 2 

City of Waukesha 

b 
This treatment recommendation differs from the regional sanitary sewage system plan recommendations, which included the provision o f  secondary waste treat- 
ment followed by conventional advanced waste treatment for nitrification and phosphorus removal (effluent concentration o f  1.0 mgn o f  totalphosphorusl and 
auxiliary waste treatment for effluent disinfection prior to discharge to the Fox River. 

Source: SEWRPC. 

Estimated Average 
Hydraulic Design 
Capacity (mgd) 

Analysis Areas 
seweda 

Waukesha 

Waukesha 

- 
1985 

12.4 

12.a 

2000 

15.5 

15.5 

Estimated 
Recommended 

Wastewater 
Treatment 

Levels 

Secondary 
Advanced 

Auxiliary 

Secondary 
Auxiliary 

Advanced 

1985 

62,900 

62,900 

2000 

77,900 

77,900 

Type of Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

in Plan Preparation 

Activated Sludge 
Nitrification 
Phosphorus Removal 
Disinfection 

Activbted Sludge 
Disinfection 

Land ~ p p l i c a t i o n ~  

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly limits) 

BOD5 Discharge: 15 mgll 
Ammonia-Nitrogen Discharge: 1.5 mgll 
Phosphorus Discharge: 0.1 mgllb 
Fecal Coliform Concentration: 

20011 00 ml 

BOD5 Discharge: 30 mgll 
Fecal Coliform Concentration: 

20011 00 ml 
-. 



Map 69 

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS FOR THE WAUKESHA 
SEWER SERVICE AREA: UPPER FOX RIVER SUBREGIONAL AREA: 2000 
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C--- 

The areawide water quality management plan proposes that the existing Waukesha wastewater treatment facility be expanded to serve the year 2000 sewer service 
area. In  order to  meet the established water use objectives for the Fox River watershed, it will be necessary for this facility to  provide secondary waste treatment 
with auxiliary waste treatment for effluent disinfection followed by land application of plant effluent, or secondary waste treatment with conventional advanced 
waste treatment for nitrification, a high level of advanced waste treatment for phosphorus removal-producing an effluent concentration of approximately 0.1 mgll 
of total phosphorus-and auxiliary waste treatment for effluent disinfection prior to  discharge to the Fox River. The alternative calling for the provision of 
advanced waste treatment levels prior to discharge to surface waters would be less costly than the effluent land application alternative, and more closely reflects 
local planning efforts. Construction to provide additional hydraulic capacity, as well waste treatment for 
nitrification and phosphorus removal, is scheduled to begin early in 1979. 

Source: SEWRPC. 

mated average annual operation and maintenance cost of 
$765,000 (see Table 152). 

On an equivalent annual cost basis, including the cost 
associated with the sludge-related facilities required under 
the first alternative, Alternative Plan 1 would be about 
14  percent less costly to implement than would Alterna- 
tive Plan 2. However, there are other less tangible, but 
nevertheless real, factors which should be considered. 
Alternative Plan 1 could be more readily implemented 
since planning for most of the major components of the 
alternative is complete, and since this alternative 

Because of the land requirements for land application 
under Alternative Plan 2, it would be difficult to select 
and acquire sites or make other institutional arrange- 
ments for the use of agricultural land, and thus this 
alternative would be difficult to implement. In addition, 
Alternative Plan 2 requires the commitment of approxi- 
mately 4,400 acres of land, which would result in a major 
change in agricultural land management for the selected 
application site area, and requires that treatment plant 
managers become involved in agricultural land manage- 
ment. Alternative Plan 2 also requires the construction of 
a major conveyance system to transport the treatment 
plant effluent to the land application site. Thus, Alterna- 

represents a continuation of existing practices with the tive Plan 2 would have a greater environmental impact 
added construction and operational requirements for and would affect more area and a greater population than 
expansion and upgrading of the level of treatment. would Alternative Plan 1. 



Table 152 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS 
FOR THE WAUKESHA SEWER SERVICE AREA: UPPER FOX RIVER SUBREGIONAL AREA 

aThis alternative does not include the cost o f  additional facilities for increased sludge production associated with the higher degree o f  treatment required under 
Alternative Plan 1. The total present worth over a 50-year analysis period of the additional sludge-handling and disposal requirements is $3,400,000. The esti- 
mated capital cost for construction of the added sludge-related facilities is $2,270,000, with an estimated averqge annual operation and maintenance cost of 
$1 17,000 over the design period 1975-2000. 

Source: SEWRPC. 

Economic Analysis 
Estimated Cost: 1975-2000 

Although there would be a greater wastewater pumping 
requirement under Alternative Plan 2 for conveyance of 
wastewater to the land application site, it would require 
less energy than would Alternative Plan 1 because of the 
energy requirement associated with the higher level of 
treatment needed under Alternative Plan 1. Alternative 
Plan 2 also offers advantages in that nutrients would be 
recycled from the wastewater back to the agricultural 
land, and the treatment plant discharge of pollutants 
would be completely eliminated from the surface waters. 
However, based on the economic advantage, environ- 
mental impacts, and ease of implementation, Alternative 
Plan 1-the treatment and surface water discharge alter- 
native-is recommended. 

Plan Subelement 

Alterantive Plan 1 

Wastewater Treatment planta 
City of Waukesha. . . . . . .  

TrunkSewers-None . . . . . .  

Total 
- - 

Alternative Plan 2 

Wastewater Treatment Plant 
City of Waukesha 

Facilities. . . . . . . . . . .  
Land. . . . . . . . . . . . .  

Subtotal 

TrunkSewers-None . . . . . .  
Total 

Estimates 

Alternative Plans-Brookfield-New Berlin, 
Sussex-Lannon, and Pewaukee Subareas 
The proposed plan for the Brookfield-New Berlin, Sussex- 

Total 
Capital 

$14,238,000 

. . 

$14,238,000 

$39,558,000 
3,949,000 

$43,507,000 

- - 

$43,507,000 

1975-2025 

Total 

$2,055,000 

- - 

$2,055,000 

$2,484,000 
144,000 

$2,628,000 

. - 

$2,628,000 

Equivalent 

Construction 

$ 682,000 

- - 

$ 682,000 

$1,825,000 
144,000 

$1,969,000 

- - 

$1,969,000 

~ a n h o n ;  and ~ewaukee sewer service areas propdses that 
the Sussex-Lannon and Pewaukee sewer service areas be 
served by the Brookfield wastewater treatment facility, 
with the concurrent abandonment of the existing 
Pewaukee and Sussex wastewater treatment facilities. 

Annual: 

Operation and 
Maintenance 

$1,373,000 

- - 

$1,373,000 

$ 659,000 
- - 

$ 659,000 

- - 

$ 659,000 

In 1975 the wastewater treatment facility serving the 
Brookfield sewer service area had an average hydraulic 
design capacity of about 5.00 mgd, and provided a secon- 

Average Annual 
Operation and 
Maintenance 

$ 1,442,000 

. - 

$1,442,000 

$ 765,000 
- - 

$ 765,000 

. - 

$ 765,000 

dary level of waste treatment with advanced waste 
treatment for phosphorus removal and auxiliary waste 
treatment for effluent disinfection. It is anticipated that 
future growth and connections with the Sussex-Lannon 
and Pewaukee subareas will require an average hydraulic 
design capacity for the combined Brookfield-New Berlin, 
Sussex, and Pewaukee subareas of about 9.1 mgd in 
1985 and about 13.4 mgd in the year 2000. This year 
2000 flow is substantially lower than the estimated 1990 
design flow of 19.1 mgd anticipated under the regional 
sanitary sewerage system plan. 

As previously noted, the City of Brookfield has initiated 
a local facilities planning program for expansion and 
upgrading of sanitary sewerage facilities. The study area 
for that facility plan includes the Sussex-Lannon and 
Pewaukee sewer service areas in addition to  the 
Brookfield-New Berlin sewer service area. 

Present 

Construction 

$10,764,000 

. - 

$10,764,000 

$28,782,000 
2,263,000 

$31,045,000 

. . 

$31,045,000 

In order to  meet the established water use objectives for 
the Fox River, this facility will need to provide either 
a secondary level of treatment with auxiliary waste 
treatment for effluent disinfection followed by land 
application of the plan effluent, or secondary waste 
treatment with conventional advanced waste treatment 
for nitrification, a high level of advanced waste treatment 
for phosphorus removal-producing an effluent with 

Worth: 1975-2025 

Operation and 
Maintenance 

$21,638,000 

. . 

$21,638,000 

$10,390,000 
. - 

$10,390,000 

. - 

$10,390,000 

Total 

$32,402,000 

. - 

$32,402,000 

$39,172,000 
2,263,000 

$41,435,000 

. - 

$41,435,000 



a concentration of approximately 0.1 mg/l of total 
phosphorus--and auxiliary waste treatment for effluent 
disinfection prior to discharge to the Fox River. The 
recommendations concerning treatment and discharge 
to surface waters differ from those contained in the 
regional sanitary sewerage system plan only with regard 
to the level of phosphorus removal which should be 
achieved. The regional sanitary sewerage system plan 
recommended that the Brookfield plant effluent have 
a total phosphorus concentration of 1.0 mg/l, while 
the updated recommendations of the areawide water 
quality management planning program are based upon 
an effluent total phosphorus concentration of about 
0.1 mg/l. 

As noted in the analyses described earlier in this chapter, 
the effluent land application alternative and the 
treatment and discharge alternative should be considered 
further in the alternative analyses for a plant the size of 
the Brookfield facility. Accordingly, two treatment 
alternatives were considered for the Brookfield-New 
Berlin, Sussex-Lannon, and Pewaukee sewer service 
areas. The first alternative would provide for continued 
discharge of the Brookfield wastewater treatment plant 
effluent to  the Fox River following the required levels of 
advanced and auxiliary waste treatment. The second 
alternative assumes the provision of a land application 
system for disposal of secondary treatment plant effluent 
from the Brookfield wastewater treatment facility. 

Both alternative plans provide for trunk sewers to  
connect the Sussex-Lannon, Pewaukee, and New Berlin 
areas to  the Brookfield sewage treatment plant. The 

recommended wastewater treamtment plant performance 
standards for both alternatives are set forth in Table 153, 
and the two proposals are shown on Map 70. 

Alternative Plan 1 is based upon the provision of secon- 
dary waste treatment with advanced waste treatment for 
ammonia-nitrogen and phosphorus removal, and would 
utilize conventional chemical treatment for phosphorus 
removal, biological secondary treatment and nitrification, 
two-stage chemical clarification, multimedia filtration, 
and chlorination prior to discharge of effluent to  the 
Fox River. The total present worth over a 50-year 
analysis period of construction and operation of the 
proposed treatment and conveyance facilities included 
under Alternative Plan 1 for the Brookfield-New Berlin, 
Sussex-Lannon, and Pewaukee sewer service areas is 
about $33,508,000. The estimated capital cost for 
constructing the necessary additional treatment and 
conveyance facilities is $26,035,000, with an estimated 
average annual operation and maintenance cost of 
$1,047,000 (see Table 154). 

Alternative Plan 2 is based upon the provision of 
secondary waste treatment with auxiliary waste 
treatment for effluent disinfection followed by land 
application. For areawide systems level analysis purposes, 
rural lands in the Towns of Lisbon and Pewaukee were 
selected to receive the effluent from the Brookfield 
wastewater treatment facility. These sites would require 
that the effluent be pumped about 25,000 feet. The 
total present worth over a 50-year analysis period of 
construction and operation of the proposed treatment 
and conveyance facilities included under Alternative 

Table 153 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-ALTERNATIVE 
SANITARY SEWERAGE SYSTEM PLANS FOR THE BROOKFIELD-NEW BERLIN, SUSSEX-LANNON, 

AND PEWAUKEE SEWER SERVICE AREAS: UPPER FOX RIVER SUBREGIONAL AREA 

a See Map 68. 

Wastewater 
Treatment 

Plant 

Alternative Plan 1 

City of Brookfield 

Alternative Plan 2 

City of Brookfield 

This treatment recommendation differs from the regional sanitary sewerage system plan recommendations, which included the provision o f  secondary waste treatment followed by  
conventional advanced waste treatment for nitrification and phosphorus removal (effluent concentration o f  1.0 m g l  o f  total phosphorusl and auxiliary waste treatment for effluen t 
disinfection pr ior  to discharge to the Fox River. 

Source: SEWRPC. 

Rec3mmended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly limits) 

BOD5 Discharge: 15 mgll 
Ammonia-Nitrogen Discharge: 1.5 mgll 
Phosphorus Discharge: 0.1 mgllb 
Fecal Coliform Concentration: 

2001100 rnl 

BOD5 Discharge: 30 mgll 
Fecal Coliform Concentration: 

2001100 ml  
. . 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Advanced 

Auxiliary 

Secondary 
Auxiliary 

Advanced 

Estimated Average 
Hydraulic Design 
Capacity (mgdl 

Type of Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

in Plan Preparation 

Activated Sludge 
Nitrification 
Phosphorus Removal 
Disinfection 

Activated Sludge 
Disinfection 

Land ~ p p l i c a t i o n ~  

Sewer Service 
Analysis Areas 

serveda 

Brookfield-New Berlin, 
Sussex-Lannon, and 
Pewaukee 

Brookfield-New Berlin. 
Sussex-Lannon, and 
Pewaukee 

1985 

9.1 

9.1 

2000 

13.4 

13.4 

Estimated 
Population 

1985 

50,500 

50,500 

2000 

68,700 

68,700 



Map 70 

ALTERANTIVE SANITARY SEWERAGE SYSTEM PLANS FOR THE BROOKFIELD-NEW BERLIN, SUSSEX-LANNON, 
AND PEWAUKEE SEWER SERVICE AREAS-UPPER FOX RIVER SUBREGIONAL AREA: 2000 , i.; ;* 

O R I P H l C  S C A L E  

0 - 2 MlLES 
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The areawide water quality management plan proposes that the existing Brookfield wastewater treatment facility be expanded to serve the year 2000 sewer service 
areas of Brookfield-New Berlin, Sussex-Lannon, and Pewaukee. The Villages of Sussex and Pewaukee currently depend on local facilities for wastewater treatment. 
It is proposed that these facilities be abandoned during the plan implementation period, and that wastewater be conveyed to the regional facility at Brookfield. 
In  order to  meet the established water use objectives for the Fox River watershed, it will be necessary for this facility to  provide secondary waste treatment with 

auxiliary waste treatment for effluent disinfection followed by land application of plant effluent, or secondary waste treatment with conventional advanced waste 
treatment for nitrification, a high level of advanced waste treatment for phosphorus removal-producing an effluent concentration of approximately 0.1 mg/l of 
total phosphorus-and auxiliary waste treatment for effluent disinfection prior to  discharge to the Fox River. The alternative calling for the provision of advanced 
waste treatment levels prior to discharge to surface waters would be less costly than the effluent land application alternative. 

Source: SEWRPC. 

268 



Table 154 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-ALTERNATIVE SANITARY 
SEWERAGE SYSTEM PLANS FOR THE BROOKFIELD-NEW BERLIN, SUSSEX-LANNON, 
A N D  PEWAUKEE SEWER SERVICE AREAS: UPPER FOX RIVER SUBREGIONAL AREA 

a This alternative does not include the cost of additional facilities for increased sludge production associated with the higher degree of treatment required under 
Alternative Plan I .  The total present worth over a 50-year analysis period of the additional sludge-handling and -disposal requirements is $2,930,000. The esti- 
mated capital cost for construction of the added sludge-related facilities is $2,160,000, with an estimated average annual operation and maintenance cost o f  
$88,000 over the design period 1975-2000. 

Sussex-Lannon . . . . . . . . .  
Lannon-Menomonee Falls. . . 
Springdale . . . . . . . . . . . .  
Pewaukee-Brookfield . . . . . .  
Poplar Creek. . . . . . . . . . . 
Pewaukee Lake-Pewaukee . . . 

Subtotal 

Total 

Alternative Plan 2 

Wastewater Treatment Plant 
City of Brookfield 

Facilities. . . . . . . . . . . . 
Land . . . . . . . . . . . . . .  

Subtotal 

Trunk Sewers 
Duplainvil le. .  . . . . . . . . . 
Sussex-Lannon . . . . . . . . .  
Lannon-Menomonee Falls. . . 
Springdale . . . . . . . . . . . .  
Pewaukee-Brookfield . . . . . . 
Poplar Creek. . . . . . . . . . . 
Pewau kee Lake-Pewau kee . . . 

Subtotal 

Total 

Source: SEWRPC. 

Plan 2 for the Brookfield-New Berlin, Sussex-Lannon, 
and Pewaukee sewer service areas is about $44,077,000. 
The estimated capital cost for constructing the neces- 
sary additional treatment and conveyance facilities is 
$47,494,000, with an estimated average annual operation 
and maintenance cost of $725,900 (see Table 154). 

965,000 
4,164,000 
327,000 

3,461,000 
2,691,000 
1,209,000 

$13,046,000 

$26,035,000 

$31 ,I 18,000 
3,330,000 

$34,448,000 

$ 229,000 
965,000 

4,164,000 
327,000 

3,461,000 
2,691,000 
1,209,000 

$13,046,000 

$47,494,000 

On an equivalent annual cost basis, including the cost of 
sludge-related facilities required under the first alterna- 
tive, Alternative Plan 1 would be about 24 percent less 
costly to implement than would Alternative Plan 2. How- 

ever, there are other less tangible, but nevertheless real, 
factors which should be considered. Alternative Plan 1 
could be mbre readily implemented since planning or 
construction of most of the major components of the 
alternative is complete or in progress, and since this 
alternative represents a continuation of existing practices 
with the added construction and operational require- 
ments for expansion and upgrading of the level of 
treatment. Because of the land requirements for land 
application under Alternative Plan 2, it would be difficult 
to select and acquire a site or make other institutional 

800 
2,600 
600 

13,000 
1,400 
5,000 

$ 23,900 

$1,047,900 

$ 702,000 
-. 

$ 702,000 

500 
800 

2,600 
600 

13,000 
1,400 
5,000 

$ 23,900 

$ 725,900 

605,000 
2.61 2,000 
205,000 

2.1 71,000 
1,688,000 
759,000 

$ 8,184,000 

$1 8,006,000 

$22,826,000 
1,908,000 

$24,734,000 

144,000 
605,000 

2,612,000 
205,000 

2,171,000 
1,688,000 
759,000 

$ 8,184,000 

$32,918,000 

10.000 
34,000 
9,000 

173,000 
18,000 
67,000 

$ 318,000 

$1 5,502,000 

$10,841,000 
. . 

$10,841,000 

7,000 
10.000 
34,000 
9,000 

173,000 
18,000 
67,000 

$ 318,000 

$1 1.1 59,000 

61 5,000 
2,646,000 
214,000 

2,344,000 
1,706,000 
826,000 

$ 8,502,000 

$33,508,000 

$33,667,000 
1,908,000 , 

$35,575,000 

151,000 
61 5,000 

2,646,000 
214,000 

2,344,000 
1,706,000 
826,000 

$ 8,502,000 

$44,077,000 

38,000 
166,000 
13,000 
138,000 
107,000 
48,000 

$ 519,000 

$1,142,000 

$1,448,000 
121,000 

$1,569,000 

9,000 
38,000 
166,000 
13,000 
138.000 
107,000 
48,000 

$ 519,000 

$2,088,000 

600 
2,000 
600 

1 1.000 
1.000 
4,000 

$ 19,600 

$982,600 

$688,000 
-. 

$688,000 

400 
600 

2,000 
600 

1 1.000 
1.000 
4,000 

$ 19,600 

$707,600 

38,600 
168,000 
13,600 
149,000 
108,000 
52,000 

$ 538.600 

$2.1 24,600 

$2,136,000 
121,000 

$2,257,000 

9.400 
38,600 
168,000 
13,600 
149,000 
108,000 
52,000 

$ 538,600 

$2,795,600 



arrangements for the use of agricultural land, and thus 
this alternative would be difficult to  implement. In 
addition, Alternative Plan 2 requires the commitment of 
approximately 3,700 acres of land, which would result in 
a major change in agricultural land management for the 
selected application site area, and requires that treatment 
plant managers become involved in agricultural land 
management. Alternative Plan 2 also requires the 
construction of a major conveyance system to transport 
the treatment plant effluent to the land application site. 
Thus, Alternative Plan 2 would have a greater environ- 
mental impact and would affect more area and a greater 
population than would Alternative Plan 1. 

Although there would be greater wastewater pumping 
requirements under Alternative Plan 2 for conveyance of 
wastewater to the land application site, it would require 
less energy than would Alternative Plan 1 because of the 
energy requirement associated with the higher level of 
treatment needed under Alternative Plan 1. Alternative 
Plan 2 also offers advantages in that nutrients would 
be recycled from the wastewater back to  the agricultural 
land, and the treatment plant discharge of pollutants 
would be completely eliminated from the surface waters. 
However, based on the economic advantage, environ- 
mental impacts, and ease of implementation, Alternative 
Plan 1-the treatment and surface water discharge alter- 
native-is recommended. 

Private Wastewater Treatment Plants 
There are five known ~r iva te  wastewater treatment 
facilities in the Upper F O ~  River subregional area which 
in general serve isolated enclaves of urban land uses and 
treat wastes which can be accepted in public sanitary 
sewerage systems. These facilities currently discharge 
relatively minor amounts of treated wastewater to  the 
streams and groundwater in the Upper Fox River 
subregional area. These five facilities serve the Mammoth 
Springs Canning Corporation in the Town of Lisbon; the 
New Berlin High School in the City of New Berlin; the 
Oakton Manor-Tumblebrook Golf Course in the Town of 
Delafield; the Steeplechase Inn in the Town of Pewaukee; 
and the Willow Springs Mobile Home Park in the Town of 
Lisbon. All five of these facilities lie within or imme- 
diately adjacent to the proposed year 2000 service areas 
of the public sanitary sewerage systems discussed above. 
Consequently, it is proposed that the New Berlin High 
School be connected to  the Brookfield-New Berlin sewer 
service area and abandon its wastewater treatment 
facility; that the Oakton Manor-Tumblebrook Golf 
Course be connected to  the Pewaukee sewer service area 
and abandon its wastewater treatment facility; that the 
Steeplechase Inn be connected to  the Waukesha sewer 
service area and abandon its wastewater treatment 
facility; and that the Willow Springs Mobile Home Park 
be connected to the Sussex-Lannon sewer service area 
and abandon its wastewater treatment facility. Although 
located within the Sussex sewer service area, the 
Mammoth Springs Canning Corporation facility is 
recommended to  be retained because it is a specialized 
treatment facility constructed to  treat canning wastes and 
includes extensive spray irrigation facilities. The 
standards established for the Mammoth Springs Caning 
Corporation treatment facility assume the continuation 

of the spray irrigation system (see Table 155). The 
estimated present worth of construction and operation of 
this single private wastewater treatment facility in the 
Upper Fox River subregional area over a 50-year analysis 
period is $491,000. The estimated capital cost for con- 
structing the necessary facilities is $170,000, with an 
estimated average annual operation and maintenance cost 
of $23,000 over the design period 1975 to  2000. 

Existing Unsewered Urban Development Outside 
the Initially Proposed Sanitary Sewer Service Area 
There are 1 4  enclaves of unsewered urban development 
located outside of the proposed year 2000 sewer service 
area, as shown on Map 68. The corresponding urban 
enclave population in 1975 and 2000 and the distance to  
the nearest proposed year 2000 sewer service area are 
listed in Table 156. In a generalized alternative analysis 
described earlier in this chapter, the cost of providing 
public sewerage service to  these enclaves of urban 
development was compared with the cost of continued 
onsite wastewater treatment. Based upon the results of 
that comparison, it was concluded that wastewater 
treatment for these enclaves of unsewered urban 
development should be provided in one of two ways. 

For certain of the unsewered urban areas, the plan 
proposes the continued use of onsite wastewater 
treatment systems coupled with a suitable program for 
monitoring and maintaining the systems. This plan 
proposal is generally applicable to  areas with soils and 
lot sizes which are suitable for conventional onsite 
wastewater treatment systems. Eleven of the 14  unsew- 
ered urban enclaves were in this category-the City 
of New Berlin-Section 31; the Village of Menomonee 
Falls-Section 28; the Town of Delafield-Section 27; the 
Town of Genesee-Sections 10  and 11, and Section 35; 
the Town of Lisbon-Section 20, Sections 28 and 29, 
and Section 31; the Town of Waukesha-Sections 1 8  and 
19 and the Town of Delafield-Section 13; the Town of 
Waukesha-Section 24 and the City of New Berlin- 
Section 19; and the Town of Waukesha-Section 26, all 
in Waukesha County. 

For the remaining enclaves, the plan proposes the 
conduct of further site-specific planning to determine the 
best wastewater management practice. The three urban 
enclaves which should consider alternative methods of 
onsite waste disposal and an intensive inspection and 
maintenance program for conventional systems, as well 

Table 155 

WASTEWATER TREATMENT PERFORMANCE STANDARDS 
FOR PRIVATE WASTEWATER TREATMENT FACILITIES 

I N  THE UPPER FOX RIVER SUBREGIONAL AREA 

Recommended 
Psrformanes Standards an 

Name 01 Divillon Land U s  (all standards reprersnt 
Facil8ty Lacatson Served Wastewater Effluent averagemonthly lhm~tsl 

Mammoth Springs Town ot Llsbon lndvrfrial Prmess BOD5 D ~ ~ h a r g a :  30  mgll 
Canning Corporst8on A P P I I C ~ ~ ~ O ~  Fecal Coloform Conesnrrataon 

2Wl100 rnl 

Source' SEWRPC 



Table 156 

EXISTING URBAN DEVELOPMENT NOT SERVED 
BY PUBLIC SANITARY SEWERS I N  THE 

UPPER FOX RIVER SUBREGIONAL AREA BY 
MAJOR URBAN CONCENTRATION: 2000 

a See Map 68. 

 umber^ 

1 
2 

3 
4 
5 
6 
7 
8 
9 

10 

11 

12 
13 
14 
15 

Total 

Urban development is defined in this context as concentrations of urban land uses within 
any given U. S Public Land Survey quarter section that has at least 32 housing units, 
or an average of one housing unit per five gross acres, and is not served by public sani- 
taw sewers. 

Source: SEWRPC. 

as the possibility of connection to  the public sanitary 
sewer service area, are the Town of Lisbon-Section 32, 
Genesee, and Genesee Depot, all in Waukesha County. 
The above areas generally have soil conditions and lot 
sizes considered unsuitable for conventional methods of 
onsite wastewater treatment. 

Major Urban 
concentrationb 

Waukesha County 
Clty of New Berl~n-Section 31 
Village of Menomonee Falls- 

Section 28 
Town of Delafield-Section 27 
Town of Genesee-Sections 10 and 11 
Town of Genesee-Section 35 
Town of Lisbon-Sectton 20 
Town of Lisbon-Sections 28 and 29 
Town of Lisbon-Sectton 31 
Town of Lisbon-Sectton 32 
Town of Waukesha-Sections 18 and 19 
Town of Delafield-Section 13 
Town of Waukesha-Section 24 

City of New Berlin-Section 19 
Town of Waukesha-Sectton 26 
Town of Waukesha-Section 35 
Genesee 
Genesee Depot 

Sanitary Sewer System Flow Relief Devices 
In 1975 there were 1 3  sanitary sewer system flow relief 
devices in the Upper Fox River subregional area. The 
proposed plan recommends that facilities planning efforts 
include the formulation of plans for the elimination of 
these flow relief devices. 

Other Known Point Sources of Wastewater 
There are a total of 20 known point sources of waste- 
water other than wastewater treatment plants and sewer 
system flow relief devices in the Upper Fox River 
subregional area. These point sources consist primarily of 
industrial cooling, process, and backwash waters which 
are discharged without treatment, or following pretreat- 
ment, directly t o  surface waters or to  storm sewers 
tributary to  such streams and watercourses. The discharge 
characteristics of these point sources of wastewater are 
reported in Chapter 111 of SEWRPC Technical Report 

Year 
2000 Sewer 
Service Area 

(m~les) 

0.4 
0.4 

1.1 
0.8 
1 .8 
1.5 
1.9 
0.5 
1 .O 
. . 

0.6 

1.7 
1.9 
0.4 
1 .O 

. . 

Estimated 
Resident 

No. 21, Sources of Water Pollution in Southeastern Wis- 
consin: 1975, and are indicated to  contain constituents 

Population 

1975 

724 
423 

102 
492 
145 
220 
420 
275 
143 
336 

425 

104 
104 
165 
198 

4,276 

of five-day biochemical oxygen demand (BOD5), 
ammonia-nitrogen, phosphorus, and fecal coliform which 
are generally lower than those established as performance 
standards for the public and private wastewater treat- 
ment plants in the Region discharging to the same or 
similar surface water bodies. Thus, in most cases no 
further treatment recommendations were advanced for 
these other point sources with regard to these constitu- 
ents, and there are no connections to sewerage service 
areas recommended. However, it is recommended that 
these point sources in general reduce discharge tempera- 
tures to  8 9 ' ~  or less, oils and grease to less than 10 mgll, 
and heavy metals, organics, and other pollutant concen- 
trations to  levels required by "Best Available Tech- 
nology," or as identified on a case-by-case basis under 
the state permit system process. Reported effluent 
characteristics for these point sources which could 
require treatment are noted in Table 157. 

2000 

546 
340 

191 
875 
123 
362 
607 
448 
269 

1,078 

577 

170 
166 
165 
205 

6,122 

The degree of treatment and costs of constructing and 
operating treatment facilities associated with these point 
sources of wastewater should be determined on an 
individual basis in conjunction with other pretreatment 
requirements for existing discharges to  public sanitary 
sewerage systems. However, in order to  present a com- 
plete analysis of the cost of the areawide water quality 
management planning program for this subregional area, 
a cost estimate was made of the treatment requirements 
which appeared to be needed from the limited data 
available on these point sources. This estimate excludes 
existing and proposed industrial process system modifi- 
cation designed to reduce pollutant discharge, existing 
industrial treatment facilities, and existing pretreatment 
systems utilized for treatment of waste conveyed to 
public sanitary sewerage systems. The total present 
worth over a 50-year analysis period of construction and 
operation of the treatment facilities needed to correct 
existing discharges of industrial wastes is estimated to 
be about $348,000. The capital cost for constructing 
the facilities is about $272,000, with an estimated 
average annual cost of $9,000 over the design period 
1975 to 2000. 

Table 157 

REPORTED EFFLUENT CHARACTERISTICS FOR 
KNOWN POINT SOURCES OTHER THAN SEWAGE 

TREATMENT PLANTS AND SEWAGE FLOW RELIEF DEVICES 
THAT REQUIRE TREATMENT CONSIDERATION- 
UPPER FOX RIVER SUBREGIONAL AREA: 1975 

aunlerr rpeerfreally noted orherw,re. data were obtarned, ,n ode, of prronty, from: quarterly reports hied 
wtfh rhe Ws~onrln Dep@mtment of natural Resources under the W,rconr,n Polluranr D~scharge Elimrnanon 
System, repom fried under Sectron rol of the Wiscons~n Adm,nistref,ve Code, or from rhe Wlsconrn Pollutant 
Discharge E1,mmatron System perm!? rrself. 

Soume: Wiaconrrn Department of Nstvral Resources and SEWRPC 

Pornt source Discharge 
Average 

Flow 
1975 
lmgdl 

0.018 

0 001 
0 922 
1.186 

Name 

lnfernaf~onal Harvester Company. . 

Mammoth Sprlngr 
Canning Corporation. . . . . 

Payne & Dolan of W8sconrln. lnc . . 
Halquist Stone Company, lnc.. . . . 

Clv8l 
Dlvir~on 
Locatton 

Crty of Waukerha 

Town of Lisbon 
Town of Pewaukee 
Town of Llrbon 

Rece#v#ng 
Water 
Body 

Fox Rwer 
vga Storm Sewer 

Surrex Creek 
Fox River 
Sussex Creek 

Conlt8tuentr 
Rsqurr8ng 

Treatment 
~ a n r l d e r a t l o n ~  

Suspended Solldr 

Suspended Solldr 
Suspended Solldr 
Suspended Solldr 



LOWER FOX RIVER SUBREGIONAL AREA 

The Lower Fox River subregional area consists of all 
that part of the Fox River watershed lying generally 
south of the Vernon Marsh in Waukesha County. The 
Lower Fox River subregional area is comprised of all 
or portions of several subwate~heds, including the 
Mukwonago River subwatershed, the Honey Creek sub- 
watershed, the Sugar Creek subwatershed, and the 
White River subwatershed. Concentrations of urban 
development are found in the Cities of Burlington and 
Lake Geneva and in the Villages of Mukwonago, East 
Troy, Rochester, Waterford, Silver Lake, Twin Lakes, and 
Genoa City. In addition, urban development is located 
along the shorelines of several major lakes, including 
Wind Lake, Waubesee Lake, Lake Denoon, Tichigan Lake, 
Browns Lake, Potter Lake, Eagle Lake, Lake Como, and 
Camp and Center Lakes. 

Centralized sanitary sewer service in the Lower Fox 
=ver subregional area was provided by eight systems 
in 1975: those operated by the Cities of Burlington 
and Lake Geneva; the Villages of East Troy, Genoa 
City, Mukwonago, Silver Lake, and Twin Lakes; and 
the Western Racine County Sewerage District serving 
the Villages of Rochester and Waterford and a portion 
of the Town of Rochester. Together, the service areas 
of these eight systems comprised about 11.1 square 
miles and served an estimated population of 31,300 
persons. In 1975 there were about 54,100 persons 
residing in the subregional area not served by central- 
ized sanitary sewerage facilities. Specific population, 
service area, and related characteristics of the eight 
existing systems are presented in Volume One, Chap- 
ter V of this report, and in Chapter I11 of SEWRPC 
Technical Report No. 21, Sources of Water Pollution 
in Southeastern Wisconsin : 1975. 

Sewer Service Analysis Areas 
A total of 19  sewer service analysis areas may be identi- 
fied within the Lower Fox River subregional area (see 
Table 158). These 19  sewer service analysis areas are 
shown on Map 71 and may be described as follows: 

1. Area A-This area consists of the Village of 
Mukwonago and environs. In 1975 sanitary 
sewer service was provided in this area to 
about 1.3 square miles, having a total resident 
population of about 3,400 persons. The total 
area anticipated to  be served by the year 2000 
approximates 4.2 square miles, with a projected 
resident population of about 9,200 persons. This 
represents an increase in planned population from 
the 7,800 persons forecast for the area for 1990 
in the regional sanitary sewerage system plan. 
This subarea is referenced as the "Mukwonago" 
sewer service area in the ensuing discussion. 

2. Area B-This area consists of the Village of 
East Troy and environs. In 1975 sanitary sewer 
service was provided in this area to about 
0.8 square mile, having a total resident popula- 
tion of about 2,200 persons. The total area 

anticipated to  be served by the year 2000 
approximates 2.5 square miles, with a projected 
resident population of about 5,100 persons. This 
represents an increase in planned population from 
the 3,600 persons forecast for the area for 1990 
in the regional sanitary sewerage system plan. 
This subarea is referenced as the "East Troy" 
sewer service area in the ensuing discussion. 

3. Area C-This area consists of urban development 
along the shoreline of Potter Lake in the Town 
of East Troy. About 1,100 persons resided in 
this area on a year-round basis in 1975, but no 
centralized sanitary sewer service was provided. 
The East Troy Sanitary District No. 2 has been 
formed to provide centralized sanitary sewer 
service to this concentration of urban develop- 
ment. The total area anticipated to  be served 
with centralized sanitary sewer service by the 
year 2000 approximates 0.8 square mile, with 
a projected resident population of about 1,600 
persons, including an estimated seasonal resident 
population of about 2000 persons. This repre- 
sents an increase in the planned population from 
the 1,100 persons forecast for the area for 1990 
in the regional sanitary sewerage system plan. 
This subarea is referenced as the "Potter Lake" 
sewer service area in the ensuing discussion. 

4. Area D-This area consists of the City of Lake 
Geneva and environs, including urban develop- 
ment along the shoreline of Lake Geneva in the 
Towns of Linn and Geneva. In 1975 sanitary 
sewer service was provided in this area to about 
2.0 square miles, having a total resident popula- 
tion of about 5,700 persons. The total area 
anticipated to  be served by the year 2000 
approximates 7.4 square miles, with a projected 
resident population of about 14,800 persons, 
including an estimated seasonal resident popula- 
tion of about 2,600 persons. This represents an 
increase in the planned population from the 
12,200 persons forecast for the area for 1990 
in the regional sanitary sewerage system plan. 
This subarea is referenced as the "Lake Geneva" 
sewer service area in the ensuing discussion. 

5. Area E-This area consists of urban development 
along the north shoreline of Lake Como in the 
Town of Geneva. About 1,500 persons resided 
in this area on a year-round basis in 1975, but 
no centralized sanitary sewer service was pro- 
vided. The total area anticipated to  be served 
with centralized sanitary sewer service by the 
year 2000 approximates 1.5 square miles, with 
a projected resident population of about 2,500 
persons, including an estimated seasonal resident 
population of about 600 persons. This repre- 
sents an increase in the planned population from 
the 1,900 persons forecast for the area for 1990 
in the regional sanitary sewerage system plan. 
This subarea is referenced as the "Lake Como" 
sewer service area in the ensuing discussion. 



Table 158 

SELECTED CHARACTERISTICS OF SEWER SERVICE AREAS I N  THE 
LOWER FOX RIVER SUBREGIONAL AREA: 1975,1985, A N D  2000 

a See Map 71. 

Does no t  include seasonal resident population on Potter Lake, Lake Geneva, Lake Como, W n d  Lake, Eagle Lake, Tichigan Lake, Twin Lakes, Camp Lake, Cross 
Lake, and Rock Lake. 

Includes an estimated seasonal resident population o f  200 persons. 

lncludes an estimated seasonal resident popuation of 2,600 persons. 

Design 
Hydraulic 
Loading 
(mgd) 

1.66 
0.86 
0.34 
2.65 
0.53 
0.15 
0.22 
1.55 
0.38 
0.64 
0.86 
2.70 
0.38 
1 .OO 
0.71 
0.17 
0.46 
0.27 
0.36 

15.89 

Planned 

Population 
Sewed 

6,500 
3,700 
1,300' 

12,100~ 
2,300~ 

600 
1.400 
4,700~ 
1,500~ 
5,000 
3,200~ 

13,300 
1,900. 
5,700: 
2,800' 

600 
1,600~ 

800' 
900 

69,900 

Planned 2000 

Sewer Service 
Analysis ~ r e a ~  

lncludes an estimated seasonal resident population o f  600 persons. 

lncludes an estimated seasonal resident population of 500 persons. 

lncludes an estimated seasonal resident population o f  400 persons. 

lncludes an estimated seasonal resident population of 400 persons. 

lncludes an estimated seasonal resident population o f  1,400 persons. 

lncludes an estimated seasonal resident population o f  700 persons. 

lncludes an estimated seasonal resident population o f  100 persons. 

lncludes an estimatedseasonal resident population of 100 persons. 

Source: SEWRPC. 

1985 

Design 
Hydraulic 
Loading 
(mgd) 

1 .09 
0.57 
0.27 
2.08 
0.44 
0.13 
0.13 
0.99 
0.32 
0.58 
0.67 
2.01 
0.28 
0.89 
0.59 
0.13 
0.34 
0.17 
0.19 

11.87 

Area 
Served 

(square miles) 

4.23 
2.55 
0.81 
7.37 

Letter 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
P 
0 
R 
S 

6. Area F-This area consists of the unincorporated 
village of Lyons in the Town of Lyons. About 
500 persons resided in this area in 1975, but no 

Population 
Served 

9,200 
5.1 00 
1,600~ 

14,800~ 

Unsewed 
Population 

Residing in the 
Proposed 2000 

Service Area 

700 
100b 

1.1 0Ob 
1,500b 
1,500 

500 
-. 

3,600b 
1.000 

100b 
2,100 

100 
. . 
- - 

2,100 
500 

1,400~ 
600b 
900 

1 7,800 

Area 
Sewed 

(square miles) 

1.26 
0.82 
. - 

1.96 
. - 
. - 

0.27 
. . 

-. 
0.94 

- - 
3.06 
0.47 
2.31 

- - 
. . 
. - 
. . 
-. 

11.09 

Name 

Mukwonago . . . . . . . .  
East Troy . . . . . . . . .  
Potter Lake . . . . . . . .  
Lake Geneva. . . . . . . .  
Lake Como . . . . . . . .  
Lyons . . . . . . . . . . . .  
GenoaCity . . . . . . . . .  
WindLake . . . . . . . . .  
Eagle Lake. . . . . . . . .  
Waterford-Rochester . . .  
Tichigan Lake. . . . . . .  
Burlington . . . . . . . . .  
Silver Lake. . . . . . . . .  
Twin Lakes . . . . . . . .  
Camp-Center Lakes. . . .  
Wilmot . . . . . . . . . . .  
Cross Lake. . . . . . . . .  
RockLake . . . . . . . . .  
North Prairie. . . . . . . .  

Total 

centralized sanitary sewer service was provided. 
The Wisconsin Department of Natural Resources 
has ordered the installation of such service to  
the unincorporated village and, in response to 

this order, the Town of Lyons created a Sanitary 
District No. 2. The total area anticipated to be 
served with centralized sanitary sewer service by 
the year 2000 approximates 0.3 square mile, 
with a projected resident population of about 
700 persons. This represents no change from the 
forecast for the area for 1990 in the regional 

Existing 

Population 
Sewed 

3,400 
2,200 
. . 

5,700 
. - 
. . 

1.100 
-. 
. . 

3,400 
-. 

10,800 
1,300 
3,400 
. - 
. - 
-. 
.. 
-. 

31,300 

1 .SO I 2,500~ 
0.30 , 700 
0.88 1,800 
3.61 1 7,400~ 

1975 

Average 
Hydraulic 
Loading 

(mgd) 

0.44 
0.25 
-. 

0.74 
- . 
-. 

0.07 
- - 
. . 

0.24 
-. 

1.48 
0.15 
0.41 
. . 
-. 
- - 
- - 
. - 

3.78 

1.40 
2.64 
2.00 
6.81 
1.03 
3.54 
2.10 
0.49 
1.13 
0.68 
1.92 

44.99 

1 , 800~  
5,300 
4,100~ 

16,600 
2,400. 
6,2001 
3,40d 

800 
2,200~ 
1.300' 
1,700 

88,900 



Map 71 

SEWER SERVICE ANALYSIS AREAS: LOWER FOX RIVER SUBREGIONAL ARE 

LEGEND 

SEWER SERVICE ANALYSIS AREAS - 5~+"s:A"EGo~RP"R*o"pEZ,"~1~X,"E'Y'sk",'vYc"E"T 
ANALYSIS AREAS 

7 CODE NUMBER FOR DEVELOPMENT 
OUTSIDE SEWER SERVICE AREA-- 
SEE TABLE 186 

Urban development in the Lower Fox River watershed is concentrated in several relatively small cities and villages and unincorporated communities located along 
the shorelines of the many lakes which are found in  this portion of the Region. For sewer service analysis purposes, 19 individual urban areas were identified, as 
shown on the above map. By the year 2000, about 88,900 persons are expected to reside in these 19 sewer service areas, which will approximate 45.0 square miles. 
In 1975 there were about 85,400 persons residing in the Lower Fox River subregional area, of which 31,300 were served by centralized sewer service and 54,100 by 
onsite sewage disposal systems. 

Source: SEWRPC. 



sanitary sewerage system plan. This subarea is 
referenced as the "Lyons" sewer service area in 
the ensuing discussion. 

7. Area G-This area consists of the Village of Genoa 
City and environs. In 1975 sanitary sewer service 
was provided in this area to  about 0.3 square 
mile, having a total resident population of about 
1,100 persons. The total area anticipated to  be 
served by the year 2000 approximates 0.9 square 
mile, with a projected resident population of 
about 1,800 persons. This represents the same 
planned population forecast for the area for 1990 
in the regional sanitary sewerage system plan. 
This subarea is referenced as the "Genoa City" 
sewer service area in the ensuing discussion. 

8. Area H-This area consists of urban development 
along the shorelines of Wind, Waubeesee, and 
Long Lakes in the Town of Norway and Lake 
Denoon in the City of Muskego. About 3,600 
persons resided in this area on a year-round basis 
in 1975, but no centralized sanitary sewer service 
was provided. The Town of Norway Sanitary 
District has been formed to provide centralized 
sanitary sewer service to  that portion of the 
service area in Racine County. The total area 
anticipated t o  be served by the year 2000 
approximates 3.6 square miles, with a projected 
resident population of about 7,400 persons, 
including an estimated seasonal resident popula- 
tion of about 500 persons. This represents an 
increase in the planned population from the 
6,900 persons forecast for the area for 1990 in 
the regional sanitary sewerage system plan. This 
subarea is referenced as the "Wind Lake" sewer 
service area in the ensuing discussion. 

9. Area I-This area consists of urban development 
along the shoreline of Eagle Lake and in the 
unincorporated village of Kansasville in the Town 
of Dover. About 1,000 persons resided in this 
area on a year-round basis in 1975, but no cen- 
tralized sanitary sewer service was provided. The 
Town of Dover Sewer Utility District No. 1 has 
been formed to provide centralized sanitary sewer 
service to  this concentration of urban develop- 
ment. The total area anticipated to be served 
by the year 2000 approximates 1.4 square miles, 
with a projected resident population of about 
1,800 persons, including an estimated seasonal 
resident population of about 400 persons. This 
represents an increase in the planned popula- 
tion from the 1,600 persons forecast for the 
area for 1990 in the regional sanitary sewer- 
age system plan. This subarea is referenced 
as the "Eagle Lake" sewer service area in the 
ensuing discussion. 

10. Area J-This area consists of the Villages of 
Rochester and Waterford and contiguous urban 
development in the Towns of Rochester and 
Waterford, and encompasses the entire service 

area of the Western Racine County Sewerage 
District. In 1975 sanitary sewer service was pro- 
vided in this area to  about 0.9 square mile, 
having a total resident population of about 
3,400 persons. The total area anticipated to  
be served by the year 2000 approximates 
2.6 square miles, with a projected resident 
population of about 5,300 persons. Due to 
revisions in the boundary between the 
Waterford-Rochester and Tichigan Lake sewer 
service areas, a direct comparison of population 
cannot be made with the regional sanitary 
sewerage system plan. This subarea is referenced 
as the "Waterford-Rochester" sewer service area 
in the ensuing discussion. 

11. Area K-This area consists of urban development 
along the shoreline of Tichigan Lake in the Town 
of Waterford, including portions of the Town of 
Waterford Sanitary District No. 1. About 2,100 
persons resided in this area on a year-round 
basis in 1975, but no centralized sanitary sewer 
service was provided. The Tichigan Lake Sanitary 
District has been formed to provide such service. 
The total area anticipated to  be served with 
centralized sanitary sewer service by the year 
2000 approximates 2.00 square miles, with 
a projected resident population of about 4,100 
persons, including an estimated seasonal resident 
population of about 400 persons. Due to revisions 
in the boundary between Waterford-Rochester 
and Tichigan bake sewer service areas, a direct 
comparison of population cannot be made with 
the regional sanitary sewerage system plan. This 
subarea is referenced as the "Tichigan Lake" sewer 
service area in the ensuing discussion. 

12. Area L-This area consists of the City of 
Burlington and environs, including urban 
development along the shoreline of Browns Lake 
in the Town of Burlington. In 1975 sanitary 
sewer service was provided in this area to  about 
3.1 square miles, having a total resident popula- 
tion of about 10,800 persons. The total area 
anticipated t o  be served by the year 2000 
approximates 6.81 square miles, with a projected 
resident population of about 16,600 persons. This 
represents an increase in the planned population 
from the 15,000 forecast for the area for 1990 in 
the regional sanitary sewerage system plan. This 
subarea is referenced as the "Burlington" sewer 
service area in the ensuing discussion. 

13. Area M-This area consists of the Village of Silver 
Lake h d  environs. In 1975 sanitary sewer service 
was provided in this area to  about 0.5 square 
mile, having a total resident population of about 
1,300 persons. The total area anticipated to  be 
served by the year 2000 approximates 1.0 square 
mile, with a projected resident population of 
about 2,400 persons. This represents a decrease in 
the planned population from the 3,300 persons 
forecast for the area for 1990 in the regional 



sanitary sewerage system plan. This subarea is 
referenced as the "'Silver Lake" sewer service area 
in the ensuing discussion. 

14. Area N-This area consists of the Village of Twin 
Lakes and environs. In 1975 sanitary sewer ser- 
vice was provided in this area to  about 2.3 square 
miles, having a total resident population of about 
3,400 persons. The total area anticipated to  be 
served by the year 2000  approximates 3.5 square 
miles, with a projected resident population of 
about 6,200 persons, including an estimated sea- 
sonal resident population of about 1,400 persons. 
This represents an increase in the planned popula- 
tion from the 4,200 forecast for the area for 1990 
in the regional sanitary sewerage system plan. This 
subarea is referenced as the "Twin Lakes" sewer 
service area in the ensuing discussion. 

15. Area 0--This area consists of urban development 
along the shorelines of Camp and Center Lakes 
in the Town of Salem. About 2,100 persons 
resided in this area on a year-round basis in 1975, 
but no centralized sanitary sewer service was 
provided. The total area anticipated to be served 
with centralized sanitary sewer service by the 
year 2000 approximates 2.1 square miles, with 
a projected resident population of about 3,400 
persons, including an estimated seasonal popula- 
tion of about 700 persons. This represents an 
increase in the planned population from the 
2,400 persons forecast for the area for 1990 in 
the regional sanitary sewerage system plan. This 
subarea is referenced as the "Camp-Center Lakes" 
sewer service area in the ensuing discussion. 

16. Area P-This area consists of the unincorporated 
village of Wilmot in the Town of Salem. About 
500 persons resided in this area on a year-round 
basis in 1975, but no centralized sanitary sewer 
service was provided. The total area anticipated 
to  be served with centralized sanitary sewer 
service by the year 2000 approximates 0.5 square 
mile, with a projected resident population of 
about 800 persons. This represents an increase 
in the planned population from the 600 forecast 
for the area for 1990 in the regional sanitary 
sewerage system plan. This subarea is refer- 
enced as the "Wilmot" sewer service area in 
the ensuing discussion. 

Area Q-This area consists of urban development 
along the shorelines of Cross, Voltz, Benet, and 
Shangrila Lakes in the Towns of Salem and 
Bristol. About 1,400 persons resided in this area 
on a year-round basis in 1975, but no centralized 
sanitary sewer service was provided. The total 
area anticipated to  be served with centralized 
sanitary sewer service by the year 2000 approxi- 
mates 1.1 square mile, with a projected resident 
population of about 2,200 persons, including an 
estimated seasonal resident population of about 

100 persons. This represents an increase in the 
planned population from the 1,200 forecast for 
the area for 1990 in the regional sanitary sew- 
erage system plan. This subarea is referenced 
as the "Cross Lake" sewer service area in the 
ensuing discussion. 

18. Area R-This area consists of urban development 
along the shoreline of Rock Lake and in the 
unincorporated village of Trevor in the Town 
of Salem. About 600 persons resided in this 
area on a year-round basis in 1975, but no cen- 
tralized sanitary sewer service was provided. 
The total area anticipated to  be served with 
centralized sanitary sewer service by the year 
2000 approximates 0.7 square mile, with a pro- 
jected resident population of about 1,300 per- 
sons, including an estimated seasonal resident 
population of about 100 persons. This represents 
an increase in the planned population from the 
700 forecast for the area for 1990 in the regional 
sanitary sewerage system plan. This subarea is 
referenced as the "Rock Lake" sewer service area 
in the ensuing discussion. 

19. Area S-This area consists of the Village of North 
Prairie and environs. About 900 persons resided 
in this area in 1975, but no centralized sanitary 
sewer service was provided. The total area 
anticipated to be served with centralized sanitary 
sewer service by the year 2000 approximates 
1.9 square miles, with a projected resident popu- 
lation of about 1,700 persons. This area was not 
planned to be sewered in the regional sanitary 
sewerage system plan. This subarea is referenced 
as the "North Prairie" sewer service area in 
the ensuing discussion. 

Summary of Previously Prepared Regional Plan Elements 
The Fox River watershed planfY as adopted in June 1970 
by the Regional Planning Commission, contained specific 
recommendations pertaining to  sewerage system develop- 
ment and stream water quality management for the 
Lower Fox River subregional area. These recommenda- 
tions were developed from a detailed examination of 
seven basic alternative stream water quality management 
plan elements for the entire watershed. 

Following the preparation and adoption of the Fox River 
watershed plan, several developments occurred which 
necessitated a reevaluation of the recommendations in 
the adopted Fox River watershed plan prior to  their 
integration into the regional sanitary sewerage system 
plan. These developments resulted in an amendment to  
the Fox River watershed plan, which included a revised 
number of recommended treatment facilities to  ulti- 

29 SE WRPC Planning Report No. 12, A Comprehensive 
Plan for the Fox River Watershed. 



mately serve the existing and anticipated urban develop- 
ment in the upper Fox River watershed and revisions 
concerning the type of treatment units recommended. 30 

Because of the extensive consideration of alternative 
sanitary sewerage system plans under the Fox River 
watershed study, the procedure for evaluating alternative 
plans normally utilized in the development of the 
regional sanitary sewerage system plan was not utilized, 
and only a recommended plan was presented. This plan 
consisted of the basic stream water quality management 
recommendations included in the adopted Fox River 
watershed plan, modified to reflect the results of the 
reevaluation under the regional sanitary sewerage system 
planning program. 

Formulation of Alternatives 
Several local planning efforts have taken place which 
represent steps toward the implementation of the Lower 
Fox River watershed water quality management recom- 
mendations of the Fox River watershed plan and the 
regional sanitary sewerage system plan. Local facility 
planning has been completed or is nearing completion for 
the Mukwonago, East Troy, Potter Lake, Lake Geneva, 
Lake Como, Wind Lake, Eagle Lake, Camp and Center 
Lakes, Wilmot, Cross Lake, and Rock Lake sewer service 
areas. Facility planning is also underway for the Lyons, 
Twin Lakes, Waterford-Rochester, and Tichigan Lake 
sewer service areas. With regard to  the number and 
location of public wastewater treatment facilities, these 
local planning efforts, which have been completed or are 
nearing completion, have verified the recommendations 
of the regional sanitary sewerage system plan. 

In view of these developments, it was concluded that the 
recommendations of the regional sanitary sewerage 
system plan with regard to the number and location of 
the public treatment facilities in the Lower Fox River 
subregional area should be incorporated into the areawide 
water quality management plan without further alterna- 
tive consideration. Thus, with regard to the number and 
location of wastewater treatment plants, only the 
recommended plan for the Lower Fox River subregional 
area as developed under the regional sanitary sewerage 
system plan is described herein, with certain modifica- 
tions indicated as desirable by subsequent system and 
facilities planning efforts. Alternatives are evaluated with 
regard to the type of treatment system to be utilized. 
One major recommendation of the areawide water 
quality management planning program, in addition to the 
regional sanitary sewerage system plan recommendations, 
is the addition of the North Prairie subarea to the areas 
recommended for sewer service. Local planning for the 

30 For a detailed discussion o f  the developments affecting 
the Fox River watershed recommendations and the 
alternative analyses which were reevaluated, as well as 
the amendments made to the adopted watershed plan, 
see Chapter XI o f  SEWRPC Planning Report No. 16, 
A Regional Sanitary Sewerage System Plan for South- 
eastern Wisconsin. February 1974. 

North Prairie area had been completed in 1971. Sewer 
service has also been recommended for the area in the 
adopted regional land use plan coincident with a change 
in population from 800 persons in 1975 to  1,700 persons 
in the year 2000. The North Prairie subarea is somewhat 
isolated from other sewer service areas in the Region, the 
closest being the Wales sewer service area in the Middle 
Rock River subregional area--over four miles away. In 
view of this, no specific alternative analyses were 
conducted with regard to  sewer system interconnection 
for the North Prairie sewer service area. 

Results of water quality simulations are presented under 
the previous section on the diffuse source control 
element recommendations for the Fox River watershed. 
Sanitary sewerage system plans for the 19 sewer service 
areas that lie within the Lower Fox River subregional 
area are described in the following sections. 

Proposed Plan-Mukwonago Subarea 
In 1975 the wastewater treatment facility serving the 
Mukwonago sewer service area had an average hydraulic 
design capacity of 0.22 mgd and provided a secondary 
level of waste treatment. It is anticipated that future 
growth will require an average hydraulic design capacity 
for the Mukwonago sewer service area of about 1.09 mgd 
in 1985 and about 1.66 mgd in the year 2000. This year 
2000 design flow is somewhat larger than the estimated 
1990 design flow of 1.40 mgd anticipated under the 
regional sanitary sewerage system plan. 

In 1977 the Village of Mukwonago had completed 
facilities planning for construction of a new wastewater 
treatment facility downstream of the existing facility 
with a force main discharge to the Fox River.' The 
proposed wastewater treatment plant is designed to  
provide secondary waste treatment with advanced waste 
treatment for phosphorus removal and auxiliary waste 
treatment for effluent disinfection. The plant is pro- 
posed to have an average hydraulic design capacity of 
about 1.5 mgd. 

In order to meet established water use objectives for 
the Fox River, this facility will need to provide either 
a secondary level of treatment with auxiliary waste 
treatment for effluent disinfection followed by land 
application of treatment plant effluent, or secondary 
waste treatment with a high level of advanced waste 
treatment for phosphorus removal-producing an effluent 
with a concentration of approximately 0.1 mg/l of total 
phosphorusand auxiliary waste treatment for disinfec- 
tion prior to discharge to  the Fox River. The recom- 
mendations concerning treatment and discharge to  
surface waters differ from those contained in the regional 
sanitary sewerage system plan. That plan recommended 
the provision of secondary waste treatment plus con- 
ventional advanced waste treatment for phosphorus 
removal and nitrification and auxiliary waste treatment 
for effluent disinfection. The treatment levels recom- 
mended in the regional sanitary sewerage system plan, 
however, were based upon the assumption that plant 
effluent would continue to be discharged to the 
Mukwonago River. The construction of the outfall to 



the Fox River, with the corresponding elimination of 
the need to provide advanced waste treatment for 
nitrification, is considered to be consistent with the 
recommendations of the regional sanitary sewerage 
system plan. 

As previously noted, the local facilities planning work 
has been completed for the Village of Mukwonago 
wastewater treatment plant, and the detailed design work 
is to be started in 1978. Because of this existing stage of 
implementation, the decision to  provide advanced waste 
treatment followed by discharge to  the surface waters has 
been treated as a committed local decision, even though 
the areawide analysis indicates that, on a generalized 
basis, an effluent land application alternative may be 
less costly than providing the levels of treatment needed 
prior to discharge to the surface waters. The proposed 
facilities should be designed to allow for expansion to 
ultimately accommodate the facilities needed to reduce 
the total phosphorus concentration in the effluent to  
about 0.1 mg/l. Future facilities planning efforts designed 
to evaluate the phosphorus reduction component of 
the proposed plan should further consider the land 
application alternative. The recommended performance 
standards for the Mukwonago wastewater treatment plant 
are set forth in Table 159, and the proposal is shown on 
Map 72. 

The total present worth over a 50-year analysis period 
of construction and operation of the proposed treat- 
ment and conveyance facilities for the Mukwonago 
sewer service area is about $6,990,000. The estimated 
capital cost for constructing the necessary additional 
treatment and conveyance facilities is $4,117,000, with 
an estimated average annual operation and maintenance 
cost of $253,200 (see Table 160). 

Proposed Plan-East Troy and Potter Lake Subareas 
In 1975 the wastewater treatment facility serving the 
East Troy sewer service area had an average hydraulic 
design capacity of 0.32 mgd and provided a secondary 
level of waste treatment. It is anticipated that future 
growth and connection of the Potter Lake sewer service 
area will require an average hydraulic design capacity for 
the East Troy sewer service area of about 0.84 rngd in 
1985 and about 1.20 mgd in the year 2000. This year 
2000 design flow is somewhat larger than the estimated 
1990 design flow of 0.93 mgd anticipated under the 
regional sanitary sewerage system plan. 

During 1978 the Village of East Troy was conducting 
preliminary facilities planning for construction of a new 
treatment plant. The facility plan is evaluating both 
effluent land application and treatment and discharge 
alternatives. The plan proposes that the new treatment 
plant have an average hydraulic design capacity of about 
0.70 mgd. 

In order to meet established water use objectives for 
the Fox River, this facility will need to provide either 
a secondary level of treatment with auxiliary waste 
treatment for effluent disinfection followed by land 
application of treatment plant effluent, or secondary 
waste treatment with advanced waste treatment for 
nitrification, a high level of advanced waste treatment 
for phosphorus removal-producing an effluent with 
a concentration of approximately 0.1 mg/l of total 
phosphorusand auxiliary waste treatment for effluent 
aeration and disinfection prior to discharge to Honey 
Creek. The recommendations concerning treatment and 
discharge to surface waters differ from those contained in 
the regional sanitary sewerage system plan only with 
regard to the level of phosphorus removal which should 

Table 159 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-PROPOSED SANITARY SEWERAGE 
SYSTEM PLAN FOR THE MUKWONAGO SEWER SERVICE AREA: LOWER FOX RIVER SUBREGIONAL AREA 

a See Map 71. 

Wastewater 
Treatment 

Plant 

Village of Mukwonago 

This treatment standard differs from the regional sanitary sewerage system plan recommendations, which included the provision of secondary waste treatment 
with conventional advanced waste treatment for nitrification and phosphorus removal (effluent concentration o f  1.0 mg/l of total phosphorus) and auxiliary waste 
treatment for effluent disinfection. The recommendations o f  the regional sanitary sewerage system plan were based upon the discharge o f  plant effluent to the 
Mukwonago River. 

Source: SEWRPC. 

Estimated Average 
Hydraulic Design 
Capacity (mgd) 

Sewer Service 
Analysis Area 

serveda 

Mukwonago 

1985 

1.09 

2000 

1.66 

Estimated 
Population 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Advanced 
Auxiliary 

1985 

6,500 

2000 

9,200 

Type of Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

in Plan Preparation 

Activated Sludge 
Phosphorus Removal 
Disinfection 

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly limits) 

BOD5 Discharge: 15 mgll 
Phosphorus Discharge: 0.1 mgllb 
Fecal Coliform Concentration: 

2001100 ml 



Map 72 

PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE MUKWONAGO SEWER SERVICE AREA- 
LOWER FOX RIVER SUBREGIONAL AREA: 2000 
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The areawide water quality management plan proposes that the Mukwonago 
wastewater treatment plant be relocated to a new site downstream of the 
existing site facility and that an outfall sewer be constructed to convey 
the plant effluent to the main stem of the Fox River. In order to meet the 
established water use objectives for the Fox River, it is proposed that the 
Mukwonago facility provide secondary waste treatment with a high level of 
advanced waste treatment for phosphorus removal-producing an effluent 
concentration of approximately 0.1 mgll of total phosphorus-and auxiliary 
waste treatment for effluent disinfection prior to discharge to the Fox 
River. Completed local plans recommended the provision of conventional 
advanced waste treatment for phosphorus removal-producing an effluent 
concentration of 1.0 mgll. Future planning efforts should evaluate effluent 
land application as an alternative to increasing the level of phosphorus 
removal. The proposed plan also includes a trunk sewer to convey waste 
from the existing to the proposed treatment plant site. 

Source: SEWRPC. 

be achieved. That plan recommended that the East Troy 
plant effluent have a total phosphorus concentration of 
1.0 mg.1, while the recommendations of the areawide 
water quality management planning program are based 
upon an effluent total phosphorus concentration of 
about 0.1 mg/l. 

Based upon the general analyses described earlier in this 
chapter, the provision of secondary waste treatment 
followed by auxiliary waste treatment for effluent 
disinfection and effluent land application is considered 
to be a viable alternative to providing secondary waste 
treatment with conventional advanced waste treatment 
for nitrification, a high level of advanced waste treatment 
for phosphorus removal, and auxiliary waste treatment 
for plants the size of the East Troy facility. Thus, the 
proposed areawide water quality management plan for 
the East Troy and Potter Lake areas is based upon the 
effluent land application alternative, but recognizes the 
need for more detailed local facility planning to examine 
alternatives providing for surface water discharge as well 
as the land application alternative. Should local facilities 
planning efforts indicate that land application is not 
practical to implement, then an alternative treatment 
system designed to ultimately achieve the level of treat- 
ment needed to meet water quality standards with 
effluent discharge to surface waters should be considered. 
The recommended performance standards for the 
East Troy wastewater treatment plant are set forth 
in Table 161, and the proposal is shown on Map 73. 

The total present worth over a 50-year analysis period of 
construction and operation of the proposed treatment 
and conveyance facilities for the East Troy and Potter 
Lake sewer service areas is about $6,009,000. The esti- 
mated capital cost for constructing the necessary addi- 
tional treatment and conveyance facilities is $5,050,000, 
with an estimated average annual operation and mainte- 
nance cost of $148,000 (see Table 162). 

Alternative Plans-Lake Geneva and Lake Como Subareas 
In 1975 the wastewater treatment facility serving the 
Lake Geneva sewer service area had an average hydraulic 
design capacity of 1.10 mgd, and provided a secondary 
level of waste treatment with advanced waste treatment 
for phosphorus removal and auxiliary waste treatment for 
effluent disinfection. It is anticipated that future growth 
and connection of the Lake Como sewer service area 
will require an average hydraulic design capacity for the 
combined Lake Geneva and Lake Como sewer service 
areas of about 2.52 mgd in 1985 and about 3.18 mgd in 
the year 2000. This year 2000 design flow is greater than 
the estimated 1990 design flow of 2.70 mgd anticipated 
under the regional sanitary sewerage system plan. 

As previously noted, in 1978 the City of Lake Geneva, 
in conjunction with other communities in the Lake 
Geneva area, had completed local facilities planning 
to determine existing and future wastewater treatment 
and conveyance needs for the sewer service areas around 
Lake Geneva and Lake Como. The local facility planning 
study recommended that the Lake Geneva wastewater 



Table 160 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE MUKWONAGO SEWER SERVICE AREA: LOWER FOX RIVER SUBREGIONAL AREA 

Source: SEWRPC. 

Plan Subelement 

Wastewater Treatment Plant 
Village of Mukwonago . . . . 

Trunk Sewers 
Village o f  Mukwonago . . . . 

Total 

Table 161 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE EAST TROY AND POTTER LAKE SEWER SERVICE AREAS: LOWER FOX RIVER SUBREGIONAL AREA 

Estimated Cost: 1975-2000 

See Map 71. 

Economic Analysis Estimates 

Total 
Capital 

$3,982,000 

135,000 

$4.1 17,000 

This treatment recommendation differs from the regional sanitary sewerage system plan recommendations, which included the provision of secondary waste treat- 
ment with conventional advanced waste treatment for nitrif ication and phosphorus removal and auxiliary waste treatment for effluent aeration and disinfection. 

Average Annual 
Operation and 
Maintenance 

$253,000 

200 

$253,200 

Recommended 
Performance Standards i n  
Terms o f  Effluent Quality 
(all standards represent 
average monthly l imits) 

BOD5 Discharge: 30 mg/l 
Fecal Coliform Concentration: 

2001100 ml  
. . 

Source: SEWRPC. 

Present Worth: 1975-2025 

Type of Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

in Plan Preparation 

Activated Sludge 
Disinfection 

Land ~ p p l i c a t i o n ~  

- 

Wastewater 
Treatment 

Plant 

Village of East Troy 

Table 162 

Equivalent Annual: 1975-2025 

Construction 

$3.01 1,000 

85.000 

$3,096,000 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE 
EAST TROY AND POTTER LAKE SEWER SERVICE AREAS: LOWER FOX RIVER SUBREGIONAL AREA 

Total 

$438,000 

5,600 

$443,600 

Operation and 
Maintenance 

$3,891,000 

3,000 

$3,894,000 

Construction 

$191,000 

5,400 

$196,400 

Estimated Average 
Hydraulic Design 
Capacity fmgd) 

Source: SEWRPC. 

280  

Total 

$6,902,000 

88,000 

$6,990,000 

Operation and 
Maintenance 

$247,000 

200 

$247,200 

Sewer Service 

Analysis Areas 
serveda 

East Troy and 
Potter Lake 

1985 

0.84 

Plan Subelement 

Wastewater Treatment Plant 
Village of East Troy 

Facilit ies.. . . . . . . . . . 
Land . . . . . . . . . . . . .  

Subtotal 

Trunk Sewer 
Potter Lake-East Troy . . . . 

Total 

2000 

1.20 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Auxiliary 

Advanced 

Estimated 

Estimated Cost: 1975-2000 

1985 

5,000 

Economic Analysis Estimates 

Total 
Capital 

$3,963,000 
396,000 

$4,359,000 

691,000 

$5,050,000 

2000 

6,700 

Average Annual 
Operation and 
Maintenance 

$142,000 
. . 

$142,000 

6,000 

$148,000 

Present Worth: 1975-2025 Equivalent Annual: 1975-2025 

Total 

$5,272,000 
227,000 

$5,499,000 

51 0.000 

$6,009,000 

Construction 

$3,069,000 
227,000 

$3,296,000 

434.000 

$3,730.000 

Total 

$335,000 
14,000 

$349,000 

33,000 

$382,000 

Construction 

$195,000 
14,000 

$209,000 

28,000 

$237,000 

Operation and 
Maintenance 

$2,203,000 
- - 

$2,203,000 

76,000 

$2,279,000 

Operation and 
Maintenance 

$1 40,000 
- - 

$1 40,000 

5,000 

$145,000 



Map 73 

PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE EAST TROY AND POTTER LAKE 
SEWER SERVICE AREAS-LOWER FOX RIVER SUBREGIONAL AREA: 2000 
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In order to  resolve existing problems due to malfunctionin 
ment along Potter Lake, with treatment for the wastewater being provided by an expanded and upgraded existing East Troy wastewater treatment plant. In  order 
to  meet the established water use objectives for Honey Creek, the East Troy plant will need to provide either land application of plant effluent following the current 
secondary level of treatment or secondary waste treatment with advanced waste treatment for nitrification, a high level of advanced waste treatment for phosphorus 
removal-producing an effluent concentration of approximately 0.1 mg/l of total phosphorus-and auxiliary waste treatment for effluent aeration and disinfection 
prior to discharge to Honey Creek. Wastewater would be conveyed from the Potter Lake sewr service area t o  the East Troy treatment plant via a trunk sewer 
system as indicated on the above map. 

Source: SEWRPC. 



treatment plant be expanded and upgraded to serve 
the Lake Geneva and Lake Como areas. The local facility 
plan further recommended, after consideration of several 
alternatives, that the Villages of Williams Bay and 
Fontana, together with adjacent urban development 
along the north and south shorelines of Lake Geneva, be 
served through the proposed new .Village of Walworth 
treatment facility. The local facilities plan recommended 
one revision in the sewer service area boundary delinea- 
tion included in the regional s,anitary sewerage system 
plan. The local facilities plan proposes that sanitary sewer 
service be extended from the Lake Geneva wastewater 
treatment plant along the southern shoreline of Lake 
Como to the Interlaken resort area at the western end 
of the lake, thus permitting the abandonment of the 
existing Interlaken resort wastewater treatment plant. 
In the regional sanitary sewerage system plan, this 
abandonment was recommended to be effected through 
a sewer service extension from the Village of Williams 
Bay. The sewer service area delineations included herein 
have been refined to  reflect the minor adjustment in the 
sewer service area recommended in the local facility plan. 

In view of the findings of the local facility plan, no 
further alternative analyses have been conducted with 
regard to the number and location of the treatment 
facilities for the sewer service areas around Lake Geneva 
and Lake Como. With regard to the treatment facilities 
serving the sewer service areas in the Lower Fox River 
subregional area, it is recommended that the Lake Geneva 
plant be expanded to service the Lake Geneva and Lake 
Como sewer service areas. 

In order to meet established water use objectives for the 
White River and the Fox River, the Lake Geneva facility 
will need to  provide either a secondary level of treatment 
with auxiliary waste treatment for effluent disinfection 
followed by land application of plant effluent, or 
secondary waste treatment with conventional advanced 
waste treatment for nitrification, a high level of advanced 
waste treatment for phosphorus removal-producing an 
effluent with a concentration of approximately 0.1 mg/l 
of total phosphorus--and auxiliary waste treatment for 
effluent aeration and disinfection prior to discharge to 
the White River. The recommendations concerning treat- 
ment and discharge to surface waters differ from those 
contained in the regional sanitary sewerage system plan 
only with regard to  level of phosphorus removal which 
should be achieved. That plan recommended that the 
Lake Geneva plant effluent have a total phosphorus 
concentration of 1.0 mg/l, while the recommendations of 
the areawide water quality management planning 
program are based upon an effluent total phosphorus 
concentration of about 0.1 mg/l. 

As noted in the general analysis described earlier in this 
chapter, the effluent land application and treatment and 
discharge alternatives should be considered further for 
a plant the size of the Lake Geneva facility. Accordingly, 
two treatment alternatives were considered for the Lake 
Geneva and Lake Como sewer service areas. The first 
alternative would provide for continued discharge of 

the Lake Geneva wastewater treatment plant effluent to 
the White River following the required levels of advanced 
and auxiliary waste treatment. The second alternative 
assumes the provision of a land application system for 
disposal of treatment plant effluent from the Lake 
Geneva wastewater treatment facility. 

The recommended wastewater treatment plant perfor- 
mance standards for both of the alternatives are set 
forth in Table 163, and the two proposals are shown 
on Map 74. 

Alternative Plan 1 is based upon the provision of 
secondary waste treatment with advanced waste treat- 
ment for ammonia-nitrogen and phosphorus removal 
utilizing conventional chemical treatment for phosphorus 
removal, biological secondary treatment and nitrification, 
two-stage chemical clarification, multimedia filtration, 
and chlorination prior to discharge of effluent to the 
White River. The total present worth over a 50-year 
analysis period of construction and operation of the 
proposed treatment and conveyance facilities included 
under Alternative Plan 1 for the Lake Geneva and 
Lake Como sewer service areas is about $13,323,000. 
The estimated capital cost for constructing the necessary 
additional treatment and conveyance facilities is 
$9,953,000, with an estimated average annual operation 
and maintenance cost of $430,000 (see Table 164). 

Alternative Plan 2 is based upon the provision of 
secondary waste treatment with auxiliary waste 
treatment for effluent disinfection followed by land 
application. For areawide systems level analysis purposes, 
rural land in the Town of Linn was selected to receive the 
effluent from the Lake Geneva wastewater treatment 
facility. This site would require that the effluent be 
pumped about 24,000 feet. The total present worth over 
a 50-year analysis period of construction and operation 
of the proposed treatment and conveyance facilities 
included under Alternative Plan 2 for the Lake Geneva 
and Lake Como sewer service areas is about $15,286,000. 
The estimated capital cost for constructing the necessary 
additional treatment and conveyance facilities is 
$15,064,000, with an estimated average annual operation 
and maintenance cost of $299,400 (see Table 164). 

On an equivalent annual cost basis, including the cost of 
sludge-related facilities required under Alternative Plan 1 ,  
Alternative Plan 1 would be about 3 percent less costly to 
implement than would Alternative Plan 2. The cost of the 
two alternatives are about equal-well within the 
accuracy of the cost estimating procedures. However, 
there are other less tangible, but nevertheless real, factors 
which should be considered. Alternative Plan 1 could be 
more readily implemented, since this alternative repre- 
sents a continuation of existing practices, with the added 
construction and operational requirements associated 
with the recommended expansion and upgraded level 
of treatment. Because of the land requirements for land 
application under Alternative Plan 2, it would be difficult 
to select and acquire sites or make other institutional 
arrangements for the use of agricultural land, and thus 



Table 163 

WASTEWATER TREATMENT LEVELS A N D  PERFORMANCE STANDARDS-ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS 
FOR THE LAKE GENEVA A N D  LAKE COMO SEWER SERVICE AREAS: LOWER FOX RIVER SUBREGIONAL AREA 

a See Map 71 

This treatment recommendation differs from the regional sanitary sewerage system plan recommendations, which included the provision o f  secondary waste treatment with conven- 
tional advanced waste treatment for nitrification and phosphorus removal (effluent concentration o f  1.0 m g j  of totalphosphorusl andauxiliary waste treatment for effluent aeration 
and disinfection prior to discharge to the White River. 

Source: SEWRPC. 

Wastewater 
Treatment 

Plant 

Alternative Plan 1 

City of Lake Geneva 

Alternative Plan 2 

City of Lake Geneva 

this alternative would be difficult to  implement. In 
addition, Alternative Plan 2 requires the commitment 
of approximately 880 acres of land, which would result 
in a major change in agricultural land management for the 
selected application site area, and requires that treatment 
plant managers become involved in agricultural land 
management. Alternative Plan 2 also requires the con- 
struction of a major conveyance system to transport the 
treatment plant effluent to  the land application site. 
Thus, Alternative Plan 2 would have a greater environ- 
mental impact and would affect more area and a greater 
population than would Alternative Plan 1. 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Advanced 

Auxiliary 

Secondary 
Auxiliary 

Advanced 

Although there would be a greater wastewater pumping 
requirement under Alternative Plan 2 for conveyance of 
wastewater to the land application site, it would require 
less energy than would Alternative Plan 1 because of the 
energy requirement associated with the higher level of 
treatment needed under Alternative Plan 1. Alternative 
Plan 2 also offers advantages in that nutrients would be 
recycled from the wastewater back to the agricultural 
land, and the treatment plant discharge of pollutant 
would be completely eliminated from the surface waters. 
Based upon the above considerations, neither alternative 
is clearly better. However, the areawide water quality 
management plan is based upon the land application 
alternative, but recognizes the need for more detailed 

Type o f  Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

in Plan Preparation 

Activated Sludge 
Nitrification 
Phosphorus Removal 
Effluent Aeration 
Disinfection 

Activated Sludge 
Disinfection 

Land ~ p p l i c a f i o n ~  

Estimated Average 
Hydraulic Design 
Capacity (mgd) 

local facilities planning to  examine alternatives providing 
for surface water discharge of plant effluent as well as the 
land application alternative. 

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly limits) 

BOD5 Discharge: 15.0 mg/l 
Ammonia-Nitrogen Discharge: 1.5 mgll 
Phosphorus Discharge: 0.1 mgllb 
Dissolved Oxygen in Effluent: 6.0 mgll 
Fecal Coliform Concentration: 

20011 00 ml  

BOD5 Discharge: 30.0 mg/l 
Fecal Coliform Concentration: 

2001100 ml 
. . 

Sewer Service 
Analysis Areas 

Serveda 

Lake Geneva, Lake Como 

Lake Geneva, Lake Como 

1985 

2.52 

2.52 

Should local facilities planning efforts indicate that 
land application of plant effluent is not practical to  
implement, then an alternative treatment system designed 
to ultimately achieve the level of treatment needed to 
meet water quality standards with effluent discharge to  
the White River should be considered. That alternative 
treatment system should be designed to initially reduce 

2000 

3.18 

3.18 

phosphorus to  the lowest practical level, and to ulti- 
mately reduce the total phosphorus concentration in 
the effluent to about 0.1 mg/l. 

Estimated 
Population 

Proposed Plan-Lyons Subarea 
No sanitary sewer service is currently being provided in 
the Lyons subarea. The areawide water quality manage- 
ment plan proposes a new sanitary sewerage system for 
the Lyons subarea. It is anticipated that an average 
hydraulic design capacity for the Lyons sewer service area 
will be about 0.13 mgd in 1985 and about 0.15 mgd in 
the year 2000. This year 2000 design flow is the same as 
the estimated 1990 design flow anticipated under the 
regional sanitary sewerage system plan. 

1985 

14,400 

14.400 

In order to meet established water use objectives for 
the White River, this facility will need to  provide either 
a secondary level of waste treatment with auxiliary 
waste treatment for effluent disinfection followed by 
land application of treatment plant effluent, or secon- 
dary waste treatment followed by conventional advanced 
waste treatment for phosphorus removal and auxiliary 

2000 

17,300 

17,300 
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The areawide water quality management Dlan proponer that the existing Lake Geneva treatment plant be sxDanded,to mset the anticipated year 2000 needs of the 
Lake Geneva newer service area. and the addition of  wastewater from the Lake Como Eawer newice area. I n  order to  meet the ertablihed water use objectivesfor 
the Whits River, it wi l l  be necessary for the Lake Geneva plant t o  be u~gradsd to provide either land application of plant effluent followings secondary levelof 
treatment, or secondary waste treatment with advanmd waste treatment far nitrification, a high level of advanced waste treatment for ~hosphorus remwal- 
producing an effluent concentration of 0.1 mgll total phomhorus--and auxiliary was@ treatment for effluent aeration and disinfection prior to dincharge to  the 
White River. Trunk sewera are proposed to  S N e  the north and roum shores of Lake Geneva in the Towns of Geneva and Linn and t o  ssNe the Lake Como newer 
newice area. The anaivrer indieatsd that land application of plant effluent is a viable alternative to  treatment and discharge to the surface waten. 

Surce: SEWRPC. 



Table 164 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS 
FOR THE LAKE GENEVA AND LAKE COMO SEWER SERVICE AREAS: LOWER FOX RIVER SUBREGIONAL AREA 

a This alternative does not  include the cost o f  additional facilities related to the increased sludge production associated with the higher degree o f  treatment required 
under Alternative Plan 1. The total present worth over a 50-year analysis period o f  the additional sludge-handling and -disposal requirement is $1,545,000. The 
estimated capital cost for construction o f  the added sludge-related facilities is $1,283,000, with an estimated average annual operation and maintenance cost o f  
$40,000 over the design period 1975-2000. 

Plan Subelement 

Alternative Plan l a  

Wastewater Treatment Plant 
City of Lake Geneva . . . . . . . 

Trunk Sewers 
Lake Como-North . . . . . . . . 
Lake Como-South . . . . . . . . 
Lake Geneva-North . . . . . . . 
Lake Geneva-South . . . . . . . 

Trunk Subtotal 

Total 

Alternative Plan 2 

Wastewater Treatment Plant 
City of Lake Geneva 

Facilities. . . . . . . . . . . . . 

Source: SEWRPC 

waste treatment for effluent disinfection prior to 
discharge to the White River. The recommendations 
concerning treatment and discharge to surface waters 
differ from those contained in the regional sanitary 
sewerage system plan only with regard to the provision 
of advanced waste treatment for phosphorus removal. 
That plan recommended the provision of secondary 
waste treatment and auxiliary waste treatment for 
effluent disinfection. 

Based upon the general analysis described earlier in this 
chapter, the provision of secondary waste treatment 
followed by auxiliary waste treatment for effluent 
disinfection and effluent land application is considered to 
be a viable alternative to  providing secondary waste 
treatment with conventional advanced waste treatment 
for phosphorus removal and auxiliary waste treatment for 
effluent disinfection for plants the size of the Lyons 

Estimated 

Total 
Capital 

$ 4,799,000 

$1,037,000 
1,295,000 
336,000 

2,486,000 

$ 5,154,000 

$ 9,953,000 

$ 9,118,000 

facility. The recommendation of the areawide water 
quality management planning program is based on the 
effluent land application alternative, but recognizes the 
need for more detailed local facility planning to  examine 
alternatives providing for surface water discharge as well 
as the land application alternative. Should local facilities 
planning efforts indicate that land application of plant 
effluent is not practical to  implement, then an alternative 
treatment system designed to ultimately achieve the level 
of treatment needed to  meet water quality standards 
with effluent discharge to the White River should be 
considered. The recommended performance standards 
for the Lyons wastewater treatment plant are set forth 
in Table 165, and the proposal is shown on Map 75. 

Cost: 1975-2000 

Average Annual 
Operation and 
Maintenance 

$397,000 

8,000 
9,000 
400 

16,000 

$ 33,400 

$430,400 

$266,000 

The total present worth over a 50-year analysis period of 
construction and operation of the proposed treatment 
facilities for the Lyons sewer service area is about 

Economic Analysis Estimates 

Present 

Construction 

$ 3,629,000 

651,000 
81 2,000 
21 1.000 

1,560,000 

$ 3,234,000 

$ 6,863,000 

$ 7,040,000 

Equivalent 

Construction 

$230,000 

41,000 
52,000 
13,000 
99,000 

$205,000 

$435,000 

$446,000 

Worth: 1975-2025 

Operation and 
Maintenance 

$6,024,000 

105,000 
1 15,000 
6,000 

210,000 

$ 436,000 

$6,460,000 

$4,122,000 

Annual: 

Operation and 
Maintenance 

$382,000 

7,000 
7,000 
400 

13,000 

$ 27,400 

$409,400 

$261,000 

Total 

$9,653,000 

756,000 
927,000 
21 7,000 

1,770,000 

$ 3,670,000 

$13,323,000 

$11,162,000 

1975-2025 

Total 

$612,000 

48,000 
59,000 
13,400 

1 12,000 

$232,400 

$844.400 

$707,000 



$1,792,000. The estimated capital cost for constructing 
the necessary treatment facilities is $1,468,000, with an 
estimated average annual operation and maintenance cost 
of $48,000 (see Table 166). 

Proposed Plan-Genoa City Subarea 
In 1975 the wastewater treatment facility serving the 
Genoa City sewer service area had an average hydraulic. 
design capacity of 0.20 mgd, and provided a secondary 
level of waste treatment and auxiliary waste treatment 
for effluent disinfection. It is anticipated that future 
growth will require an average hydraulic design capacity 
for the Genoa City sewer service area of about 0.13 mgd 
in 1985 and about 0.22 mgd in the year 2000. This year 
2000 design flow is smaller than the estimated 1990 
design flow of 0.30 mgd anticipated under the regional 
sanitary sewerage system plan. 

In order to meet established water use objectives for 
Nippersink Creek and the Fox River, this facility will 
need to provide either a secondary level of treatment 
with auxiliary waste treatment for effluent disinfection 
followed by land application of treatment plant effluent, 
or secondary waste treatment with a high level of 
advanced waste treatment for phosphorus removal- 
producing an effluent with a concentration of approxi- 
mately 0.1 mg/l of total phosphorus-and auxiliary waste 
treatment for disinfection. The recommendations 
concerning treatment and discharge to surface waters 
differ from the recommendations contained in the 
regional sanitary sewerage system plan only with regard 
to the provision of advanced waste treatment for 
phosphorus removal. That plan recommended the 
provision of secondary waste treatment and auxiliary 
waste treatment for effluent disinfection. 

Table 165 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-PROPOSED SANITARY SEWERAGE 
SYSTEM PLAN FOR THE LYONS SEWER SERVICE AREA: LOWER FOX RIVER SUBREGIONAL AREA 

a See Map 71. 

m i s  treatment recommendation differs from the regional sanitary sewerage system plan recommendations, which included the provision o f  secondary waste treat- 
ment followed b y  auxiliary waste treatment for effluent disinfection pr io r  to discharge to the White River. 

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly l imits) 

BOD5 Discharge: 30 rngll 
Fecal Coliform Concentration: 
20011 00 mgll 

. . 

Wastewater 
Treatment 

Plant 

Lyons 

Source: SEWRPC. 

Table 166 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE LYONS SEWER SERVICE AREA: LOWER FOX RIVER SUBREGIONAL AREA 

Estimated Average 
Hydraulic Design 
Capacity (mgd) 

1985 

0.13 

Source: SEWRPC. 

286 

Type o f  Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

in Plan Preparation 
\ 

Activated Sludge 
Disinfection 

Land ~ p p l i c a t i o n ~  

2000 

0.15 

Plan Subelement 

Wastewater Treatment Plant 
Town of Lyons Sanitary 
District No. 1 

Facilities. . .  . . . . . . . .  
Land . . . . . . . . . . . . . 

Subtotal 

Trunk Sewers-None 

Total 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Auxiliary 

Advanced 

Sewer 
Analysis Area 

serveda 

Lyons 

Estimated 
Population 

Estimated Cost: 1975-2000 

1985 

600 

Economic Analysis Estimates 

Total 
Capital 

$1,401,000 
67,000 

$1,468,000 

-. 

$1,468,000 

2000 

700 

Average Annual 
Operation and 
Maintenance 

$48,000 
. . 

$48,000 

. . 

$48,000 

Present Worth: 1975-2025 Equivalent Annual: 1975-2025 

Construction 

$1,072,000 
38,000 

$1.1 10.000 

. - 

$1 ,I 10.000 

Construction 

$68,000 
2,000 

$70,000 

- - 

$70,000 

Operation and 
Maintenance 

$682,000 
- - 

$682,000 

. . 

$682,000 

Operation and 
Maintenance 

$43,000 
- - 

$43,000 

. - 

$43.000 

Total 

$1,754,000 
38,000 

$1,792,000 

- - 

$1,792,000 

Total 

$1 1 1.000 
2,000 

$1 13,000 

-. 

$1 13,000 



Map 75 
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In response to a Wisconsin Department of Natural Resources order to 
provide centralized sanitary sewer service to urban development comprising 
the unincorporated village of Lyons, the Town of Lyons has formed a 
sanitary district and has completed preliminary engineering studies for 
establishing the necessary system. Accordingly, the areawide water quality 
management plan proposes that the Lyons wastewater treatment plant be 
designed to meet the anticipated year 2000 needs. In order to meet the 
established water use objectives for the White River, it will be necessary for 
the plant to provide either land application of plant effluent following a 
secondary level of treatment, or secondary waste treatment, conventional 
advanced waste treatment for phosphorus removal, and auxiliary waste 
treatment for disinfection prior to discharge to the White River. 

Source: SEWRPC. 

Based upon the general analysis described earlier in this 
chapter, the provision of secondary waste treatment 
followed by auxiliary waste treatment for effluent 
disinfection and land application is considered t o  be 
a viable alternative to providing secondary waste treat- 
ment followed by a high level of advanced waste treat- 
ment for phosphorus removal and auxiliary waste 
treatment for treatment plants the size of the Genoa City 
facility. Thus, the areawide water quality management 
plan is based upon the effluent land application alter- 
native but recognizes the need for more detailed local 
facility planning to examine alternatives providing for 
surface water discharge as well as the land application 
alternative. Should local facilities planning efforts 
indicate that land application of plant effluent is not 
practical to implement, then an alternative treatment 

system designed to ultimately achieve the level of treat- 
ment needed to meet water quality standards with 
effluent discharge to  surface waters should be considered. 
That alternative treatment system should be designed to 
initially reduce phosphorus to the lowest practical level, 
and to ultimately reduce the total phosphorus concen- 
tration in the effluent to  about 0.1 mg/l. The recom- 
mended performance standards for the Genoa City 
wastewater treatment plant are set forth in Table 167, 
and the proposal is shown on Map 76. 

The total present worth over a 50-year analysis period of 
construction and operation of the proposed treatment 
and conveyance facilities for the Genoa City sewer service 
area is about $2,130,000. The estimated capital cost for 
constructing the necessary additional treatment facilities 
is $1,673,000, with an estimated average annual opera- 
tion and maintenance cost of $56,000 (see Table 168). 

Proposed Plan-Wind Lake Subarea 
In 1978 construction of a new wastewater treatment 
facility for the Town of Norway Sanitary District No. 1 
was completed. The plant is designed with an average 
hydraulic capacity of 0.75 mgd to provide secondary and 
tertiary waste treatment, advanced waste treatment for 
nitrification and phosphorus removal, and auxiliary waste 
treatment for effluent aeration and disinfection prior to 
discharge to the Waubeesee Lake drainage canal. The 
planned sewer service area includes the existing urban 
development around Wind Lake, as recommended in the 
Fox River watershed study, as well as the urban develop- 
ment around the nearby Waubeesee, Long, and Denoon 
Lakes as recommended in the regional sanitary sewerage 
system plan and in engineering studies completed for the 
District. It is anticipated that existing development and 
future growth will require an average hydraulic design 
capacity for the Wind Lake sewer service area of about 
0.99 mgd in 1985 and about 1.55 mgd in the year 2000. 
This year 2000 design flow is about the same as the 
estimated 1990 design flow of 1.50 mgd anticipated 
under the regional sanitary sewerage system plan. 

In order to meet established water use objectives for 
the Wind Lake Drainage Canal and the Fox River, this 
facility will need to provide either a secondary level of 
treatment with auxiliary waste treatment for effluent 
disinfection followed by land application of treatment 
plant effluent, or secondary waste treatment with 
conventional advanced waste treatment for nitrification, 
a high level of advanced waste treatment for phosphorus 
removal-producing an effluent with a concentration of 
approximately 0.1 mg/l of total phosphorusand 
auxiliarv waste treatment for effluent aeration and 
disinfection prior to  discharge to the Waubeesee Lake 
drainage canal. The recommendations concerning treat- 
ment and discharge to surface waters differ from those 
contained in the regional sanitary sewerage system plan 
only with regard to the level of phosphorus removal. 
That plan recommended that the Town of Norway 
Sanitary District No. 1 plant effluent have a total 
phosphorus concentration of 1.0 mg/l, while the 
recommendations of the areawide water quality man- 
agement planning program are based upon an effluent 
total phosphorus concentration of about 0.1 mg/l. 



Table 167 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE GENOA ClTY SEWER SERVICE AREA: LOWER FOX RIVER SUBREGIONAL AREA 

a See Map 71. 

Wastewater 
Treatment 

Plant 

Village of Genoa City 

This treatment recommendation differs from the regional sanitary sewerage system plan recommendations, which included the provision o f  secondary waste treat- 
ment followed b y  auxiliary waste treatment for effluent disinfection pr io r  to discharge to Nippersink Creek. 

Source: SEWRPC. 

Table 168 

Recommended 
Performance Standards i n  
Terms o f  Effluent Quality 

(all standards represent 
average monthly l imits) 

BOD5 Discharge: 30 mgl l  
Fecal Coliform Concentration: 

20011 00 mgll 
. - 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE GENOA ClTY SEWER SERVICE AREA: LOWER FOX RIVER SUBREGIONAL AREA 

Estimated Average 
Hydraulic Design 
Capacity (mgd) 

Service 
Analysis Area 

serveda 

Genoa City 

1985 

0.13 

Source: SEWRPC. 

2000 

0.22 

Plan Subelement 

Wastewater Treatment Plant 
Village of Genoa City 

Facilities.. . . . . . . . . . 
Land . . . . . . . . . . . . . 

Subtotal 

Trunk Sewers-None 

Total 

As previously noted, the new Town of Norway Sanitary 
District No. 1 wastewater treatment facility was com- 
pleted in 1978. The new facility provides for secondary 
waste treatment with advanced waste treatment for 
nitrification and phosphorus removal, tertiary treatment, 
and auxiliary waste treatment for effluent aeration and 
disinfection. This new facility represents a major step 
toward the implemientation of the treatment and dis- 
charge alternative. In view of the existing stage of imple- 
mentation, the decision t o  provide advanced waste 
treatment followed by discharge to surface waters has 
been treated as a committed local decision, even though 
the areawide analysis indicates that, on a generalized 
basis, the land application alternative may be less costly 
than providing the levels of treatment needed prior to 
discharge to surface waters. Future facilities planning 

efforts designed to evaluate the phosphorus reduction 
component of the recommendations should further 
consider the land application alternative. The recom- 
mended performance standards for the Wind Lake 
wastewater treatment plant are set forth in Table 169, 
and the proposal is shown on Map 77. 

Type of Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

i n  Plan Preparation 

Activated Sludge 
Disinfection 

Land ~ p p l i c a t i o n ~  

The total present worth over a 50-year analysis period of 
construction and operation of the proposed treatment 
and conveyance facilities for the Wind Lake sewer service 
area is about $6,849,000. The estimated capital cost for 
constructing the necessary additional treatment and 
conveyance facilities is $5,003,000, with an estimated 

Recommended 
Wastewater 

, Treatment 
Levels 

Secondary 
Auxiliary 

Advanced 

Estimated 
Population 

Estimated Cost: 1975-2000 

average annual operation and maintenance cost of 
$215,000 (see Table 170). 

1985 

1,400 

Economic Analysis Estimates 

Total 
Capital 

$1,576,000 
97,000 

$1,673,000 

- - 

$1,673,000 

2000 

1,800 

-- 
Average Annual 
Operation and 
Maintenance 

$56,000 
-. 

$56,000 

-. 

$56,000 

Present Worth: 1975-2025 Equivalent Annual: 1975-2025 

Construction 

$76,000 
4,000 

$80,000 

. - 

$80,000 

op 

Total 

$2,074,000 
56,000 

$2.1 30,000 

. - 
$2.1 30,000 

Construction 

$1,209,000 
56,000 

$1,265,000 

. . 

$1,265,000 

Operation and 
Maintenance 

$865.000 
. . 

$865,000 

-. 

$865,000 

Operation and 
Maintenance 

$55,000 
- - 

$55,000 

. - 

$55,000 

Total 

$1 31.000 
4,000 

$1 35,000 

-. 

$135,000 
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PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE GENOA CITY SEWER SERVICE AREA- 
LOWER FOX RIVER SUBREGIONAL AREA: 2000 

LEGEND 

SEWER SERVICE AREAS 

m 19'= 

u PROPOSED 

SEWAGE TREATMENT FACILITIES 

+ EXISTING PUBLIC TO BE RETAINED 

PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE WIND LAKE SEWER SERVICE AREA- 

LOWER FOX RIVER SUBREGIONAL AREA: 2000 

@ 

EXISTING PRIVATE TO BE A8ANDONED 

SEWERS AND APPURTENANT FACILITIES - EXISTING TRUNK SEWER 

e I I P * I C  S C I L E  

t 8 M,LC 
C- d 

2000 " O M  so00 FEET 

The areawide water quality management plan proposes that the existing 
Ganoa City wastewater treatment plant be expanded and upgraded to meet 
anticipated year 2000 needs. In  order to  meet the established water use 
objectives for Nippersink Creek, it will be necessary for the plant to  provide 
either land application of plant effluent following the current secondary 
level of treatments or secondary waste treatment with a high level of 
advanced waste treatment for phosphorus removal and auxiliary waste 
treatment for effluent disinfection prior to discharge to Nippersink Creek. 

Source: SEWRPC. 

Proposed Plan-Eagle Lake Subarea 
In 1978 the new wastewater treatment plant for the 
Town of Dover-Eagle Lake Sewer utility District was 
under construction. The plant is designed with an average 
hydraulic capacity of 0.40 mgd. The new wastewater 
treatment plant is designed to provide secondary waste 
treatment, advanced waste treatment for nitrification, 
and auxiliary waste treatment for effluent aeration and 
disinfection prior to  discharge to Eagle Creek. The 
planned sewer service area includes the urban develop- 
ment around Eagle Lake as described in the Fox River 

LEGEND 

SEWER SERVICE PlREAS 

0 p"""""O 
SEWAGE TREATMENT FACILITIES + PROWSED 

SEWERS AND AFUJRTENANT FACILITIES - 
PROPOSED TRUNK SEWER 

"- PROPOSED FORCE MAIN 
PROPOSED RIMPINO STATION 

A new wastewater treatment facility to  serve the Wind Lake sewer service 
area was under construction in 1978. This facil~ty is being constructed by 
the Town of Norway Sanitary District No. 1, and is proposed by the District 
to provide sewer service not only to the urban development on the Wind 
Lake shoreline, but to existing urban development on the shores of 
Waubeesee and Long Lakes in the Town of Norway and Lake Denoon In the 
City of Muskego. The plant will provide secondary and tertiary waste 
treatment with conventional advanced waste treatment for phosphorus 
removal and nitrification. The areawide water quality management plan 
proposes that, at a later time in the plan implementation period, this plant 
be upgraded to provide a higher level of phosphorus rgmoval, or discharge of 
effluent to a land application system." 

Source: SEWRPC. 

watershed plan, as well as additional urban development 
in the unincorporated village of Kansasville as recom- 
mended by engineering studies completed for the 
District. It is anticipated that existing development and 
future growth will require an average hydraulic design 
capacity for the Eagle Lake sewer service area of about 



Table 169 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-ALTERNATIVE SANITARY SEWERAGE 
SYSTEM PLANS FOR THE WlND LAKE SEWER SERVICE AREA: LOWER FOX RIVER SUBREGIONAL AREA 

a 
See Map 71. 

This treatment recon;mendarion differs from the regional sanitary sewerage system plan recommendations, which included the provision of secondary waste treat- 
ment with conventional advanced waste treatment for nitrif ication and phosphorus removal (effluent concentration o f  1.0 mg/l o f  total phosphorusl and auxiliary 
waste treatment for effluent aeration and disinfection pr io r  to discharge to the Waubeesee Lake drainage canal. 

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly l imits) 

BOD5 Discharge: 15.0 mgll 
Ammonia-Nitrogen Discharge: 

1.5 mgll 
Phosphorus Discharge: 0.1 mg/lb 
Dissolved Oxygen in Effluent: 

6.0 mgll 
Fecal Coliform Concentration: 

2001100 m l  

Wastewater 
Treatment 

Plant 

Wind Lake 

Source: SEWRPC. 

Table 170 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE WlND LAKE SEWER SERVICE AREA: LOWER FOX RIVER SUBREGIONAL AREA 

I 

I 

Estimated Average 
Hydraulic Design 
Capacity (mgd) 

Sewer Service 
Analysis Area 

serveda 

Wind Lake 

1985 

0.99 

Source: SEWRPC. 

Auxiliary 

2000 

1.55 

Plan Subelement 

Wastewater Treatment Plant 
Town of Norway 
Sanitary District No. 1 . . . . 

Tunk Sewer 
Muskego-Norway . . . . . . . 

Total 

0.32 mgd in 1985 and about 0.38 mgd in the year 2000. 
This year 2000 design flow is slightly larger than the 
estimated 1990 design flow of 0.30 mgd anticipated 
under the regional sanitary sewerage system plan. 

Effluent Aeration 

Disinfection 

In order to meet established water use objectives for 
Eagle Creek and the Fox River, this facility will need to 
provide either a secondary level of treatment with 
auxiliary waste treatment for effluent disinfection 
followed by land application of treatment plant effluent, 
or secondary waste treatment with conventional 
advanced waste treatment for nitrification, a high level 
of advanced waste treatment for phosphorus removal- 
producing an effluent with a concentration of approxi- 

Estimated 

mately 0.1 mg/l of total phosphorus--and auxiliary waste 
treatment for aeration and disinfection. The recommen- 
dations concerning treatment and discharge to  surface 
waters differ from the recommendations contained in 
the regional sanitary sewerage system plan only with 
regard to tbe provision of advanced waste treatment 
for phosphorus removal. That plan recommended the 
provision of secondary waste treatment plus conventional 
advanced waste treatment for nitrification and auxiliary 
waste treatment for effluent aeration and disinfection. 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Advanced 

1985 

4,600 

Estimated Cost: 1975-2000 

As previously noted, the Town of Dover-Eagle Lake 
Sewer Utility District wastewater treatment facility is 
presently under construction, with completion scheduled 

Type o f  Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

in Plan Preparation 

Activated Sludge 
Nitrif ication 

Phosphorus Removal 

2000 

7,400 

Economic Analysis Estimates 

Total 
Capital 

$4,226,000 

77,000 

$5,003,000 

Average Annual 
Operation and 
Maintenance 

$210,000 

5,000 

$215,000 

Present Worth: 1975-2025 Equivalent Annual: 1975-2025 

Construction 

$3,196,000 

487,000 

$3,683,000 

Construction 

$203,000 

31,000 

$234,000 

Operation and 
Maintenance 

$3,099,000 

67,000 

$3,166,000 

Operation and 
Maintenance 

$197,000 

4,000 

$201,000 

Total 

$6,295,000 

554,000 

$6,849,000 

Total 

$400.000 

35,000 

$435,000 



for 1978. The new facility will provide for secondary 
waste treatment followed by advanced waste treatment 
for nitrification and auxiliary waste treatment for 
effluent aeration .and disinfection. These proposed 
facilities represent a major step toward the implemen- 
tation of the treatment and discharge alternative. In view 
of the existing stage of implementqtion, the decision to 
provide advanced waste treatment followed by discharge 
to  the surface water has been treated as a committed 
local decision, even though , the areawide analysis 
indicates that, on a generalized basis, the land application 
alternative may be less costly than providing the levels of 
treatment needed prior to discharge to surface waters. 
Future facilities planning efforts designed to evaluate the 
phosphorus reduction component of the recommenda- 
tions should further consider the land application 
alternative. The recommended performance standards for 
the Eagle Lake wastewater treatment plant are set forth 
in Table 171, and the proposal is shown on Map 78. 

The total present worth over 50-year analysis period of 
construction and operation of the proposed treatment 
facilities for the Eagle Lake sewer service area is about 
$2,921,000. The estimated capital cost for constructing 
the necessary treatment facilities is $1,825,000, with an 
estimated average annual operation and maintenance cost 
of $108,000 (see Table 172). 

Prowosed Plan-Waterford-Rochester 
and Tichigan Lake Subareas 
In 1975 the wastewater treatment facilitv overated by " - 
the Western Racine County Sewerage District and serving 
the Waterford-Rochester sewer service area had an 
average hydraulic design capacity of 0.50 mgd, and 
provided a secondary level of waste treatment. It is 
anticipated that future growth will require an average 
hydraulic design capacity for the Waterford-Rochester 
and Tichigan Lake sewer service areas of about 1.25 mgd 
in 1985 and about 1.50 mgd in the year 2000. This 

Table 171 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-PROPOSED SANITARY SEWERAGE 
SYSTEM PLAN FOR THE EAGLE LAKE SEWER SERVICE AREA: LOWER FOX RIVER SUBREGIONAL AREA 

a See Map 71. 

This treatment recommendation differs from the regional sanitary sewerage sysrem plan recommendations, which included the provision o f  secondary waste treat- 
ment with advanced waste treatment for nitrif ication and auxiliary waste treatment for effluent aeration and disinfection pr io r  t o  discharge to Eagle Creek. 

Source: SEWRPC. 

Recommended 
Performance Standards i n  
Terms of Effluent Quality 

(all standards represent 
average monthly l imits) 

BOD5 Discharge: 15.0 mgl l  
Ammonia-Nitrogen Discharge: 

1.5 mgll 
Phosphorus D~scharge: 0.1 mgll 
Dissolved Oxygen in Effluent: 

6.0 mgl l  
Fecal Coliform Concentration: 

20011 00 m l  

Wastewater 
Treatment 

Plant 

Town of Dover 
Sewer Ut i l i ty 

Table 172 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE EAGLE LAKE SEWER SERVICE AREA: LOWER FOX RIVER SUBREGIONAL AREA 

Estimated Average 
Hydraulic Design 
Capacity (mgd) 

Source: SEWRPC. 

1985 

0.32 

Plan Subelement 

Wastewater Treatment Plant 
Town of  Dover-Eagle Lake 
Sewer Ut i l i ty District. . . . . 

Total 

Sewer Service 
Analysis Area 

Serveda 

Eagle Lake 

2000 

0.38 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Advanced 

Auxiliary 

Type o f  Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

in Plan Preparation 

Activated Sludge 
Nitrification 

Phosphorus FIemovalb 
Effluent Aeration 

Disinfection 

Estimated 

Estimated Cost: 1975-2000 

1985 

1,500 

Economic Analysis Estimates 

Total 
Capital 

$1,825,000 

$1,825,000 

2000 

1,800 

Average Annual 
Operation and 
Maintenance 

$108,000 

$1 08,000 

Present Worth: 1975-2025 Equivalent Annual: 1975-2025 

Construction 

$87,000 

$87,000 

Total 

$2,921,000 

$2,921,000 

Construction 

$1,380,000 

$1,380,000 

Operation and 
Maintenance 

$1,541,000 

$1,541,000 

Operation and 
Maintenance 

$98,000 

$98.000 

Total 

$1 85,000 

$185.000 



Map 78 waste treatment with a high level of advanced waste 

PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE EAGLE LAKE SEWER SERVICE AREA- 
LOWER FOX RIVER SUBREGIONAL AREA: 2000 

LEGEND 

SEWER SERVICE AREAS 

I pROPOSED 2000 

SEWAGE TREATMENT FACILITIES + PROPOSED PUBLIC 

A new wastewater treatment facility to serve the Eagle Lake sewer service 
area was under construction in 1978. This facility is being constructed by 
the Town of Dover-Eagle Lake Sewer Utility District. The District has pro- 
posed to extend service to the nearby unincorporated Village of Kansas- 
ville. The plant will provide secondary waste treatment, advanced waste 
treatment for nitrification, and auxiliary waste treatment for effluent 
aeration and disinfection. The areawide water quality management plan 
proposes that, at a later time in the plan implementation period, this plant 
be upgraded to provide a high level of phosphorus removal, or discharge of 
effluent to a land application system. 

Source: SEWRPC. 

year 2000 design flow is the same as the estimated 1990 
design flow of 1.50 mgd anticipated under the regional 
sanitary sewerage system plan. 

In order to meet established water use objectives for 
the Fox River, this facility will need to provide either 
a secondary level of treatment with auxiliary waste 
treatment for effluent disinfection followed by land 
application of treatment plant effluent, or secondary 

treatment for phosphorus removal-producing an effluent 
with a concentration of approximately 0.1 mg/l of 
total phosphorus--and auxiliary waste treatment for 
disinfection. The recommendations concerning treatment 
and discharge to surface waters differ from the 
recommendations contained in the regional sanitary 
sewerage system plan only with regard to the level of 
phosphorus removal which should be achieved. That 
plan recommended that the Western Racine County 
Sewerage District plant effluent have a total phosphorus 
concentration of 1.0 mg/l, while the recommendations 
of the areawide water quality management planning 
program are based upon an effluent total phosphorus 
concentration of about 0.1 mg/l. 

Based upon the general analysis described earlier in this 
chapter, the provision of secondary waste treatment 
followed by auxiliary waste treatment for effluent 
disinfection and effluent land application would be 
less costly then providing secondary waste treatment 
followed by a high level of advanced waste treatment for 
phosphorus removal and auxiliary waste treatment for 
treatment plants the size of the Western Racine County 
Sewerage District facility. Accordingly, the areawide 
water quality management plan is based upon the 
effluent land application alternative, but recognizes the 
need for more detailed local facility planning to examine 
alternatives providing for surface water discharge as well 
as the land application alternative. 

Should local facilities planning efforts indicate that land 
application of plant effluent is not practical to imple- 
ment, then an alternative treatment system designed 
to ultimately achieve the level of treatment needed to 
meet water quality standards with effluent discharge to 
surface waters should be considered. That alternative 
treatment system should be designed to initially reduce 
phosphorus to the lowest practical level, and to 
ultimately reduce the total phosphorus concentration in 
the effluent to about 0.1 mg/l. The recommended 
performance standards for the Western Racine County 
Sewerage District wastewater treatment plant are set 
forth in Table 173, and proposal is shown on Map 79. 

The total present worth over a 50-year analysis period 
of construction and operation of the proposed treat- 
ment and conveyance facilities for the Waterford- 
Rochester and Tichigan Lake sewer service areas is 
about $8,812,000. The estimated capital cost for 
constructing the necessary additional treatment and 
conveyance facilities is $8,080,000, with an estimated 
average annual operation and maintenance cost of 
$215,000 (see Table 174). 

Alternative Plans-bur~mgton Subarea 
In 1975 the wastewater treatment facility serving the 
Burlington sewer service area had an average hydraulic 
design capacity of 2.50 mgd, and provided a secondary 
level of waste treatment with advanced waste treatment 
for phosphorus removal and auxiliary waste treatment for 
effluent aeration and disinfection. It is anticipated that 
future growth will require an average hydraulic design 



Map 79 

PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE WATERFORD-ROCHESTER AND 
TlCHlGAN LAKE SEWER SERVICE AREAS-LOWER FOX RIVER SUBREGIONAL AREA: 2000 

LEGEND 

SEWER SERVICE AREAS 

rn I='= 

f&g PROPOSED 2000 

SEWAGE TREATMENT FACILITIES 

+ 
EXISTING weuc m BE RETAINED 

SEWERS AND APPURTENANT FACILITIES - EXISTING TRUNK SEWER - PROPObED TRUNK SEWER 

EXISTING FORCE MAIN 
mr PROPOSED FORCE MAIN 

EXISTING WMFING STATION 

PROWSED WMPING STATION 

The proposed plan for nd Tichigan Lake sewer service areas of the Lower Fox River watershed includes a recommendation to expand the 
Rochester sewage treat the Western Racine County Sewerage District so as to provide capacity for sewage generated by existing urban 
development along the shoreline of Tichigan Lake and the main stem of the Fox River in the Town of Waterford north of the V~llage of Waterford. The proposed 
Plan, as shown on the above map, includes a recommended trunk sewer system to extend the existing sanitary sewerage system to the Town of Waterford. In order 
to  meet the established water use objectives for the Fox River watershed, this plant will need to provide e~ther land application of plant effluent following secondary 
level of treatment, or a secondary waste treatment with a high level of advanced waste treatment for phosphorus and auxiliary waste treatment for effluent disinfec- 
tion prior to  discharge to the Fox River. 

Source: SEWRPC. 



Table 173 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE WATERFORD-ROCHESTER AND TlCHlGAN LAKE SEWER SERVICE AREAS: LOWER FOX RIVER SUBREGIONAL AREA 

a See Map 71. 

This treatment recommendation differs from the regional sanitary sewerage system plan recommendations, which included the provision o f  secondary waste treat- 
ment plus conventional advanced waste treatment for phosphorus removal followed by auxiliary waste treatment for effluent disinfection pr io r  to discharge to the 
Fox River. 

Recommended 
Performance Standards i n  
Terms o f  Effluent Quality 

(all standards represent 
average monthly limits) 

BOD5 Discharge: 30 mg/l 
Fecal Coliform Concentration: 

20011 00 ml  
- - 

Source: SEWRPC. 

Type of Wastewater 
Treatment Assumed for  
Cost Analysis Purposes 

i n  Plan Preparation 

Activated Sludge 
Disinfection 

Land Application 

Wastewater 
Treatment 

Plant 

Western Racine County 
Sewerage District 

Table 174 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE 
WATERFORD-ROCHESTER AND TlCHlGAN LAKE SEWER SERVICE AREAS: LOWER FOX RIVER SUBREGIONAL AREA 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Auxiliary 

Advanced 

Source: SEWRPC. 

Estimated Average 
Hydraulic Design 
Capacity (mgd) 

capacity for the Burlington sewer service area of about 
2.01 mgd in 1985 and about 2.70 mgd in the year 2000. 
This year 2000 design flow is larger than the estimated 
1990 design flow of 2.50 mgd anticipated under the 
regional sanitary sewerage system plan. 

Sewer 
Analysis Areas 

seweda 

Waterford-Rochester 
and Tichigan Lake 

1985 

1.25 

Plan Subelement 

Wastewater Treatment Plant 
Western Racine County 
Sewerage District 

Facilities. . . . .  . . . . . .  
Land . . . . . . . . . . . . .  

Subtotal 

Trunk Sewer 
Tichigan Lake-Rochester. . . 

Total 

In order to meet established water use objectives for 
the Fox River, this facility will need to provide either 
a secondary level of treatment with auxiliary waste 
treatment for effluent disinfection followed by land 
application of treatment plant effluent, or secondary 
waste treatment with a high level of advanced waste 
treatment for phosphorus removal-producing an effluent 
with a concentration of approximately 0.1 mgll of total 
phosphorusand auxiliary waste treatment for effluent 

2000 

1.50 

Economic Analysis Estimates 

disinfection prior to discharge to the Fox River. The 
recommendations concerning treatment and discharge to 
surface waters differ from those contained in the regional 
sanitary sewerage system plan only with regard to  the 
level of phosphorus removal which should be achieved. 
That plan recommended that the plant effluent have 
a total phosphorus concentration of 1.0 mg/l, while the 
recommendations of the areawide water quality manage- 
ment planning program are based upon an effluent total 
phosphorus concentration of about 0.1 mgll. 

Estimated 

Estimated Cost: 1975-2000 

As noted in the general analysis described earlier in this 
chapter, the effluent land application alternative and the 
treatment and discharge alternative should be considered 
further for a plant the size of the Burlington facility. 

1985 

8,200 

Total 
Capital 

$4,576,000 
473,000 

$5,049,000 

3,031,000 

$s,080,000 

Present Worth: 1975-2025 

2000 

9,400 

Average Annual 
Operation and 
Maintenance 

$176,000 
-. 

$176,000 

39,000 

$215,000 

Equivalent Annual: 1975-2025 

Construction 

$3,545,000 
271,000 

$3,816,000 

1,902,000 

$5,718,000 

Total 

$388,000 
1 7.000 

$405.000 

154,000 

$559,000 

Construction 

$225,000 
17,000 

$242,000 

1 21,000 

$363,000 

Operation and 
Maintenance 

$2,579,000 
-. 

$2,579,000 

51 5,000 

$3,094,000 

Operation and 
Maintenance 

$163.000 
- - 

$1 63.000 

33,000 

$1 96,000 

Total 

$6,124,000 
27 1.000 

$6,395,000 

2.41 7,000 

$8,812,000 



Accordingly, two treatment alternatives were considered 
for the Burlington sewer service area. The first alternative 
would provide for continued discharge of the Burlington 
wastewater treatment plant effluent to the Fox River 
following the required levels of advanced and auxiliary 
waste treatment. The second alternative assumes the 
provision of a land application system for disposal of 
secondary treatment plant effluent from the Burlington 
facility. The recommended wastewater treatment plant 
performance standards for both ~f the alternatives are set 
forth in Table 175, and the two proposals are shown on 
Map 80. 

The first alternative is based upon the provision of 
secondary waste treatment with advanced waste treat- 
ment for phosphorus removal utilizing conventional 
chemical treatment for phosphorus removal, two-stage 
chemical clarification, multimedia filtration, and chlori- 
nation prior to  discharge of effluent to the Fox River. 
The total present worth over a 50-year analysis period of 
construction and operation of the proposed treatment 
facilities included under Altemative Plan 1 for the 
Burlington sewer service area is about $9,088,000. The 
estimated capital cost for constructing the necessary 
additional treatment facilities is $3,147,000, with an 
estimated average annual operation and maintenance cost 
of $437,000 (see Table 176). 

The second alternative treatment system is based upon 
the provision of secondary waste treatment with auxiliary 
waste treatment for effluent disinfection followed by 
land application. For areawide systems level analysis 

purposes, rural lands in the Towns of Rochester and 
Burlington were selected to receive the effluent from the 
Burlington wastewater treatment facility. These sites 
would require that the effluent be pumped about 13,000 
feet. The total present worth over a 50-year analysis 
period of construction and operation of the proposed 
treatment and conveyance facilities included under 
Alternative Plan 2 for the Burlington sewer service area is 
about $13,659,000. The estimated capital cost for 
constructing the necessary additional treatment facilities 
is $9,931,000, with an estimated average annual opera- 
tion and maintenance cost of $327,000 (see Table 176). 

On an equivalent annual cost basis, including the cost 
of the sludge-related facilities required under the first 
alternative, Alternative Plan 1 would be about 20 percent 
less costly to implement than would Alternative Plan 2. 
In addition, Alternative Plan 1 could be more readily 
implemented since construction of most of the major 
components of the alternative is complete, and since this 
alternative represents a continuation of existing practices 
with the added construction and operational require- 
ments associated with the recommended expansion and 
upgraded level of treatment. Because of the land 
requirements for land application under Altemative 
Plan 2, it would be difficult to select and acquire sites 
or make other institutional arrangements for the use of 
agricultural land, and thus this alternative would be 
difficult to implement. In addition, Alternative Plan 2 
requires the commitment of approximately 1,000 acres 
of land, which would result in a major change in agricul- 
tural land management for the selected application site 

Table 175 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-ALTERNATIVE SANITARY SEWERAGE 
SYSTEM PLANS FOR THE BURLINGTON SEWER SERVICE AREA: LOWER FOX RIVER SUBREGIONAL AREA 

a See Map 71. 

Wastewater 
Treatment 

Plant 

Alternative Plan 1 

City of Burlington 

Alternative Plan 2 

City of Burlington 

This treatment recommendation differs from the regional sanitary sewerage system plan recommendations, which included the provision o f  secondary waste treat- 
ment plus advanced waste treatment for phosphorus removal (effluent concentration of 1.0 mgll of  total phosphorus) followed by auxiliary waste treatment for 
effluent disinfection prior to discharge to the Fox River. 

Source: SEWRPC. 

Estimated Average 
Hydraulic Design 
Capacity (mgd) 

Analysis Areas 
seweda 

Burlington 

Burlington 

1985 

2.01 

2.01 

2000 

2.70 

2.70 

Estimated 
Population 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Advanced 
Auxiliary 

Secondary 
Auxiliary 

Advanced 

1985 

13,300 

13,300 

2000 

16,500 

16,500 

Type of Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

in Plan Preparation 

Activated Sludge 
Phosphorus Removal 
Disinfection 

Activated Sludge 
Effluent Disinfection 

Land ~ p p l i c a t i o n ~  

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly limits) 

BOD5 Discharge: 15.0 mgll 
Phosphorus Discharge: 0.1 mg/lb 
Fecal Coliform Concentration: 

2001100 ml 

BOD5 Discharge: 30.0 mgll 
Fecal Coliform Concentration: 

20011 0 0  ml 
- - 



ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS FOR THE BURLINGTON 
SEWER SERVICE AREA-LOWER FOX RIVER SUBREGIONAL AREA: moo 

LEGEND 

SEWER SERVICE A R M  

m '"'"""" "" 
O PR-oSED 

SEWAeE TREATMENT FEILITIES 

EXlSTiNB PYBLlC 10 BE RETAINSO 

EXISTING PRIVATE TO BE ABANDONED 

SEWERS AN0 APPURTENWT FACILITIES - EXISTINO TRYNX SEWER 

EXlsTlNr PUMPlNG STATION 

ExlnlNo LIFT SlnTICN - 
The areawide water quality msnagement plan pro~oaes that the existing ~u r l i ng ton  treatment plant be expanded to  meet the anticipsted year 2000needr 01 the 
Burlingtan sewer aewics ares. In order to meet the establishad water u s  objeetlver for the Fox River, it wi l l  be necessary for  the Burllngton plant to be upvaded 
to provide either land application of plant effluent following s secondary level of treatment, or secondary waste treatment with advanced waste treatment for 
nitrificetion, a high level of advanced waste treatment for phosphorus removal-producing an effluent with a concentration of total ~ h o ~ ~ h o r u r  of 0.1 m9/l-and 
auxiliary wasm treatment for effluent aeration and disinfection prior t o  discharge to  the FOX River. The alternative calling for the provision of advanced waste 
treatment prior to discharge to the wrface water would be leu eo~ t l v  than the effluent land applicerion alternative. 

Source: SEWRPC. 

296 



Table 176 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS 
FOR THE BURLINGTON SEWER SERVICE AREA: LOWER FOX RIVER SUBREGIONAL AREA 

a This alternative does not include the cost of additional facilities related to the increased sludge production associated with the higher degree of 'treatment required 
under Alternative Plan 1. The total present worth over a 50-year analysis period of the added sludge-handling and disposal requirements is $1,450,000. The 
estimated capital cost for construction of the added sludge-related facilities is $990,000, with an estimated average annual operation and maintenance cost of 
$44,000 over the design period 1975-2000. 

Plan Subel@ment 

Alternative Plan l a  

Wastewater Treatment Plant 
City of Burlington 

Facilities. . . . . . . . . . . 
Subtotal 

- 

Trunk Sewers-None 

Total 

Alternative Plan 2 

Wastewater Treatment Plant 
City of Burlington 

Facilities.. . . . . . . . . . 
Land. . . . . . . . . . . . . 

Subtotal 

Trunk Sewers-None 

Total 

Source: SEWRPC. 

area, and requires that treatment plant managers become 
involved in agricultural land management. Alternative 
Plan 2 also requires the construction of a major convey- 
ance system to transport the treatment plant effluent to 
the land application site. Thus, Alternative Plan 2 would 
have a greater environmental impact and would affect 
more area and a greater population than would Alterna- 
tive Plan 1. 

Although there would be a greater wastewater pumping 
requirement under Alternative Plan 2 for conveyance 
of wastewater to  the land application site, it would 
require less energy than would Alternative Plan 1 because 
of the energy requirement associated with the higher 
level of treatment needed under Alternative Plan 1.  
Alternative Plan 2 also offers advantages in that nutrients 
would be recycled from the wastewater back to the 
agricultural land, and the treatment plant discharge 
of pollutants would be completely eliminated from 
the surface waters. However, based on the economic 
advantage, environmental impacts, and ease of imple- 
mentation, Alternative Plan Plan 1-the treatment and 
discharge alternative-is recommended. 

Estimated 

Total 
Capital 

$3,147,000 

$3,147,000 

- - 

$3,147,000 

$9,022,000 
909,000 

$9,931,000 

- - 

$9,931,000 

Proposed Plan-Silver Lake Subarea 
In 1975 the wastewater treatment facility serving the 
Silver Lake sewer service area had an average hydraulic 
design capacity of 0.30 mgd, and provided a secondary 
level of waste treatment and auxiliary waste treatment 
for effluent disinfection. It is anticipated that future 
growth will require an average hydraulic design capacity 
for the Silver Lake sewer service area of about 0.28 mgd 
in 1985 and about 0.38 mgd in the year 2000. This year 
2000 design flow is considerably less than the estimated 
1990 design flow of 0.70 mgd anticipated under the 
regional sanitary sewerage system plan. 

Cost: 1975-2000 

Average Annual 
Operation and 
Maintenance 

$437,000 

$437,000 

.. 

$437,000 

$327,000 
- - 

$327.000 

. - 

$327,000 

In order to meet established water use objectives for 
the Fox River, this facility will need to provide either 
a secondary level of treatment with auxiliary waste 
treatment for effluent disinfection followed by land 
application of treatment plant effluent, or secondary 
waste treatment with a conventional advanced waste 
treatment for phosphorus removal-producing an effluent 
with a concentration of approximately 1.0 mg/l of total 
phosphorus--and auxiliary waste treatment for disinfec- 

Economic Analysis Estimates 

Present 

Construction 

$2,380,000 

$2,380,000 

. - 

$2,380,000 

$7,845,000 
521,000 

$8,366,000 

-. 

$8,366,000 

Equivalent 

Construction 

$151,000 

$1 51,000 

. . 

$1 51,000 

$498,000 
33,000 

$531,000 

-. 

$531,000 

Worth: 1975-2025 

Operation and 
Maintenance 

$6,708,000 

$6,708,000 

- - 

$6,708,000 

$5,293,000 
. . 

$5,293,000 

- - 
$5,293,000 

Annual: 1975-2025 

Operation and 
Maintenance 

$426,000 

$426,000 

- - 

$426,000 

$336,000 
-. 

$336,000 

- - 
$336,000 

Total 

$ 9,088,000 

$ 9,088,000 

- - 

$ 9,088,000 

$13,138.000 
521,000 

$13,659,000 

- - 

$1 3,659,000 

Total 

$577,000 

$577,000 

-. 

$577,000 

$834.000 
33,000 

$867,000 

- - 

$867,000 



tion. The recommendations concerning treatment and 
discharge to surface waters is the same as those contained 
in the regional sanitary sewerage system plan. 

Based upon the general analysis described earlier in this 
chapter, the provision of secondary waste treatment 
followed by auxiliary waste treatment for effluent 
disinfection and land application would be a viable 
alternative to  providing secondary waste treatment with 
advanced waste treatment for phosphorus removal and 
auxiliary waste treatment for plants the size of the Silver 
Lake facility. Thus, the areawide water quality manage- 
ment plan is based upon the effluent land application 
alternative, but recognizes the need for more detailed 
local facility planning t o  examine alternatives providing 
for surface water discharge as well as the land application 
alternative. Should local facilities planning efforts 
indicate that land application of plant effluent is not 
practical t o  implement, then an alternative treatment 
system designed to  ultimately achieve the level of treat- 
ment needed to  meet water quality standards with 
effluent discharge t o  surface waters should be con- 
sidered. The recommended performance standards for 
the Silver Lake wastewater treatment plant are set forth 
in Table 177, and the proposal is shown on Map 81. 

The total present worth over a 50-year analysis period 
of construction and operation of the proposed treatment 
and conveyance facilities for the Silver Lake sewer service 
area is about $2,994,000. The estimated capital cost for 
constructing the necessary additional treatment facilities 
is $2,151,000, with an estimated average annual opera- 
tion and maintenance cost of $88,000 (see Table 178). 

Proposed Plan-Twin Lakes Subarea 
In 1975 the wastewater treatment facility serving the 
Twin Lakes sewer service area had an average hydraulic 

design capacity of 0.82 mgd and provided a secondary 
level of waste treatment. It is anticipated that future 
growth will require an average hydraulic design capacity 
for the Town Lakes sewer service area of about 0.89 mgd 
in 1985 and about 1.00 mgd in the year 2000. This year 
2000 design flow is somewhat larger than the estimated 
1990 design flow of 0.75 mgd anticipated under the 
regional sanitary sewerage system plan. 

In order to meet established water use objectives for 
Basset Creek and the Fox River, this facility will need 
to  provide either a secondary level of treatment with 
auxiliary waste treatment for effluent disinfection 
followed by land application of treatment plant effluent, 
or secondary waste treatment with conventional 
advanced waste treatment for nitrification, a high level 
of advanced waste treatment for phosphorus removal- 
producing an effluent with a concentration of approxi- 
mately 0.1 mg/l of total phosphorusand auxiliary waste 
treatment for aeration and disinfection. The recom- 
mendations concerning treatment and discharge to  
surface waters differ from those contained in the regional 
sanitary sewerage system plan only with regard to  the 
level of phosphorus removal which should be achieved. 
That plan recommended that the Twin Lakes plant 
effluent have a total phosphorus concentration of 
1.0 mg/l, while the recommendations of the areawide 
water quality management planning program are based 
upon an effluent total phosphorus concentration of 
about 0.1 mg/l. 

Based upon the general\ analysis described earlier in this 
chapter, the provision of secondary waste treatment 
followed by auxiliary waste treatment for effluent 
disinfection and land application would be a viable aiter- 
native to  providing secondary waste treatment followed 
by conventional advanced waste treatment for nitrifi- 

Table 177 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-PROPOSED SANITARY SEWERAGE 
SYSTEM PLAN FOR THE SILVER LAKE SEWER SERVICE AREA: LOWER FOX RIVER SUBREGIONAL AREA 

a See Map 71. 

This treatment recommendation differs from the regional sanitary sewerage system plan recommendations, which included the provision o f  secondary waste 
treatment plus conventional advanced waste treatment for phosphorus removal, followedby auxiliary waste treatment for effluent disinfection prior to  discharge 
to the Fox River. 

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly limits) 

BOD5 Discharge: 30 mg/l 
Fecal Coliform Concentration: 

2001100 ml 

. - 

Wastewater 
Treatment 

Plant 

Village of Silver Lake 

Source: SEWRPC. 

Type  of  Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

in Plan Preparation 

Activated Sludge 
Disinfection 

Land Application b 

Estimated Average 
Hydraulic Design 

Capacity (mgd) 

1985 

0.28 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 

Advanced 

Sewer Service 
Analysis Area 

serveda 

Silver Lake 

2000 

0.38 

Estimated 
Population 

1985 

1,900 

2000 

2,400 



Map 81 

PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE SILVER LAKE SEWER SERVICE AREA- 
LOWER FOX RIVER SUBREGIONAL AREA: 2000 
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The areawide water quality management plan propores that the Silver Lake 
wastewater treatment plant be expanded and upgraded to meet the year 
2000 needs. In order to meet the ertablilhsd water use objectives for the 
FOX River, this facility will need to provide either land sp~lication of plant 
effluent fotlawing the current secondary level of waete treatment, or 
secondaw w s t e  treatment with conventional arivhianced ws te  treatment for 
phmphor~s remov~l and auxiliary waste treatment for effluent dirinfecrion 
prior to discharge to rhe Fox River. 

Source: SEWRPC. 

cation, a high level of advanced waste treatment for 
phosphorus removal,and auxiliary waste treatment plants 
the size of the Twin Lakes facility. 

Thus, the areawide water quality management plan is 
based upon the effluent land application alternative, but 
recognizes the need for more detailed local facility 

planning to examine alternatives providing for surface 
water discharge as well as the land application altema- 
tive. Should local facilities planning efforts indicate 
that land application of plant effluent is not practical 
to  implement, then an alternative treatment system 
designed to  ultimately achieve the level of treatment 
needed to meet water quality standards with effluent 
discharge to surface waters should be considered. That 
alternative treatment system should be designed to 
initially reduce phosphorus to  the lowest practical level, 
and to ultimately reduce the total phosphorus concen- 
tration in the effluent to  about 0.1 mg/l. The recom- 
mended peflormance standards for the Twin Lakes 
wastewater treatment plant are set forth in Table 179, 
and the proposal is shown on Map 82. 

The total present worth over a 50-year analysis period 
of construction and operation of the proposed treat- 
ment and conveyance facilities for the Twin Lakes 
sewer service area is about $4,920,000. The estimated 
capital cost for constructing the necessary additional 
treatment facilities is $3,362,000, with an estimated 
average annual operation and maintenance cost of 
$155,000 (see Table 180). 

Proposed Plan--Camp-Center Lakes, Wilmot, 
Cross Lake, and Rock Lake Subareas 
No public sanitary sewer service is currently being 
provided to the Camp-Center Lakes, Wilmot, Cross Lake, 
and Rock Lake sewer service areas. Both local facility 
planning and the regional sanitary sewerage system plan 
propose that centralized sanitary sewer service be 
provided to these sewer service areas by a treatment 
facility to be operated by the Town of Salem Sewer 
Utility District No. 2. It is anticipated that an average 
hydraulic design capacity for the Town of Salem Utility 
District No. 2 sewer service area will he about 1.42 mgd 
in 1985 and 1.97 mgd in the year 2000. This year 2000 
design flow is considerably larger than the estimated 
1990 design flow of 1.00 mgd anticipated under the 
regional sanitary sewerage system plan. 

In 1978 facility planning for the Town of Salem Utility 
District No. 2 had been completed, and an environmental 
impact statement is being prepared for the proposed 
project by the U. S. Environmental Protection Agency. 
That local facility plan proposed that centralized 
wastewater treatment be provided a t  a treatment plant 
located southwest of Camp-Center Lake, with discharge 
of the plant effluent to the Fox River main stem via an 
outfall sewer. The proposed wastewater treatment plant 
is designed to provide secondary waste treatment with 
advanced waste treatment for phosphorus removal and 
auxiliary waste treatment for effluent disinfection. The 
plant is proposed to  have an average hydraulic design 
capacity of about 1.50 mgd. 

In order to  meet established water use objectives for 
the Fox River, this facility will need to  provide either 
a secondary level of treatment with auxiliary waste 
treatment for effluent disinfection followed by land 
application of treatment plant effluent, or secondary 



Table 178 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE SILVER LAKE SEWER SERVICE AREA: LOWER FOX RIVER SUBREGIONAL AREA 

Soorce: SEWRPC. 

Plan Subelement 

Wastewater Treatment Plant 
Village of Silver Lake 

Facilities. . . . . . . . . . .  
Land . . . . . . . . . . . . .  

Subtotal 

Trunk Sewers-None 

Total 

Table 179 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-PROPOSED SANITARY SEWERAGE 
SYSTEM PLAN FOR THE TWlN LAKES SEWER SERVICE AREA: LOWER FOX RIVER SUBREGIONAL AREA 

Estimated Cost: 1975-2000 

a See Map 71. 

Economic Analy.sis Estimates 

Total 
Capital 

$2,003,000 
148,000 

$2.1 51,000 

.. 

$2.1 51,000 

This treatment recommendation differs from the regional sanitary sewerage system plan recommendations, which provided for secondary waste treatment plus 
conventional advanced waste treatment for phosphorus removal (effluent concentration o f  1.0 m g j  o f  total phosphorus) and nitrif ication followed b y  auxiliary 
waste treatment for effluent aeration and disinfection pr io r  to discharge to Basset Creek. 

Average Annual 
Operation and 
Maintenance 

$88,000 
.. 

$88,000 

. . 

$88.000 

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly l imits) 

BOD5 Discharge: 30 mgll 
Fecal Coliform Concentration: 

2001100 ml  
. . 

Soorce: SEWRPC. 

Present Worth: 1975-2025 

Type o f  Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

in Plan Prepbration 

Activated Sludge 
Disinfection 

Land Application 

Table 180 

Equivalent Annual: 1975-2025 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Auxiliary 

Advanced 

Wastewater 
Treatment 

Plant 

Village of Twin Lakes 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE TWlN LAKES SEWER SERVICE AREA: LOWER FOX RIVER SUBREGIONAL AREA 

Construction 

$ 98,000 
5,000 

$1 03,000 

. . 

$1 03,000 

Total 

$2,909,000 
85,000 

$2,994,000 

. . 

$2,994,000 

Construction 

$1,542,000 
85,000 

$1,627,000 

. - 

$1,627,000 

Operation and 
Maintenance 

$1,367,000 
. . 

$1,367,000 

-. 

$1,367,000 

Source: SEWRPC. 

3 0 0  

Operation and 
Maintenance 

$87,000 
- - 

$87,000 

-. 

$87,000 

Estimated Average 
Hydraulic Design 
Capacity (mgd) 

Plan Subelement 

Wastewater Treatment Plant 
Village of Twin Lakes 

Facilit ies.. . . . . . . . . .  
Land . . . . . . . . . . . . .  

Subtotal 

Trunk Sewers-None 

Total 

Total 

$185,000 
5,000 

$190,000 

. . 

$190,000 

Sewer Service 
Analysis Area 

serveda 

Twin Lakes 

1985 

0.89 

2000 

1.00 

Estimated 
Population 

Estimated Cost: 1975-2000 

1985 

5,700 

Economic Analysis Estimates 

Total 
Capital 

$3,037,000 
325,000 

$3,362,000 

-. 

$3,362,000 

2000 

6,200 

Average Annual 
Operation and 
Maintenance 

$155,000 
. . 

$1 55,000 

. . 

$1 55,000 

Present Worth: 1975-2025 Equivalent Annual: 1975-2025 

Total 

$4,734,000 
186,000 

$4,920,000 

. . 

$4,920,000 

Construction 

$2,356,000 
186.000 

$2,542,000 

. . 

$2,542,000 

Total 

$300.000 
12,000 

$312,000 

- - 

$31 2,000 

Construction 

$149,000 
12,000 

$1 61,000 

. - 

$1 61,000 

Operation and 
Maintenance 

$2,378.000 
-. 

$2,378,000 

. . 

$2,378,000 

Operation and 
Maintenance 

$1 51,000 
. . 

$151,000 

. . 

$1 51,000 



Map 82 

PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE TWIN.LAKES SEWER SERVICE AREA- 
LOWER FOX RIVER SUBREGIONAL AREA: 2000 
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The areawide water quality management plan proposes that the existing 
Twin Lakes treatment plant be upgraded to  meet the anticipated year 2000 
needs. I n  order t o  meet the established water use objectives for Basset Creek 
and the Fox River, this plant wi l l  need to  provide either land application 
o f  plant effluent following the current secondary level of treatment, or 
secondary waste treatment with conventional advanced waste treatment for 
nitrification, a high level of advanced waste treatment for phosphorus 
removal, and auxiliary waste treatment for effluent aeration and disinfection 
prior t o  discharge t o  Basset Creek. 

Source: SEWRPC. 

waste treatment with a high level of advanced waste 
treatment for phosphorus removal-producing an effluent 
with a concentration of approximately 0.1 mg/l of 
total phosphorus--and auxiliary waste treatment for 
disinfection. The recommendations concerning treatment 
and discharge to  surface waters differ from those 
contained in the regional sanitary sewerage system plan 

only with regard to the level of phosphorus removal 
which should be achieved. That plan recommended that 
the plant effluent have a total phosphorus concentration 
of 1.0 mg/l, while the recommendations of the areawide 
water quality management planning program are based 
upon an effluent total phosphorus concentration of 
about 0.1 mg/l. 

As previously noted, the local facility planning for the 
Town of Salem Sewer Utility District No. 2 has been 
completed, with completion of the Environmental 
Impact Statement anticipated in 1978. The treatment 
facilities proposed will provide for secondary waste 
treatment followed by conventional advanced waste 
treatment for phosphorus removal and auxiliary waste 
treatment for effluent disinfection. These facilities 
represent a major step toward implementation of the 
treatment and discharge alternative. In view of the 
existing stage of implementation, the decision to provide 
advanced waste treatment followed by discharge to 
surface waters has been treated as a committed local 
decision even though the areawide analysis indicates that, 
on a generalized basis, the land application alternative 
may be less costly than providing the levels of treatment 
needed prior to discharge to surface waters. Should the 
findings of the environmental impact study presently 
being conducted and subsequent local plan revision 
determine that an alternative treatment process is more 
desirable, those findings will be incorporated into the 
areawide water quality management plan upon adoption 
by all the parties involved. Future facilities planning 
efforts designed to evaluate the phosphorus reduction 
component of the proposal should further consider 
the land application alternative. The recommended 
performance standards for the Camp-Center Lakes waste- 
water treatment plant are set forth in Table 181, and the 
proposal is shown on Map 83. 

The total present worth over a 50-year analysis period 
of construction and operation of the proposed treat- 
ment and conveyance facilities for the Camp-Center 
Lakes, Wilmot, Cross Lake, and Rock Lake sewer service 
areas is about $8,477,000. The estimated capital cost 
for constructing the proposed treatment and convey- 
ance facilities is $7,359,000, with an estimated average 
annual operation and maintenance cost of $241,000 
(see Table 182). 

Proposed Plan-North Prairie Subarea 
No sanitary sewer service is presently being provided 
to the North Prairie sewer service area. The areawide 
water quality management plan proposes a new sanitary 
sewerage system to serve the urban development of the 
Village. It is anticipated that an average hydraulic design 
capacity for the North Prairie sewer service area will be 
about 0.19 mgd in 1985 and about 0.36 mgd in the 
year 2000. 

In order to  meet established water use objectives for 
the Fox River and its tributaries, this facility will need 
to provide either a secondary level of treatment with 
auxiliary waste treatment for effluent disinfection 
followed by land application of treatment plant effluent, 



Table 181 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-PROPOSED SANITARY 
SEWERAGE SYSTEM PLAN FOR THE CAMP-CENTER LAKES, WILMOT, CROSS LAKE, AND 

ROCK LAKE SEWER SERVICE AREAS: LOWER FOX RIVER SUBREGIONAL AREA 

Performance Standards in 

a See Map 71. 

This treatment standard is more stringent than the one ~ncluded under the regional sanitary sewerage system plan, which recommended secondary waste treatment followed by 
conventional advanced waste treatment for phosphorus removal and auxiliary waste treatment for effluent disinfection prior to discharge to the Fox River. 

Source: SEWRPC. 

Table 182 

DETAl LED ECONOMIC ANALYSIS COST ESTIMATES-PROPOSED SANITARY 
SEWERAGE SYSTEM PLAN FOR THE CAMP-CENTER LAKES, WILMOT, CROSS LAKE, AND 

ROCK LAKE SEWER SERVICE AREAS: LOWER FOX RIVER SUBREGIONAL AREA 

Wastewater Treatm 
Town of Salem Sewer 
Utility District No. 2 

Source: SEWRPC. 

or secondary waste treatment followed by conventional 
advanced waste treatment for nitrification, a high level 
of advanced waste treatment for phosphorus removal- 
producing an effluent with a concentration of approxi- 
mately 0.1 mg/l of total phosphorus-and auxiliary waste 
treatment for aeration and disinfection. 

Based upon the general analysis described earlier in this 
chapter, the provision of secondary waste treatment 
followed by auxiliary waste treatment for effluent 
disinfection and effluent land application would be 

less costly than providing secondary waste treatment 
followed by conventional advanced waste treatment for 
nitrification, a high level of advanced waste treatment for 
phosphorus removal, and auxiliary waste treatment for 
plants the size of the North Prairie facility. The recom- 
mendation of the areawide water quality management 
planning program is based upon the effluent land appli- 
cation alternative, but recognizes the need for more 
detailed local facility planning to  examine alternatives 
providing for surface water discharge as well as the land 
application alternative. Should local facilities planning 



Map 83 

PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE CAMP-CENTER LAKES, WILMOT, CROSS LAKE, 
AND ROCK LAKE SEWER SERVICE AREAS-LOWER FOX RIVER SUBREGIONAL AREA: 2000 
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I The adopted Fox River watershed plan recommended the establishment o f  a new sanitary sewerage oyrtern to  rewe existing urban development along the rhors- 
lines of Camp and Center ~ a k e s  in the Town o f  Salem. Facility planning studies conducted by the Town of Salem Sewr  Utility District No. 2 in respanre to 
this recommendation have included s proposal to extend such rswice nor only to the Camp and Center Laker urban areas. but to urban dewlopment along the 

I 
rhoreliner of Rock. Cross. Bennst. Shangrila, end Voltz Laker and to  the unineomorafed Villager of Wilmot and Trevor. The above map *how* the propored 
treatment plant location major trunk rswer system. In  order to  meet the ertablirhed wafer "re objectives for the Fox River. it will be neeelwry for the Camp 

Lake facility to provide not only secondary waste treatment, but a high level of advanced waste treatment for phorphorun removal and auxiliary waste treatment 
for effluent disinfection. 

I 
Souree: SEWRPC. 



efforts indicate that land application of plant effluent 
is not practical to  implement, then an alternative treat- 
ment system designed to  ultimately achieve the level of 
treatment needed to  meet water quality standards with 
effluent discharge to  surface waters should be considered. 
That alternative treatment system should be designed to  
initially reduce phosphorus to  the lowest practical level, 
and to  ultimately reduce the total phosphorus concen- 
tration in the effluent to about 0.1 mg/l. The recom- 
mended performance standards for the North Prairie 
wastewater treatment plant are 'set forth in Table 183, 
and the proposal is shown on Map 84. 

The total present worth over a 50-year analysis period 
of construction and operation of the proposed treat- 
ment and conveyance facilities for the North Prairie 
sewer service area is about $2,447,000. The estimated 
capital cost for constructing the necessary additional 
treatment facilities is $2,143,000, with an estimated 
average annual operation and maintenance cost of 
$55,000 (see Table 184). 

Private Wastewater Treatment Plants 
There are 1 3  known private wastewater treatment 
facilities in the Lower Fox River subregional area which 
in general serve isolated enclaves of urban land uses 
and treat wastes which can be accepted in public sani- 
tary sewer systems. These facilities currently discharge 
relatively minor amounts of treated wastewaters to the 
streams and groundwater in the Lower Fox River 
subregional area. These facilities serve the Alpine Valley 
Resort and the Wisconsin Department of Transportation 
East Troy Rest Area in the Town of LaFayette; Country 
Estates Mobile Home Park and the Playboy Club Hotel 
in the Town of Lyons; Praiser Produce Company and the 
Wisconsin Dairies Cooperative in the Village of Genoa 
City; Slovak Sokol Camp in the Town of East Troy; 
Rainbow Springs Resort in the Town of Mukwonago; 
Wheatland Mobile Home Park in the Town of Wheatland; 
Downey Duck Company and Holy Redeemer College 
in the Town of Dover; Packaging Corporation of America 
in the Town of Burlington and the Interlaken Resort 
Village in the Town of Geneva. Praiser Produce Com- 

Table 183 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-PROPOSED SANITARY SEWERAGE 
SYSTEM PLAN FOR THE NORTH PRAIRIE SEWER SERVICE AREA: LOWER FOX RIVER SUBREGIONAL AREA 

a See Map 7 1. 

Wastewater 
Treatment 

Plant 

Village of North Prairie 

Source: SEWRPC. 

Table 184 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE NORTH PRAIRIE SEWER SERVICE AREA: LOWER FOX RIVER SUBREGIONAL AREA 

Estimated Average 
Hydraulic Design 
Capacity (mgd) 

1985 

0.19 

Plan Subelement 

Wastewater Treatment Plant 
Village of North Prairie 

Facilities. . . . . . . . . . . 
Land. . . . . . . . . . . . . 

Subtotal 

Trunk Sewers-None 

Total 

Sewer Service 
Analysis Area 

serveda 

North Prairie 

2000 

0.36 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Auxiliary 

Advanced 

Estimated 
Population 

Estimated Cost: 1975-2000 

Type of Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

in Plan Preparation 

Activated Sludge 
Disinfection 
Spray Irrigation 
Land Application 

1985 

900 

Economic Analysis Estimates 

Total 
Capital 

$2,000,000 
143,000 

$2,143,000 

. . 

$2,143,000 

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly limits) 

BOD5 Discharge: 30 mg/l 
Fecal Coliform Concentration: 

200/100 ml 
. . 

2000 

1,700 

Average Annual 
Operation and 
Maintenance 

$55,000 
. . 

$55,000 

.. 

$55,000 

Present Worth: 1975-2025 Equivalent Annual: 1975-2025 

Construction 

$1,539,000 
82,000 

$,1621,000 

.. 

$1,621,000 

Construction 

$ 98,000 
5,000 

$103,000 

. - 

$103,000 

Operation and 
Maintenance 

$826,000 
. . 

$826,000 

. . 

$826,000 

Operation and 
Maintenance 

$52,000 
. . 

$52,000 

. . 

$52,000 

Total 

$2,365,000 
82,000 

$2,447,000 

. . 

$2,447,000 

Total 

$150,000 
5,000 

$1 55,000 

. . 

$1 55,000 
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PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE NORTH PRAIRIE SEWER SERVICE AREA- 

LOWER FOX RIVER SUBREGIONAL AREA: 2000 
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Currently, the Village of North Prairie and environs rely on private septic 
tank sewage disposal systems for the treatment and disposal of wastewater. 
Predicted growth trends and existing problems with onsite wastewater 
disposal systems have indicated the need for a centralized sanitary sewerage 
system. In order t o  meet the established water use objectives for the Fox 
River tributaries in the vicinity of the Village, the proposed wastewater 
treatment plant wi l l  need to  provide a secondary level of wastewater treat- 
ment followed by land application of plant effluent, or provide secondary 
waste treatment with conventional advanced waste treatment for nitrifica- 
tion, a high level of advanced waste treatment for phosphorus removal, and 
auxiliary waste treatment for phosphorus removal, and auxiliary waste 
treatment for effluent aeration and disinfection prior t o  discharge t o  the 
surface waters. 

Source: SEWRPC. 

pany, Slovak Sokol Camp, the Interlaken Resort Village, 
Wisconsin Dairies Cooperative, and Packaging Corpora- 
tion of America lie within the proposed year 2000 sewer 
service area. The treatment facilities serving these estab- 
lishments would be abandoned upon implementation of 
the proposed sewer system plan for the appropriate sewer 
service area. The remaining eight facilities should be 
retained and, as necessary, upgraded to provide a level 
of treatment adequate to meet the water use objectives 
and standards for streams within the Fox River sub- 
regional area, and consistent with the treatment levels 
proposed for the public plants discharging to the same or 
similar surface waters. 

Based upon the general analysis described earlier in this 
chapter, land application of plant effluent is considered 
to be less costly and more viable than providing advanced 
waste treatment prior to discharge to surface waters for 
facilities the size of the private plants noted above to 
be retained. The new private plant was placed into opera- 

tion at the Alpine Valley Resort since 1975. It is recom- 
mended that the operation of the older facility serving 
the Alpine Valley Main Building be carefully monitored 
and that this plant be considered an interim facility. At 
such time as the operation becomes unsatisfactory, it is 
recommended that the plant be abandoned and all wastes 
be conveyed to the new Alpine Valley Fox Wood 
treatment plant. The proposed plan for these plants is 
based upon the provision of land application of plant 
effluent (see Table 185): 

Should local facility planning efforts indicate that land 
application of plant effluent is not practical to imple- 
ment, then an alternative treatment system designed to 
ultimately achieve the level of treatment needed to 
meet water quality standards with the effluent discharged 
to surface waters should be considered. 

The estimated present worth of construction and 
operation of the private wastewater treatment facilities 
in the Lower Fox River subregional area over a 50-year 
analysis period is $4,270,000. The estimated capital cost 
for constructing the necessary facilities is $3,020,000, 
with an estimated average annual operation and main- 
tenance cost of $126,000. 

Existing Unsewered Urban Develovment Outside " 
the Initially Proposed Sanitary Sewer Service Area 
There are 27 enclaves of unsewered urban develovment 
located outside of the proposed year 2000 sewer service 
area as shown on Map 71. The corresponding urban 
enclave population in 1975 and 2000 and the distance to  
the nearest proposed year 2000 sewer service area are 
listed in Table 186. Iri an alternative analysis described 
earlier in this chapter, the cost of providing public 
sewerage service to these enclaves of urban development 
was compared with the cost of continued onsite 
wastewater treatment. Based upon the results of that 
analysis, it was concluded that wastewater treatment for 
these 27 enclaves of unsewered urban development 
should be provided in one of two ways. 

For certain of the unsewered urban areas, the plan 
proposes the continued use of onsite wastewater 
treatment systems coupled with a suitable program for 
monitoring and maintaining the systems. This plan pro- 
posal is generally applicable to areas with soils and lot 
sizes which are suitable for conventional onsite waste- 
water treatment systems. Fourteen of the 27 unsewered 
urban areas are included in this category-New Munster, 
the Town of Bloomfield-Section 7, Lake Ivanhoe, Lake 
Wandawega and Silver Lake, Mill Lake, Pel1 Lake, Troy 
Center, Zenda, the Town of Mukwonago-Section 7, 
the Town of Mukwonago-Sections 9, 15, and 21, the 
Town of Vernon-Section 12 and Section 19, Big Bend, 
and Eagle. 

For the remaining enclaves, the plan proposes the 
conduct of further site-specific planning to determine the 
best wastewater management practice. These areas, which 
should consider alternative methods of onsite waste 
disposal and an intensive inspection and maintenance 
program for conventional systems, as well as the 
possibility of connection to the public sanitary sewer 
service area, are: the Town of Wheatland-Section 25, 
Lilly Lake, Powers and Benedict Lakes, Silver Lake- 



Table 185 

WASTEWATER TREATMENT PERFORMANCE STANDARDS FOR PRIVATE WASTEWATER 
TREATMENT FACILITIES IN THE LOWER FOX RIVER SUBREGIONAL AREA 

Source: SEWRPC. 

Name of 
Facility 

Alpine Valley Resort, Inc. 

Country Estates Mobile 
Home Park 

Downey Duck Company, Inc. 

Holy Redeemer College 

Playboy Club Hotel 

Rainbow Springs Resort 

Wheatland Mobile Home Park 

Wisconsin Department 
of Transportation- 

East Troy Rest Area 

Northwest, Bohner Lake, the Town of Lyons-Section 1, 
the Town of Troy-Section 3, Booth Lake, Lake Beulah, 
North Lake, Springfield, Vienna-Honey Lake, and Eagle 
Spring Lake. These areas generally have soil conditions 
and lot sizes which are considered unsuitable for conven- 
tional methods of onsite wastewater treatment. 

Sanitary Sewer System Flow Relief Devices 
In 1975 there were four known sanitanr sewer svstem 

Civil 
Division 

Location 

Town of Lafayette 

Town of Lyons 

Town of Dover 

Town of Dover 

Town of Lyons 

Town of Mukwonago 

Town of Wheatland 

Town of Lafayette 

flow relief devices in the Lower Fox River subregional 
area. The proposed plan recommends that local facilities 
planning efforts include the formulation of programs lead- 
ing to  the elimination of these sewage flow relief devices. 

Other Known Point Sources of Wastewater 
There are a total of 14 known point sources of waste- 
water other than wastewater treatment plants and sewer 
system flow relief devices in the Lower Fox River 
subregional area. These other point sources consist 
primarily of industrial cooling, process, and backwash 
waters which are discharged without treatment, or  
following pretreatment, directly to  surface waters or to  

Type o f  
Land Use 
Served 

Recreational 

Residential 

l ndustrial 

Institutional 

Recreational 

Recreational 

Residential 

Transportation 

storm sewers tributary to  such streams and watercourses. 
The discharge characteristics of these point sources of 
wastewater are reported in Chapter I11 of SEWRPC 
Technical Report No. 21, Sources of Water Pollution in 
Southeastern Wisconsin : 1975, and are indicated to  
contain constituents of five-day biochemical oxygen 
demand (BOD5), ammonia-nitrogen, phosphorus, and 
fecal coliform which are generally lower than those 
established as performance standards for the public 
and private wastewater treatment plants in the Region 
discharging to the same or similar surface water bodies. 
Thus, in most cases n o  further treatment recommenda- 
tions were advanced for these other point sources with 
regard to these constituents. However, it is recommended 
that these point sources in general reduce discharge 
temperatures t o  8g°F or less, oils and grease to  less than 
1 0  mg/l, and heavy metals, organics, and other pollutant 
concentrations t o  levels required by "Best Available 
Technology," or as identified on a case-by-case basis 
under the state permit system process. Reported effluent 
characteristics for these point sources which could 
require treatment are noted in Table 187. 

TY pe 
of 

Wastewater 

Sanitary 

Sanitary 

Process and 
Sanitary 

Sanitary 

Sanitary 

Sanitary 

Sanitary 

Sanitary 

Disposal 
of 

Effluent 

Land Application 

Land Application 

Land Application 

Land Application 

Land Application 

Land Application 

Land Application 

Land Application 

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly limits) 

BOD5 Discharge: 30 mgll 
Fecal Coliform Concentration: 

20011 00 m l  

BOD5 Discharge: 30 mgll 
Fecal Coliform Concentration: 

20011 00 ml  

BOD5 Discharge: 30 mgll 
Fecal Coliform Concentration: 

20011 00 ml  

BOD5 Discharge: 30 mgll 
Fecal Coliform Concentration: 

20011 00 ml  

BOD5 Discharge: 30 mgll 
Fecal Coliform Concentration: 

20011 00 ml  

BOD5 Discharge: 30 mgll 
Fecal Coliform Concentration: 

20011 00 ml  

BOD5 Discharge: 30 rngll 
Fecal Coliform Concentration: 

2001100 m l  

BOD5 Discharge: 30 mgll 
Fecal Coliform Concentration: 

2001100 m l  



Table 186 Table 187 

EXISTING URBAN DEVELOPMENT 
NOT SERVED BY PUBLIC SANITARY SEWERS 

IN THE LOWER FOX RIVER SUBREGIONAL AREA 
BY MAJOR URBAN CONCENTRATION: 2000 

Ertlmated 
Dmtance 

from Year 

Maior Urban 
concentratlonb 

Polnt Source Dlrcharge 

Water 
Name 

Kenorha County 

Town of Wheatland-Sectlo" 25 
L ~ l l y  Lake 

New Munster 

Powers and Bened~ct Lakes 

Sliver Lake-Northwest 

I I Rxm.  County 

Bohner Lake 

Walworth County 

Town of Bloomf~eld-Ssctlon 7 
Town of Lyons-Sectton 1 
Town of Troy-Section 3 

Booth Lake 

Lake Beulah 

Lake lvanhoe 

Lake Wandawega and Sliver Lake 

Mill Lake 

North Lake 
Pel1 Lake 

Spr~ngf~eld 

Troy Center 

Vienna Honey Lake 
Zenda 

P 
Total 

REPORTED EFFLUENT CHARACTERISTICS FOR 
KNOWN POINT SOURCES OTHER THAN SEWAGE 

TREATMENT PLANTS AND SEWAGE FLOW RELIEF 
DEVICES THAT REQUIRE TREATMENT CONSIDERATION- 

LOWER FOX RIVER SUBREGIONAL AREA: 1975 

Waukerha County 

Town of Mukwonago-Secttan 7 

Town of Mukwonago-Secttons9, 15, 21 1 :z; 1 ;:E 1 
Town of Vernon-Section 12 182 229 

Town of Vernon-Sectton 19 249 233 
819 Bend 1,817 1,716 

Eagle 817 1.201 3 4  

Eagle Sprtng Lake 365 356 2.6 

12.483 12.985 60.3 

See Map 71. 

Urban development is defined fn this content as concentrarronr o f  urban land uses with," any given 

U. S. Public Land Survey quarter section that has a t  least 32 housing units, or an average o f  one 
housing uni t  per five gross acres, and is nor  served b y  public sanrtary sewers. 

Source: SEWRPC. 

The degree of treatment and costs of constructing and 
operating treatment facilities associated with these 
point sources of wastewater should be determined on an 
individual basis in conjunction with other pretreatment 
requirements for existing discharges to public sanitary 
sewerage systems. However, in order to  present a 
complete analysis of the cost of the areawide water 
quality management planning program for this sub- 
regional area, a cost estimate was made of the treatment 
requirements which appeared to  be needed from the 
limited data available on these point sources. This 
estimate excludes existing industrial process system modi- 
fications designed to reduce pollutant discharge, existing 
industrial treatment facilities, and existing pretreatment 
systems utilized for treatment of waste conveyed to 
public sanitary sewerage systems. The total present worth 
over a 50-year analysis period of construction and opera- 
tion of the treatment facilities needed to correct existing 
discharges of industrial wastes is estimated to be about 

Const~fuents 
Requiring 
Treatment 

conrlderatmna 

Cull8gan Soft Water 
Sewlcs Company. 

Lavelle Indurtr8er. Inc. . . . 

Coca Cola Bottlng 
Company. Inc. . . . . 

c,ty of 
Bvrllngton 

City of 
Butllngton 

Town of Lyons 

Fox River 
v8a Storm Sewer 

Fox River 
vta Storm Sewer 

White River 
via Storm Sewer 

Suspended Sol8dr. 
Amrn(mia.N~trogsn 

BOD5. Suspended Solids 

a Unless rpecif,callv noted orherwire, data were obtained, m order ofprionty, from: quarterly reports frlea wirh 
the W8sconoo Deparrment o f  Natural Resources under the Wsconsm Pollutant Discharge Eliminanon System 

or under Section I01 of  the W,sconan Administrative Code, or from che Wisconsin Pollutant D i~hsrge  Elimi- 
oaoon .%stem permft ifself. 

Source: Wtsconsn Deparrmeot of Narural Resources and SEWRPC. 

$103,000. The capital cost for constructing the facilities 
is about $94,000, with an estimated average annual cost 
of $2,000 over the design period 1975 to 2000. 

UPPER ROCK RIVER SUBREGIONAL AREA 

The Upper Rock River subregional area consists of all 
that part of the Rock River watershed in Washington 
County. This portion of the Rock River watershed is 
comprised of all or portions of several subwatersheds, 
including the East Branch of the Rock River subwater- 
shed, the Kohlsville River subwatershed, the Limestone 
Creek subwatershed, the Rubicon River subwatershed, 
the Bark River subwatershed, the Ashippun River sub- 
watershed, and the Oconomowoc River subwatershed. 
Concentrations of urban development are found in the 
City of Hartford, the Village of Slinger, and the unincor- 
porated village of Allenton in the Town of Addison. In 
addition, the southern portion of this subregional area 
has been subject in recent years to  extensive low-density 
urban residential development, particularly in the Towns 
of Erin and Richfield. The Upper Rock River subregional 
area contains all or portions of two major state-owned 
wildlife areas-the Theresa Marsh in the Town of Wayne 
and the Allenton Wildlife Area in the Town of 
Addison--as well as Pike Lake State Park, a major 
regional outdoor recreation facility. 

Centralized sanitary sewer service in the Upper Rock 
River subregional area was provided by three systems in 
1975: those operated by the City of Hartford, the Village 
of Slinger, and the Allenton Sanitary District No. 1. 
Together, the service areas of these three systems 
comprised about 2.6 square miles and served an estimated 
population of 9,700 persons. In 1975 there were about 
15,500 persons residing in the subregional area not served 
by centralized sanitary sewerage facilities. Specific 
population, service area, and related characteristics 
of the three existing systems are presented in Volj~me 



One, Chapter V of this report, and in Chapter I11 of 
SEWRPC Technical Report No. 21, Sources of Water 
Pollution in Southeastern Wisconsin: 1975. 

Sewer Service Analvsis Area 
A total of three sewer service analysis areas may be 
identified within the Upper Rock River subregional area 
(see Table 188). These three sewer service analysis areas 
are shown on Map 85, and may be described as follows: 

1. Area A-This area consists of the unincorporated 
village of Allenton in the Town of Addison. 
In 1975 sanitary sewer service was provided in 
this area to about 0.2 square mile, having a total 
resident population of about 800 persons. The 
total area anticipated to be served by the year 
2000 approximates 0.6 square mile, with a pro- 
jected resident population of about 2,000 per- 
sons. This subarea is referenced as the "Allenton" 
service area in the ensuing discussion. 

2. Area B-This area consists of the City of Hartford 
and environs. In 1975 sanitary sewer service 
was provided in this area to about 1.9 square 
miles, having a total resident population of about 
7,600 persons. The total area anticipated to  be 
served by the year 2000 approximates 5.2 square 
miles, with a projected resident population of 
about 15,500 persons. This subarea is referenced 
as the "Hartford" sewer service area in the 
ensuing discussion. 

3. Area C-This area consists of the Village of Slinger 
and environs. In 1975 sanitary sewer service was 
provided in this area to about 0.5 square mile, 
having a total resident population of about 

1,300 persons. The total area anticipated to  be 
served by the year 2000 approximates 2.3 square 
miles, with a projected resident population of 
about 4,400 persons. This subarea is referenced 
as the "Slinger" sewer service area in the ensu- 
ing discussion. 

Formulation of Alternatives 
As noted earlier in this chapter, a systematic procedure 
was utilized in the regional sanitary sewerage system 
plan for the formulation and evaluation of alternative 
public sanitary sewerage system plans. First, the potential 
for interconnection of community sanitary sewerage 
systems was evaluated. One interconnection-Pike Lake 
to Hartford-was found to be potentially feasible through 
the application of Wisconsin Department of Natural 
Resources guidelines concerning distances between and 
population of communities. Preliminary economic analy- 
ses were then made for the interconnected system alter- 
natives which were found to be potentially feasible, with 
a more detailed analysis conducted for those systems 
which continued to appear feasible following the pre- 
liminary analyses. A detailed economic analysis was 
made for two alternative plans for the Hartford-Pike Lake 
sewer service areas. One alternative provided for separate 
treatment of the wastewater from each service area, while 
the second alternative, which was ultimately recom- 
mended, provided for a joint treatment facility to serve 
both areas. A detailed discussion of these alternative 
proposals can be found in Chapter XI of SEWRPC 
Planning Report No. 46 ,  A Regional Sanitary Sewerage 
System Plan for Southeastern Wisconsin, February 1974. 

One significant modification to  the regional sanitary 
sewerage system plan recommendations is incorporated 
into the areawide water quality management planning 

Table 188 

SELECTED CHARACTERISTICS OF SEWER SERVICE AREAS I N  THE 
UPPER ROCK RIVER SUBREGIONAL AREA: 1975,1985, AND 2000 

a ~ e e  Map 85. 

blncludes an estimated wastewater contribution from Libby, McNeill and Libby, Inc. 

Clncludes an estimated wastewater contribution from the National Farmers Organization-Slinger Transfer Station. 

Source: SEWRPC. 

Planned 2000 Planned 1985 

Sewer Service 
Analysis ~ r e a ~  

Design 
Hydraulic 
Loading 
(mgd) 

0.33 
3.03 
0.81' 

4.1 7 

Population 
Served 

1,300 
11,300 
2,800 

15,400 

Area 
Sewed 

(square miles) 

0.64 
5.32 
2.32 

8.28 

Existing 1975 

Letter 

A 
B 
C 

Design 
Hydraulic 
Loading 
(mgd) 

0.19 
2.15 
0.48' 

2.82 

Population 
Served 

2,000 
15,500 
4,400 

21,900 

Name 

Allenton . . . 
Hartford . . . 
Slinger . . . . 

Total 

Area 
Served 

(square miles) 

0.19 
1.92 
0.45 

2.56 

Average 
Hydraulic 
Loading 

(mgd) 

0.08 
1 .37b 
0.15 

1.60 

Population 
Served 

800 
7,600 
1,300 

9,700 

Unserved 
Population 

Residing in the 
Proposed 2000 

Service Area 

.. 
300 
600 

900 



Map 85 

SEWER SERVICE ANALYSIS AREAS: UPPER ROCK RIVER SUBREGIONAL AREA 

Three urban sewer service areas were identified in the Upper nock Rlver subreg~onal area the City of Hartforo and e *e Village of Sllnger and environs, 

and the unincorporated village of Allenton In the Town of Addlson By the year 2000, about 21,900 persons are expected to reslde In these three sewer servlce 
areas, which w ~ l l  approxcmate 8.3 square m~les. In 1975 there were about 25,200 persons res~ding In the Upper Rock R~ver subreglonal area of whlch 9,700 were 
served by centralized sewer servlce and 15,500 by 

Source: SEWRPC. 



program. That modification involves the provision of 
a public sanitary sewerage system for the Pike Lake 
sewer service area. The 1990 regional sanitary sewerage 
system plan recommended that centralized sanitary sewer 
service be provided to existing urban development along 
the shoreline of Pike Lake and to the Pike Lake State 
Park, with treatment for sewage flows from these areas 
to be provided at  the Hartford sewage treatment facility. 
Under the areawide water quality management planning 
effort, a detailed water quality management study was 
undertaken for Pike Lake. This study, which was con- 
ducted for the Commission by the Wisconsin Department 
of Natural Resources, has concluded that septic tanks 
contributed less than 10 percent of the phosphorus 
loading to Pike Lake and that, under the existing and 
proposed year 2000 development conditions, the total 
nutrient load to the lake is relatively low. Accordingly, 
the installation of centralized sanitary sewers to serve 
existing urban development and the Pike Lake State Park 
would probably not significantly improve water quality. 
Furthermore, this study indicated that, given a proper 
program of septic tank system inspection and main- 
tenance over time, and given curtailed urban development 
in the lake subwatershed as called for in the adopted 
regional land use plan, it is unlikely that septic tank 
effluent would constitute a significant source of water 
pollution in the foreseeable future. Based upon this 
study, then, the areawide water quality management plan 
recommends that centralized sanitary sewer service not 
be extended to the Pike Lake area. 

In 1978 the Village of Slinger completed facility planning 
for the construction of a new treatment facility planned 
to serve the Village of Slinger and environs. In addition, 
in 1973 the City of Hartford completed the construction 
of a new treatment plant to serve the City and environs. 
In view of these developments and of the plan proposal 
not to provide public sanitary sewers in the Pike Lake 
area, it was concluded that there were no potentially 
feasible alternatives for interconnection of public sanitary 
sewer service areas in the Upper Rock River subregional 
area. Accordingly, it was determined that the following 
sanitary sewerage system plans for the Upper Rock 
River subregional area should be prepared and evaluated : 

1. A proposed plan for the Allenton sewer service 
area. 

2. A proposed plan for the Slinger sewer service 
area. 

3. Two alternative plans with regard to the type of 
treatment for the Hartford sewer service area. 

Results of water quality simulations are presented under 
the previous section on the diffuse source control 
element recommendations for the Rock River watershed. 

Sanitary sewerage system plans for each of the three 
sewer service areas that lie within the Upper Rock River 
subregional area are described in the following sections. 

Proposed Plan-Allenton Subarea 
In 1975 the wastewater treatment facility serving the 
Allenton Sanitary District No. 1 had an average hydraulic 
design capacity of 0.08 mgd, and provided a secondary 
level of waste treatment including auxiliary waste 
treatment for effluent disinfection. It is anticipated that 
future growth will require an average hydraulic design 
capacity for the Allenton sewer service area of about 
0.19 mgd in 1985 and about 0.33 mgd in the year 2000. 
This year 2000 design flow is slightly lower than the 
estimated 1999 design flow of 0.36 mgd anticipated 
under the regional sanitary sewerage system plan. 

In order to  meet established water use objectives for the 
East Branch of the Rock River, this facility will need to 
provide, in addition to the secondary level of waste 
treatment, either land application of plant effluent, or 
conventional advanced waste treatment for nitrification 
and phosphorus removal and auxiliary waste treatment 
for effluent aeration and disinfection prior to discharge 
to the East Branch of the Rock River. These recom- 
mendations concerning treatment and discharge to 
surface waters differ from those contained in the regional 
sanitary sewerage system plan only with regard to the 
provision of phosphorus removal. That plan recom- 
mended secondary advanced waste treatment for nitrifi- 
cation and auxiliary waste treatment prior to discharge to 
the East Branch of the Rock River. 

Based upon the general analysis described earlier in this 
chapter, the provision of secondary waste treatment 
followed by auxiliahy waste treatment for effluent 
disinfection and land application is considered to be 
a viable alternative to providing secondary waste treat- 
ment with advanced waste treatment for phosphorus 
removal and nitrification and auxiliary waste treatment 
for effluent disinfection for treatment plants the size 
of the Allenton facility. The proposed plan of the area- 
wide water quality management planning program is 
based on the alternative of treatment and effluent land 
application, but recognizes the need for more detailed 
local facilities planning to examine alternatives providing 
for surface water discharge as well as a land application 
alternative. Should local facilities planning efforts 
indicate that land application of plant effluent is not 
practical to implement, then an alternative treatment 
system designed to ultimately achieve the level of 
treatment needed to meet water quality standards with 
effluent discharge to  surface waters should be considered. 
The recommended performance standards for the Allen- 
ton sewage treatment plant are set forth in Table 189, 
and the proposal is shown on Map 86. 

The total present worth over a 50-year analysis period 
of construction and operation of the proposed treat- 
ment facilities for the Allenton sewer service area is 
about $2,816,000. The estimated capital cost for con- 
structing the necessary additional treatment facilities is 
$2,092,000, with an estimated average annual operation 
and maintenance cost of $78,000 over the design period 
1975-2000 (see Table 190). 



Table 189 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-PROPOSED SANITARY SEWERAGE 
SYSTEM.PLAN FOR THE ALLENTON SEWER SERVICE AREA: UPPER ROCK RIVER SUBREGIONAL AREA 

a 
See Map 85. 

b 
This treatment standard differs from the reg~onal sanitary sewerage system plan recommendations, which included the provision o f  secondary waste treatment 
with advanced waste treatment for nitrif ication and auxiliary waste treatment for effluent aeration and disinfection pr io r  to discharge to the East Branch o f  the 
Rock River. 

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly l imits) 

BOD5 Discharge: 30 mg/l 
Fecal Coliform Concentration: 

20011 00 m l  
. . 

Wastewater 
Treatment 

Plant 

Allenton Sanitary 
District No. 1 

Source: SEWRPC 

Table 190 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE ALLENTON SEWER SERVICE AREA: UPPER ROCK RIVER SUBREGIONAL AREA 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Auxiliary 

Advanced 

Estimated Average 
Hydraulic Design 
Capacity (mgd) 

Source: SEWRPC. 

Type o f  Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

in Plan Preparation 

Activated Sludge 
Disinfection 

Land Application 
b 

Sewer 
Analysis Area 

serveda 

Allenton 

1985 

0.19 

Proposed Plan-Slinger Subarea 
In 1975 the wastewater treatment facilitv serving the 

2000 

0.33 

Plan Subelement 

Wastewater Treatment Plant 
Allenton Sanitary 
District No. 1 

Facilities. . . . . . . . . . .  
Land. . . . . . . . . . . . .  

Subtotal 

Trunk Sewers-None 

Total 

Village of Slinger had an average hyd;aulic dvesign 
capacity of 0.15 mgd and provided a secondary level of 
waste treatment with auxiliary waste treatment for 
effluent disinfection. It is anticipated that future growth 
will require an average hydraulic design capacity for the 
Slinger sewer service area of about 0.48 mgd in 1985 and 
about 0.81 mgd in the year 2000. This year 2000 design 
flow is somewhat higher than the estimated 1990 design 
flow of 0.67 mgd anticipated under the regional sanitary 
sewerage system plan. 

Estimated 

Economic Analysis Estimates 

In 1978 the Village of Slinger had completed facilities 
planning for construction of a new wastewater treatment 
plant. The proposed treatment plant will be located 

1985 

1,300 

Estimated Cost: 1975-2000 

adjacent to the Rubicon River and about one-third mile 
northwest of the existing plant site. The proposed plant is 
designed to provide secondary waste treatment, advanced 
waste treatment for nitrification, and auxiliary waste 
treatment for effluent disinfection, and is proposed 
to have an average hydraulic design capacity of about 
0.80 mgd. 

2000 

2,000 

Total 
Capital 

$1,964,000 
128,000 

$2,092,000 

. . 

$2,092,000 

Present Worth: 1975-2025 

In order to meet established water use objectives for 
the Rubicon River, this facility will need to provide 
either a secondary level of waste treatment with auxiliary 
treatment for effluent disinfection followed by land 
application of the treatment plant effluent, or secondary 
waste treatment followed by conventional advanced 
waste treatment for nitrification, a high level of advanced 
waste treatment for phosphorus removal-producing an 

Average Annual 
Operation and 
Maintenance 

$78,000 
. . 

$78,000 

-. 

$78,000 

Equivalent Annual: 1975-2025 

Construction 

$ 95,000 
5.000 

$1 00,000 

. - 

$1 00.000 

Total 

$2,743,000 
73,000 

$2,816,000 

. . 

$2,816,000 

Construction 

$1,509,000 
73,000 

$1,582,000 

. . 

$1,582,000 

Operation and 
Maintenance 

$1,234,000 
. . 

$1,234,000 

. . 

$1,234,000 

Operation and 
Maintenance 

$78,000 
. - 

$78,000 

-. 

$78,000 

Total 

$1 73,000 
5,000 

$1 78,000 

. . 

$1 78,000 



Map 86 

PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE ALLENTON SEWER SERVICE AREA- 

UPPER ROCK RIVER SUBREGIONAL AREA: 2000 

LEGEND 

SEWER SERVICE AREAS 

rn '"'""" "'" 
0 '""'""" "'""" 
SEWAOE TREATMENT FACILIT IES 

FXlSTlNG PUBLICTO BE RETI1INEO 

I 
$ 

I 
SEWERS AND APPURTENfiNT F K l L I T l t S  I 
- s " ~ ~ , , , c  ,~,,= 

EXlSi lNG TRUNK *EWE* -.. . i 

LX1SI1N" LiFT STATION *om ="*o ~ m r .  

The areawide wste~ quality management plan for the Allenton rewer rervice 
area proposer the expansion of the existing Allentan wastewater treatment 
plant to rewe the year 2000 rewer service area. In order to meet rhe 
established wafer use objectives for the east branch of the Rock River. the 
Plant will need to be vpgrsded to provide either land application of plant 
effluent following the current secondary level of treatment. or convention. 
a1 advanced warte treatment for phosphorus removal and nitrification and 
auxiliary warte treatment for effluent aeration and disinfection prior to 
dirchatge to the east brsneh of the Rock River. 

Source: SEWRPC. 

effluent with a concentration of approximately 0.1 mg/l 
of total phosphorus,=d auxiliary waste treatment for 
effluent aeration and disinfection prior to discharge to 
the Rubicon River. These recommendations concerning 
treatment and discharge to surface waters differ from 
those contained in the regional sanitary sewerage system 
plan only with regard to the provision of phosphorus 
removal. That plan recommended the provision of 
secondary waste treatment, advanced waste treatment for 
nitrification, and auxiliary waste treatment for effluent 
aeration and disinfection. 

As previously noted, in 1978 the Village of Slinger 
completed local facility planning for a new wastewater 
treatment plant, with the detailed design work expected 

I 
to be started late in 1978. Because of this completed 
facility plan recommendation providing for treatment 
facilities with a discharge to the Rubicon River, the 

I 
decision to provide advanced waste treatment followed 
by discharge to surface waters has been treated as a com- 
mitted local decision even though the areawide analysis 1 
indicated that, on a generalized basis, an effluent land 
application alternative may be less costly than providing 
the levels of treatment needed prior t o  discharge to 
surface waters. Future facilities planning efforts designed I 
to evaluate the phosphorus reduction component of the 
proposed plan should further consider the land appli- 
cation alternative. The recommended performance 
standards for the Village of Slinger wastewater treatment 

I 
plant are set forth in Table 191, and the proposal is 
shown on Map 87. 

The total present worth over a 50-year analysis period of 
construction and operation of the proposed treatment 
and conveyance facilities for the Slinger sewer service 
area is about $4,530,000. The estimated capital cost for 
constructing the necessary additional treatment and 
conveyance facilities is $2,676,000, with an estimated 
average annual operation and maintenance cost of 
$164,200 (see Table 192). 

Alternative Plans-Hartford Subarea 
In 1975 the wastewater treatment facility serving the 
City of Hartford had An average hydraulic design capacity 
of 2.00 mgd, and provided a secondary level of waste 
treatment followed- by advanced waste treatment for 
phosphorus removal and auxiliary waste treatment for 
effluent disinfection prior to discharge to the Rubicon 
River. Presently, the treatment plant, which was con- 
strued in 1973, often achieves a significant reduction 
in ammonia-nitrogen even though it  is not specifically 
designed for nitrification. It is anticipated that future 
growth will require an average hydraulic design capacity 
of about 2.15 mgd in 1985 and about 3.03 mgd in the 
year 2000. This year 2000 flow is nearly the same as the 
estimated 1990 design flow of 3.00 mgd anticipated 
under the regional sanitary sewerage system plan. 

In order to meet established water use objectives for the 
Rubicon River, this facility will need to provide either 
secondary waste treatment with auxiliary waste 
treatment for effluent disinfection followed by land 
application of the plant effluent, or secondary waste 
treatment with conventional advanced waste treatment 
for nitrification, a high level of advanced waste treatment 
for phosphorus removal-producing an effluent with 
a concentrdtion of approximately 0.1 mg/l of total 
phosphorusand auxiliary waste treatment for effluent 
aeration and disinfection prior to discharge to the 
Rubicon River. These recommendations concerning 
treatment and discharge to surface waters differ from 
those contained in the regional sanitary sewerage system 
plan only with regard to the provision of phosphorus 
removal. The sanitary sewerage system plan recom- 
mended that the plant effluent have a total phosphorus 



Table 191 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-PROPOSED SANITARY SEWERAGE 
SYSTEM PLAN FOR THE SLINGER SEWER SERVICE AREA: UPPER ROCK RIVER SUBREGIONAL AREA 

a See Map 85 

This treatment standard differs from the regional sanitary sewerage system plan, recommendations, which included the provision of secondary waste treat- 
ment followed by advanced waste treatment for nitrification and auxiliary waste treatment for effluent aeration and disinfection pr io r  to discharge to the 
Rubicon River. 

Recommended 
Performance Standards i n  
Terms of Effluent Quality 

(all standards represent 
average monthly l imits) 

BOD5 Discharge: 15.0 mgll 
Ammonia-Nitrogen Discharge: 

1.5 mgll 
Phosphorus Discharge: 0.1 mg/lb 
Dissolved Oxygen in Effluent: 

6.0 mg/l 
Fecal Coliform Concentration: 

20011 00 ml  

Source: SEWRPC. 

Type o f  Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

in Plan Preparation 

Activated Sludge 
Nitrif ication 

Phosphorus Removal 
Effluent Aeration 

Disinfection 

Wastewater 
Treatment 

Plant 

Village of Slinger 

Table 192 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE SLINGER SEWER SERVICE AREA: UPPER ROCK RIVER SUBREGIONAL AREA 

Estimated Average 
Hydraulic Design 
Capacity (mgd) 

Source: SEWRPC. 

Sewer Service 
Analysis Area 

serveda 

Slinger 

1985 

0.48 

Estimated Cost: 1975-2000 
Economic Analysis Estimates 

concentration of 1.0 mg/l, while the recommendations of 
the areawide water quality management planning 
program are based upon an effluent total phosphorus 
concentration of about 0.1 mg/l. 

2000 

0.81 

Plan Subelement 

Wastewater Treatment Plant 
Village o f  Slinger . . . . . . . 

Trunk Sewer 

Village of Slinger . . . . . . . 

Total 

As noted in the analysis described earlier in this chap- 
ter, the effluent land application alternative and the 
treatment and discharge alternative should be considered 
further in the alternative analyses for a plant the size 
of the Hartford facility. Accordingly, two treatment 
alternatives were considered for the Hartford wastewater 
treatment plant. The first alternative would provide for 
continued discharge of the Hartford wastewater 
treatment plant effluent to the Rubicon River following 
the required levels of advanced and auxiliary waste 

treatment. The second alternative assumes the construc- 
tion of a land application system for disposal of 
secondary treatment plant effluent at  the Hartford 
wastewater treatment facility. The recommended waste- 
water treatment plant performance standards for both of 
the alternatives are set forth in Table 193, and two alter- 
native plans are shown on Map 88. 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Advanced 

Auxiliary 

Estimated 
Population 

The first alternative is based upon the provision of 
secondary waste treatment with conventional advanced 
waste treatment for nitrification and a high level of 
advanced waste treatment for phosphorus removal 

1985 

2,800 

Total 
Capital 

$2,608,000 

68,000 

$2,676,000 

utilizing conventional chemical treatment for phosphorus 
removal, biological secondary treatment and nitrification, 

2000 

4,400 

Equivalent Annual: 1975-2025 

two-stage chemical clarification, multimedia filtration, 

313 

Average Annual 
Operation and 
Maintenance 

$164,000 

200 

$164,200 

Construction 

$125,000 

2,700 

$1 27,700 

Operation and 
Maintenance 

$159,000 

100 

$1 59.1 00 

Present Worth: 1975-2025 

Total 

$284,000 

2,800 

$286,800 

Total 

$4,485,000 

45,000 

$4,530,000 

Construction 

$1,971,000 

43.000 

$2.01 4,000 

Operation and 
Maintenance 

$2,514,000 

2,000 

$2,516,000 



Map 87 

PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE SLINGER SEWER SERVICE AREA- 

UPPER ROCK RIVER SUBREGIONAL AREA: 2000 

w 
E DA R "' 

LAKE 
$3 

1 1 I I A C K  

LEGEND 
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EXlSTlNO PRIVa IE  TO BE 
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The areawide water quality management plan proposer that the existing 
Slinwr Wartewater tre8tment plant be relocated to a new site and provide 
sufficient espacity to rewe the year 2000 sewer sewice area. In order to 
meet the snablished water use objsetiver for the Rubicon River. it is 
Pro~ored that the Slinger facility provide secondary warts treatment with 
advanced waste treatment for nitrification, a high level of advanced warte 
treatment for phosphorus removal~roducing an effluent with a concen- 
tration of approximately 0.1 mgil of total pho~phorur-and auxiliary waste 
treatment for effluent aeration and disinfection prior to direharge to the 
Rubicon River. Local facilities plans have been completed which propore the 
COn~trucIion of a new treatment plant designed to provide secondary waste 
treatment with advanced waste treatment for nitrification and auxiliary 
waste treatment. Future planning efforts rhould consider the provirion of 
the appropriate levels of phosphorus removal. and should evaluate the 
effluent land application alternative. 

Source: SEWRPC 

and effluent chlorination prior to discharge to the 
Ruhicon River. The total present worth over a 50-year 
analysis period of construction and operation of the 
proposed treatment facilities included under Alternative 
Plan 1 for the Hartford sewer service area is about 
$9,731,000. The estimated capital cost for constructing 
the necessary additional treatment facilities is 
$3,966,000, with an estimated average annual operation 
and maintenance cost of $436,000 (see Table 194). 

The second alternative treatment system is based upon 
the provision of secondary waste treatment with auxiliary 
waste treatment for effluent disinfection followed by 
land application. For areawide systems level analysis 
purposes, rural lands in the Towns of Hartford (Wash- 
ington County) and Ruhicon and Herman (both in Dodge 
County) were selected to receive the effluent from the 
Hartford wastewater treatment facility. These sites 
would require that the effluent be pumped about 5,000 
feet. The total present worth over a 50-year analysis 
period of construction and operation of the proposed 
treatment and conveyance facilities included under 
Alternative Plan 2 for the Hartford sewer service area 
is about $10,425,000. The estimated capital cost for 
constructing the necessary additional treatment facilities 
is $8,646,000, with an estimated average annual opera- 
tion and maintenance cost of $269,000 (see Table 194). 

On an equivalent annual cost basis, including the cost for 
the sludge-related facilities required under Alternative 
Plan 1, Alternative Plan 2 would be about 8 percent less 
costly to implement than would Alternative Plan 1. 
However, there are other less tangible, hut nevertheless 
real, factors which should be considered. Altemative 
Plan 1 could be more readily implemented since planning 
for most of the major components of the alternative is 
complete and since this alternative represents a continua- 
tion of existing practices with the added construction 
and operational reauirements associated with the recom- 
mended expansio; and upgraded level of treatment. 
Because of the land reouirements for land av~lication 
under Alternative Plan 2 ,  i t  would be difficult 'to select 
and acquire sites or make other institutional arrange- 
ments for the use of agricultural land, and thus this 
alternative would be difficult to implement. In addition, 
Alternative Plan 2 requires the commitment of approxi- 
mately 1,000 acres of land, which would result in a major 
change in agricultural land management for the selected 
application site area, and requires that treatment plant 
managers become involved in agricultural land manage- 
ment. Altemative Plan 2 also requires the construction of 
a major conveyance system to transport the treatment 
plant effluent to the land application site. Thus, Alterna- 
tive Plan 2 would have a greater environmental impact 
and would affect more area and a greater population than 
would Alternative Plan 2. 

Although there would be a greater wastewater pumping 
requirement under Altemative Plan 2 for conveyance of 
the wastewater to the land application site, it. would 
require less energy than would Alternative Plan 1 because 
of the energy requirement associated with the higher level 



Table 193 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-ALTERNATIVE SANITARY SEWERAGE 
SYSTEM PLANS FOR THE HARTFORD SEWER SERVICE AREA: UPPER ROCK RIVER SUBREGIONAL AREA 

a See Map 85. 

This treatment recommendation differs from regional sanitary sewerage system plan recommendations, which included the provision o f  secondary waste treatment 
followed b y  conventional advanced waste treatment for nitrif ication and phosphorus removal (effluent concentration o f  1.0 mg/l total phosphorus) and auxiliary 
waste treatment for effluen t aeration and disinfection pr io r  to discharge to the Rubicon River. 

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly limits) 

BOD5 Discharge: 15.0 mgll 
Ammonia-Nitrogen Discharge: 

1.5 mgll 
Phosphorus Discharge: 

0.1 mg/ib 
Dissolved Oxygen in Effluent: 

6.0 mgll 
Fecal Coliform Concentration: 

20011 00 ml  

BOD5 Discharge: 30.0 mgll 
Fecal Coliform Concentration: 

20011 00 ml  
. . 

Wastewater 
Treatment 

System 

Alternative Plan 1 

City of Hartford 

Alternative Plan 2 

City of Hartford 

Source: SEWRPC. 

of treatment needed under Alternative Plan 1. Alternative 
Plan 2 also offers advantages in that nutrients would be 
recycled from wastewater back to the agricultural land, 

Estimated Average 
Hydraulic Design 
Capacity (mgd) 

and the treatment plant discharge of pollutants would 
be completely eliminated from the surface waters. 
However, based on the environmental impacts and ease of 
implementation, Alternative Plan 1-the treatment and 
surface water discharge alternative-is recommended. 

Service 
Analysis Area 

Serveda 

Hartford 

Hartford 

1985 

2.15 

2.15 

Private Wastewater Treatment Plants 
There are three known private wastewater treatment 
facilities in the Upper Rock River subregional area 
which in general serve isolated enclaves of urban land uses 

2000 

3.03 

3.03 

and treat wastes which can be accepted in public sanitary 
sewerage systems. These facilities currently discharge 
relatively minor amounts of treated wastes to the streams 
and groundwater in the Upper Rock River subregional 
area. These three facilities serve Libby, McNeill and 
Libby Canning Company in the City of Hartford, the 
National Farmers Organization-Slinger Transfer Station 
in the Town of Polk, and Pike Lake State Park in the 
Town of Hartford. The Libby, McNeill and Libby 
Canning Company presently provides pretreatment 
prior to final treatment at the Hartford treatment plant. 
This treatment system is expected to continue during the 
plan implementation period. The National Farmers 
Organization-Slinger Transfer Station lies within the 

Estimated 
Population 

year 2000 proposed Slinger service area and hence 
would be abandoned upon implementation of the 
proposed sewerage system plan. The remaining facility, 
that serving the Pike Lake State Park, is located outside 
of the proposed year 2000 sewer service area and as 
such should be upgraded and expanded to meet year 
2000 needs. It is proposed that this facility continue 
to utilize land application of secondary effluent. The 
recommended performance standards for the Pike Lake 
State Park treatment facility are shown in Table 195. 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Advanced 

Auxiliary 

Secondary 
Auxiliary 

Advanced 

1985 

11,300 

11,300 

The total present worth over a 50-year analysis period 
of construction and operation of the private wastewater 
treatment facilities for the Upper Rock River subregional 
area is about $845,000. The estimated capital cost 
for constructing the necessary additional facilities is 
$430,000, with an estimated average annual operation 
and maintenance cost of $33,000 over the design period 
1975-2000. 

Type of Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

in Plan Preparation 

Activated Sludge 
Nitrif ication 

Phosphorus Removal 

Effluent Aeration 

Disinfection 

Activated Sludge 
Disinfection 

Land ~ p p l i c a t i o n ~  

2000 

15,500 

15,500 

Existine Unsewered Urban Develo~ment Outside 
Q -  

the Initially Proposed Sanitary Sewer Service Area 
There are 11 enclaves of unsewered urban development 
located outside of the proposed year 2000 sewer service 
area as shown on Map 85. The corresponding urban 
enclave population in 1975 and 2000 and the distance to 
the nearest proposed year 2000 sewer service area are 



Map 88 

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS 
FOR THE HARTFORD SEWER SERVICE AREA-UPPER 

ROCK RIVER SUBREGIONAL AREA: 2000 
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The areawide water quality management plan proposes that the existing 
Hartford treatment plant be upgraded to serve the year 2000 sewer service 
area. In order to meet the established water use objectives for the Rubi- 
con River, this facility will need to provide either secondary waste treat- 
ment with auxiliary waste treatment for effluent disinfection followed by 
land application of the plant effluent, or secondary waste treatment 
followed by conventional advanced waste treatment for nitrification, a high 
level of advanced waste treatment for phosphorus removal-producing an 
effluent with a concentrqion of approximately 0.1 mg/l of total phos- 
phorus-and auxiliary waste treatment for effluent aeration and disinfection 
prior to discharge to the Rubicon River. Both the surface water discharge 
and effluent land application alternatives were considered. The alternative of 
providing advanced waste treatment prior to discharge to the surface water, 
more closely reflects recent local planning and construction efforts. 

Source: SEWRPC. 

listed in Table 196. In a general analysis described earlier 
in this chapter, the cost of providing public sewerage 
service to these enclaves of urban development was com- 
pared with the cost of continued onsite wastewater 
treatment. Based on the results of that analysis, it 
was concluded that wastewater treatment for these 
11 enclaves of urban .development should be provided 
in one of two ways. 

For the remaining urban enclaves, the plan proposes 
the conduct of further site-specific planning to  determine 
the best wastewater management practice. These areas, 
which should consider alternative methods of onsite 
waste disposal, and an intensive inspection and mainte- 
nance program for conventional systems, as well as the 

I 
possibility of connections to the public sanitary sewer 
service area, are the City of of Hartford, Bark Lake, 
Friess Lake, and Pike Lake in Washington County. In 
general, areas in this category have soil conditions and lot 

I 
sizes which are considered unsuitable for conventional 
methods of onsite wastewater treatment: 

For the remaining urban enclaves, the plan proposes 
the conduct of further site-specific planning to determine 
the best wastewater management practice. These areas, 
which should consider alternative methods of onsite 
waste disposal as well as the possibility of connections 
to the public sanitary sewer service area, are the City of 
of Hartford, Bark Lake, Friess Lake, and Pike Lake in 
Washington County. In general, areas in this category 

I 
have soil conditions and lot sizes which are considered 
unsuitable for conventional methods of onsite waste- 
water treatment. 

I 
Sanitary Sewer System Flow Relief Devices 
In 1975 there were no known sanitary sewer system flow 
relief devices in the Upper Rock River subregional area. 

Other Known Point Sources of Wastewater 
There are a total of four known point sources of 
wastewater other than wastewater treatment plants and 
sewer system flow relief devices in the Upper Rock. 
River subregional area. These other point sources consist 
primarily of industrial cooling, process, and backwash 
waters which are discharged without treatment, or 
following pretreatment, directly to  surface waters or 
to storm sewers tributary to  such streams and water- 
courses. The discharge characteristics of these point 
scurces of wastewater are reported in Chapter I11 of 
SEWRPC Technical Report NO. 21, source; of Water 
Pollution in Southeastern Wisconsin: 1975, and are 
indicated to contain constituents of fiveday biochemical 
oxygen demand (BOD5), ammonia-nitrogen, phosphorus, 
and fecal cdiform which are generally lower than those 
established as performance standards for the public and 
private wastewater treatment plants in the Region dis- 
charging to the same or similar surface water bodies. 
Thus, in most cases no further treatment recommenda- 
tions were advanced for these other point sources with 
regard to these constituents. However, it is recommended 



Table 194 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS 
FOR THE HARTFORD SEWER SERVICE AREA: UPPER ROCK RIVER SUBREGIONAL AREA 

a ~ h i s  alternative does not include the cost of additional facilities related to the increased sludge production associated with the higher degree of treatment required 
under Alternative Plan 1. The total present worth over a 50-year analysis period of  the added sludge-handling and -disposal facilities is $1,526,000. The estimated 
capital cost of  construction of the added sludge-related is $990,000. with an estimated average annual operation and maintenance cost of $53,000 over the design 
period 1975-2000. 

Plan Subelement 

Alternative Plan 1 

Wastewater Treatment Plant 
City of Hartforda. . . . . . . 

Trunk Sewers-None 

Source: SEWRPC. 

Table 196 

$3,966,000 $436,000 $2,999,000 $6,732,000 $ 9,731,000 $1 90,000 $427,000 $61 7,000 
- 

Alternative Plan 2 

Wastewater Treatment Plant 
City of Hartford 

Trunk Sewers-None -. - - -. 
$8,646,000 $269,000 $6.1 25.000 $4,300,000 $1 0,425,000 $389,000 $273,000 $662,000 

EXISTING URBAN DEVELOPMENT NOT SERVED 
BY PUBLIC SANITARY SEWERS I N  THE 

UPPER ROCK RIVER SUBREGIONAL AREA 
BY MAJOR URBAN CONCENTRATION: 2000 

Estimated Cost: 1975-2000 

Table 195 

Economic Analysis Estimates 

Total 
Capital 

$3,966,000 

- - 

WASTEWATER TREATMENT PERFORMANCE STANDARDS 
FOR PRIVATE WASTEWATER TREATMENT FACILITIES 

I N  THE UPPER ROCK RIVER SUBREGIONAL AREA 

Average Annual 
Operation and 
Maintenance 

$436,000 

. - 

Recommended 
Performance Standards in 

1.11 standards reprerent 
Faciliw Losation Served Wastewater Effluent average monthly limit*) 

Pbke Lake Town of Recrsational Sanitary BOD5 Dmeharge. 30 mgll 
State Park Hartford Absorption Fecal Coliform Cancenfration: 

20011 W ml 

Present Worth: 1975-2025 Equivalent Annual: 1975-2025 

Construction 

$2,999,000 

- - 

a See Map 85. 

Construction 

$190,000 

- - 

Urban development is defined i n  this context as concentrations of urban land uses within 
any given U. S. Public Land Survey quarter section that has a t  least 32 housing units, or an 
average o f  one housing unit per five gross acres, and is nor served by public sanitary sewers. 

Operation and 
Maintenance 

$6,732,000 

. - 

Distance 
from Year 
2000 Sewer 

Servbce Area 
(miles) 

. . 
2.6 
5.1 
1.5 
0.3 

2.6 
2.3 
0.4 
1 .O 
4.0 
1.5 

. . 

Source: SEWRPC. 

Operation and 
Maintenance 

$427,000 

- - 

Total 

$ 9,731,000 

- - 

~ u r n b e r ~  

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 
11 

Total 

Total 

$617,000 

- - 

Major Urban 
concentrationb 

Washington County 
City of Hartford 
Town of Addison-St. Lawrence 
Town of Erin-Section 27 
Town of Richfield-Section 10 
Town of Richfield-Sections 

13, 14.22. and 23 
Town of Richfield-Section 33 
Town of Richfield-Section 34 
Amy Bell Lake 
Bark Lake 
Fr ies Lake 
Pike Lake 

Estimated 
Resident 

Population 

1975 

118 
254 
128 
73 

2.1 55 

229 
208 
396 
427 
580 
422 

2000 

118 
229 
167 
256 

1,959 

322 
233 
434 
361 
393 
342 

4.990 4,814 



that the remaining point sources in general reduce 
discharge temperatures to  8 9 ' ~  or less, oils and grease to  
less than 10 mg/l, and heavy metals, organics, and other 
pollutant concentrations to levels required by "Best 
Available Technology," or as identified on a case-by-case 
basis under the state permit system process. Reported 
effluent characteristics for these point sources which 
could require treatment are noted in Table 197. 

The table indicates there are no effluent characteristics 
reported that require treatment except for W. B. Place & 
Company, which is recommended to be connected to  the 
City of Hartford sanitary sewer system. The cost of the 
treatment and operation and maintenance associated with 
this is included in the cost of the Hartford public waste- 
water treatment facility discussed earlier in this section. 
No additional costs have been estimated under the 
areawide water quality management planning program. 

MIDDLE ROCK RIVER SUBREGIONAL AREA 

The Middle Rock River subregional area consists of all 
that part of the Rock River watershed in Waukesha 
County. This portion of the Rock River watershed is 
comprised of all or portions of several subwatersheds, 
including the Oconomowoc River subwatershed, the 
Ashippun River subwatershed, the Bark River subwater- 
shed, and the Scuppernong Creek subwatershed. A large 
portion of the Middle Rock River subregional area con- 
sists of existing and proposed Kettle Moraine State 
Forest lands. To the north of the state forest lands lies 
the rapidly urbanizing inland lakes area of western 
Waukesha County. Major concentrations of urban devel- 
opment are found in the Cities of Delafield and Oco- 
nomowoc and the Villages of Chenequa, Hartland, 
Dousman, Lac La Belle, Nashotah, and Wales. Urban 
development contiguous to  the Village of Lac La Belle 
in the Town of Ixonia in Jefferson County, outside 
of the Region, has also been included in the Middle 
Rock River subregional area for sewerage system plan- 
ning purposes. 

Table 197 

REPORTED EFFLUENT CHARACTERISTICS FOR 
KNOWN POINT SOURCES OTHER THAN SEWAGE 

TREATMENT PLANTS A N D  SEWAGE FLOW RELIEF 
DEVICES THAT REQUIRE TREATMENT CONSIDERATION- 

UPPER ROCK RIVER SUBREGIONAL AREA: 1975 

Point Source Dbscharge 
Average Constituents 

Flow Receiving Requiring 
D~vtrlon 1975 Water Treatment 

Name I Locatlon Imgd) Body I considerationa I 
W. B Place & Company, lnc. . . 

Temperature 

a Unles specifically noted otherwise, data were obtained, in order of priority, from: quarterly reports 
filed with the Wisconsin Department of Natural Resourcer under the Wisconsin Pollutant Discharge 
Elimination System or reports provided under Section 101 of the Wisconsin Administrative Code, 
or from the Wisconsin Pollutant Discharge Himinanon System permit itself. 

Source: Wisconsin Department of Natural Resources and SEWRPC. 

Centralized sanitary sewer service in the Middle Rock 
River subregional area was provided by three systems I 
in 1975: those operated by the City of Oconomowoc 
and the Villages of Hartland and Dousman. The service 
areas of these three systems together comprised about 
4.4 square miles and served an estimated population of I 
16,500 persons. In 1975 there were about 25,000 persons 
residing in the subregional area not served by centralized 
sanitary sewerage facilities. Specific population, service 
area, and related characteristics . of the three existing 
systems are presented in Volume One, Chapter V of this 

I 
report, and in Chapter I11 of SEWRPC Technical Report I 
No. 21, Sources of Water Pollution in Southeastern Wis- 
consin: 1975. ~ 
Sewer Service Analysis Areas 
A total of 1 3  sewer service analysis areas may be iden- 
tified within the Middle Rock River subregional area (see 
Table 198). These 13  sewer service analysis areas are 
shown on Map 89 and may be described as follows: ' 

1. Area A-This area consists of the City of Oco- 
nomowoc, the Village of Lac La Belle, and 
contiguous urban development in the Towns of 
Oconomowoc and Summit in Waukesha County 
and in the Town of Ixonia outside of the Region 
in Jefferson County. In 1975 sanitary sewer ser- 
vice was provided in this area to about 2.7 square 
miles, having a total resident population of about 
11,100 persons. The total area anticipated to  be 
served by the year 2000 approximates 9.6 square 
miles, with a projected resident population of 
about 21,300 persons. This is essentially the same 
planned population as the 21,000 persons fore- 
cast for the area for 1990 in the regional sanitary 
sewerage system plan. This subarea is referenced 
as the "Oconomowoc-Lac La Belle" sewer service 
area in the ensuing discussion. 

2. Area B-This area consists of the Village of 
Oconomowoc Lake, which encompasses ill of 
the urban development along the shoreline 
of Oconomowoc Lake, and contiguous urban 
development in the Town of Summit. About 
400 persons resided in this area in 1975, but no 
sanitary sewer service was provided. The total 
area anticipated to  be served with centralized 
sanitary sewer service by the year 2000 approxi- 
mates 1.5 square miles, with a projected resident 
population of about 700 persons. This represents 
a modest increase in planned population from the 
600 persons forecast for the area for 1990 in 
the regional sanitary sewerage system plan. This 
subarea is referenced as the "Oconomowoc Lake" 
sewer service area in the ensuing discussion. 1 

3. Area C-This area consists of the contiguous 
urban development along the shoreline of 
Okauchee Lake in the Towns of Oconomowoc ~ 
and Merton. About 4,500 persons resided in this 
area in 1975, but no sanitary sewer service was 
provided. The total area anticipated to  be served 1 



Map 89 

SEWER SERVICE ANALYSIS AREAS: MIDDLE ROCK RIVER SUBREGIONAL AREA 

A total of 13 individual sewer service analysis areas were identified within the Middle Rock River subregional area. These 13 areas include the Cities o f  Delafield and 
Oconomowoc and environs end existing urban development located in the small villages and unincorporated communities found along the shorelines o f  the many 
lakes in this portion o f  the Rock River watershed. By the year 2000, about 57,400 persons are expected t o  reside i n  these 13 sewer service areas, which will approxi- 
mate 37.0 square miles. I n  1975 there were about 41,500 persons residing in the Middle Rock River subregional area, o f  which 16,500 were served by centralized 
sewer service and 25,000 by onsite sewage disposal systems. 

Source: SEWRPC. 



Table 198 

SELECTED CHARACTERISTICS OF SEWER SERVICE AREAS I N  THE 
MIDDLE ROCK RIVER SUBREGIONAL AREA: 1975,1985, AND 2000 

a See Map 89. 

Includes an estimated 700 persons living in the Town of lxonia Sanitary District No. 2 in Jefferson County. 

Includes an estimated wastewater contribution from the Gigas Hillside Apartments. 

Includes an estimated wastewater contribution from the St. John's Military Academy. 

Planned 2000 

The Ethan Allen School for Boys service area is presently served by a private wastewater treatment facility. 

Source: SEWRPC. 

Planned 1985 

Sewer Sewice 
Analysis ~ r e a ~  

with centralized sanitary sewer service by the 
year 2000 approximates 4.8 square miles, with 
a projected resident population of about 6,200 
persons. This represents a substantial increase in 
planned population from the 4,400 persons 
forecast for the area for 1990 in the regional sani- 
tary sewerage system plan. This subarea is refer- 
enced as the "Okauchee Lake" sewer service area 
in the ensuing discussion. 

Design 
Hydraulic 
Loading 
(mgd) 

4.04 
0.15 
1.30 
0.17 
0.29 
0.46 
1.01 
2 . 0 0 ~  
0.36 
0.1 1 
0.34 
0.65 
0.17 

11.05 

Area 
Served 

(square miles) 

9.58 
1.50 
4.84 
1.23 
1.21 
2.45 
4.16 
5.58 
1.33 
0.47 
1.71 
2.77 
0.16 

36.99 

Population 
Served 

16,400 
600 

4,900 
700 
900 

1,300 
6.1 00 
4,500 
1,500 

400 
1,500 
2,500 

600 

41,900 

Existing 1975 

Letter 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 

4. Area D-This area consists of the contiguous 
urban development along the shoreline of North 
Lake in the Village of Chenequa and the Town of 
Merton. About 700 persons resided in this area in 
1975, but no sanitary sewer service was provided. 
The total irea anticipated to be served with 
centralized sanitary sewer service by the year 
2000 approximates 1.2 square miles, with a pro- 
jected resident population of about 800 persons. 
This represents a decrease in planned population 
from the 1,100 persons forecast for the area for 
1990 in the regional sanitary sewerage system 
plan. This subarea is referenced as the "North 
Lake" sewer service area in the ensuing discussion. 

Population 
Served 

21,300 
700 

6,200 
800 

1,400 
2,200 
7,100 
9,400 
1,700 

600 
2,100 
3,100 

800 

57,400 

Design 
Hydraulic 
Loading 
(mgd) 

3.01 
0.13 
1.03 
0.15 
0.19 
0.27 
0.80' 
0 . 9 8 ~  
0.32 
0.08 
0.22 
0.53 
0.13 

7.84 

Area 
Sewed 

(square miles) 

2.74 
0.00 
0.00 
0.00 
0.00 
0.00 
1.25 
0.00 
0.00 
0.00 
0.45 
0.00 
. - 

4.44 

Name 

Oconomowoc-Lac La Belle . 
Oconomowoc Lake. . . . . .  
Okauchee Lake . . . . . . . .  
North Lake . . . . . . . . . .  
Pine Lake . . . . . . . . . . .  
Beaver Lake . . . . . . . . . .  
Hartland . . . . . . . . . . . .  
Delafield-Nashotah . . . . . .  
Nashotah-Nernahbin Lakes. . 
Silver Lake. . . . . . . . . . .  
Dousrnan . . . . . . . . . . . .  
Wales . . . . . . . . . . . . . .  
Ethan Allen Schoole . . . . .  

Total 

5. Area E-This area includes all of the estate-type 
residential development along the shoreline of 
Pine Lake in the Village of Chenequa. About 
400 persons resided in this area in 1975, but no 
sanitary sewer service was provided. The total 
area anticipated to be served with centralized 
sanitary sewer service by the year 2000 approxi- 
mates 1.2 square miles, with a projected resident 
population of about 1,400 persons. This repre- 
sents a substantial increase in planned population 
from the 400 persons forecast for the area for 
1990 in the regional sanitary sewerage system 
plan. This area has been included as a sewer 
service area for sewerage system planning analysis 
purposes, even though it presently has an 
extremely lowdensity character, because it lies 
withid a larger area for which centralized sanitary 
sewer service will likely be required. Sound long- 
range system planning requires, therefore, that 
this area be included in the alternative plans even 
though it may be unnecessary to provide for the 
local trunk sewers to serve the Pine Lake develop- 
ment within the 25-year plan design period. This 
subarea is referenced as the "Pine Lake" sewer 
service area in the ensuing discussion. 

Population 
Sewed 

11,100 
0 
0 
0 
0 
0 

4,400 
0 
0 
0 

1,000 
0 

. - 

16,500 

Average 
Hydraulic 
Loading 
(mgd) 

1.90 
0.00 
0.00 
0.00 
0.00 
0.00 
0.42 
0.00 
0.00 
0.00 
0.1 1 
0.00 

- - 

2.43 

Unserved 
Population 

Residing in the 
Proposed 2000 

Service Area 

1,600 
400 

4,500 
700 
400 

1.000 
200 

3,700 
1,300 

400 
200 

1,400 
. - 

15,800 



6. Area F-This area consists of the urban develop- 
ment along and adjacent to  the shoreline of 
Beaver Lake in the Village of Chenequa and the 
Town of Merton. About 1,000 persons resided 
in this area in 1975, but no sanitary sewer service 
was provided. The total area anticipated to be 
served with centralized sanitary sewer service by 
the year 2000 approximates 2.5 square miles, 
with a projected resident population of about 
2,200 persons. This represents no change from 
the forecast for 1990 in the regional sanitary 
sewerage system plan. This subarea is referenced 
as the "Beaver Lake" sewer service area in the 
ensuing discussion. 

7. Area G-This area consists of the Village of 
Hartland and contiguous urban development in 
the Towns of Merton and Delafield. In 1975 
sanitary sewer service was provided in this area to 
about 1.3 square miles, having a total resident 
population of about 4,400 persons. The total area 
anticipated to  be served by the year 2000 
approximates 4.2 square miles, with a projected 
resident population of about 7,100 persons. This 
represents an increase from the 6,400 persons 
forecast for the area for 1990 in the regional 
sanitary sewerage system plan. This subarea is 
referenced as the "Hartland" sewer service area in 
the ensuing discussion. 

8. Area H-This area consists of the City of Delafield 
and the Village of Nashotah, which together 
encompass Nagawicka Lake. About 3,700 persons 
resided in this area in 1975, but no sanitary sewer 
service was provided. The total area anticipated 
to be served with centralized sanitary sewer 
service by the year 2000 approximates 5.6 square 
miles, with a projected resident population of 
about 9,400 persons. This represents a substantial 
increase from the 7,300 persons forecast for the 
area for 1990 in the regional sanitary sewerage 
system plan. This subarea is referenced as the 
"Delafield-Nashotah" sewer service area in the 
ensuing discussion. 

9. Area I-This area consists of the urban develop- 
ment along the shorelines of Upper and Lower 
Nashotah Lakes and Upper and Lower Nemahbin 
Lakes in the Town of Summit. About 1,300 
persons resided in this area in 1975, but no 
sanitary sewer service was provided. The total 
area anticipated to  be served with centralized 
sanitary sewer service by the year 2000 approxi- 
mates 1.3 square miles, with a projected resident 
population of about 1,700 persons. This repre- 
sents a slight increase from the 1,500 persons 
forecast for the area for 1990 in the regional 
sanitary sewerage system plan. This subarea is 
referenced as the "Nashotah-Nemahbin Lakes" 
sewer service area in the ensuing discussion. 

10. Area J-This area consists of urban development 
along the shoreline of Silver Lake in the Town 

of Summit. About 400 persons resided in this 
area in 1975, but no sanitary sewer service was 
provided. The total area anticipated to be served 
with centralized sanitary sewer service by the 
year 2000 approximates 0.5 square mile, with 
a projected resident population of about 600 per- 
sons. This represents no change from the forecast 
for 1990 in the regional sanitary sewerage system 
plan. This subarea is referenced as the "Silver 
Lake" sewer service area in the ensuing discussion. 

Area K-This area includes the Village of Dous- 
man and environs. In 1975 sanitary sewer service 
was provided in this area to  about 0.5 square 
mile, having a total resident population of about 
1,000 persons. The total area anticipated to be 
served by the year 2000 approximates 1.7 square 
miles, with a projected resident population of 
about 2,100 persons. This represents no change 
from the forecast for 1990 in the regional sani- 
tary sewerage system plan. This subarea is refer- 
enced as the "Dousman" sewer service area in the 
ensuing discussion. 

12. Area L-This area consists of the Village of Wales 
and environs. About 1,400 persons resided in this 
area in 1975, but no sanitary sewer service was 
provided. The total area anticipated to be served 
with centralized sanitary sewer service by the 
year 2000 approximates 2.8 square miles, with 
a projected resident population of about 3,100 
persons. This represents a substantial increase 
from the 1,100 persons forecast for the area for 
1990 in the regional sanitary sewerage system 
plan. This subarea is referenced as the "Wales" 
sewer service area in the ensuing discussion. 

13. Area M-This area consists of the Ethan Allen 
School (a minimum security facility for male 
juveniles) in the Town of Delafield. While the 
sanitary sewerage system operated by the Wis- 
consin Department of Health and Social Services 
to serve this institution is not, strictly speaking, 
a p ~ b l i c  centralized sanitary sewerage system, 
the service area has all the characteristics of 
a small urban village, and the sewage treatment 
facility is as large as some facilities serving typical 
villages throughout the Region. For this reason, 
the Ethan Allen School has been considered as 
a separate sewer service area for regional sewerage 
system planning purposes. The institution is 
expected to accommodate an equivalent popula- 
tion of about 800 persons in the year 2000. This 
subarea is referenced as the "Ethan Allen School" 
sewer service area in the ensuing discussion. 

The regional sanitary sewerage system plan had initially 
designated the Village of Merton a sewer service aree. 
However, based upon further analysis and subsequent 
public comment, that area was deleted from the areas 
recommended to be provided with a public sanitary sewer 
system. The Village of Merton was not specifically 
included in the area recommended to be provided with 



public sanitary sewers under the areawide water quality 
management planning program. However, the recom- 
mendations of the regional sanitary sewerage system plan, 
which proposed that consideration be given to either 
providing a separate treatment plant or conveyance of 
wastewater to the proposed Delafield-Hartland areawide 
treatment facility when it is determined that public 
sewers are necessary to  serve the Merton area, are 
incorporated into the areawide planning program. 

Formulation of Alternatives 
As noted earlier in this chapter, a systematic procedure 
was utilized in the regional sanitary sewerage system plan 
to formulate and evaluate alternative public sanitary 
sewerage system plans. First, the potential for inter- 
connection of community sanitary sewerage systems 
was evaluated. In the Middle Rock River subregional area, 
all but three of the 1 3  sewer service areas were noted to 
be essentially contiguous. It was assumed with respect to 
the other 10 sewer service areas, therefore, that con- 
tiguity would require detailed economic analyses of 
interconnection potential. In addition, one other inter- 
connection-Merton to Hartland-was found to be 
potentially feasible. However, as previously noted, the 
recommendation to provide public sewer service to the 
Village of Merton was ultimately revised in the regional 
sanitary sewerage system plan, and that sewer service 
area was not included as sewered in the regional sani- 
tary sewerage system plan or this subsequent plan. 
Detailed analyses of three alternative plans were made 
for the Oconomowoc-Lac La Belle, Oconomowoc Lake, 
Okauchee Lake, Pine Lake, Silver Lake, North Lake, 
Beaver Lake, Hartland, Delafield-Nashotah and Nashotah- 
Nemahbin Lakes sewer service areas. These three alterna- 
tives provided for the construction of wastewater treat- 
ment facilities for each sewer service area, for construc- 
tion of two centralized wastewater treatment facilities 
(at Oconomowoc and Delafield), which were ultimately 
recommended to serve the areas, and for construction of 
one centralized wastewater treatment facility. A detailed 
discussion of these alternative proposals can be found 
in Chapter XI of SEWRPC Planning Report No. 16, 
A Regional Sanitary Sewerage System Plan for South- 
eastern Wisconsin. Februarv 1974. 

Analyses were conducted of estimated existing and 
future water quality conditions in the Bark River, 
Oconomowoc River, and Scuppernong Creek. The water 
quality in the Oconomowoc River and Scuppernong 
Creek was not specifically simulated utilizing the water 
quality model. However, both existing and future water 
quality conditions were considered utilizing sample data, 
model results from similar watershed, and related calcula- 
tions. Water quality was simulated for the Bark River 
utilizing the computer simulation model. The analyses 
indicate that it will generally be necessary to provide 
a higher level of wastewater treatment with regard to 
phosphorus removal in the Middle Rock River sub- 
regional area than had been recommended under the 
regional sanitary sewerage system plan. These modified 
recommended performance standards are not expected 
to change the recommendations with regard to the 
number and location of public wastewater treatment 

facilities, since the recommendations of the regional 
sanitary sewerage system plan have been generally 
verified by subsequent local facilities planning for the 
Oconomowoc-Lac La Belle, Oconomowoc Lake, Okauchee 
Lake, Pine Lake, Silver Lake, North Lake, Beaver Lake, 
Hartland, Delafield-Nashotah, Nashotah-Nemahbin Lakes, 
and Dousman sewer service areas. The regional sani- 
tary sewerage system plan recommended that the 
Oconomowoc treatment facility serve the Oconomowoc- 
Lac La Belle, Oconomowoc Lake, Okauchee Lake, Pine 

I 
Lake, Silver Lake, North Lake, and Beaver Lake sewer 
service areas, and that the Delafield-Hartland Water 
Pollution Control Commission plant serve the Hartland, 

1 
Delafield-Nashotah, and Nashotah-Nemahbin Lakes sewer 
service areas. Subsequent facilities planning for the 
Oconomowoc-Lac La Belle, Oconomowoc Lake, 
Okauchee Lake, Pine Lake, Silver Lake, North Lake, 1 
and Beaver Lake sewer service areas has been completed, 
with the recently completed Oconomowoc wastewater 
treatment plant designed considering ultimate expansion 
to provide sewer service to a potential service area that 

I 
will include all of the areas recommended to be tributary 
to that plant in the regional sanitary sewerage system 
plan. In addition, a local facility planning report has been 
completed for the major trunk sewer facilities needed to 
convey wastewater from the recommended sewer service 
areas to  the Oconomowoc plant. A facility plan has also 
been completed by the Delafield-Hartland Water Pollu- 
tion Control Commission for wastewater treatment and 
conveyance facilities to serve the Hartland, Delafield- 
Nashotah, and Nashotah-Nemahbin Lakes sewer service 
areas. Construction ofithe areawide facility to serve these 
areas is expected to begin in 1978. In addition, the 
Village of Dousman has completed facilities planning for 
wastewater treatment facility upgrading and expansion. 
Because of these completed implementation actions, it 
was determined that further analysis of the alternatives 
examined in the regional sanitary sewerage system plan 
with regard to the number and location of treatment 
facilities in the Middle Rock River subregional area would 
not be needed, and the recommendations of that plan 
are incorporated into the areawide plan. Alternative 
treatment methods, however, have been considered, as 
reported in the following analyses, for the Oconomowoc 
and Delafield-Hartland treatment facilities. 

Connection of the Ethan Allan School sewer service area 
to the Wales sewer service area for wastewater treatment 
plant purposes was not evaluated, since the facility 
serving the Ethan Allan School was recently rebuilt and 
has adequate capacity to provide treatment for the 
estimated year 2000 hydraulic loading from its tributary 
sewer service area. In addition, the existing facility 
utilizes soil qbsorption for plant effluent disposal, which 
is considereh compatible with water use objectives in 
Scuppernong Creek, provided the system is operating 
properly. However, the continued operation of the 
Ethan Allan School soil absorption system should be 
carefully monitored. Should future investigation con- 
clude that soil absorption as a means of effluent disposal 
is no longer feasible, the interconnection of the Ethan 
Allan School and Wales sewer service areas for wastewater 
treatment purposes should then be evaluated. 



Accordingly, it was determined that the following 
sanitary sewerage system plans for the 1 3  sewer service 
areas that lie within the Middle Rock River subregional 
area should be prepared and evaluated: 

1. Two alternative plans--only with regard to  type 
of treatment-for the Oconomowoc-Lac La Belle, 
Oconomowoc Lake, Okauchee Lake, Pine Lake, 
Silver Lake, North Lake, and Beaver Lake sewer 
service areas. 

2. Two alternative plans--only with regard to  type of 
treatment-for the Hartland, Delafield-Nashotah, 
and Nashotah-Nemahbin Lakes sewer service areas. 

3. A proposed plan for the Dousman sewer ser- 
vice area. 

4. A proposed plan for the Wales sewer service area. 

5. A proposed plan for the Ethan Allan School 
sewer service area. 

The recommended plan for sanitary sewerage in the 
Middle Rock River subregional area, as developed under 
the regional sanitary sewerage system plan, is incor- 
porated, with certain modifications indicated as desirable 
by subsequent system and facilities planning efforts, as 
an integral part of the areawide water quality manage- 
ment plan recommendations. Results of water quality 
simulations are presented under the previous section on 
the diffuse source control element recommendations for 
the Rock River watershed. 

Sanitary sewerage system plans for each of the 1 3  sewer 
service areas that lie in the Middle Rock River subregional 
area are described in the following sections. 

Alternative Plans-Oconomowoc-Lac La Belle, 
Oconomowoc Lake. Okauchee Lake. North Lake. - - 

Pine Lake, Beaver Lake, and Silver Lake Subareas 
The recommended plan for the Middle Rock River 
subregional area proposes that the Oconomowoc-Lac La 
Belle, Oconomowoc Lake, Okauchee Lake, North Lake, 
Pine Lake, Beaver Lake, and Silver Lake sewer service 
areas be served by the Oconomowoc wastewater treat- 
ment facility. 

In 1975 the wastewater treatment facility sewing the 
City of Oconomowoc had an average hydraulic design 
capacity of about 1.50 mgd, and provided a secondary 
level of waste treatment. I t  is anticipated that future 
growth and the inclusion of the above sewer service areas 
will require an average hydraulic design capacity of about 
4.86 mgd in 1985 and about 6.52 mgd in the year 2000. 
This year 2000 design flow is slightly higher than the 
estimated 1990 design flow of 6.2 rngd anticipated under 
the regional sanitary sewerage system plan. 

As previously noted, the City of Oconomowoc recently 
completed upgrading and expansion of its treatment 
plant. The upgraded plant is designed to  provide secon- 
dary waste treatment followed by tertiary treatment and 

auxiliary waste treatment for effluent disinfection, and to  
have an average hydraulic design capacity of 4.0 mgd. 

In order to  meet established water use objectives for the 
Oconomowoc River, this facility will need to  provide 
either secondary waste treatment with auxiliary waste 
treatment for effluent disinfection followed by land 
application of plant effluent, or secondary waste 
treatment with conventional advanced waste treatment 
for nitrification, a high level of advanced waste treatment 
for phosphorus removal-producing an effluent with 
a concentration of approximately 0.1 mg/l of total 
phosphorusand auxiliary waste treatment for effluent 
aeration and disinfection prior to  discharge t o  the 
Oconomowoc River. The recommendations concerning 
treatment and discharge to  surface waters differ from 
those contained in the regional sanitary sewerage system 
plan only with regard to the level of phosphorus removal 
which should be achieved. That plan recommended that 
the Oconomowoc plant effluent have a total phosphorus 
concentration of 1.0 mg/l, while the recommendations 
of the areawide water quality management planning 
program are based upon an effluent total phosphorus 
concentration of about 0.1 mg/l. 

As noted in the analyses described earlier in this chapter, 
the effluent land application alternative and treatment 
and discharge alternative should be considered further for 
a plant the size of the Oconomowoc facility. Accordingly, 
two treatment alternatives were considered for this plant. 
The first alternative would provide for continued dis- 
charge of the Oconomowoc wastewater treatment plant 
effluent to  the Oconomowoc River following the 
required levels of advanced and auxiliary waste treat- 
ment. The second alternative assumes the provision of 
a land application system for disposal of secondary 
treatment plant effluent from the Oconornowoc waste- 
water treatment facility. The recommended wastewater 
treatment plant performance standards for both of the 
alternatives are set forth in Table 199,  and the two 
proposals are shown on Map 90. 

The first alternative is based upon the provision of 
secondary waste treatment followed by advanced waste 
treatment for ammonia-nitrogen and phosphorus removal 
utilizing conventional chemical treatment for phosphorus 
removal, biological secondary treatment and nitrification, 
two-stage chemical clarification, multimedia filtration, 
and chlorination prior to  discharge of effluent to  the 
Oconomowoc River. The total present worth over 
a 50-year analysis period of construction and operation 
of the proposed treatment and conveyance facilities 
included under Alternative Plan 1 for the Oconomowoc- 
Lac La Belle, Oconomowoc Lake, Okauchee Lake, North 
Lake, Pine Lake, Beaver Lake, and Silver Lake sewer 
service areas is about $23,305,000. The estimated capital 
cost for constructing the necessary additional and con- 
veyance treatment facilities is $15,049,000, with an esti- 
mated average annual operation and maintenance cost 
of $794,000 (see Table 200). 

The second alternative treatment system is based upon 
the provision of secondary waste treatment with auxiliary 
waste treatment for effluent disinfection followed by 



Table 199 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-ALTERNATIVE SANITARY SEWERAGE SYSTEM 
PLANS FOR THE OCONOMOWOC-LAC LA BELLE, OCONOMOWOC LAKE, OKAUCHEE LAKE, NORTH LAKE, PINE LAKE, 

BEAVER LAKE, AND SILVER LAKE SEWER SERVICE AREAS: MIDDLE ROCK RIVER SUBREGIONAL AREA 

Alternative Plan 1 

City of Oconomowoc 

Estimated Average 
Hydraulic Design 

Estimated Recommended 
Wastewater 

Capacity (mgd) 
Sewer Service Population Wastewater 

Treatment Plant Li Analysis serveda Areas 1-1 Treatment Levels 

Oconomowoc-Lac La Belle, 
Oconomowoc Lake, 
Okauchee Lake, North Lake, 
Pine Lake. Beaver Lake, 
and Silver Lake 

Secondary 
Advanced 

Auxiliary 

Type of Wastewater 
Treatment Assumed for 

Cost Analysis Purposes 
in Plan Preparation 

Activated Sludge 
Nitrification 

Phosphorus Removal 
Effluent Aeration 

Dis~nfection 

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly limits1 

BOD5 Discharge: 15.0 mg:l 
Ammonia-Nitrogen Discharge: 

1.5 mgll 
Phosphorus Discharge: 0.1 mgllb 
Dissolved Oxygen In Effluent: 
6.0 mgll 

Fecal Coliform Concentration: 
2001100 ml 

Alternative Plan 2 

City of Oconomowoc Oconomowoc-Lac La Belle, 
Oconomowoc Lake, 
Okauchee Lake, North Lake, 
Pine Lake, Beaver Lake, 
and Silver Lake 

Secondary 
Auxiliary 

Advanced 

Activated Sludge 
Disinfection 

Land ~ p p l i c a t i o n ~  

BOD5 Discharge. 30.0 mgll 
Fecal Coliform Concentration: 

20011 00 ml 
. . 

a See Map 89. 

This treatment recommendation differs from the regional sanitary sewerage system plan recommendations, which included the provision o f  secondary waste treatment followed by  
conventional advanced waste treatment for nitrification and phosphorus removal (effluent concentration of 1.0 m g j  o f  total phosphorus) and auxiliary waste treatment for effluent 
aeration and disinfection prior to discharge to the Oconomowoc River. 

Source: SEWRPC. 

land application. For areawide systems level analysis 
purposes, rural lands in the Towns of Summit in 
Waukesha County and Concord in Jefferson County were 
selected to receive the effluent from the Oconomowoc 
wastewater treatment facility. These sites would require 
that the effluent be pumped about 1,500 feet. 

The total present worth over a 50-year analysis period 
of construction and operation of the recommended 
treatment and conveyance facilities included under 
Alternative Plan 2 for the Oconomowoc-Lac La Belle, 
Oconomowoc Lake, Okauchee Lake, North Lake, Pine 
Lake, Beaver Lake, and Silver Lake sewer service areas 
is about $23,612,000. The estimated capital cost for 
constructing the necessary additional treatment and 
conveyance facilities is $23,966,000, with an estimated 
average annual operation and maintenance cost of 
$479,000 (see Table 200). 

On an equivalent annual cost basis, including the cost of 
the sludge-related facilities required under Alternative 
Plan 1, Alternative Plan 2 wnnld be shout 5 percent less 
costly to implement than would Alternative Plan 1. 
However, there are other less tangible, but nevertheless 
real, factors that should be considered. Alternative Plan 1 
could be more readily implemented since it represents 
a continuation of existing practices with the added 
construction and operational requirements associated 
with the recommended expansion and upgraded level of 
treatment. Because of the land requirements for land 

application under Alternative Plan 2, it would be difficult 
to  select and acquire sites or make other institutional 
arrangements for the use of agricultural land, and thus 
this alternative would be difficult to  implement. In 
addition, Alternative Plan 2 requires the commitment of 
approximately 2,000 acres of land, which would result in 
a major change in agricultural land management for the 
selected application site area, and requires that treatment 
plant managers become involved in agricultural land 
management. Alternative Plan 2 also requires the con- 
struction of a major conveyance system to transport 
treatment plant effluent to the land application site. 
Thus, Alternative Plan 2 would have a greater environ- 
mental impact and would affect more area and a greater 
population than would Alternative Plan 1. 

Although there would be a greater wastewater pumping 
requirement under Alternative Plan 2 for conveyance of 
the wastewater to the land application site, it would 
require less energy than would Alternative Plan 1 because 
of the energy requirement associated with the higher level 
of treatment needed under Alternative Plan 1. Alternative 
Plan 2 also offers advantages in that nutrients would be 
recycled from wastewater back to the agricultural land, 
and the treatment plant discharge of pollutants would 
be completely eliminated from the surface waters. 
However, based on the environmental impacts and ease 
of implementation, Alternative Plan 1-the treatment 
and surface water discharge alternative-is recommended. 



Map 90 

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS FOR THE OCONOMOWOC-LAC LA BELLE, 
OCONOMOWOC LAKE, OKAUCHEE LAKE, NORTH LAKE, PINE LAKE, BEAVER LAKE. AND 
SILVER LAKE SEWER SERVICE AREAS-MIDDLE ROCK RIVER SUBREGIONAL AREA: 2000 
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Both alternative sanitary sewerage system plans for the Oconomowoc-Lac La Belle, Oconomowoc Lake Okauchee Lake, North Lake, Pine Lake, Beaver Lake, and 
i' Silver Lake subareas of the Rock River watershed would concentrate treatment of sewage at one treatment facility. This combination of subareas closely reflects 

local planning efforts t o  establish one centralized treatment facility t o  serve the Oconomowoc River communities. I n  order t o  meet the established water use 
objectives o f  the Oconomowoc River, the City o f  Oconomowoc wastewater treatment facil ity wi l l  need to  provide either secondary waste treatment with auxiliary 
waste treatment for effluent disinfection and land application of plant effluent, or secondary waste treatment with advanced waste treatment for nitrification, 
a high level of advanced waste treatment for phosphorus removal, and auxiliary waste treatment for effluent aeration and disinfection prior t o  discharge t o  the 
Oconomowoc River. Both treatment alternatives were considered. The treatment and discharge alternative is proposed under the areawide water quality 
management plan, even though ~t is estimated slightly more costly fo r  the systems level analysis, because it more closely reflects local planning efforts, and would 
not involve the potential implementation problems associated with the land application alternative. 

Source: SEWRPC. 



Table 200 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS 
FOR THE OCONOMOWOC-LAC LA BELLE, OCONOMOWOC LAKE, OKAUCHEE LAKE, NORTH LAKE, PINE LAKE, 

BEAVER LAKE, AND SILVER LAKE SEWER SERVICE AREAS: MIDDLE ROCK RIVER SUBREGIONAL AREA 

a This alternative does no t  include the cost o f  additional facilities related to the increased sludge production associated with the higher degree o f  treatment requiredunder Alternative 
Plan I. The total Present worth over a 50-year analysis period of  the added sludge-handling and -disposal requirements is $2,534,000. The estimaredcapital cost for construction o f  
the added sludge-related facilities is $1,526,000, with an est~rnared average annual operation and maintenance cost o f  $95,000 over the design period 1975-2000. 

Source: SEWRPC. 

Estimated Cost: 1975-2000 Economic Analysis Estimates 

Alternative Plans-Hartland, Delafield-Nashotah, 
Nashotah-Nemahbin Lakes Subareas 

Plan Subelement 

Alternat~ve Plan l a  

Wastewater Treatment Plant 
City of Oconomowoc . . . . . . .  

Trunk Sewers 

Lac La Belle-Oconomowoc East . . 
Lac La Belle-Oconomowoc West . . 
Sllver Lake-Oconomowoc . . . . . .  

The recommended plan for the Middle Rock River 
subregional area proposes that the Hartland, Delafield- 
Nashotah, and Nashotah-Nemahbin sewer service areas be 
served by the Delafield-Hartland Water Pollution Con- 
trol Commission treatment facility. 

In 1975 only the Village of Hartland provided central- 
ized sanitary sewer service to  the Hartland subarea. 
The facility had an average hydraulic design capacity 
of about 0.35 mgd and provided a secondary level of 
waste treatment. It is anticipated that the proposed 
new facility at Delafield, which will serve existing and 
future growth for the three subareas, will require an 
average hydraulic design capacity of about 2.10 mgd 
in 1985 and about 3.37 mgd in the year 2000. This 
year 2000 design flow is is slightly lower than the 1990 
design flow of 3.60 mgd anticipated under the regional 
sanitary sewerage system plan. 

Total 
Capital 

$9,221,000 

51 4.000 
590,000 

North Lake-Oconomowoc. . . . . .  4,412.000 2,768,000 440,000 3,208,000 176,000 28,000 204.000 

As previously noted, the Delafield-Hartland Water Pollu- 
tion Control Commission has completed facilities plan- 
ning for construction of new wastewater treatment and 
conveyance facilities designed t o  ultimately serve the 
Hartland, Delafield-Nashotah, and Nashotah-Nemahbin 
Lakes sewer service areas. The plant is designed t o  
provide secondary and tertiary waste treatment with 
advanced waste treatment for nitrification and auxiliary 
waste treatment for effluent aeration and disinfection. 
The facility is proposed to have an average hydraulic 
design capacity of 2.20 mgd. Construction of this facility 
is expected to begin in 1978. 

Equivalent Annual: 1975-2025 

Subtotal 

Total 

Alternative Plan 2 

Wastewater Treatment Plant 
City of Oconomowoc 

Fac~lities. . . . . . . . . . . . . . .  
Land . . . . . . . . . . . . . . . . .  

Subtotal 

Trunk Sewers 
Lac La Belle-Oconornowoc East . . 
Lac La Belle-Oconomowoc West . . 
Silver Lake-Oconomowoc . . . . . .  
North Lake-Oconomowoc. . . .  
pp 

Subtotal 

Total 

In order to  meet established water use objectives for 
the Bark River, this facility will need to provide either 
secondary waste treatment with auxiliary waste treat- 
ment for effluent disinfection followed by land applica- 
tion of plant effluent, or secondary waste treatment with 
conventional advanced waste treatment for nitrification, 
a high level of advanced waste treatment for phos- 

Average Annual 
Operation and 
Maintenance 

$752.000 

4,300 
1.100 

Construction 

$442,000 

20.000 
23,000 

$ 5,828,000 

$1 5,049,000 

$16,266,000 
1,872,000 

$18.1 38,000 

Operation and 
Maintenance 

$705,000 

4,000 
1.000 

Present Worth: 1975-2025 

Total 

$1,147,000 

24.000 
24,000 

Construction 

$ 6,971,000 

322,000 
370,000 

$ 42,100 

$794.100 

$437,000 
. . 

$437.000 

Operation and 
Maintenance 

$1 1.1 18,000 

57,000 
14,000 

$ 3,656,000 

$1 0,627,000 

$11.767.000 
1,073,000 

$12,840,000 

514,000 379,000 
590.000 384,000 
31 2.000 245,000 

4.41 2,000 3,208,000 

Total 

$18.089.000 

379,000 
384,000 

20.000 
23.000 
1 2,000 

176,000 

$ 231,000 

$1,046,000 

$ 5,828,000 

$23,966,000 

$ 560,000 

$1 1,678,000 

$ 6,556,000 
. . 

$ 6,556,000 

4,000 
1.000 
3,000 

28,000 

$ 36.000 

$452.000 

$ 42,100 

$479,100 

$ 4,216,000 

$22,305,000 

$18,323,000 
1,073,000 

$19,396,000 

24,000 
24,000 
15,000 

204,000 

$ 267,000 

$1,498,000 

$ 3,656,000 

$16,496,000 

$ 231,000 

$ 673.000 

$ 747,000 
68,000 

$ 815,000 

$ 560.000 

$7,116,000 

$ 36,000 

$741.000 

$416.000 
.. 

$ 416,000 

$ 4,216,000 

$23,612,000 

$ 267,000 

$1,&4,000 

$1,163.000 
68,000 

$1,231,000 



phorus removal-producing an effluent with a concen- 
tration of approximately 0.1 mg/l of total phosphorus- 
and auxiliary waste treatment for effluent aeration and 
disinfection prior to  discharge to the Bark River. The 
recommendations concerning treatment and discharge to 
surface waters differ from those contained in the regional 
sanitary sewerage system plan only with regard to  the 
level of phosphorus removal which should be achieved. 
That plan recommended that the Delafield-Hartland 
Water Pollution Control Commission plant effluent have 
a total phosphorus concentration of 1.0 mg/l, while the 
recommendations of the areawide water quality manage- 
ment planning program are based upon an effluent total 
phosphorus concentration of about 0.1 mg/l. 

As noted in the analyses described earlier in this chapter, 
the effluent land application alternative and treatment 
and discharge alternative should be considered further for 
a plant the size of the Delafield-Hartland Water Pollution 
Control Commission facility. Accordingly, two alterna- 
tive treatment alternatives were considered for this plan. 
The first alternative would provide for continued dis- 
charge of wastewater treatment plant effluent to the 
Bark River following the required levels of advanced 
and auxiliary waste treatment. The second alternative 
assumes the provision of a land application system for 
disposal of secondary treatment plant effluent from 
the wastewater treatment facility. The recommended 
wastewater treatment plant performance standards for 
both of the alternatives are set forth in Table 201, and 
the two proposals are shown on Map 91. 

The first alternative is based upon the provision of 
secondary waste treatment followed by advanced waste 
treatment for ammonia-nitrogen and phosphorus removal 
utilizing conventional chemical treatment for phosphorus 
removal, biological secondary treatment and nitrification, 
two-stage chemical clarification, multimedia filtration, 
and chlorination prior to discharge of effluent to  the 
Bark River. The total present worth over a 50-year 
analysis period of construction and operation of the 
proposed treatment and conveyance facilities included 
under Alternative Plan 1 for the Hartland, Delafield- 
Nashotah, and Nashotah-Nemahbin Lakes sewer service 
areas is about $16,624,000. The estimated capital cost 
for constructing the necessary additional treatment 
and conveyance facilities is $13,674,000, with an 
estimated average annual operation and maintenance cost 
of $503,000 (see Table 202). 

The second alternative treatment system is based upon 
the provision of secondary waste treatment with auxiliary 
waste treatment for effluent disinfection followed by 
land application. For areawide systems level analysis 
purposes, rural lands in the City of Delafield, the Village 
of Nashotah, and the Town of Summit were selected to 
receive the effluent from the Oconomowoc wastewater 
treatment facility. These sites would require that effluent 
be pumped about 10,000 feet. 

The total present worth over a 50-year analysis period 
of construction and operation of the proposed treat- 
ment and conveyance facilities included under Alterna- 

Table 201 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-ALTERNATIVE SANITARY 
SEWERAGE SYSTEM PLANS FOR THE HARTLAND, DELAFIELD-NASHOTAH, AND NASHOTAH-NEMAHBIN 

LAKES SEWER SERVICE AREAS: MIDDLE ROCK RIVER SUBREGIONAL AREA 

I I Estimated Average I 
Wastewater 

Hydraulic Design 

Treatment I plant 1 1985 1 2000 1 

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly limits) 

Recommended 
Sewer Service Wastewater 
Analysis Areas Treatment 

serveda Levels 

I Alternative Plan 1 I 1 I 1 I I 1 1 1 

Type of Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

in Plan Preparation 

Delafield-Hartland 
Water Pollution 
Control Commission 

Hartland. Delafield-Nashotah, 
Nashotah-Nemahbin Lakes 

Secondary 
Advanced 

Aux~liary 

Activated Sludge 
Nitrification 

Phosphorus Removal 
Effluent Aeration 

Disinfection 

BOD5 Discharge: 15.0 mgll 
Ammonia-Nitrogen Discharge: 

1.5 mgll 
Phosphorus Discharge: 0.1 mgllb 
Dissolved Oxygen in Effluent: 

6.0 mgll 
Fecal Coliform Concentration: 

2001100 ml 

1 Alternative Plan 2 I l l  
Delafield-Hartland 
Water Pollution 
Control Commission 

a See Map 89. 

18.200 Secondary Activated Sludge 
Auxiliary Disinfection 

2.10 1 3.37 1 Hartland, Delafield.Nashotah 
Nashotah-Nemahbin Lakes 

Advanced I Land ~ p p l i c a t i o n ~  

12,100 BOD5 Discharge: 30.0 mgll 
Fecal Coliform Concentration: 

20011 00 ml 
. . 

b ~ h i s  treatment recommendation differs from the regional sanitary sewerage system plan recommendations, which included the provision of  secondary waste treatment followed b y  
conventional advanced waste treatment for nitrification and phosphorus removal leffluent concentration o f  1.0 mgf l  of  total phosphorusl andauxiliary waste treatrnent for effluent 
aeration and disinfection prior to discharge to the Oconomowoc River. 

Source: SEWRPC. 



Map 91 

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS FOR THE HARTLAND, DELAFIELD-NASHOTAH, AND 
NASHOTAH-NEMAHBIN LAKES SEWER SERVICE AREAS-MIDDLE ROCK RIVER SUBREGIONAL AREA: 2000 

LEGEND 

SEWER SERVICE AREAS 

SEWAQE TREATMENT FACILITIES 

e EXISTING PUBLIC TO BE ABANDONED 

EXISTING PRIVATE TO BE ABANDONED 

SEWERS AN0 APWRTENANT FACILITIES - EXISTING TRUNK SEWER - PROPOSED TRUNK SEWER 

EXISTING FORCE MAlN 

..O. PROPOSED FORCE MAIN 

EXISTING WMUNG STATION 

PROWSED WMUNG STATION 

G R A P H I C  SCALE 

Both alternative sanitary sewerage system plans for the Hartland, Delafield-Nashotah, and Nashotah-Nemahbin Lakes subareas o f  the Rock River watershed would 
concentrate treatment of sewsge at one treatment facility. This combination of subareas closely reflects local planning efforts t o  establish one centralized treatment 
facility t o  serve the Bark River communities. I n  order t o  meet the established water use objectives for the Bark River, the proposed plant t o  be operated by the 
Delafield-Hartland Water Pollution Control Commission wi l l  need to  provide either secondary waste treatment with auxiliary waste treatment for effluent disinfec- 
t ion and land application of plant effluent, or secondary waste treatment with conventional advanced waste treatment for nitrification, a high level of  advanced 
waste treatment for phosphorus removal, and auxiliary waste treatment for effluent aeration and disinfection prior t o  discharge t o  the Bark River. Both treatment 
alternatives were considered. The treatment and discharge alternative is proposed under the areawide water quality management plan, even though it is estimated t o  
be more costly, because i t  more closely reflects local planning efforts that are now being implemented. 

Source: SEWRPC. 

tive Plan 2 for the Hartland, Delafield-Nashotah, and 
Nashotah-Nemahbin Lakes sewer service areas is about 
$13,485,000. The estimated capital cost for construct- 
ing the necessary additional treatment and conveyance 
facilities is $13,818,000, with an estimated average 
annual operation and maintenance cost of $270,000 
(see Table 202). 

On an equivalent annual cost basis, including the cost 
associated with the sludge-related facilities required with 
Alternative Plan 1, Alternative Plan 2 would be about 
27 percent less costly to implement than would Alterna- 

tive Plan 1. However, there are other less tangible, but 
nevertheless real. factors which should be considered. 
Alternative Plan 1 could be more readily implemented 
since planning for most of the major components of the 
alternative is complete, with construction expected to be 
started in 1978, and since this alternative represents 
a continuation of existing practices with the added 
construction and operational requirements associated 
with the recommended expansion and upgraded level of 
treatment. Because of the land requirements for land 
avvlication under Alternative Plan 2, it would be difficult -. 
to select and acquire sites or make other institutional 

CF 2&#.-' 



Table 202 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-ALTERNATIVE SANITARY SEWERAGE 
SYSTEM PLANS FOR THE HARTLAND, DELAFIELD-NASHOTAH, AND NASHOTAH-NEMAHBIN 

LAKES SEWER SERVICE AREAS: MIDDLE ROCK SUBREGIONAL AREA 

Plan Subelement 

Alternative Plan la 

Wastewater Treatment Plant 
Delafield-Hartland Water 
Pollution Control Commission 

Facilities. . . . . . . . . . . . 
Outfall Sewer . . . . . . . . . 

Subtotal 

Trunk Sewers 
Hartland-Delafield . . . . . . . . 
Nashotah-Delafield . . . . . . 
Summit-Delafield . . . . . . . . . 

Subtotal 

Total 

Alternative Plan 2 

Wastewater Treatment Plant 
Delafield-Hartland Water 
Pollution Control Commission 

Facilities. . . . . . . . . . . . . . . 
Land. . . . . . . . . . . . . . . . . 

Subtotal 

Trunk Sewers 
Hartland-Delafield . . . . . . . 
Nashotah-Delafieid . . . . . . . 
Summit-Delafieid . . . . . . . 

Subtotal 

Total 

Estimated Cost: 1975-2000 

Total Operation and 
Capital Maintenance 

Economic Analysis Estimates 

Present Worth: 1975-2025 Equivalent Annual: 1975-2025 

Operation and Operation and 
Construction Maintenance Total Construction Maintenance Total 

a This alternative does n o t  include the cost of  additional facilities related to the increased sludge production associated with the higher degree of  treatment required under Alternative 
Plan 7. The total present worth over a 50-year analysis period of  the added sludge-handling and -disposal requirements is $1,532,000. The estimated capital cost for construction o f  
the added sludge-related facilities is $999,000, with an estimated average annual operation and maintenance cost o f  $53,000 over the design period 1975-2000. 

Source: SEWRPC. 

arrangements for the use of agricultural land, and thus 
this alternative would be difficult to  implement. In 
addition, Alternative Plan 2 requires the commitment of 
approximately 1,100 acres of land, which would result in 
a major change in agricultural land management for the 
selected application site area, and requires that treatment 
plant managers become involved in agricultural land 
management. Alternative Plan 2 also requires the con- 
struction of a major conveyance system to transport 
treatment plant effluent to the land application site. 
Thus, Alternative Plan 2 would have a greater environ- 
mental impact and would affect more area and a greater 
population than would Alternative Plan 1. 

Although there would be a greater wastewater pumping 
requirement under Alternative Plan 2 for conveyance of 
wastewater to the land application site, it would require 
less energy than would Alternative Plan 1 because of the 

energy requirement associated with the higher level of 
treatment needed under Alternative Plan 1. Alternative 
Plan 2 also offers advantages in that nutrients would be 
recycled from wastewater back to  the agricultural land, 
and the treatment plant discharge of pollutants would 
be completely eliminated from the surface waters. 
However, based on the existing stage of implementation, 
environmental impacts, and ease of implementation, 
Alternative Plan 1-the treatment and discharge alterna- 
tive-is recommended. 

Proposed Plan-Dousman Subarea 
In 1975 the wastewater treatment facility serving the 
Dousman sewer service area had an average hydraulic 
design capacity of 0.12 mgd, and provided a secondary 
level of waste treatment. It is anticipated that future 
growth will require an average hydraulic design capacity 
for the Dousman sewer service area of about 0.22 mgd in 



1985 and about 0.34 mgd in the year 2000. This year design work expected to be started in 1978. Facilities are 
2000 design flow is somewhat lower than the estimated proposed which will provide for all of the treatment steps 
1990 design flow of 0.46 mgd anticipated under the needed under the treatment and discharge alternative 
regional sanitary sewerage system plan. except the phosphorus removal component. 

During 1978 the Village of Dousman completed facili- 
ties planning for upgrading and expansion of a new 
wastewater treatment plant. The proposed wastewater 
treatment plant is designed to provide secondary and 
tertiary waste treatment, advanced waste treatment for 
nitrification, and auxiliary waste treatment for effluent 
disinfection. The plant is proposed to have an average 
hydraulic design capacity of about 0.35 mgd. 

In order to meet the established water use objectives 
for the Bark River, this facility will need to provide 
either a secondary level of waste treatment with auxiliary 
treatment for effluent disinfection followed by land 
application of plant effluent, or secondary waste 
treatment followed by conventional advanced waste 
treatment for nitrification, a high level of advanced waste 
treatment for phosphorus removal-producing an effluent 
with a concentration of approximately 0.1 mg/l of total 
phosphorusand auxiliary waste treatment for effluent 
aeration and disinfection prior to discharge to the Bark 
River. The recommendations concerning treatment and 
discharge to surface waters differ from those contained in 
the regional sanitary sewerage system plan with regard to 
the provision of advanced waste treatment for nitrifica- 
tion and phosphorus removal. That plan recommended 
that the Dousman plant provide secondary waste treat- 
ment followed by auxiliary waste treatment for effluent 
aeration and disinfection prior to discharge of effluent to 
the Bark River. 

As previously noted, local facilities planning work has 
been completed for a modification to the Village of 
Dousman wastewater treatment plant, with the detailed 

Because of this existing stage of implementation, the 
decision to provide treatment followed by discharge to 
surface waters has been treated as a committed local 
decision even though the areawide analysis indicates that, 
on a generalized basis, an effluent land application alter- 
native may be less costly than providing the levels of 
treatment needed prior to discharge to surface waters. 
The proposed facilities should be designed to allow for 
expansion to ultimately accommodate the facilities 
needed to reduce the total phosphorus concentration to 
approximately 1.0 mg/l. Future local facilities planning 
efforts designed to evaluate the phosphorus reduction 
component of the recommendations should further 
consider the land application alternative. The recom- 
mended performance standards for the Village of 
Dousman wastewater treatment plant are set forth in 
Table 203, and the proposal is shown on Map 92. 

The total present worth over a 50-year analysis period 
of construction and operation of proposed treatment 
facilities for the Dousman sewer service area is about 
$3,071,000. The estimated capital cost for constructing 
the necessary additional treatment facilities is $1,746,000, 
with an estimated average annual operation and mainte- 
nance cost of $116,000 (see Table 204). 

Proposed Plan-Wales Subarea 
As already noted, in 1975 the Village of Wales was not 
served by centralized sanitary sewers. It is proposed that 
centralized sanitary sewer service be provided to the 
Village of Wales and its environs. It is estimated that the 
total average hydraulic loading from this area will be 
about 0.53 mgd in 1985 and about 0.65 mgd in the year 

Table 203 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-PROPOSED SANITARY SEWERAGE 
SYSTEM PLAN FOR THE DOUSMAN SEWER SERVICE AREA: MIDDLE ROCK RIVER SUBREGIONAL AREA 

a See Map 89. 

This treatment recommendation differs from the regional sanitary sewerage system plan recommendations, which included the provision of secondary waste rreat- 
ment followed by auxiliary waste treatment for effluent aeration and disinfection prior to discharge to the Bark River. 

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly limits) 

BOD5 Discharge: 15.0 mg/l 
Ammonia-Nitrogen Discharge: 

1.5 mgll 
Phosphorus Discharge: 0.1 mg/l 
Dissolved Oxygen in Effluent: 

6.0 mgll 
Fecal Coliform Concentration: 

2001100 ml 

Source: SEWRPC. 

Type of Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

in Plan Preparation 

Activated Sludge 
~ i t r i f i c a t i o n ~  

Phosphorus FIemovalb 
Effluent Aeration 

Disinfection 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Advanced 

Auxiliary 

Wastewater 
Treatment 

Plant 

Village of Dousman 

Estimated Average 
Hydraulic Design 
Capacity (mgd) 

Service 
Analysis Area 

Serveda 

Dousman 

1985 

0.22 

2000 

0.34 

Estimated 

Population 

1985 

1,500 

2000 

2.100 



Map 92 

PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR T H E  DOUSMAN SEWER SERVICE AREA- 

MIDDLE ROCK RIVER SUBREGIONAL AREA: 2000 

L E G E N D  

SEWER SERVICE AREAS 
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EX \S / lNr  TRUNK SEWERS 

The areawide water quality managernenf plan proposer that the existing 
OouIman wartewsrer treatment facility be expanded and upgraded to serve 
the Dou~man ewer service area. In order to meef the e9rablirhed water use 
abjectiver for the Bark River, this facility will need to provide ~lcoodary 
waste treatment with advanced waste treatment for nitrification. a high 
level of advanced warfe lreatment for phosphorus removal, and auxiliary 
waste treatment for effluent aeration and disinfection prior to discharge 
10 the Bark River. Completed locel plans recommend the provirion of con- 
ventional advanced warre treatment for nitrification and auxiliary waste 
treatment. Future local planning efforts should evaluate effluent land 
application ar an alternative to providing a high level of phorphorur removal 
at the Davrman planf. 

Source: SEWRPC. 

2000. The year 2000 design flow is considerably larger 
than the 1990 design flow of 0.23 mgd anticipated under 
the regional sanitary sewerage system plan. The proposed 
plan for the Wales area includes the construction of a new 
wastewater treatment plant to serve this subarea. 

In order t o  meet established water use objectives for 
the Scuppernong Creek and the Rock River, the Wales 
wastewater treatment plant will need to provide either 
a secondary level of waste treatment with auxiliary waste 
treatment for effluent disinfection followed by land 
application of plant effluent, or secondary waste treat- 
ment with conventional advanced waste treatment for 
nitrification, a high level of advanced waste treatment 
for phosphorus removal-producing an effluent with 
a concentration of approximately 0.1 mg/l of total 
phosphorus, and auxiliary waste treatment for effluent 
aeration and disinfection prior to discharge to Scupper- 
nong Creek. The recommendations concerning treatment 
and discharge t o  surface waters differ from those con- 
tained in the regional sanitary sewerage system plan only 
with regard t o  the provision of advanced waste treatment 
for phosphorus removal. That plan recommended the 
provision of secondary waste treatment followed by 
advanced waste treatment for nitrification and auxiliary 
waste treatment for effluent aeration and disinfection. 

Based upon the general analysis described earlier in this 
chapter, the provision of secondary waste treatment 
followed by auxiliary waste treatment for effluent 
disinfection and land application would be less costly 
than providing second& waste treatment followed h i  
conventional advanced waste treatment for nitrification, 
a high level of advanced waste treatment for phosphorus 
removal. and auxiliarv waste treatment for effluent 
aeration and disinfection prior to discharge to surface 
waters for facilities the size of the proposed Wales 
treatment plant. Thus, the areawide water quality 
management plan for the Wales area is based upon the 
effluent land application alternative, but recognizes 
the need for more detailed local facility planning to 
examine the alternatives providing for discharge to 
surface waters as well as the land application alternative. 
Should local facility planning efforts indicate that land 
application of plant effluent is not practical to imple- 
ment, then an alternative treatment system designed to 
ultimately achieve the level of treatment needed to meet 
water quality standards with the effluent discharged to 
surface waters should be considered. That alternative 
treatment system should be designed t o  initially reduce 
phosphorusto the lowest practicallevel, and t o  ultimately 
reduce the total ahosohorus concentration to about . . 
0.1 rng/l. The recommended performance standards for 
the Wales wastewater treatment plant are set forth in 
Tahle 205, and the proposal is shown on Map 93. 

The total present worth over a 50-year analysis period of 
construction and operation of proposed treatment facili- 
ties is about $3,451,000. The estimated capital cost for 
construction of the necessary treatment facilities at  Wales 
is $2,924,000, with an estimated average annual opera- 
tion and maintenance cost of $86,000 (see Tahle 206). 

I'roposPd I'lan-Lthan .\lien School Subarea 
In 1973 rhe pnvar? uastcwatcr rr<:armrnt facil~t). sening 
the Ethan Allen School sewer service area had an average 
hydraulic capacity 0.17 mgd and provided a secondary 
level of waste treatment followed by use of a soil 
absorption system for the treated effluent. This facility 



Table 204 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE DOUSMAN SEWER SERVICE AREA: MIDDLE ROCK RIVER SUBREGIONAL AREA 

Source: SEWRPC. 

Plan Subelement 

Wastewater Treatment Plant 
Village of Dousrnan. . . . . .  

Trunk Sewers-None 

Total 

Table 205 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-PROPOSED SANITARY SEWERAGE 
SYSTEM PLAN FOR THE WALES SEWER SERVICE AREA: MIDDLE ROCK RIVER SUBREGIONAL AREA 

Estimated Cost: 1975-2000 

a See Map 89. 

Economic Analysis Estimates 

Total 
Capital 

$1,746,000 

. . 

$1,746,000 

This treatment recommendation differs from the regional sanitary sewerage system plan recommendations, which included the provision o f  secondary waste treat- 
ment with advanced waste treatment for nitrif ication and auxiliary waste treatment for effluent aeration and disinfection pr io r  to discharge to Scuppernong Creek. 

Average Annual 
Operation and 
Maintenance 

$1 16,000 

.. 

$1 16,000 

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly l imits) 

BOD5 Discharge: 30 mgll 
Fecal Coliform Concentration: 

2001100 m l  
- - 

Wastewater 
Treatment 

Plant 

Village of Wales 

Source: SEWRPC. 

Present Worth: 1975-2025 

Table 206 

Equivalent Annual: 1975-2025 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE WALES SEWER SERVICE AREA: MIDDLE ROCK RIVER SUBREGIONAL AREA 

Construction 

$75,000 

. - 

$75,000 

Total 

$3,071,000 

-. 

$3,071,000 

Construction 

$1,320,000 

. - 

$1,320,000 

Estimated Average 
Hydraulic Design 
Capacity (mgd) 

Operation and 
Maintenance 

$1,751,000 

. . 

$1,751,000 

Sewer Service 
. Analysis Area 

Serveda 

Wales 

1985 

0.53 

Source: SEWRPC. 

3 3 2 

Operation and 
Maintenance 

$1 11,000 

-. 

$1 11.000 

2000 

0.65 

Plan Subelement 

Wastewater Treatment Plant 
Village of Wales 

Facilities. . . . . . . . . . .  
Land . . . . . . . . . . . . .  

Subtotal 

Trunk Sewers-None 

Total 

Total 

$195,000 

. - 

$195,000 

Estimated 
Population 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Auxiliary 

Advanced 

1985 

2,500 

Estimated Cost: 1975-2000 

Type of Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

i n  Plan Preparation 

Activated Slubge 
Disinfection 

Land ~ p p l i c a t i o n ~  

2000 

3,100 

Economic Analysis Estimates 

Total 
Capital 

$2,699,000 
225,000 

$2,924,000 

. . 

$2,924,000 

Average Annual 
Operation and 
Maintenance 

$86,000 
-. 

$86,000 

. . 

$86,000 

Present Worth: 1975-2025 Equivalent Annual: 1975-2025 

Construction 

$2,082,000 
129,000 

$2.21 1,000 

. . 

$2.21 1.000 

Construction 

$1 32,000 
8,000 

$140,000 

-. 

$140,000 

Operation and 
Maintenance 

$1,240,000 
. . 

$1,240,000 

-. 

$1,240,000 

Total 

\ 

$3,322,000 
129,000 

$3,451,000 

. . 

$3,451,000 

Operation and 
Maintenance 

$79,000 
. . 

$79,000 

. . 

$79,000 

Total 

$21 1.000 
8,000 

$219,000 

-. 

$219,000 



Map 93 

PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE 
WALES AND ETHAN ALLEN SCHOOL SERVICE AREAS- 

MIDDLE ROCK RIVER SUBREGIONAL AREA: ZOO0 
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C u r ~ ~ n l l v .  t h ~  Villa98 of Wale1 relies on onrire septic tank system9 for 
treatment of wa~tewater. BBC~U* o f  historic growfh and development 
trend& ar well as planned land uses, i t  ir propored under the areawide 
water qaslity management plan that the Village of Walesestablish acentral- 
ized 1BnifarV s e ~ r a g e  $yrtem. The plan further proposes the existing 
Ethan Allen School wastewater treatment fscili ly be rruined to rewe rhe 
Ethan Allen sewer service area. In order to  meet the established water use 
obiietiuer for the Scupparnons Creek. the propored Water facility will need 
to provide either secondary waste rreatlnent and land application of plant 
effluent. or secondary warte treatment with advanced warre treatment for 
nitrification. B high level of advanced waste treatment tor phosphorus 
removal, and auxiliary warte treatment for effluent aeration and disin- 
fection prior to discharge to Scuppernong Creek. I t  is proposed that the 
Current method of effluent disposal-through a sail absorption treatment 
rvrtem-be maintained for the Ethan Allen School treatment facility. The 
continued suceerrful operation of the roil abrorption system at the Ethan 
Allen School ~ h o u l d  bB carefully manitorsd. I f  the system should fail, or 
should i t  become nscesran. t o  expand or upgrade the existing system in the 
future, the abandonment of this facility and connection to the Wale8 sani- 
tary sewraw wrtem should be examined. 

Source: SEWRPC. 

has been classified as a private wastewater treatment 
plant in the inventory of facilities. It is anticipated that 
future growth will require an average hydraulic design 
capacity for the Ethan Allen School of about 0.13 mgd in 
1985 and about 0.17 mgd in the year 2000. 

In order to meet established water use objectives for the 
Scuppernong Creek and the Rock River, this facility will 
need to  provide either a secondary level of wastewater 
treatment followed by land application of effluent, or 
secondary was* treatment followed by conventional 
advanced waste treatment for nitrification, a high level of 
advanced waste treatment for phosphorus removal- 
producing an effluent with a concentration of approxi- 
mately 0.1 mg/l of total phosphorus-and auxiliary waste 
treatment for effluent aeration and disinfection prior to 
discharge to the Scuppernong Creek. 

Specific recommendations for the level of treatment at  
the Ethan Allen School were not included in the regional 
sanitary sewerage system plan, which recommended that 
the plant continue to  provide a level of waste treatment 
adequate to  meet the water quality objectives and 
standards for the stream. The present wastewater 
treatment facility was recently reconstructed and is large 
enough to  meet the projected year 2000 demand. With 
the effluent discharge to a seepage lagoon, the continued 
operation of the existing plant is compatible with water 
use objectives. Thus, no change in the existing system of 
wastewater management is recommended for the Ethan 
Allen School subarea. The continued successful operation 
of the soil absorption system at the Ethan Allen School 
should he carefully monitored. If the system should fail, 
or should i t  become necessary to  expand or upgrade the 
existing system in the future, the abandonment of this 
existing facility and connection to the Wales sanitary 
sewerage system should be examined. The recommended 
performance standards for the Ethan Allen School 
wastewater treatment plant are set forth in Table 207, 
and the proposal is shown on Map 93. 

The total present worth over a 50-year analysis period 
of construction and operation of the existing treatment 
facilities is about $496,000. The estimated capital cost of 
major replacement items a t  the Ethan Allen School is 
$240,000, with an estimated average annual operation 
and maintenance cost of $20,000 (see Table 208). 

Private \I'aste\r-atrr Treat~nz~tt  Yla~~ts 
There are three known private wastewater treatment 
facilities in the Middle ~ o c k  River subregional area which 
serve isolated enclaves of urban land uses and generally 
treat wastes which can be accepted in public sanitary 
sewerage systems. These facilities currently discharge 
treated wastewater to the streams and groundwater in the 
Middle Rock River subregional area. These three facilities 
serve the Gigas Hillside Apartments in the Town of 
Delafield, St. John's Military Academy in the City of 
Delafield, and Ethan Allen School in the Town of 
Delafield. Two of these plants tie within the year 2000 
proposed service areas. 



Table 207 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE ETHAN ALLEN SCHOOL SEWER SERVICE AREA: MIDDLE ROCK RIVER SUBREGIONAL AREA 

a ~ e e  Map 89. 

Source: SEWRPC. 

Table 208 

Wastewater 
Treatment 

Plant 

Ethan Allen School 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE ETHAN ALLEN SCHOOL SEWER SERVICE AREA: MIDDLE ROCK RIVER SUBREGIONAL AREA 

Type of Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

in Plan Preparation 

Activated Sludge 
Disinfection 

Soil Absorption 

Recommended 
Performance Standards in 
Terms o f  Effluent Quality 

(ell standards represent 
average monthly limits) 

BOD5 Discharge: 30 mgll 
Fecal Coliform Concentration: 

20011 00 
.. 

Source: SEWRPC. 

Estimated Average 
Hydraulic Design 
Capacity (mgd) 

Plan Subelement 

Wastewater Treatment Plant 
Ethan Allen School. . . . . . 

Trunk Sewers-None 

Total 

These facilities would be abandoned upon implementa- 
tion of the proposed sewer system plan for the Hartland 
and Delafield-Nashotah sewer service areas. The remain- 
ing facility-that serving the Ethan Allen School- is 
proposed to  be retained. The recommended treatment 
level and estimated cost for this facility is discussed in the 
previous section. 

Sewer Service 
Analysis Area 

serveda 

Ethan Allen School 

1985 

0.13 

Existing Unsewered Urban Development Outside 
the Initially Proposed Sanitary Sewer Service Area 
There are nine enclaves of unsewered urban development 
located outside of the proposed year 2000 sewer service 
area as shown on Map 89. The corresponding urban 
enclave population in 1975 and 2000 and the distance 
to  the nearest proposed year 2000 sewer service area are 
listed in Table 209. In a general analysis described earlier 
in this chapter, the cost of providing public sewerage 
service to  these enclaves of urban development was 
compared with the cost of continued onsite wastewater 
treatment. Based upon the results of that analysis, it was 
concluded that wastewater treatment for these nine 
enclaves of unsewered urban development should be 
provided in one of two ways. 

2000 

0.17 

For certain of the unsewered urban areas, the plan 
proposes the continued use of onsite wastewater 

Estimated Cost: 1975-2000 

treatment systems coupled with a suitable program for 
monitoring and maintaining the systems. This plan 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Auxiliary 

Advanced 

Estimated 

Economic Analysis Estimates 

Total 
Capital 

$240,000 

.. 

$240,000 

is generally applicable to areas with soils and lot sizes 
which are suitable for conventional onsite wastewater 
treatment systems. Seven of the nine unsewered urban 
areas are included in this category-the Village of Merton, 
the Town of Delafield-Section 28, the Town of 
Lisbon-Section 4 and Section 15, Ashippun Lake, 
Golden Lake, and Hunters Lake, all in Waukesha County. 

1985 

600 

-- 
Average Annual 
Operation and 
Maintenance 

$20,000 

. . 

$20,000 

For the remaining urban enclaves, the plan proposes 
the conduct of further site-specific planning to  deter- 
mine the best wastewater management practice. These 
enclaves, which should consider alternative methods of 
onsite waste disposal as well as an intensive inspection 
and maintenance program for conventional systems, are 
Lake Keesus and Pretty Lake in Waukesha County. 

2000 

800 

Present Worth: 1975-2025 

Sanitary Sewer System Flow Relief Devices 
In 1975 there were six known sanitary sewer system 
flow relief devices located in the Middle Rock River 

Equivalent Annual: 1975-2025 
- 

Construction 

$1 81.000 

- . 

$181,000 

Construction 

$1 1.000 

. . 

$1 1,000 

Operation and 
Maintenance 

$31 5,000 

. . 

$315,000 

Operation and 
Maintenance 

$20,000 

-. 

$20,000 

Total 

$496,000 

.. 

$496,000 

Total 

$3 1.000 

-. 

$31,000 



Table 209 

EXISTING URBAN DEVELOPMENT NOT SERVED BY 
PUBLIC SANITARY SEWERS I N  THE MIDDLE ROCK RIVER 

SUBREGIONAL AREA BY MAJOR URBAN 

CONCENTRATION: 2000 

a See Map 89. 

Urban development is defined in this context as concentrations of urban land uses within 
any given U. S. Public Land Survey quarter section that has at least 32 housing units, or an 
average of one housing unit per five gross acres, and is not  served b y  public sanitary sewers. 

Source: SEWRPC. 

 umber^ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Total 

subregional area. The proposed plan recommends that 
local planning efforts include the formulation of plans 
for the elimination of these sewage flow relief devices. 

Major Urban 
concentrationb 

Waukesha County 
Village of Merton 
Town of Delafield-Section 28 
Town of Lisbon-Section 4 
Town of Lisbon-Section 15 
Ashippun Lake 
Golden Lake 
Hunters Lake 
Lake Keesus 
Pretty Lake 

Other Known Point Sources of Wastewater 
There are a total of seven known point sources of 
wastewater other than wastewater treatment plants and 
sewer system flow relief devices in the Middle Rock River 
subregional area. These other point sources consist 
primarily of industrial cooling, process, and backwash 
waters which are discharged without treatment, or 
following pretreatment, directly to  surface waters or to 
storm sewers tributary to  such streams and watercourses. 
The discharge characteristics of these point sources of 
wastewater are reported in Chapter I11 of SEWRPC 
Technical Report No. 21, Sources of Water Pollution in 
Southeastern Wisconsin: 1975, and are indicated to 
contain constituents of BOD5, ammonia-nitrogen, phos- 
phorus, and fecal coliform which are generally lower than 
those established as performance standards for the public 
and private wastewater treatment plants in the Region 
discharging to  the same or similar water bodies. Thus, in 
most cases no further treatment recommendations were 
advanced for these other point sources with regard to  
these constituents. However, it is recommended that 
these point sources in general reduce discharge tempera- 
tures to  8 9 ' ~  or less, oils and grease to  less than 10  mg/l, 

Distance 
from Year 
2000 Sewer 

Service Area 
(miles) 

1.5 
.. 
2.5 
1 .O 
1.5 
2.3 
. . 

1.1 
4.4 

. . 

Estimated 
Resident 

Population 

and heavy metals, organics, and other pollutant concen- 
trations t o  levels required by "Best Available Tech- 

1975 

586 
144 
201 
128 
246 
165 
90 

594 
197 

2,351 

nology," or as identified on a case-by-case basis under the 
state permit system process. Reported effluent character- 
istics for these point sources which could require treat- 
ment are noted in Table 21 0. 

2000 

528 
169 
396 
123 
195 
186 
55 

656 
154 

2,462 

There are no costs calculated for these point sources in 
the Middle Rock River subregional area. From the limited 
data available on these point sources, only one point 
source appears to require treatment consideration. That 
discharge is the Carnation Can Company in the City of 
Oconomowoc, which is proposed to  be connected to  the 
Oconomowoc sanitary sewerage system. The cost of the 
treatment associated with this connection is included in 
the cost of the Oconomowoc public wastewater treat- 
ment facility discussed earlier in this section. 

LOWER ROCK RIVER SUBREGIONAL AREA 

The Lower Rock River subregional area consists of all 
that part of the Rock River watershed in Walworth 
County together with urban concentrations in the Fox 
River watershed at the western end of Lake Geneva. 
Several subwatersheds comprise the Lower Rock River 
subregional area, including the Whitewater Creek 
subwatershed, the Turtle Creek subwatershed, the 
Jackson Creek subwatershed, the Piscasaw Creek 
subwatershed, and the Sharon Creek subwatershed. Major 
concentrations of urban development are found in the 
Cities of Delavan, Elkhorn, and Whitewater; the Villages 
of Darien, Fontana, Sharon, Walworth, and Williams Bay; 
and the Delavan Lake area in the Town of Delavan. 

Centralized sanitary sewer service in the Lower Rock 
River subregional area was provided by eight systems in 
1975: those operated by the Cities of Delavan, Elkhorn, 
and Whitewater; and the Villages of Darien, Fontana, 
Sharon, Walworth, and Williams Bay. Together, the 
service areas of these eight systems comprised about 
10.9 square miles and served an estimated population of 
about 28,800 persons. In 1975 there were about 13,400 
persons residing in the subregional area not served by 
centralized sanitary sewerage facilities. Specific popula- 
tion, service area, and related characteristics of the eight 
existing systems are presented in Volume One, Chapter V 
of this report, and in Chapter I11 of SEWRPC Technical 
Report No. 21, Sources of Water Pollution in South- 
eastern Wisconsin: 1975. 

Table 210 

REPORTED EFFLUENT CHARACTERISTICS FOR 
KNOWN POINT SOURCES OTHER THAN SEWAGE 

TREATMENT PLANTS AND SEWAGE FLOW RELIEF 
DEVICES THAT REQUIRE TREATMENT CONSIDERATION- 

MIDDLE ROCK RIVER SUBREGIONAL AREA: 1975 

a Unles rpecifically noted orherwtse, data were obtained. m o ~ d .  ofpr,or;ty, from; quarterly reports filed with 
the Wisconsm Department of Natural Resaureer under the Wisconan Pollutant Dischawe E1,mmarion System 
Seerron 101 of the Wisconsin Admmrrtrat,ve Code, or from the Wisconrrn PoNutanf Discharge Eliminatron 
System perm,t rtself. 

Source. Wirconsin Department of Natural Resources and SEWRPC. 

Conrt8tuentr 
Requiring 

Treatment 
~anriderat8on~ 

BODs Oil and Grease 

Point Source Dtrcharge 
Average 

Flow 
1975 
lmgdl 

0.018 

Name 

Carnation Can Company. . . 

Recewing 
Water 
Body 

Oconomowoc River 
v ~ a  Storm Sewer 

. 
Cl"ll 

D8vcroon 
Location 

City of Oconomowoc 



Sewer Service Analysis Areas 
A total of 1 0  sewer service analysis areas may be identi- 
fied within the Lower Rock River subregional area (see 
Table 211). These.10 sewer service analysis areas are 
shown on Map 94, and may be described as follows: 

1. Area A-This area consists of the City of White- 
water and environs, including existing and 
anticipated future urban development in that 
portion of the City of Whitewater lying in Jeffer- 
son County outside of the Southeastern Wiscon- 
sin Region. In 1975 sanitary sewer service was 
provided in this area to  about 2.4 square miles, 
having a total resident population, including 
resident students attending the University of 
Wisconsin-Whitewater, of about 11,100 persons. 
This population includes 1,800 persons, most of 
whom are UW-Whitewater students, residing in 
Jefferson County. The total area anticipated 
to  be served by the year 2000 approximates 
4.34 square miles, with a projected resident 
population of about 19,500 persons. This popu- 
lation includes 2,500 persons, most of whom 
are UW-Whitewater students, residing in Jefferson 

Table 211 

County. This represents a substantial increase 
in planned population from the 15,500 persons 
forecast for the area for 1990 in the regional 
sanitary sewerage system plan. This subarea is 
referenced as the "Whitewater" sewer service area 
in the ensuing discussion. 

2. Area B-This area consists of the City of Elkhorn 
and environs. In 1975 sanitary sewer service was 
provided in this area to about 2.4 square miles, 
having a total resident population of about 4,400 
persons. The total area anticipated to  be served 
by the year 2000 approximates 4.93 square miles, 
with a projected resident population of about 
8,100 persons. This represents a slight increase 
in planned population from the 8,000 persons 
forecast for the area for 1990 in the regional 
sanitary sewerage system plan. This subarea is 
referenced as the "Elkhorn" sewer service area 
in the ensuing discussion. 

3. Area C-This area consists of the City of Delavan 
and environs. In 1975 sanitary sewer service was 
provided in this area to about 2.0 square miles, 
having a total resident population of about 5,800 

SELECTED CHARACTERISTICS OF SEWER SERVICE AREAS IN THE 
LOWER ROCK RIVER SUBREGIONAL AREA: 1975,1985, AND 2000 

a ~ e e  Map 94. 

blncludes 14 1 acres (0.22 square mile) i n  Jefferson County. 

CIncludes an estimated 2,000people in Jefferson County. 

dlncludes an estimated 2,500people in  Jefferson County. 

e ~ o e s  not include seasonal resident population on Delavan Lake and Lake Geneva. 

f/ncludes an estimared seasonal resident population o f  2,900 persons. 

glncludes an estimated seasonal resident population o f  2,500persons. 

hlncludes an estimated seasonal resident population o f  1,000 persons. 

Source: SEWRPC. 

Sewer Service 
Analysis ~ r e a ~  

Letter 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 

Name 

Whitewater . . . . . . . . . . . . .  
Elkhorn . . . . . . . . . . . . . .  
Delavan . . . . . . . . . . . . . . .  
Delavan Lake . . . . . . . . . . .  
Darien . . . . . . . . . . . . . . .  
Williams Bay. . . . . . . . . . . .  
Fontana . . . . . . . . . . . . . .  
Walworth . . . . . . . . . . . . . .  
Sharon . . . . . . . . . . . . . . .  
Walworth County Institutions. . 

Total 

Existing 1975 Planned 2000 

Area 
Served 

(square miles) 

Planned 1985 

Area 
Served 

(square miles) 

2.38b 
2.42 
2.01 
. . 

0.47 
1.21 
1.42 
0.47 
0.53 

- - 

10.91 

Population 
Served 

Design 
Hydraulic 
Loading 
(mgd) 

Population 
Served 

Population 
Served 

1,400 
5,600~ 
3,800~ 
2,300 
1.900 

800 

48,900 

Design 
Hydraulic 
Loading 
(mgd) 

11.000 
4,400 
5,800 
. . 

1,000 
1,700 
1.800 
1,700 
1,400 
-. 

28,800 

Average 
Hydraulic 
Loading 
(mgdl 

0.22 
1.02 
1.08 
0.30 
0.19 
0.17 

8.34 

Unserved 
Population 

Residing in the 
Proposed 2000 

Service Area 

1.14 
0.69 
0.59 
. . 

0.14 
0.20 
0.66 
0.17 
0.08 
. . 

3.67 

100 
300 
400 

2,800~ 
. . 

700e 
300e 
100 
. . 

700 

5,400 

1.13 
3.38 
2.81 
1.62 
1.24 
0.27 

26.01 

2,000 
6,900~ 
5,200~ 
3,100 
2,600 
1,000 

62,800 

0.35 
1.29 
1.37 
0.46 
0.33 
0.21 

11.25 



Map 94 

SEWER SERVICE ANALYSIS AREAS: LOWER ROCK RIVER SUBREGIONAL AREA 

LEGEND = ;E;ER SERVICE ANALYSIS 

EXISTING URBAN DENSITY 
DEVELOPMENT OUTSIDE OF 
IN IT IAI  I Y PROPOSED SEWER . . . . . . . . - - . . . . - . - - - - - - . . -. . 
SERVICE ANALYSIS AREAS 

2 CODE NUMBER FOR 
DEVELOPMENT OUTSIDE 
SEWER SERVICE AREA -- 
SEE TABLE 221 

, erl lPHIC SCALE 

o i ~  2 3 MILES 
I - . -  I 

0 qmo e , m  16,- FEET - 
Ten individual sewer service areas were identified within the Lower Rock River subregional area. Except for a major concentration of urban development along 
the shoreline of Delavan Lake in  the Town of Delavan Lake and the Walworth County Institutions, these 10 sewer service areas consist of incorporated cities and 
villages. In  1975 there were about 42,200 persons residing in  this portion of the Rock River watershed, of which about 28,800 were served with centralized sanitary 
sewers and 13,400 by private septic tank sewage disposal systems. By the year 2000, about 62,800 persons are expected to reside in these 10 sewer service areas, 
which will approximate 26 square miles. 

Source: SEWRPC. 



persons. The total area anticipated to  be served 
by the year 2000 approximates 3.17 square 
miles, with a projected resident population of 
about 8,800 persons. This represents a very 
slight decrease in planned population from the 
8,900 persons forecast for the area for 1990 
in the regional sanitary sewerage system plan. 
This subarea is referenced as the "Delavan" sewer 
service area in the ensuing discussion. 

4. Area D-This area consists of urban development 
along the shoreline of Delavan Lake in the Town 
of Delavan. About 2,800 persons resided in this 
area on a year-round basis in 1975, but no 
centralized sanitary sewer service was provided. 
The Delavan Lake Sanitary District has been 
formed t o  provide centralized sanitary sewer 
service to  this concentration of urban devel- 
opment. The total area anticipated to be served 
with centralized sanitary sewer service by the 
year 2000 approximates 3.12 square miles, with 
a projected resident population of about 5,600 
persons, including an estimated seasonal resident 
population of about 2,900 persons. This repre- 
sents a small decrease in the planned population 
from the 5,800 persons forecast for the area 
for 1990 in the regional sanitary sewerage 
system plan. This subarea is referenced as the 
"Delavan Lake" sewer service area in the 
ensuing discussion. 

5. Area E-This area consists of the Village of Darien 
and environs. In 1975 sanitary sewer service was 
provided in this area to about 0.5 square mile, 
having a total resident population of about 1,000 
persons. The total area anticipated to be served 
by the year 2000 approximates 1.13 square mile, 
with a projected resident population of about 
2,000 persons. This represents a decrease in the 
planned population from the 2,800 persons 
forecast for the area for 1990 in the regional 
sanitary sewerage system plan. This subarea is 
referenced as the "Darien" sewer service area in 
the ensuing discussion. 

6. Area F-This area consists of the Village of 
Williams Bay and environs, including urban 
development along the shorelines of Lake Geneva 
in the Towns of Geneva and Linn. In 1975 
sanitary sewer service was provided in this area to  
about 1.2 square miles, having a total resident 
population of about 1,700 persons. The total area 
anticipated to  be served by the year 2000 
approximates 3.38 square miles, with a projected 
resident population of about 6,900 persons, 
including an estimated seasonal resident popu- 
lation of about 2,500 persons. This represents an 
increase in the planned population from the 
6,500 persons forecast for the area for 1990 in 
the regional sanitary sewerage system plan. This 
subarea is referenced as the "Williams Bay" sewer 
service area in the ensuing discussion. 

7. Area G-This area consists of the Village of 
Fontana and environs, including urban develop- 
ment along the shoreline of Lake Geneva in the 
Town of Linn. In 1975 sanitary sewer service was 
provided in this area to about 1.4 square miles, 
having a total resident population of about 1,800 
persons. The total area anticipated to be served 
by the year 2000 approximates 2.81 square miles, 
with a projected resident population of about 
5,200 persons, including an estimated seasonal 
resident population of about 1,000 persons. This 
represents an increase in the planned population 
from the 3,100 persons forecast for the area for 
1990 in the regional sanitary sewerage system 
plan. This subarea is referenced as the "Fontana" 
sewer service area in the ensuing discussion. 

8. Area H-This area consists of the Village of Wal- 
worth and environs. In 1975 sanitary sewer service 
was provided in this area to  about 0.5 square 
mile, having a total resident population of about 
1,700 persons. The total area anticipated to be 
served by the year 2000 approximates 1.62 square 
miles, with a projected resident population of 
about 3,100 persons. This represents a decrease 
in the planned population from the 5,200 persons 
forecast for the area for 1990 in the regional 
sanitary sewerage system plan. This subarea is 
referenced as the "Walworth" sewer service area 
in the ensuing discussion. 

9. Area I-This area consists of the Village of Sharon 
and environs. In 1975 sanitary sewer service was 
provided in this area to about 0.5 square mile, 
having a total resident population of about 1,400 
persons. The total area anticipated to be served 
by the year 2000 approximates 1.24 square miles, 
with a projected resident population of about 
2,600 persons. This is the same planned popu- 
lation forecast for the area for 1990 in the 
regional sanitary sewerage system plan. This 
subarea is referenced as the "Sharon" sewer 
service area in the ensuing discussion. 

10. Area J-This area consists of the Lakeland nursing 
home and associated Walworth County Institu- 
tions in the Town of Geneva. While the sanitary 
sewerage system operated by Walworth County to  
serve the nursing home and county institutions 
is not, strictly speaking, a public centralized 
sanitary sewerage system, the service area has 
some characteristics of a small urban area, and has 
been considered to be a public sewer service area 
for regional sewerage system planning. The total 
nursing home and institutions population antici- 
pated to  be served by the year 2000 is about 
1,000 persons. This subarea is referenced as the 
"Walworth County Institutions" sewer service 
area in the ensuing discussion. 



Formulation of Alternatives 
As noted earlier in this chapter, a systematic procedure 
was utilized in the regional sanitary sewerage system plan 
for the formulation and evaluation of alternative public 
sanitary sewerage system plans. First, the potential for 
interconnection of community sanitary sewerage systems 
was evaluated. Four interconnections in the Lower Rock 
River subregional area-Elkhorn to  Delavan-Delavan 
Lake, Darien to Delavan-Delavan Lake, Williams Bay to  
Walworth, and Fontana to Walworth-were found to be 
potentially feasible through the application of the 
Wisconsin Department of Natural Resources guidelines on 
distances between and populations of communities. 
Preliminary economic analyses were then made for those 
interconnections which were found to  be potentially 
feasible, with more detailed analyses conducted for those 
systems which continued to  appear feasible following the 
preliminary analyses. Detailed economic analyses were 
made for the following alternatives: 

1. Two alternative plans for the Delavan-Delavan 
Lake and Elkhorn sewer service areas, including an 
alternative providing individual sewage treatment 
facilities at each of the two sewer service areas 
and an alternative providing for a single sewage 
treatment facility at  the Delavan-Delavan Lake 
sewage treatment plant site. 

2. Two alternative plans for the Delavan-Delavan 
Lake and Darien sewer service areas, including an 
alternative providing individual sewage treatment 
facilities at  each of the two sewer service areas 
and an alternative providing for a single sewage 
treatment facility at the Delavan-Delavan Lake 
sewage treatment plant site. 

3. Three alternative plans for the Fontana, Wal- 
worth, and Williams Bay sewer service areas, 
including an alternative providing individual 
sewage treatment facilities at  each of the three 
sewer service areas; an alternative providing for 
two sewage treatment facilities, one a t  Williams 
Bay and the other at  Walworth to serve Fontana 
and Walworth; and an alternative providing for 
a single sewage treatment facility at  the Wal- 
worth sewage treatment site to  serve all three 
sewer service areas. 

A detailed discussion of these alternative proposals can 
be found in Chapter 11 of SEWRPC Planning Report 
No. 16, A Regional Sanitary Sewerage System plan for 
Southeastern Wisconsin. That plan recommended that 
wastewater treatment for the Delavan-Delavan Lake and 
Elkhorn sewer service areas be consolidated at  a single 
treatment facility to  be located at  Delavan, with separate 
wastewater treatment facilities serving each of the other 
sewer service areas in the subregional area. These plan 

I recommendations were based on a presumption that the 
current soil absorption effluent disposal systems a t  the 
Villages of Darien, Fontana, and Williams Bay would 
continue t o  be viable. Should such soil absorption 

I 
systems fail, the plan recommended that consideration be 

given to  joint treatment of sewage from the Villages 
of Fontana and Williams Bay a t  the proposed new Wal- 
worth treatment plant site, and that treatment altema- 
tives for the Darien sewer service area be reevaluated. 

Because of the demonstrated failure of the existing soil 
absorption effluent disposal systems in Darien and 
Fontana, treatment alternatives for these areas should be 
reevaluated. The connection of the Darien sewer service 
area to the Delavan sewer service, which was considered 
to  be potentially feasible in the regional sanitary sewerage 
system plan, was reconsidered under the areawide water 
quality management planning program as an alternative 
to separate wastewater treatment for Darien. With regard 
to the alternative plan recommendations for the Fontana, 
Walworth, and Williams Bay sewer service areas, a local 
facility plan has been developed that considers various 
alternative plans for these areas. Interconnection of the 
Lake Geneva and Lake Como sewer service areas was 
also considered in the local facility plan. With regard 
to the number and location of public wastewater treat- 
ment facilities serving the Fontana, Walworth, and 
Williams Bay areas, the findings of the local facility 
plan-which concluded that the three areas should be 
interconnected for sewage treatment plant purposesare 
incorporated into the proposed plan description included 
in this section. 

Subsequent local facilities planning has been completed 
for the Elkhorn, Delavan, and Delavan Lake sewer service 
areas, with the recommendations of that local facility 
plan regarding the number and location of treatment 
facilities being the same as those of the regional sanitary 
sewerage system plan. Local facility planning efforts 
have also been completed for the City of Whitewater, 
and are being conducted for the Darien and Sharon 
sewer service areas. 

Since local facility planning has addressed the number 
and location of all the sewer service areas in the Lower 
Rock River subregional area except for the Darien and 
Sharon areas, no further alternative analyses are proposed 
with regard to  the number and location of treatment 
facilities except for the Darien-Delavan sewer service area 
interconnection noted above. No potential interconnec- 
tion alternatives appear to  be feasible for the Sharon 
sewer service area. 

Accordingly, it was determined that the following 
sanitary sewerage system plans for the 10 sewer service 
areas that lie with the Lower Rock River subregional area 
should be prepared and evaluated: 

1. A proposed plan for the Whitewater sewer ser- 
vice abea. 

2. Two alternative plans for the Darien, Delavan, 
Delavan Lake, Elkhorn, and Walworth County 
Institutions sewer service areas. 

3. Two alternative p l a n s ~ n l y  with regard to  type 
of treatment-for the Fontana, Walworth, and 
Williams Bay sewer service areas. 



4. Aproposed plan for the Sharon sewer service area. 

The recommended plan for sanitary sewerage in the 
Lower Rock River subregional area as developed under 
the regional sanitary sewerage system plan is incor- 
porated, with certain modifications indicated as desirable 
by subsequent system and facilities planning efforts, as an 
integral part of the areawide water quality management 
plan. Results of water quality simulations are presented 
under the previous section on the diffuse source control 
element recommendations for the Rock River watershed. 

Sanitary sewerage system plans for each of the 1 0  sewer 
service areas that lie in the Lower Rock River subregional 
area are described in the following sections. 

Alternative Plans-Whitewater Subarea 
In 1975, the wastewater treatment facility serving the 
Whitewater sewer service area had an average hydraulic 
design capacity of 2.50 mgd, and provided a secondary 
level of waste treatment. I t  is anticipated that future 
growth will require an average hydraulic design capacity 
for the Whitewater sewer service areas of about 2.27 mgd 
in 1985 and about 3.37 mgd in the year 2000. This year 
2000 design flow is lower than the estimated 1990 
design flow of 3.66 mgd anticipated under the regional 
sanitary sewerage system plan. 

In 1976 the Whitewater sewer service area had completed 
facilities planning for construction of a new wastewater 
treatment plant. The proposed wastewater treatment 
plant is t o  be located one half mile north of the existing 
facility, and is designed to  provide secondary waste 
treatment, advanced waste treatment for phosphorus 
removal, tertiary treatment, and auxiliary waste treat- 
ment for effluent aeration and disinfection prior to  
discharge to  Whitewater Creek via a 3,000-foot outfall 
sewer. The plant is proposed to  have an average hydraulic 
design capacity of about 3.60 mgd. 

In order to  meet established water use objectives for 
Whitewater Creek, this facility will need to  provide either 
a secondary level of treatment with auxiliary waste 
treatment for effluent disinfection followed by land 
application of treatment plant effluent, or secondary 
waste treatment with conventional advanced waste 
treatment for nitrification, a high level of advanced waste 
treatment for phosphorus removal-producing an effluent 
with a concentration of approximately 0.1 mg/l of total 
phosphorusand auxiliary waste treatment for effluent 
aeration and disinfection. The recommendations concern- 
ing treatment and discharge to  surface waters differ from 
those contained in the regional sanitary sewerage system 
plan only with regard to  the level of phosphorus removal 
which should be achieved. That plan recommended that 
the plant effluent have a total phosphorus concentration 
of 1.0 mg/l, while the recommendations of the areawide 
water quality management planning program are based 
upon an effluent total phosphorus concentration of 
about 0.1 mg/l. 

As noted in the analysis described earlier in this chapter, 
the effluent land application alternative and treatment 

and discharge alternative should be considered further for 
a plant the size of the Whitewater facility. Accordingly, 
two treatment alternatives were considered for the 
Whitewater sewer service area. The first alternative would 
provide for continued discharge of the Whitewater 
wastewater treatment plant effluent to  Whitewater Creek 
following the required levels of advanced and auxiliary 
waste treatment. The second alternative assumes the 
provision of a land application system for disposal of 
secondary treatment plant effluent from the Whitewater 
wastewater treatment facility. The recommended waste- 
water treatment plant performance standards for both of 
the alternatives are set forth in Table 212, and the two 
proposals are shown on Map 95. 

The first alternative is based upon the provision of 
secondary waste treatment with advanced waste treat- 
ment for ammonia-nitrogen and phosphorus removal 
utilizing conventional chemical treatment for phosphorus 
removal, biological nitrification, two-stage chemical clari- 
fication, multimedia filtration, and chlorination prior to  
discharge of effluent to  Whitewater Creek. The total 
present worth over a 50-year analysis period of construc- 
tion and operation of the proposed treatment and con- 
veyance facilities included under Alternative Plan 1 for 
the Whitewater sewer service area is about $10,312,000. 
The estimated capital cost for constructing the neces- 
sary additional and conveyance treatment facilities is 
$5,859,000, with an estimated average annual operation 
and maintenance cost of $398,400 (see Table 213). 

The second alternative is based upon the provision of 
secondary waste treatment with auxiliary waste treat- 
ment for effluent disinfection followed by land 
application of plant effluent. For areawide systems level 
analysis purposes, rural land adjoining the treatment 
plant to the north was selected to  receive the effluent 
from the Whitewater wastewater treatment facility. This 
site would require that effluent be pumped a minimal 
distance. The total present worth over a 50-year analysis 
period of construction and operation of the proposed 
treatment and conveyance facilities included under 
Alternative Plan 2 for the Whitewater sewer service area 
is about $9,866,000. The estimated capital cost for 
constructing the necessary additional treatment and 
conveyance facilities is $9,016,000, with an estimated 
average annual operation and maintenance cost of 
$229,400 (see Table 213). 

On an equivalent annual cost basis, including the cost 
of the sludge-related facilities required with the first 
alternative, Alternative Plan 1 would be about 1 7  percent 
more costly to  implement than would Alternative Plan 2. 
However, there are other less tangible, but nevertheless 
real, factors which should be considered. Alternative 
Plan 1 can be more readily implemented, since planning 
for most of the major components of the alternative is 
complete and since this alternative represents a con- 
tinuation of existing practices with the added construc- 
tion and operational requirements associated with the 
recommended expansion and upgraded level of treat- 
ment. Because of the land requirements for land applica- 
tion under Alternative Plan 2, it would be difficult t o  
select and acquire sites or make other institutional 



Table 212 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-ALTERNATIVE SANITARY SEWERAGE 
SYSTEM PLANS FOR THE WHITEWATER SEWER SERVICE AREA: LOWER ROCK RIVER SUBREGIONAL AREA 

1 Plant 1 1985 1 2000 1 .Serveda 1 1985 1 2000 Levels I in Plan Preparation I average monthly limits) 

Estimated Average 
Recommended Type of Wastewater 

Wastewater 
Hydraulic Design 1 1 , 1 1 E s t i y t e d  1 1 
Capacity (mgd) Sewer Service 

Wastewater Treatment Assumed for 

Treatment Analysis Area Treatment Cost Analysis Purposes 
Population 

Alternative Plan 1 

City of Whitewater 

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 

Whitewater Secondary 
Advanced 

1 Disinfection 

Activated Sludge 
Nitrif ication 

Auxiliary 

BOD Discharge: 15.0 mgll 
5 .  

Ammon~a-Nitrogen Discharge: 
1.5 mgll 

Phosphorus Discharge: 0.1 mgllb 
Dissolved Oxygen in Effluent: 

6.0 mgll 
Fecal Coliform Concentration: 

2001100 ml  

Phosphorus Removal 
Aeration 

Alternative Plan 2 I I  
City of Whitewater 1 2.27 3.37 1 Whitewater 12,300 BOD5 Discharge: 30.0 mgll 

Auxiliary Disinfection Fecal Coliform Concentration: 
2001100 ml  

a 
See Map 94. 

b 
This treatment recommendation differs from the regional sanitary sewerage system plan recommendations, which included the provision o f  secondary waste treat- 
ment followed b y  conventional advanced waste treatment for nitrif ication and phosphorus removal (effluent concentration o f  1.0mg/l o f  total phosphorus) and 
auxiliary waste treatment for effluent aeration and disinfection pr io r  to discharge to the Fox River. 

Source: SEWRPC. 

Table 213 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS 
FOR THE WHITEWATER SEWER SERVICE AREA: LOWER ROCK RIVER SUBREGIONAL AREA 

a This alternative does no t  include the cost o f  additional facilities related to the increased sludge production associated with the higher degree o f  treatment required 
under Alternative Plan 7. The total present worth over a 50-year analysis per iod o f  the additional sludge-handling and -disposal requirements is $1,618,000. The 
estimated capital cost for construction o f  the added sludge facilities is $980,000, with an estimated average annual operation and maintenance cost of  $53,000 
over the design period 1975-2000. 

Source: SEWRPC. 

341 

Plan Subelement 

Alternative Plan la 

Wastewater Treatment Plant 
City of Whitewater . . . . . . 

Trunk Sewer 
City of Whitewater . . . . . . 

Total 

Alternative Plan 2 

Wastewater Treatment Plant 
City of Whitewater 

Facilities. . .  . .  . . . .  . .  
Land. . . . . . . . . . . . . 

Subtotal 

Trunk Sewer 
City of Whitewater . . . . . . 

Total 

Estimated 

Total 
Capital 

$5,216,000 

643,000 

$5,859,000 

$7,473,000 
900,000 

$8,373,000 

643,000 

$9,016,000 

Cost: 1975-2000 

Average Annual 
Operation and 
Maintenance 

$398,000 

400 

$398,400 

$229,000 
. . 

$229,000 

400 

$229,400 

Economic Analysis Estimates 

Equivalent 

Construction 

$250,000 

25,600 

$275,600 

$344,000 
33,000 

$377,000 

25,600 

$402,600 

Total 

$9,904,000 

408,000 

$10,312,000 

$8,942.000 
516,000 

$9,458,000 

408,000 

$9,866,000 

Present 

Construction 

$3,943,000 

403,000 

$4,346,000 

$5,430,000 
51 6,000 

$5,946,000 

403,000 

$6,349.000 

Worth : 1975-2025 

Operation and 
Maintenance 

$5,961,000 

5.000 

$5,966,000 

$3,512,000 
.. 

$3,512.000 

5,000 

$3,517,000 

Annual: 1975-2025 

Operation and 
Maintenance 

$378,000 

300 

$378,300 

$223,000 
. - 

$223,000 

300 

$223,300 

Total 

$628,000 

25,900 

$653,900 

$567,000 
33,000 

$600,000 

25,900 

$625,900 



Map 95 

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS 
FOR THE WHITEWATER SEWER SERVICE AREA- 
LOWER ROCK RIVER SUBREGIONAL AREA: 2000 

LEGEND 

SEWER SERVICE AREAS 

SEWAGE T R E A T M E N T  FACILITIES 

e EXlSTlNG PUBLIC TO BE ABANDONED 

+ PROPOSED PUBLIC 

SEWERS AND APPURTENANT FACILITIES - EXlSTlNG TRUNK SEWER 

- 
PROPOSED TRUNK SEWER 

UI EXlSTlNG FORCE MAlN 

EXISTING PUMPING STATION 

= B A P H # c  S C A L E  

I MSLE 
0 ' 2 

o 2000 -000 6000 BOD0 FEET 

The areawide water quality management plan proposes that the Whitewater 
treatment facility be relocated to a new site, about 0.5 mile north of the 
existing plant site, and that i t  be expanded and upgraded to serve the year 
2000 sewer service area. In order to meet the established water use objec- 
tives for Whitewater Creek, this facility will need to provide either secondary 
waste treatment with auxiliary waste treatment for effluent disinfection 
followed by land application of the plant effluent, or secondary waste 
treatment with conventional advanced waste treatment for nitrification, 
a high level of advanced waste treatment for phosphorus removal-producing 
an effluent with a concentration of approximately 0.1 mgll of total phos- 
phorus-and auxiliary waste treatment for effluent aeration and disinfection 
prior to discharge to Whitewater Creek. Both the treatment and discharge 
alternative and the land application alternative were considered. The treat- 
ment and discharge alternative is proposed because i t  more closely reflects 
the locally developed plans which are in the process of being implemented. 

Source: SEWRPC. 

arrangements for the use of agricultural land, and thus 
this alternative would be difficult to  implement. In 
addition, Alternative Plan 2 requires the commitment of 
approximately 1,000 acres of land, which would result 
in a major change in agricultural land management 
for the selected application site area, and requires that 
treatment plant managers become involved in agricultural 
land management. 

Although there would be a greater wastewater pumpl,,, 
requirement under Alternative Plan 2 for conveyance of 
the wastewater to  the land application site, it would 
require less energy than would Alternative Plan 1 because 
of the energy requirement associated with the higher level 
of treatment needed under Alternative Plan 1. Alternative 
Plan 2 also offers advantages in that nutrients would be 
recycled from wastewater back to the agricultural land, 
and the treatment plant discharge of pollutants would be 
completely eliminated from the surface waters. However, 
as previously noted, local facilities planning work has 
been completed, with construction expected to  begin 
in 1979 for most of the components for treatment and 
discharge to surface waters. Because of the findings of 
this local study, and because of the existing stage of 
implementation, Alternative Plan 1-the provision of 
advanced waste treatment followed by discharge to  the 
surface waters-is recommended. 

Alternative Plans-Delavan. Delavan Lake. Elkhorn. 

Delavan Lake, Walworth County Institutions, and Elkhorn 
sewer service areas had been recommended in the regional 
sanitary sewerage system plan. In addition, it was recom- 
mended that the Village of Darien continue operating its 
public wastewater treatment facility, which incorporates 
a soil absorption system. It was further recommended 
that the soil absorption system be monitored and that if, 
at some future date, studies conclude that soil absorption 
is no longer a feasible means of waste disposal, recon- 
sideration be given to potential interconnections to  other 
wastewater treatment systems. 

The Walworth County Metropolitan Sewerage District has 
completed facilities planning for a new areawide waste- 
water treatment facility at the site of the existing City of 
Delavan wastewater treatment plant on Turtle creek. 
The new plant is proposed to provide wastewater 
treatment for the Cities of Delavan and Elkhorn, the 
Delavan Lake Sanitary District, and the Walworth County 
Institutions. The plant is proposed to have an average 
hydraulic design capacity of 3.6 mgd, and is to  provide 
secondary and tertiary waste treatment, with advanced 
waste treatment for nitrification and auxiliary waste 
treatment for effluent aeration and disinfection. In view 
of the existing stage of implementation of the proposed 
plan for the District, the decision to construct the 
proposed new wastewater treatment plant at the site of 
the existing Delavan wastewater treatment plant, with 
discharge of the plant effluent to  surface waters, has been 
treated as a committed decision for the Lower Rock 
River subregional area. 

The Village of Darien has initiated a facilities planning 
program to evaluate the current wastewater treatment 
facilities' problems and the future wastewater treatment 
and conveyance needs of the community. The soil absorp- 
tion system presently incorporated into the village waste- 
water treatment system does not have the capacity to  
handle the existing dan t  loading, and thus plant effluent 
is discharged to a tributary of Little Turtle Creek. 



In order t o  meet established water use objectives for 
Turtle Creek, the treatment plants proposed under each 
of the two alternative plans considered will need to 
provide either a secondary level of wastewater treatment 
with auxiliary waste treatment for effluent disinfection 
followed by land application of plant effluent, or 
secondary waste treatment with conventional advanced 
waste treatment for nitrification, a high level of advanced 
waste treatment for phosphorus removal-producing an 
effluent with a concentration of approximately 0.1 mgjl 
of total phosphorus-and auxiliary waste treatment 
for effluent aeration and disinfection. The Delavan 
facility would discharge to Turtle Creek and the Darien 
facility would discharge to a tributary of Little Turtle 
Creek. The recommendations concerning treatment and 
discharge to surface waters differ from those contained 
in the regional sanitary sewerage system plan. That plan 
recommended the provision of secondary waste treat- 
ment plus conventional advanced waste treatment for 
nitrification and phosphorus removal-with an effluent 
with a concentration of 1.0 mgjl of total phosphorus- 
and auxiliary waste treatment for effluent aeration and 
disinfection a t  the recommended areawide treatment 
plant serving the Delavan, Delavan Lake, Elkhorn, and 
the Walworth County Institutions sewer service areas. For 
the treatment plant serving the Darien sewer service area, 
the regional sanitary sewerage system plan recommended 
the provision of secondary waste treatment plus auxiliary 
waste treatment for effluent disinfection followed by 
soil absorption. 

Based upon the general analyses described earlier in this 
chapter, the provision of secondary waste treatment 
followed by auxiliary waste treatment for effluent 
disinfection and land application would be less costly 
than providing secondary waste treatment with conven- 
tional advanced waste treatment for nitrification, a high 
level of advanced waste treatment for phosphorus 
removal, and auxiliary waste treatment for plants the size 
of the Darien facility. Thus, the areawide water quality 
management plan for the alternative considering con- 
tinued operation of the Darien treatment plant to serve 
the Darien sewer service area is based upon the effluent 
land application alternative, but recognizes the need for 
more detailed local facility planning to  examine alterna- 
tives providing for surface water discharge as well as the 
land application alternative. As previously noted, the 
treatment and discharge alternative has been considered 
a committed decision for the areawide treatment plant 
at  Delavan. 

Two alternative sanitary sewerage plans were formulated 
for the Delavan, Delavan Lake, Elkhorn, Walworth 
County Institutions, and Darien sewer service areas. The 
first plan provides -for a separate treatment facility 
to serve the Darien sewer service area and the construc- 
tion of a new areawide wastewater treatment plant to  
serve the Delavan, Delavan Lake, Walworth County 
Institutions, and Elkhorn sewer service areas. The second 
alternative provides for the abandonment of the Darien 
wastewater treatment plant and the connection of the 
Darien sewer service area to  the proposed areawide plant 
at  Delavan. Proposed sewage treatment levels and 
performance standards under the two alternatives are set 

forth in Table 214, and the two proposals are shown on 
Maps 96  and 97. 

Under Alternative Plan 1 ,  the existing Darien wastewater 
treatment plant would be expanded and upgraded to  
serve the Darien sewer service area. In 1975 the waste- 
water treatment facility serving the Village of Darien 
sewer service area had an average hydraulic design 
capacity of 0.15 mgd, and provided a secondary level of 
treatment. It is anticipated that future growth will 
require an average hydraulic design capacity for the 
Darien sewer service area of about 0.22 mgd in 1985 and 
about 0.35 mgd in the year 2000. This year 2000 design 
flow is the same as that anticipated under the regional 
sanitary sewerage system plan. Under Alternative Plan 1 ,  
a new wastewater treatment plant would also be 
constructed at  the site of the existing Delavan facility t o  
serve the Delavan, Delavan Lake, Walworth County 
Institutions, and Elkhorn sewer service areas, with the 
subsequent abandonment of the Elkhorn plant. It is 
anticipated that future growth, along with the construc- 
tion of new trunk sewers to  convey wastewater from 
the Delavan Lakes and Elkhorn sewer service areas, will 
require an average hydraulic design capacity for the 
Delavan-Elkhom facility of about 3.26 mgd in 1985 and 
about 4.08 mgd in the year 2000. This year 2000 design 
flow is about the same as the estimated 1990 flow of 
4.17 mgd anticipated under the regional sanitary sewerage 
system plan. 

The total present worth over a 50-year analysis period 
of construction and operation of the proposed treatment 
and conveyance facilities included under Alternative 
Plan 1 for the Delavan, Delavan Lake, Elkhorn, Walworth 
County Institutions, and Darien sewer service areas is 
about $20,256,000. The estimated capital cost for 
constructing the necessary additional treatment and 
conveyance facilities is $14,581,000, with an estimated 
average annual operation and maintenance cost of 
$672,000 (see Table 215). 

Under Alternative Plan 2, the new areawide facility a t  
Delavan would be designed to  serve Delavan, Delavan 
Lake, Elkhorn, Walworth County Institutions, and 
Darien. The existing Darien facility would be abandoned, 
and a trunk sewer would be constructed to  convey 
wastewater from Darien to  Delavan. 

The total present worth over a 50-year analysis period 
of construction and operation of the recommended 
treatment and conveyance facilities included under 
Alternative Plan 2 for the Delavan, Delavan Lake, Elk- 
horn, Walworth County Institutions, and Darien sewer 
service areas 'is about $18,763,000. The estimated capital 
cost for constructing the necessary additional treatment 
and conveyance facilities is $13,353,000, with an esti- 
mated average annual operation and maintenance cost 
of $630,000 (see Table 215). 

On an equivalent annual basis, the cost of implementing 
Alternative Plans 1 and 2 is relatively close-within about 
8 percent. Thus, plan selection should also be based 
upon other less tangible, but  nevertheless real, con- 



Table 214 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-ALTERNATIVE SANITARY 
SEWERAGE SYSTEM PLANS FOR THE DELAVAN, DELAVAN LAKE. ELKHORN, WALWORTH COUNTY 
INSTITUTIONS, AND DARIEN SEWER SERVICE AREAS: LOWER ROCK RIVER SUBREGIONAL AREA 

a See Map 89. 

This treatment recommendation differs from the regional sanitary sewerage system plan recommendations, which included the provision of  secondary waste treatment followed b y  
conventional advanced waste treatment for nitrification and phosphorus removal (effluent concentration o f  1.0 mg/l o f  total phosphorusl andauxiliary waste treatment for effluent 
aeration and disinfection pr ior  to discharge to Turtle Creek. 

Source: SEWRPC. 

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly limits) 

BOD5 Discharge: 15.0 mgll 
Ammonia-Nitrogen Discharge: 

1.5 mgll 
Phosphorus Discharge: 0.1 mg/lb 
Dissolved Oxygen in Effluent: 

6.0 mgll 
Fecal Coliform Concentration: 

2001100 ml  

BOD5 Discharge: 15.0 mg71 
Fecal Coliform Concentration: 

20011 00  ml  
. . 

BOD5 Discharge: 15.0 mgll 
Ammonia-Nitrogen Discharge: 

1.5 mgll 
Phosphorus Discharge: 0.1 mgllb 
Dissolved Oxygen in Effluent: 

6.0 mgll 
Fecal Coliform Concentration: 

20011 00 ml  

siderations. Alternative Plan 2 has the advantage of 
providing only one treatment facility to  serve the 
Delavan, Delavan Lake, Elkhorn, Walworth County 
Institutions, and Darien sewer service areas, thus avoiding 
the duplication of staff and related facilities associated 
with two plants. The monitoring requirements associated 
with the treatment facilities would also be less under 
Alternative Plan 2. However, Alternative Plan 2 has an 
inherent disadvantage in that it requires the conveyance 
of wastewater from the Darien sewer service area to  the 
Delavan sewer service area. Thus, Alternative Plan 2 
would have a greater environmental impact and would 
affect more area and a greater population than would 
Alternative Plan 1. Alternative Plan 1 could be more 
readily implemented since this alternative represents 
a continuation of existing or planned practices. Under 
Alternative Plan 2, additional pumping, with its 
associated energy use, would be required to  convey 
wastes from the Darien sewer service area t o  the Delavan 
sewer service area. Based upon all of these considerations, 
no alternative is clearly better. However, on the basis of 
lower energy use for wastewater conveyance, lower 
construction requirements, and ease of implementation, 
Alternative Plan 1-two wastewater treatment plants to  
serve the Delavan, Delavan Lake, Elkhorn, Walworth 

Type of Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

in Plan Preparation 

Activated Sludge 
Nitrification 

Phosphorus Removal 
Effluent Aeration 

Disinfection 

Activated Sludge 
Disinfection 

Land Application 

Activated Sludge 
Nitrification 

Phosphorus Removal 
Effluent Aeration 

Disinfection 

County Institutions, and Darien sewer service areas- 
is proposed. 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Advanced 

Auxiliary 

Secondary 
Auxiliary 

Advanced 

Secondary 
Advanced 

Auxiliary 

Wastewater 
Treatment 

Plant 

Alternative Plan 1 

Clty of Delavan 

Village of Darien 

Alternative Plan 2 

C ~ t y  of Delavan 

It is proposed that the Darien facility utilize secondary 
treatment followed by land application of plan effluent. 
Should local facilities planning efforts indicate that land 
application of plant effluent is not practical to  
implement, then an alternative treatment system designed 
to ultimately achieve the level of treatment needed to 
meet water quality standards with effluent discharge to 
surface waters should be considered. That alternative 
treatment system should be designed to  initially reduce 
phosphorus to  the lowest practical level, and to  
ultimately reduce the total phosphorus concentration in 
the effluent to about 0.1 mg/l. 

Alternative Plans-Fontana, 
Walworth, and Williams Bay Subareas 
In 1975 the wastewater treatment facilities serving these 
three sewer service areas had a combined average 
hydraulic capacity of 1.8 mgd, and each provided 
a secondary level of waste treatment. It  is anticipated 
that future growth will require an average hydraulic 
design capacity for the combined Fontana, Walworth, 
and Williams Bay sewer service areas of about 2.40 mgd 

Sewer Service 
Analysis Areas 

Serveda 

Delavan, Delavan Lake. 
Elkhorn, Walworth County 
Institutions 

Darien 

Oelavan. Delavan Lake, 
Elkhorn, Darien. Walworth 
County Institutions 

Estimated 
Estimated Average 
Hydraulic Design 

1985 

19,400 

1,400 

20,800 

Capacity 

1985 

3.26 

0.22 

3.48 

2000 

23.200 

2,000 

25,200 

(mgd) 

2000 

4.08 

0.35 

4.43 
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Map 97 

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN 2 FOR THE DELAVAN, DELAVAN LAKE, ELKHORN, WALWORTH 
COUNTY INSTITUTIONS, AND DARIEN SEWER SERVICE AREAS-LOWER ROCK RIVER SUBREGIONAL AREA: 2000 
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The second alternative plat? considered for the Delavan, Delavan Lake, Elkhorn, Walworth County Institutions, and Darien sewer service areas proposes the 
consolidation of wastewater treatment for all these areas at a new treatment facility t o  be constructed at the site o f  the existing Delavan wastewater treatment 
plant. This facility would be operated by  the Walworth County Metropolitan Sewerage District and would provide secondary waste treatment with conventional 
waste treatment for nitrification, a high level of advanced waste treatment for phosphorus removal-producing an effluent with a concentration of approximately 
0.1 mg/l of total phosphorus-and auxiliary waste treatment for effluent aeration and disinfection prior t o  discharge t o  Turtle Creek. This alternative also proposes 
the construction o f  trunk sewers t o  convey wastewater from the Delavan Lake, Elkhorn, Walworth County Institutions, and Darien sewer service areas t o  the new 
areawide facility at Delavan. Under this alternative, the existing Elkhorn and Darien wastewater treatment plants would be abandoned. 

Source: SEWRPC. 



Table 215 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-ALTERNATIVE SANITARY SEWERAGE 
SYSTEM PLANS FOR THE DELAVAN, DELAVAN LAKE, ELKHORN, WALWORTH COUNTY INSTITUTIONS, 

AND DARIEN SEWER SERVICE AREAS: LOWER ROCK RIVER SUBREGIONAL AREA 

Source: SEWRPC. 

Plan Subelement 

A l ternat~ve Plan 1 

Wastewater Treatment Plants 
Ci ty  of Delavan . . . . . . . . . . . 
Village of Darten 

Faci l i t~es . . .  . . . . . . . .  . .  
Land . . . . . . . . . . . . . . . . . 

Darlen Subtotal 

Subtotal-Treatment Plants 

Trunk Sewers 

Walworth County Inst~tut ions. . . . 
Delavan Lake Sanitary Distr ict . . . 
Delavan Lake . . . . . . . . . . . . . 

Subtotal 

Total 

Alternative Plan 2 

Wastewater Treatment Plant 

C i ty  o f  Delavan . . . . . . . . . . . 

T runk  Sewers 
Walworth County Inst~tut ions. . . . 
Delavan Lake Sanitary Distr ict . . . 
Delavan Lake . . . . . . . . . . . . . 
Darien t o  Delavan. . . . . . . . . . . 

Subtotal 

Tota l  

in 1985 and about 3.12 mgd in the year 2000. This year 
2000 design flow is the same as the 3.12 mgd combined 
capacity anticipated under the regional sanitary sewerage 
system plan. 

As previously noted, in 1978 the Villages of Fontana, 
Walworth, and Williams Bay, in conjunction with other 
communities in the Lake Geneva area, had completed 
local facilities planning to determine existing and future 
wastewater treatment and conveyance needs for the 
sewer service areas around Lakes Geneva and Como. The 
local facility planning study recommended that the Lake 
Geneva wastewater treatment plant be expanded and 
upgraded to serve the Lake Geneva and Lake Como areas. 
The local facility plan further recommends, after 
consideration of several alternatives, that the Villages of 
Fontana and Williams Bay, together with adjacent urban 
development along the north and south shorelines of 
Lake Geneva, be served through a proposed new areawide 
Village of Walworth treatment facility. 

The local facilities plan recommended one revision to  the 
sewer service area boundary delineation included in the 

Estimated 

Total 
Capital 

$ 6,614,000 

1,927.000 
144.000 

5 2,071,000 

5 8,685,000 

5 935.000 
1,436.000 
3,525,000 

5 5,896,000 

$14,581,000 

$ 6,945,000 

935,000 
1,436,000 
3,525,000 

51 2.000 

5 6,408.000 

$1 3.353.000 

regional sanitary sewerage system plan. The local facilities 
plan proposes that sanitary sewer service be extended 

Cost: 1975-2000 

Average Annual 

Operation and 
Ma~ntenance 

$556,000 

76.000 
. . 
- 

$ 76.000 

$634.000 

5 5,000 
16,000 
17,000 

5 38,000 

5672.000 

5584,000 

5.000 
16,000 
17.000 
8,000 

$ 46.000 

$630.000 

from the Lake Geneva wastewater treatment plant along 
the southern shoreline of Lake Como to the Interlaken 

Economic Analysis 

Resort area at the western end of the lake, thus 
permitting the abandonment of the existing Interlaken 

Estimates 

Resort wastewater treatment plant. In the regional 
sanitary sewerage system plan, this abandonment was 
recommended to be effected through a sewer service 
extension from the Village of Williams Bay. The sewer 
service area delineations included herein have been 
refined to reflect the minor adjustment in the sewer 
service area recommended in the local facility plan. 

Total 

$13,270,000 

2,700,000 
83,000 

5 2,783,000 

$1 6,053,000 

$ 653.000 
1.1 09,000 
2,441,000 

5 4,203.000 

520,256,000 

$14,010,000 

653,000 
1.1 09,000 
2.441.000 

550,000 

$ 4,753,000 

$18,763,000 

Present 

Construction 

$ 5,002,000 

1,483,000 
83.000 

$ 1,566,000 

5 6,568,000 

5 587,000 
901,000 

2.21 2,000 

$ 3,700.000 

$1 0,268.000 

5 5,250,000 

587,000 
901.000 

2.21 2.000 
438,000 

$ 4,138,000 

$ 9,388.000 

In view of the findings of the local facility plan, no 
further alternative analyses have been conducted with 
regard to  the number and location of treatment facilities 
for the sewer service areas around Lake Geneva and 

1975-2025 

Total 

$ 842,000 

171.000 
5,000 

$ 176,000 

$1.01 8.000 

5 41,000 
70,000 

155,000 

$ 266.000 

$1.284.000 

$ 886,000 

41.000 
70,000 

155.000 
99,000 

$ 365,000 

$1,251,000 

Equivalent 

Construction 

$317,000 

94,000 
5,000 

$ 99,000 

$416.000 

5 37,000 
57,000 

140,000 

$234.000 

$650,000 

$333,000 

37,000 
57,000 

140.000 
28,000 

$262,000 

5595.000 

Worth :  1975-2025 

Operation and 
Matntenance 

$8,268,000 

1.21 7,000 
. . 

---- 
$1,217,000 

$9,485.000 

$ 66.000 
208,000 
229,000 

$ 503,000 

$9,988,000 

$8,726,000 

66.000 
208,000 
229,000 
1 12,000 

5 615,000 

$9,341,000 

Annual. 

Operation and 
Ma~ntenance 

5525.000 

77.000 
. . 

5 77,000 

$602,000 

$ 4.000 
13.000 
15,000 

5 32,000 

$634,000 

$553.000 

4.000 
13,000 
15.000 
71,000 

$103.000 

$656,000 



Lake Como. With regard to the treatment facilities 
serving the sewer service areas in the Lower Rock River 
subregional area, it is recommended that the Walworth 
facility provide centralized wastewater treatment service 
for the Fontana, Walworth, and Williams Bay sewer 
service areas. Further local facilities planning steps are 
being planned to  determine the final type of treatment 
to be utilized at the Walworth treatment facility and the 
precise location of that facility. 

In order to  meet established water use objectives for 
Piscasaw Creek, the Walworth facility will need to  
provide either a secondary level of treatment with 
auxiliary waste treatment for effluent disinfection 
followed by land application of treatment plant efflu- 
ent, or secondary waste treatment with conventional 
advanced waste treatment for nitrification. a high level - 
of advanced waste treatment for phosphorus removal- 
producing an effluent with a concentration of approxi- 
mately 0.1 mg/l of total phosphorus--and auxiliary waste 
treatment for effluent aeration and disinfection. The 
recommendations concerning treatment and discharge to 
surface waters differ from those contained in the regional 
sanitary sewerage system plan only with regard to  the 
level of phosphorus removal which should be achieved. 
That plan recommended that plant effluent have a total 
phosphorus concentration of 1.0 mg/l, while the recom- 
mendations of the areawide water quality management 
planning program are based upon an effluent total 
phosphorus concentration of about 0.1 mg/l. 

As noted in the analysis described earlier in this chapter, 
the effluent land application alternative and treatment i 
and discharge alternative should be considered further for 
a plant the size of the proposed Walworth facility. 
Accordingly, two treatment alternatives were considered 
for the Fontana, Walworth, and Williams Bay sewer 1 
service areas. The first alternative would provide for 
continued discharge of the Walworth wastewater 
treatment plant effluent to  Piscasaw Creek following the 
required levels of advanced and auxiliary waste 
treatment. The second alternative assumes the provision 
of a land application system for disposal of secondary 
treatment plant effluent from the Walworth wastewater 
treatment facility. The recommended wastewater treat- 
ment plant performance standards for both of the 
alternatives are set forth in Table 216, and the proposal 
for each alternative is shown on Map 98. 1 
The first alternative is based upon the provision of 
secondary waste treatment with advanced waste 
treatment for ammonia-nitrogen and phosphorus removal 
utilizing conventional chemical treatment for phosphorus 
removal, biological nitrification, two-stage chemical clari- 
fication, multimedia filtration, and chlorination prior to 
discharge of effluent to  Piscasaw Creek. The total present 
worth over a 50-year analysis period of construction 
and operation the proposed treatment and conveyance 
facilities included under Alternative Plan 1 for the 
Fontana, Walworth, and Williams Bay sewer service 
areas is about $13,288,000. The estimated capital cost 
for constructing the necessary additional treatment and 

Table 216 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-ALTERNATIVE 
SANITARY SEWERAGE SYSTEM PLANS FOR THE FONTANA, WALWORTH, AND WILLIAMS BAY 

SEWER SERVICE AREAS: LOWER ROCK RIVER SUBREGIONAL AREA 

a 
See Map 94. 

Wastewater 
Treatment 

Plant 

Alternative Plan 1 

Vcllage of Walworth 

-- 
Alternative Plan 2 

b 
This treatment recommendation differs from the regional sanitary sewerage system plan recommendations, which included the provision of  secondary waste treatment followed by 
conventional advanced waste treatment for nitrification and phosphorus removal (effluent concentration of  1.0 mgl l  o f  totalphosphorusl andauxiliary waste treatment for effluent 
aeration and disinfection prior to discharge to Piscasaw Creek. 

Source: SEWRPC. 

Village of Walworth 
W~lliams Bay 

Est~mated Average 
Hydraulic Deslgn 
Capacity (rngd) 

Sewer Serv~ce 
Analys~s Areas 

serveda 

Fontana, Walworth, 
Will~ams Bay 

-- 

1985 

2 . 4 0  

2000 

3 .12 

11.800 

Estimated 
Population 

15,500 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Auxiliary 

Advanced 

. 
1985 

11.800 

2000 

15.500 

Secondary 
Advanced 

Auxiliary 

Type of Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

en Plan Preparation 

Activated Sludge 
Dlsinfection 

Land ~ p p l i c a t i o n ~  

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly limits) 

BOD5 Discharge: 15.0 mgll 
Fecal Collform Concentration: 

20011 0 0  rnl 
. . 

Activated Sludge 
Nitrification 

Phosphorus Removal 
D~sinfection 

Aeration 

BOD5 Discharge: 15.0  mgll 
Ammonia-Nitrogen Discharge: 

1 .5  mgll 
Phosphorus Discharge: 0 .1  mgllb 
Fecal Coliforrn Concentration: 

20011 0 0  ml  
Dcssolved Oxygen in Effluent: 

6 . 0  mgll 



Map 98 

ALTERANTIVE SANITARY SEWERAGE SYSTEM PLANS FOR THE FONTANA, WALWORTH, AND 
WILLIAMS BAY SEWER SERVICE AREAS-LOWER ROCK RIVER SUBREGIONAL AREA: 2000 
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The areawide water quality management plan proposes that the Walworth treatment facility be relocated west of the existing facility near the Piscasaw Creek and 
that this plant be designed t o  provide wastewater treatment for the Fontana, Walworth, and Williams Bay sewer service areas. I n  order t o  meet the established water 
use objectives for Piscasaw Creek, this facility will need to  provide either secondary waste treatment with auxiliary waste treatment for effluent disinfection 
followed by land application of plant effluent, or secondary waste treatment with conventional advanced waste treatment for nitrification, a high level o f  advanced 
waste treatment for phosphorus removal-producing an effluent with a concentration of approximately 0.1 mgll of total phosphorus-and auxiliary waste treatment 
for effluent aeration and disinfection prior t o  discharge t o  Piscasaw Creek. Both alternative methods of waste treatment were examined under the areawide plan. 
Each alternative provided for trunk sewers t o  convey wastes from the Fontana and Williams Bay sewer service area t o  the proposed areawide Walworth treat- 
ment facility. The analysis indicated that land application of plant effluent is a viable alternative to treatment and discharge t o  the surface waters. 

Source: SEWRPC. 
349 



conveyance facilities is $1 0,096,000, with an estimated On an equivalent annual cost basis, including the cost 
associated with the sludge-related facilities required under 
the first alternative, Alternative Plan 1 would be about 
1 3  percent more costly to implement than would Alter- 
native Plan 2. However, there are other less tangible, but 
nevertheless real, factors which should be considered. 
Alternative Plan 1 could be more readily accomplished, 
since this alternative represents a continuation of existing 
practices with the added construction and operational 
requirements associated with the recommended expan- 
sion and upgraded level of treatment. Because of the land 
requirements for land application under Alternative 
Plan 2, it would be difficult to select and acquire sites or 
make other institutional arrangements for the use of 
agricultural land, and thus this alternative would be 
difficult to implement. In addition, Alternative Plan 2 
requires the commitment of approximately 1,200 acres 
of land, which would result in a major change in agri- 
cultural land management for the selected application 
site area, and requires that treatment plant managers 
become involved in agricultural land management. 

average annual operation and maintenance cost of 
$427,000 (see Table 217). 

The second alternative treatment system is based upon 
the provision of secondary waste treatment with auxiliary 
waste treatment for effluent disinfection followed by 
land application. For areawide systems level analysis 
purposes, rural land in the Town of Walworth was 
selected to receive the effluent from the Walworth 
wastewater treatment facility. This site would be 
relatively close to  the treatment facility. The total 
present worth over a 50-year analysis period for 
construction and operation of the recommended 
treatment and conveyance facilities included under 
Alternative Plan 2 for the Fontana, Walworth, and 
Williams Bay sewer service areas is about $13,006,000. 
The estimated capital cost for constructing the neces- 
sary additional treatment and conveyance facilities is 
$13,084,000, with an estimated average annual operation 
and maintenance cost of $278,000 (see Table 217). 

Table 217 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-ALTERNATIVE SANITARY 
SEWERAGE SYSTEM PLANS FOR THE FONTANA, WALWORTH, AND WILLIAMS BAY 

SEWER SERVICE AREAS: LOWER ROCK RIVER SUBREGIONAL AREA 

Plan Subelement 

1 Al:err>ative Plan la 

Estimated Cost: 1975-2000 

Wastewater Treatment Plant 
Vtllage of Walworth . . . . . . . . . 
-- 
Trunk Sewers 

W~l l~ams Bay-Lake Geneva. . . . . . 
Williams Bay-Fontana . . . . . . . . 
Fontana-Lake Geneva . . . . . . . . 
Fontana-Walworth . . . . . . . . . . 
Walworth . . . . . . . . . . . . . . . 

Economic Analysis Estimates 

Total 
Capital 

Subtotal 1 $ 5,023,000 $ 45,000 / $3,152,000 

Total 1 $10,096,000 $427.000 $6,988,000 

Average Annual 
Operation and 
Maintenance 

Altsrnat~ve Plan 2 

Present Worth: 1975-2025 

'Wasrewater Treatment Plant 
V~llage of  Walworth 

Facilit~es. . . . . . . . . . . . . 
Land . . . . . . . . . . . . . 

Equ~valent Annual: 1975-2025 

Construction 

Subtotal 

T r m k  Sewers 
W~lliams Bay-Lake Geneva. . . . . . 
Williams Bay-Fontana . . . . . . . . 
Fontana-Lake Geneva . . . . . . . . 
Fontana-Walworth . . . . . . . . . . 
Walworth . . . . . . . . . . . . . . . 

Total Construction 
Operation and 
Maintenance 

1 $ 5,023,000 $ 45,000 $3,152,000 1 $ 595.000 1 $ 3,747,000 $199,000 1 $ 38,000 $237,000 

Total k $1 3,084.000 $278.000 $8,876,000 $4,130,000 $13,006,000 $562,000 $262.000 
$824.000 

Operation and 
Maintenance Total 

a This alternative does nor include the cost o f  additional facilities related to the increased sludge production associated with the higher degree o f  treatment required under Alternative 
Plan 1. The total present worth over a 50-year analysis period o f  the additional sludge-handling and -disposal facilities is $1,663,000. The estimated capital cost for construction of 
these added sludge-related facilities is $1,214,000, with an estimated average annual operation and maintenance cost of  $51,000 over the design period 1975-2000. 

Source: SEWRPC 



Alternative Plan 2 also requires the construction of 
a conveyance system to  transport treatment plant 
effluent to  the land application site. Thus, Alternative 
Plan 2 would have a greater environmental impact and 
would affect more area and a greater population than 
would Alternative Plan 1 .  

Although there would be a greater wastewater pumping 
requirement under Alternative Plan 2 for conveyance of 
wastewater to the land application site, it would require 
less energy than would Alternative Plan 1 because of the 
energy requirement associated with the higher level of 
treatment needed under Alternative Plan 1. Alternative 
Plan 2 also offers advantages in that nutrients would be 
recycled from wastewater back to the agricultural land, 
and the treatment plant discharge of pollutants would be 
completely eliminated from the surface waters. 

Based upon the above considerations; neither alternative 
is clearly better. However, the areawide water quality 
management plan is based upon the land application 
alternative, but recognizes the need for more detailed 
local facilities planning t o  examine alternatives providing 
for surface water discharge as well as the land application 
alternative. Should local facilities planning efforts 
indicate that land application of plant effluent is not 
practical t o  implement, then an alternative treatment 
system designed t o  ultimately achieve the level of 
treatment needed to meet water quality standards with 
effluent discharge t o  the Piscasaw Creek should be 
considered. That alternative treatment system should 
be designed to initially reduce phosphorus to the lowest 
practical level, and to ultimately reduce the total phos- 
phorus concentration in the effluent to about 0.1 mg/l. 

Proposed Plan-Sharon Subarea 
In 1975 the wastewater treatment facility serving the 
Village of Sharon and its environs had an average 
hydraulic design capacity of about 0.15 mgd, and 
provided a secondary level of waste treatment. It is 
anticipated that future growth will require an average 
hydraulic design capacity for the Sharon sewer service 
area of about 0.19 mgd in 1985 and about 0.33 mgd in 
the year 2000. This year 2000 design flow is somewhat 
lower than the estimated 1990 design flow of 0.55 mgd 
anticipated under the regional sanitary sewerage system 
plan. The Village is presently in the process of preparing 
a facility plan to evaluate future wastewater treatment 
and conveyance needs. 

In order to  meet established water use objectives for 
Sharon Creek, a tributary of the Rock River, this facility 
will need to  provide either a secondary level of treatment 
with auxiliary waste. treatment for effluent disinfection 
followed by land application of treatment plant effluent, 
or secondary waste treatment with conventional advanced 
waste treatment for nitrification, a high level of advanced 
waste treatment for phosphorus removal-producing an 
effluent with a concentration of approximately 0.1 mg/l 
of total phosphorus-and auxiliary waste treatment for 
effluent aeration and disinfection. The recommendations 
concerning treatment and discharge t o  surface waters 

differ from those contained in the regional sanitary 
sewerage system plan only with regard to  the level of 
phosphorus removal which should be achieved. That plan 
recommended that plant effluent have a total phosphorus 
concentration of 1.0 mg/l, while the recommendations of 
the areawide quality management planning program are 
based upon an effluent total phosphorus concentration of 
about 0.1 mg/l. 

Based upon the general analysis described earlier in this 
chapter, the provision of secondary waste treatment 
followed by auxiliary waste treatment for effluent 
disinfection and land application would be less costly 
than providing secondary waste treatment with conven- 
tional advanced waste treatment for nitrification, a high 
level of advanced waste treatment for phosphorus 
removal, and auxiliary waste treatment for effluent 
aeration and disinfection for treatment plants the size of 
the Sharon facility. Thus, the areawide water quality 
management plan is based upon the land application, but 
recognizes the need for more detailed facilities planning 
to  examine alternatives providing for surface water 
discharge as well as the land application alternative. 
Should local facilities planning efforts indicate that land 
application of plant effluent is not practical to imple- 
ment, then an alternative treatment system designed to  
ultimately achieve the level of treatment needed to meet 
water quality standards with effluent discharge to  surface 
waters should be considered. That alternative treatment 
system should be designed to  initially reduce phosphorus 
to  the lowest practical level, and to  ultimately reduce the 
total phosphorus conkntration in the e f h e n t  to  about 
0.1 mg/l. The recommended performance standards 
for the Sharon wastewater treatment plant are set forth 
in Table 218, and the proposal is shown on Map 99. 

The total present worth over a 50-year analysis period 
of construction and operation of the proposed treat- 
ment and conveyance facilities for the Sharon sewer 
service area is about $2,648,000. The estimated capital 
cost for constructing the necessary additional treat- 
ment facilities is $1,957,000, with an estimated average 
annual operation and maintenance cost of $73,000 (see 
Table 219). 

Private Wastewater Treatment Plants 
There are five known private wastewater treatment 
facilities in the Lower Rock River subregional area which 
in general serve isolated enclaves of urban land uses and 
treat wastes which can be accepted in public sanitary 
sewer systems. These facilities currently discharge 
relatively minor amounts of treated wastewaters to the 
streams and groundwater in the Lower Rock River 
subregional ,area. These five facilities serve Kikkoman 
Foods, Inc. processing plant in the Town of Walworth; 
Lakeland Nursing Home and associated county institu- 
tions in the Town of Geneva; the Walworth County 
Correction Center in the Town of Geneva, which is not 
presently in operation; Libby, McNeill and Libby, Inc. 
canning plant in the Town of Darien; and Lake Lawn 
Lodge in the Town of Delavan. Except for the Libby, 
McNeill and Libby, Inc. and the Walworth County 



Table 218 

WASTEWATER TREATMENT LEVELS AND PERFORMANCE STANDARDS-PROPOSED SANITARY SEWERAGE 
SYSTEM PLAN FOR THE SHARON SEWER SERVICE AREA: LOWER ROCK RIVER SUBREGIONAL AREA 

a See Map 94. 

Wastewater 
Treatment 

Plant 

Village o f  Sharon 

n i s  treatment recommendation differs from the regional sanitary sewerage system plan recommendations, which included the provision o f  secondary waste 
treatment with advanced waste treatment for nitrification and phosphorus removal and conventional auxiliary waste treatment fo r  effluent aeration and disinfec- 
tion pr io r  to the discharge to Sharon Creek. 

Source: SEWRPC. 

Table 219 

Estimated Average 
Hydraulic Design 
Capacity (mgd) 

DETAILED ECONOMIC ANALYSIS COST ESTIMATES-PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE SHARON SEWER SERVICE AREA: LOWER ROCK RIVER SUBREGIONAL AREA 

. 
Sewer 
Analysis Area 

serveda 

Sharon 

1985 

0.19 

2000 

0.33 

Source: SEWRPC. 

Plan Subelement 

Wastewater Treatment Plant 
Village of Sharon 

Facilities . . . . . . . . . . .  
Land. . . . . . . . . . . . . 

Subtotal 

Trunk Sewers-None 

Total 

Correctional Center facilities each of these facilities 
lies within or very near a proposed year 2000 sewer 
service area. These three facilities would be abandoned 
upon implementation of the proposed sewer system plan 
for the appropriate sewer service area. The remaining 
facilities should be retained and, as necessary, upgraded 
to  provide a level of treatment adequate to meet the 
water use objectives and standards for streams within 
the Rock River watershed. Performance standards are 
recommended for these two private plants which are 
consistent with those indicated for public wastewater 
treatment facilities which discharge t o  the same receiving 
waters (see Table 220), but should be refined to  reflect 
specific localized conditions. 

Estimated 
Population 

Based on the general analysis described earlier in this 
chapter, effluent land application facilities are considered 
to  be a viable alternative to providing advanced waste 
treatment and auxiliary waste treatment for facili- 
ties the size of the private treatment plants to  be retained 
in the Lower Rock River subregional area. The proposed 
plan for these plants is based upon the provision of 
land application of plant effluent. Should local facility 
planning efforts indicate that land application of plant 
effluent is not practical to implement, then an alternative 
treatment system designed to  ultimately achieve the 
level of treatment needed t o  meet water quality standards 
with the effluent discharge to  surface waters should 
be considered. 

Recommended 
Wastewater 
Treatment 

Levels 

Secondary 
Auxiliary 

Advanced 

1985 

1,900 

2000 

2,600 

Estimated Cost: 1975-2000 

Type of Wastewater 
Treatment Assumed for 
Cost Analysis Purposes 

in Plan Preparation 

Activated Sludge 
Disinfection 

Land ~ p p l i c a t i o n ~  

Economic Analysis Estimates 

Total 
Capital 

$1,825,000 
132.000 

$1,957,000 

.. 

$1,957,000 

Recommended 
Performance Standards in 
Terms of Effluent Quality 

(all standards represent 
average monthly l imits) 

BOD5 Discharge: 30 mgll 
Fecal Coliform Concentration: 

2001100 rnl 
. . 

pp 

Average Annual 
Operation and 
Maintenance 

$73,000 
. . 

$73,000 

-. 

$73,000 

Present Worth: 1975-2025 Equivalent Annual: 1975-2025 

Construction 

$1,404,000 
76,000 

$1,480,000 

. . 

$1,480,000 

Total 

$1 63,000 
5,000 

$1 68,000 

. - 

$168,000 

Construction 

$89,000 
5,000 

$94,000 

. . 

$94,000 

Operation and 
Maintenance 

$1,168,000 
.. 

$1 , I  68,000 

.. 

$1,168,000 

Operation and 
Maintenance 

$74,000 
. . 

$74,000 

.. 

$74,000 

Total 

$2,572,000 
76,000 

$2,648,000 

. . 

$2,648,000 



Map 99 

PROPOSED SANITARY SEWERAGE SYSTEM PLAN 
FOR THE SHARON SEWER SERVICE AREA- 

LOWER ROCK RIVER SUBREGIONAL AREA: 2000 

LMEND 

SEWER SERVICE AREAS 
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SEWAGE TREATMENT FACILITIES 

the nearest proposed year 2000 sewer service area are 
listed in Table 221. In a general alternative analysis 
described earlier in this chapter, the cost of providing 
public sewerage service to these enclaves of urban 
development was compared with the cost of continued 
onsite wastewater treatment. Based upon the results of 
that analysis, i t  was concluded that wastewater treatment 
for these five enclaves should be provided in one of 
two ways. For certain of the nnsewered urban areas, 
the plan proposes the continued use of onsite wastewater 
treatment systems coupled with a suitable program for 
monitoring and maintaining the systems. This plan pro- 
posal is generally applicable to areas with soils and 
lot sizes which are suitable for conventional onsite 
wastewater treatment systems. Two of the five 
unsewered urban areas are included in this category- 
the Town of Darien-Section 23 and Allens Grove in 
Walwortb County. 

For the remaining enclaves, the plan proposes the 
conduct of further site-specific planning to determine the 
best wastewater management practice. These enclaves, 
which should consider alternative methods of onsite 

Table 220 

WASTEWATER TREATMENT PERFORMANCE STANDARDS 
FOR PRIVATE WASTEWATER TREATMENT FACILITIES 

IN THE LOWER ROCK RIVER SUBREGIONAL AREA 

The estimated present worth of construction and 
operation of the private wastewater treatment facilities in 
the Lower Rock River subregional area over a 50-year 
analysis period is about $1,500,000. The estimated 
capital cost for constructing the necessary facilities is 
about $500,000, with an estimated average annual 
operation and maintenance cost of $87,000. 

f m H , Z  - 
SEWERS AND APPURTENM FACILITIESo - E x r n m B  TRYMI T EWER 

The areawide water quality management pian proposes that the existing 
Sharon wantewarar treatment plant be expanded and upgraded to meet 
anticipated year ZOW needs. In order to meet the srrablirhed water use SEWRPC 
objectives for Sharon Creek, this plant will need to provide either land 
aP~ l i~a t lon  of plsnr effluent following ths current recondary level of 
treatment, or fewndsry waste treetmsnt with a high level of advanced waste Table 221 
treatment for Phowhorur removal and wxiiiaw waste treatment for effluent 
disinfection prior to discharge to Sharon Creek. EXISTING URBAN DEVELOPMENT NOT SERVED 

Source: SEWRPC B Y P ~ L ~ C C S ~ N I T A R Y  SEWERS IN THE 
LOWER ROCK RIVER SUBREGIONALAREA BY 

MAJOR U U ~ ~ ~ ~ N C O N C E N T R A ~ I O N :  2000 
~- 
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Existing Unsewered Urban Development Outside 
the Initially Proposed Sanitary Sewer Service Area a ~ M 3 ~ 9 4  
There are five enclaves of unsewered urban development b 
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waste disposal and an intensive inspection and mainte- 
nance program for conventional systems, as well as the 
possibility of connection to the public sanitary sewer 
service areas, are Loraine Lake, Turtle Lake, and White- 
water Lake, all in Walworth County. In general, areas 
in this category have soils and lot sizes which are con- 
sidered unsuitable for conventional methods of onsite 
wastewater treatment. 

Sanitary System Flow Relief Devices 
In 1975 there were 10  sanitary sewer system flow relief 
devices in the Lower Rock River subregional area. The 
proposed plan recommends that facilities planning efforts 
include the formulation of plans for the elimination 
of these sewage flow relief devices. 

Other Known Point Sources of Wastewater 
There are a total of 13  known point sources of waste- 
water other than wastewater treatment plants and sewer 
system flow relief devices in the Lower Rock River 
subregional area. These other point sources consist 
primarily of industrial cooling, process, and backwash 
waters which are discharged without treatment, or 
following pretreatment, directly to surface waters or to 
storm sewers tributary to  such streams and watercourses. 
The discharge characteristics of these point sources of 
wastewater are reported in Chapter I11 of SEWRPC 
Technical Report NO. 21, sources of Water Pollution 
in Southeastern Wisconsin: 1975, and are indicated to  
contain constituents of fiveday biochemical oxygen 
demand (BOD5), ammonia-nitrogen, phosphorus, and 
fecal coliform which are generally lower than those 
established as performance standards for public and 
private wastewater treatment plants in the Region 
discharging to the same or similar surface water bodies. 
Thus, in most cases, no further treatment recommenda- 
tions were advanced for these other point sources with 
regard to  these constituents. However, i t  is recommended 
that these point sources in general reduce discharge 
temperatures to  8g°F or less, oils and grease to  less than 
10  mg/l, and heavy metals, organics, and other pollutant 
concentrations to  levels required by "Best Available 
Technology," or as identified on a case-by-case basis 
under the state permit system process. Reported effluent 
characteristics for these point sources which could 
require treatment are noted in Table 222. 

The degree of treatment and costs of constructing and 
operating treatment facilities associated with these point 
sources of wastewater should be determined on an 
individual basis in conjunction with other pretreatment 
requirements for existing discharges to  public sanitary 
sewerage systems. In order to present a complete analysis 
of the cost of the areawide water quality management 
planning program for this subregional area, a cost esti- 
mate was to be made of the treatment requirements 
which appeared to be needed from the limited data 
available on these point sources. However, the costs of 
these treatment requirements were not estimated because 
of very small or intermittent flow, or because waste- 
water characteristics were bordering the recommended 
levels and it was assumed that low-cost process modifica- 
tions could be effected to  satisfactorily reduce the 
effluent concentrations. 

Table 222 

REPORTED EFFLUENT CHARACTERISTICS FOR 
KNOWN POINT SOURCES OTHER THAN SEWAGE 

TREATMENT PLANTS AND SEWAGE FLOW RELIEF 
DEVICES THAT REQUIRE TREATMENT CONSIDERATION- 

LOWER ROCK RIVER SUBREGIONAL AREA: 1975 

a Unless specrflcaiiy noted otherwrse, data were obrained, m order of prrority, from: quarrerly reporcr filed w,rh 
the W,rconsin Department of Nafvrai Resources under the Wtsconan Polluranr D,scharge Elrmrnarion System 
or under Section 101 of rhe W!sconrin Adminisrrarive Code, or from rhe Wisconsin Poiloranr Dscharge Elrmr- 
nation Svsrem permrr ,?self. 

Source. WIsconsrn Departmenr of Marural Rerources and SEWRPC, 

Point Source Discharge 

SUMMARY 

Average 
Flow 
1975 
lrngdl 

0003 

0 004 

0.015 

0.010 

Name 

All~sd Murrc Corporation . . 

Buncker Ramo Corporation . . 

Frank Holton and Company . 

Getzen Company . . . 

The design, test, and evaluation of alternative plans is the 
heart of the planning process. This chapter documents 
the plan design, test, and evaluation phase of the area- 
wide water quality management planning program. 
Alternative point source pollution control strategies for 
each of 11 subregional areas and alternative nonpoint 
source pollution control levels for the streams within 
each of the 12  major watersheds in the Region are 
included. The various pollution abatement strategies 
and control levels were evaluated for their ability to 
satisfy the recommended water use objectives and sup- 
porting water quality standards as set forth in Chapter I1 
of this volume, with each alternative being designed to 
support the implementation of the adopted regional 
land use plan. Alternative water quality management 
evaluations for each of the 100 major lakes in the 
Region are presented in Appendix C to  this volume, 
published separately. 

C8vrl 
D#v#rron 
Locatlon 

Cltv of Elkhorn 

City of Delavan 

City of Elkhorn 

Clty of Elkhorn 

Alternative plans were developed and evaluated which 
incorporated water quality management elements for 
both point and nonpoint sources of pollutants. As 
a result of the information set forth in the state-of-the- 
art studies documented in SEWRPC Technical Report 
No. 18, and upon previous sewerage system planning 
experience, it was concluded that the major emphasis 
in the formulation of alternative point source pollu- 
tant abatement strategies should be on conventional 
sanitary sewerage systems providing the needed levels 
of treatment at sewage treatment facilities with discharge 
of treated wastes to  land application systems or to  
surface waters. 

Recewmg 
Water 
Body 

So81 Absorption 

Tributary of Swan Creek 
"la storm Sewer 

So11 Abrorptlon 

Sol1 Abrorptaon 

In considering the point source pollution abatement 
measures presented in this chapter, the iterative nature 
of the water quality management planning process must 
be recognized. This process consists of successive cycles 

Conrt~tuentr 
Req~lr8ng 
Treatment 

~ons8deratlon~ 

Suspended Solids. 
Heavy Metals 

Heavy Metals 

Suspended Sol#dr. 
Heavy Metals 

Suspended Solcdr 



of areawide systems planning and local project planning 
efforts, with each cycle of local project planning serving 
to  refine and detail the preceding cycle of systems plan- 
ning, and each cycle of systems planning building upon 
preceding cycles of project planning by incorporating the 
refinements and details of local implementation actions. 
The recommendations of the adopted regional sanitary 
sewerage sytem plan, and the resulting development of 
detailed local facilities plans, represent such a planning 
cycle. Accordingly, this chapter presents alternative 
proposals for point source abatement measures where 
changes since the Commission adoption of the regional 
sanitary sewerage system plan indicated the need to  
reconsider such alternatives a t  the systems level. Alterna- 
tive proposals for point source abatement were also 
considered where analyses conducted under the areawide 
water quality management planning program indicated 
that higher levels of wastewater treatment are required to  
satisfy the recommended water use objectives. 

Alternatives were also developed with respect to  the 
abatement of pollution from nonpoint, or diffuse, 
sources based upon cost, implementability, and effec- 
tiveness in abating water pollution. Nonpoint pollution 
control practices were grouped into categories of various 
levels of nonpoint source control. Certain nonpoint 
source control measures can be accomplished a t  mini- 
mum cost, with the basic requirement being coopera- 
tive efforts by an enlightened public and implementing 
authorities. These low-cost measures have been com- 
bined with others considered to  be needed for sound land 
management and water quality protection as a set of 
practices recommended for general application through- 
out the Region. In urban areas, these lowcost and basic 
nonpoint pollution abatement practices include public 
education programs; improved timing and efficiency of 
street sweeping, leaf collection, and catch basin cleaning; 
litter and pet waste control; proper use of fertilizers and 
pesticides; construction erosion controls; septic tank 
system management; critical area protection; and indus- 
trial and commercial material storage facilities and runoff 
control. In rural areas, these minimum practices include 
fertilizer and pesticide management; critical areas protec- 
tion; crop residue management; chisel tillage; pasture 
management; contour plowing; and livestock waste 
control. These minimum practices frequently were 
estimated to  achieve a significant level of nonpoint 
source control. 

Additional nonpoint pollution control practices were 
considered in the development and analysis of alterna- 
tives when further reductions were needed. In urban 
areas, these additional practices include increased street 
sweeping; improved street maintenance and refuse 
collection and disposal; increased leaf and debris collec- 
tion; increased catch basin cleaning; stream bank protec- 
tion; and vegetative buffer strips along streams and 
shorelines. Where a very high level of control is needed, 
storm water storage and treatment facilities were con- 
sidered. In rural areas, additional practices considered 
include crop rotation; contour stripcropping; grassed 
waterways; diversions; wind erosion control; gradient 

terraces; stream bank protection; vegetative buffer strips 
along streams and shorelines; and, in cases where a very 
high level of control is needed, base-of-slope detention- 
storage facilities and construction of bench terraces. 
The foregoing practices were considered in alternatives 
analyses and for costing purposes during the planning 
program. The use of,  other practices which may be 
identified as practical and cost-effective in local planning 
and plan implementation is, of course, not  precluded. 

An empirical method developed by the Commission to  
systematically analyze the pollution potential of sub- 
basins based on natural and cultural features was applied 
to develop a relative nonpoint source pollution potential 
rating for each subbasin within each watershed. This 
rating may be used in determining priorities for the 
design and implementation of nonpoint source control 
measures in the watershed. 

The development of recommendations for point and 
nonpoint source control measures required the identifica- 
tion of the sources of pollution that were estimated to  be 
resulting in violations of water quality standards. I t  was 
initially anticipated that plan alternatives would include 
point intensive and nonpoint intensive control sets. In 
general, it was found that nonpoint source controls were 
not substitutable for point source controls in this regard. 
Point sources were usually found to  be the primary 
cause of phosphate-phosphorus and un-ionized ammonia- 
nitrogen violations, while fecal coliform violations were 
usually caused by nonpoint sources. Dissolved oxygen 
problems within the degion were usually caused by high 
oxygen demand from bottom deposits and benthic 
organisms. These bottom deposits are attributable to  
excessive historical and existing point source discharges, 
flow relief devices, and nonpoint source loadings. These 
dissolved oxygen problems in most cases are expected to  
be abated by the implementation of the recommended 
point source controls and minimum nonpoint source con- 
trols. Additional point source controls beyond those 
proposed in SEWRPC Planning Report No. 16 were 
relatively ineffective in ameliorating fecal coliform 
problems under the plan year 2000 land use condi- 
tions. On the other hand, nonpoint source controls 
were not estimated to be highly effective for controlling 
instream phosphate-phosphorus or un-ionized ammonia- 
nitrogen levels, especially in rural areas. Hence, an alter- 
native allowing for a trade-off of additional point source 
controls for nonpoint source controls would seldom 
be feasible. 

The basic analytic tool used t o  evaluate alternative plans 
was the hydrologic-hydraulic water quality simulation 
model. The procedure used to develop the alternative 
water quality management plans was to  first identify the 
factors affecting water quality in each stream reach 
and lake studied-factors which included lake and stream 
bottom and flow conditions as well as existing and 
anticipated future sources of pollution. These factors 
were then analyzed and evaluated to  identify potential 
approaches to  required water pollution abatement. The 
determination of the most practical combination of point 



and nonpoint pollution control measures required was 
largely an iterative, "cut and try" process which began 
with an evaluation of the point source controls 
recommended in the regional sanitary sewerage system 
plan, followed by an assessment of the need for addi- 
tional point or nonpoint source pollution controls as 
necessary to meet the applicable water use objectives. 
This iterative process, therefore, involved a series of 
successive attempts to design a plan that would meet 
the established water use objectives. Cost, technical 
and economic feasibility, likely environmental impact, 
and the extent to which water use objectives would 
be achieved were all considered in this alternative 
analysis process. 

The analysis indicated that if the proposed combination 
of point and nonpoint source pollution control measures 

were fully implemented, about 1,054 stream miles, or 
89 percent of the 1,180-stream mile network studied, and 
94 of the 100 major lakes could be expected to meet the 
national goal of "fishable and swimmable" waters in the 
year 2000. The remaining 126 miles of stream, or 11 per- 
cent, could not as a practical matter achieve the standards 
that relate to the national goal of "fishable and swim- 
mable" waters. These 126 stream miles are located in the 
Root, Menomonee, Milwaukee, and Kinnickinnic River 
watersheds where, in many cases, the stream channels 
have been extensively modified through concrete lining 
for flood management purposes. Of the 100 major lakes 
in the Region, only six may be expected not to meet 
the national goal of "fishable and swimmable" waters, 
because of the impracticality of reducing phosphorus 
levels to  the required standard. 



Chapter V 

SUMMARY AND CONCLUSIONS 

INTRODUCTION 

The major findings and recommendations of the regional 
water quality management planning program for south- 
eastern Wisconsin conducted pursuant to  Section 208 of 
the Federal Water Pollution Control Act are presented 
in two Commission planning reports. The first report, 
SEWRPC Planning Revort No. 29. A Regional Waste- - - 
water Sludge Management Plan fdr southeastern Wis- 
consin, sets forth the findings and recommendations of 
the planning program relative to  wastewater sludge 
management. The estimates of the sludge quantities to  
be managed were, for the purpose of this report, derived 
from a preliminary point source pollution abatement 
plan. The second report, SEWRPC Planning Report 
No. 30, A Regional Water Quality Management Plan for 
Southeastern Wisconsin: 2000, is a three-volume report 
which sets forth the findings and recommendations of the - 
planning program with respect to  the abatement of point 
and nonpoint (diffuse) sources of water pollution. In 
addition, SEWRPC Planning Report No. 30 summarizes 
the wastewater sludge management recommendations set 
forth in SEWRPC Planning Report No. 29, adjusting such 
recommendations as necessary to  reflect the more refined 
estimates of sludge quantities derived from the final point 
source element recommendations set forth in this report. 
The first volume of SEWRPC Planning Report No. 30, - - 
Inventory Findings, sets forth the basic principles and 
concepts underlying the water quality management 
study; discusses the relationship of the areawide water 
quality management planning program to  the Commis- 
sion's comprehensive regional planning program for 
southeastern Wisconsin; describes the existing natural and 
man-made features of the Region which affect and are 
affected by water quality; describes the existing level of 
water quality in the lakes and streams of the Region; 
describes the existing sources of water pollution in the 
Region; and describes the legal and financial structures 
which are available to  support the implementation of 
recommended water quality management measures. 

This, the second volume of SEWRPC Planning Report 
No. 30, Alternative Plans, sets forth recommended water 
quality management objectives, principles, and standards, 
including specific water use objectives, for the lakes 
and streams of the Region; discusses probable future 
growth and change in the population and economic 
activity levels and in the land use within the Region; 
compares the existing and forecast year 2000 water 
quality conditions with the recommended water use 
objectives and supporting water quality standards; and 
presents and evaluates alternative plans to  meet the 
recommended water use objectives. 

The third and final volume of SEWRPC Planning Report 
No. 30, Recommended Plan, presents the recommended 
regional water quality management plan, consisting of 
a land use element, a point source pollution abatement 
element, a nonpoint source pollution abatement element, 
a water quality monitoring element, and a residual 
wastewater sludge management element, the latter 
a refinement of the plan presented in SEWRPC Planning 
Report No. 29. In addition, the third volume presents 
recommendations concerning the means for achieving 
a staged implementation of the plan over the plan design 
period, including the identification of water quality 
management agencies. An environmental assessment of 
the recommended plan is included in an appendix of the 
third volume. 

OBJECTIVES, PRINCIPLES, AND STANDARDS 

Planning is a rational process for formulating and meeting 
objectives. The objectives chosen guide the preparation of 
alternative plans and, when converted to  standards, 
provide the criteria for evaluating the alternatives and 
selecting a recommended plan from among those 
alternatives. In the foqnulation of objectives, the regional 
water quality management planning program for 
southeastern Wisconsin built upon the previous planning 
work accomplished by the Commission by incorpor-ating, 
amending, and extending as necessary the development 
objectives, principles, and standards formulated under the 
regional land use planning program, the regional sanitary 
sewerage system planning program, and the five 
subregional watershed planning programs completed to  
date. In this respect the program also built upon the 
natural water use objectives set forth in the Federal Water 
Pollution Control Act, as last amended in 1977. Through 
the use of technical and citizen advisory committees, 
public informational meetings, and public hearings, the 
Commission has attempted to  actively involve elected 
officials and concerned citizens in the formulation of the 
regional water use and related development objectives, 
principles, and standards. Under the regional water 
quality management planning program, the preliminary 
recommended water use objectives and supporting water 
quality standards were widely disseminated in the 
September 1977 edition of Update, a water quality- 
related fact sheet distributed to  about 3,500 citizens, 
elected officials, and interested organizations throughout 
the Region. In addition, reaction to  the preliminary 
recommended objectives and standards was sought 
from the Citizens Advisory Panel for Public Participation 
on March 2, 1978. The public participation activity 
supplemented the normal Commission citizen participa- 
tion activity obtained through its advisory committee 
structure and through public informational meetings and 
public hearings. 



Seven specific regional land use development objectives 
previously formulated were reaffirmed as development 
objectives under the water quality management planning 
program, as were two water control facility development 
objectives formulated under the comprehensive water- 
shed planning programs. The four development objectives 
formulated under the regional sanitary sewerage system 
planning program were expanded and reaffirmed. One 
new objective was formulated under the regional water 
quality management planning .program, that relating 
to the development of water quality management 
institutions and supporting revenue-raising mechanisms. 
In addition, six specific regional wastewater sludge 
management objectives were formulated as documented 
in SEWRPC Planning Report No. 29. Accompanying each 
of the 20 development objectives is a planning principle 
and a set of planning standards that were used as a guide 
in the preparation and evaluation of the alternative plans. 

One of the water quality management objectives concerns 
achieving the water quality goals advanced by the 
U. S. Congress in Public Law 92-500 and implemented 
in Wisconsin by the State Natural Resources Board 
through rules set forth in Chapters 102 through 105 
of the Wisconsin Administrative Code. In Public Law 
92-500, the Congress set as a national goal wherever 
attainable water quality which permits the protection 
and propagation of fish, shellfish, and wildlife, and which 
permits recreation in and on the water. This national goal 
of "fishable and swimmable" surface waters is t o  be 
achieved by 1983. The Congress and the U. S. Environ- 
mental Protection Agency have recognized that, as 
a practical matter, more limited use objectives may 
have to be established for some streams and lakes after 
consideration by the states of the social and economic 
costs of achieving the full objectives and the practical 
potential of streams and lakes for public water supply, 
propagation of fish and wildlife, recreation, agriculture, 
industry, and navigation. 

In conducting the regional water quality management 
planning program for southeastern Wisconsin, an attempt 
was made to  assign to all surface waters in the Region, in 
a manner discussed in more detail below, an appropriate 
combination of specific water use objectives formulated 
under the program that would meet the national goal of 
"fishable and swimmable" waters. At the present time, 
the water use objectives assigned by the Wisconsin 
Department of Natural Resources t o  many miles of 
surface streams in southeastern Wisconsin are based upon 
more limited use objectives than the national goal of 
"fishable and swimmable" waters. An analysis was made 
of the potential of each stream reach and of each major 
lake to  meet objectives consistent with the national goal. 
This analysis took into account the results of inventories 
of stream and lake physical characteristics and condi- 
tions, existing water quality, sources of pollution in 
tributary drainage areas, the character of both existing 
and planned land uses in tributary drainage areas, and the 
location and extent of in-place pollutants. One of the 
planning tools used in the analysis was a hydrologic- 
hydraulic water quality simulation model, which served 

to synthesize much of the inventory and forecast data. 
This analysis, which is discussed in Chapter IV of this 
volume, and which was applied to  a total of 1,180 stream 
miles and to 42 flow-through lakes and 30 headwater 
lakes together with a supplemental phosphorus loading 
analysis conducted for all 100 major lakes in the Region, 
indicated that for reasons relating to  natural conditions, 
to gross levels of in-place pollutants, or to essentially 
irreversible man-made improvements, such as concrete 
channelization, it would not be practicable to meet the 
national goal of "fishable and swimmable" waters for all 
surface waters in the Region. However, these analyses 
also indicated that it would be possible to  significantly 
raise the currently adopted water use objectives so that 
many more miles of streams could meet the national goal, 
or could meet a lower water use objective that neverthe- 
less exceeds the minimum standards. 

The following five combinations of water use objectives 
were recognized in the study and recommended to  
be applied to the 1,180-stream mile network and the 
100 major lakes in the Region as shown on Map 1 ,  in 
Chapter I1 of this volume: 

1. Salmon spawning fishery and aquatic life, recrea- 
tional use, and minimum standards. 

2. Trout fishery and aquatic life, recreational use, 
and minimum standards. 

3. Warmwater fishery and aquatic life, recreational 
use, and minimum standards. 

4. Warmwater fishery and aquatic life, limited recrea- 
tional use, and minimum standards. 

5. Limited fishery and aquatic life, limited recrea- 
tional use, and minimum standards. 

Of the five water use objective combinations, only the 
first three, providing for the maintenance of a full 
warmwater fishery and for full body contact recreational 
use, are fully compatible with the national goal of "fish- 
able and swimmable" waters. Of the 1,180-stream miles 
analyzed in the program, 1,054 miles, or 89 percent, fall 
into one of these three categories, including 27 miles, or 
2 percent, in the trout fishery and recreational use 
category, and 1,027 miles, or 87 percent, in the 
warmwater fishery and recreational use category. The 
salmon spawning fishery and recreational use category 
applies only to  portions of the Lake Michigan estuaries of 
five streams, which are not included in the 1,180-stream 
mile network. The remaining 126-stream miles, or about 
11 percent, would not meet the national goal of "fishable 
and swimmable" waters. These stream miles generally 
have excessive nutrient levels which cannot as a prac- 
tical matter be sufficiently reduced, or lie within an 
intensely urbanized portion of the Region and are per- 
manently altered through concrete channelization. Of 
these 126-stream miles, 56 miles, or 5 percent, have been 
placed within the warmwater fishery and limited recrea- 
tional use category, and 70 miles, or 6 percent, have been 



placed in the limited fishery and limited recreational 
use category. Significantly, the restricted use category 
now applied by the Natural Resources Board to about 
60 stream miles of the 1,180-stream mile network in 
the Region is not recommended to be applied within 
the Region in future years, since the analysis indicated 
that at least a limited fishery and partial body contact 
recreational use, including wading and boating, can be 
achieved for all streams in the Region. It should be noted 
in this respect that cost considerations were not a basis 
for the recommended lower objectives, such objectives 
being established on the basis of practical considerations 
alone, such as the permanent alteration of streambeds 
through concrete channelization. 

Of the 100 major lakes in the Region, 95 lakes are 
recommended to  be assigned water use objectives that are 
fully compatible with the national goal of "fishable and 
swiqmable" waters. Of these 95 lakes, one-Lake Geneva 
in Walworth County-has been placed in the trout fishery 
and recreational use category, and 94 have been placed in 
the warmwater fishery and recreational use category. Of 
the remaining five major lakes in the Region, one-Mud 
Lake in Ozaukee County-is recommended to be placed 
in the limited fishery and aquatic life and limited recrea- 
tional use category because of natural bog conditions 
which preclude most recreational uses and the mainte- 
nance of a warmwater fishery. The remaining four lakes 
have been placed in the warmwater fishery and limited 
recreational use category because of estimated excessive 
nutrient loadings to the lakes which cannot, as a practical 
matter, be sufficiently reduced, resulting in relatively 
high rates of lake fertilization and aquatic growth. 

ANTICIPATED GROWTH AND CHANGE 

The regional water quality management plan is intended 
to ensure that the surface waters of the Region will meet 
the recommended water use objectives, not only under 
existing land use, channel, and other development 
conditions affecting water quality within the Region, 
but under probable future conditions, which may be 
quite different from prevailing conditions. Since the 
regional water quality management planning program was 
conducted within the broad context of other Commission 
planning programs, the probable future population and 
economic activity levels and distribution patterns, land 
use development patterns, and channel conditions were 
provided directly by other Commission-adopted regional 
or subregional plan elements, most importantly including 
the adopted regional land use plan and the series of 
adopted comprehensive watershed plans. In this way, 
the regional water quality management planning pro- 
gram was fully coordinated with all other areawide 
planning programs for southeastern Wisconsin, including 
programs for land use, transportation systems, sewerage 
systems, park and open space, and air quality manage- 
ment planning. 

Commission design year 2000 population and economic 
activity level forecasts, as well as the Commission regional 
land use plan which seeks t o  accommodate the changes in 

population and employment levels indicated by these 
forecasts. are set forth in SEWRPC Planning Report 
No. 25, A Regional Land Use Plan and a ~ e ~ i o n a l  k s -  
portation Plan for Southeastern Wisconsin: 2000, Volume 
Two. Alternative and Recommended Plans. The ex~ected - 

changes in population and economic activity levels, and 
in land use-d&elopment, within the Region by the year 
2000 may be summarized as follows: 

1 .  The population of the Region may be expected to 
increase by approximately 463,000 persons over 
the 1970 population level of about 1.76 million 
persons, an increase of about 26 percent. Thus, 
the resident population of the Region in the 
design year of the plan-2000-may be expected 
to  approximate 2.2 million persons. At the 
county level, the population forecasts indicate 
continued high population growth rates in 
Ozaukee, Washington, and Waukesha Counties, 
with lower rates of population growth in Kenosha, 
Racine, and Walworth Counties. Milwaukee 
County, currently experiencing a decline in 
population, would, under the forecast, be 
expected t o  lose population until 1980, when its 
population would stabilize. After 1985 the 
population of Milwaukee County would, under 
the forecast, begin to again increase, nearly 
reaching the 1970 level by the year 2000. 

2. Employment in the Region by the year 2000 
is expected to  reach about 1.0 million jobs, 
an increase of about 237,000 jobs, or about 
30 percent, over the 1975 employment level of 
779,000 jobs. It is envisioned that the number of 
jobs will increase in all seven counties, with the 
largest increases occurring in Milwaukee and Wau- 
kesha Counties. Milwaukee County's proportion 
of total regional employment, however, would 
continue to decline, reflecting continued decen- 
tralization of jobs within the Region. 

3. The population density of the developed urban 
areas of the Region is expected to  continue t o  
decline. This density, which peaked in 1920 at an 
average level of about 11,300 persons per square 
mile of developed urban land, declined to about 
8,500 persons per square mile in 1950, and to 
5,800 persons per square mile in 1963. By 1970 
urban land uses in the Region occupied a total of 
about 512 square miles, and the average popula- 
tion density of the developed urban area had 
declined t o  about 4,400 persons per square 
mile. If the trends in land use decentralization 
exhibited over the period from 1963 to 1970 
continue, land devoted to  urban use within the 
Region would increase to  about 831 square miles, 
an increase of 319 square miles, or 62 percent. 
The average population density of the urban area 
could be expected to decline further to about 
2,300 persons per square mile. In contrast, the 
adopted regional land use plan for 2000, as 
described in SEWRPC Planning Report No. 25 



and incorporated by reference herein as the basis 
for the development of the areawide water 
quality management plan, proposes that only 
about 113 square miles of land be converted from 
rural to urban use to accommodate growth and 
change in the Region through the year 2000, that 
the diffusion of urban development throughout 
the Region be halted, and that the decline in 
population density be arrested and the overall 
density of the developed urban area of the Region 
be held at  a level of about 3,500 persons per 
square mile. 

The recommended design year 2000 land use plan seeks 
to  modify current land use development trends and 
centralize land use development to  the greatest degree 
practicable (see Map 2). The degree of centralization is 
indicated by the fact that, under the plan, over 60 per- 
cent of all new urban residential land and nearly 49 per- 
cent of the incremental resident population would be 
located within 20 miles of the Milwaukee central business 
district. New urban development would be encouraged 
to occur at  densities consistent with the economical 
provision of public sanitary sewer, water supply, and 
mass transit facilities and services, and in areas covered by 
soils well suited to  urban use, not subject to  special 
hazards such as flooding, and into which urban facilities 
and services can be readily and economically and 
efficiently extended. The plan envisions that new urban 
development would occur in planned neighborhood 
development units, primarily at  medium-density popula- 
tion levels; that is, about four dwelling units per net 
residential acre, or about 5,000 persons per gross square 
mile. The plan envisions that by the year 2000, about 
92 percent of all urban land and about 9 3  percent of all 
the people in the Region would be served with public 
sanitary sewer service. 

The design year 2000 regional land use plan proposes 
that all Commission-identified primary environmental 
corridors be protected and preserved in essential natural 
open use. Such corridors contain the most important 
elements of the natural resource base of the Region, 
including the best remaining woodlands, wetlands, 
wildlife habitat areas, surface waters and associated 
shorelands and floodlands, areas covered by organic 
soils, areas containing rough topography and significant 
geological formations, areas of scientific, historic, or 
cultural value, groundwater recharge and discharge areas, 
existing park sites, and park and related open space 
sites. These natural resource base elements occur largely 
together in linear patterns in the natural landscape, and 
thus comprise the environmental corridors. The primary 
environmental corridors encompass only about 20 per- 
cent, or 542 square miles, of the area of the Region, but 
their preservation in essentially natural open uses can do 
much t o  maintain the overall quality of the environment 
and to  prevent the future creation of serious and costly 
developmental and environmental problems. 

The year 2000 regional land use plan also proposes to  
preserve to  the greatest extent practicable those areas 

identified as prime agricultural lands. In 1970 such lands 
totaled about 746 square miles, or 28 percent of the area 
of the Region. The year 2000 plan proposes to  convert t o  
urban use only those prime agricultural lands which have 
already been committed to  urban development due to  the 
proximity to  existing and expanding concentrations of 
urban uses and the prior commitment of heavy capital 
investments in utility extensions. Only about 8,000 acres, 
or about 2 percent, of the prime agricultural lands would 
be converted to  urban use under the plan. The preserva- 
tion of these agricultural lands is considered important 
for environmental as well as economic reasons. 

Projections were made in the regional water quality 
management planning program of the future levels of 
total public expenditures, and of the future levels of 
public expenditures for water quality-related projects. 
Total expenditures by local units of government are 
projected to increase from the 1975 level of about $1.12 
billion to  about $2.33 billion in the year 2000, an 
increase of about 108 percent measured in constant 1976 
dollars. Over the same period, water quality-related 
expenditures are projected to  increase from $116.2 
million to  about $247.0 million, an increase of about 
112 percent, also measured in constant 1976 dollars. 

ALTERNATIVE PLANS 

In the preparation of the regional water quality 
management plan, a concerted effort was made to  offer 
for public evaluation a full range of physically feasible 
and practical alternative plans directed toward abating 
existing water pollution and achieving the recommended 
water use objectives. Each alternative plan element was 
evaluated for technical and economic feasibility, likely 
environmental impact, and financial and legal feasi- 
bility, as well as for the extent to  which the water use 
objectives were satisfied. The basic analytical tool used to  
evaluate the alternative plans was the hydrologic- 
hydraulic water quality simulation model developed 
for use in the program. Alternatives were developed with 
respect to  the abatement of pollution from point sources, 
defined to  include public and private sewage treatment 
plants, sewerage system flow relief devices, and industrial 
waste discharges, including cooling, process, rinse, and 
wash water discharges. Similarly, alternatives were 
developed with respect to the abatement of pollution 
from nonpoint, or diffuse, sources, defined to  include, 
in urban areas, runoff from residential, commercial, 
industrial, transportation, and recreational land uses, 
construction activities, and onsite sewage disposal sys- 
tems; and in rural areas, runoff from cropland, pasture, 
and woodland land uses and livestock raising operations. 
Atmospheric contributions, while occurring in rural and 
urban areas, were arbitrarily classified as a rural source. 
Alternatives were developed not only for the manage- 
ment of stream water quality but for the management of 
the water quality of each of the 100 major lakes in the 
Region. Alternatives were also developed for wastewater 
sludge management; these have been documented 
separately in SEWRPC Planning Report No. 29. 



Probabilistic Nature of Approach 
to  Standards Application 
In designing and testing alternative water pollution 
abatement plans, an approach to  interpretation and 
application of the water quality standards that support 
the water use objectives set forth in Chapter I1 of this 
volume was required. The water quality simulation 
analysis indicated that achievement of the water quality 
standards on an absolute basis, that is, 100 percent of the 
time, was not feasible given the natural conditions in 
the Region and the known techniques for water pollution 
control. A review of the simulation results for those 
streams which exhibited a relatively low level of 
standards violationabout 5 to  1 0  percent-indicated 
that neither the duration nor the intensity of the 
violations was so severe as to affect the fisheries in any 
significant manner. Furthermore, a review and evaluation 
of the available water quality monitoring data for rela- 
tively clean or "unpolluted" streams in the Region, that 
is, those streams where the use objectives are now being 
met, indicated that even these streams do not satisfy the 
water quality standards all of the time. It was recognized, 
therefore, that exceeding the standards for relatively brief 
periods would not generally affect the intended use of 
the surface waters. 

In the past, water quality has often been evaluated only 
during low flow periods when determining the specific 
effects of point sources of pollution on water quality. 
However, how often water quality standards are exceeded 
during periods of high flow, or during storm events 
after long intervening periods of dry weather and the 
associated buildup of pollutants on the land surface- 
conditions that produce high pollutant washoff from the 
land surface--cannot be determined by applying these 
standards only to  streamflows equal to  or less than some 
low flow condition. Generally, such relatively higher 
flow conditions were found to have a significant effect 
on the achievement of water use objectives. Moreover, 
previous Commission studies, documented in the adopted 
regional sanitary sewerage system plan, addressed the 
levels of control necessary for achievement of the stan- 
dards as evaluated against low flow conditions. The 
resulting effluent quality recommendations were used 
as the point of departure for the alternatives evaluations 
documented in this volume. 

Accordingly, in the regional water quality management 
planning program the assessment of water quality 
conditions against the physical and chemical criteria in 
the water quality standards was based upon the percent 
of time the water quality conditions were found to be 
in compliance with the specified limits. It was also 
recognized that point source pollution abatement mea- 
sures should continue to  be designed to  meet the 
standards during the 7 day-10 year low flow conditions in 
the receiving water. Under the method applied, statistical 
analyses were prepared using the results of the con- 
tinuous water quality simulation modeling to  determine 
the percent of time a given standard may be expected to  
be violated under specified conditions. These analyses 
included periods of both high and low flow. As a prac- 
tical matter, a 95 percent compliance level-meaning 

water quality standards shall be met 95 percent of the 
time-was selected as the criterion for those parameters 
which may have direct lethal effects on desirable forms of 
aquatic life--dissolved oxygen, temperature, un-ionized 
ammonia-nitrogen, and pH. A 90 percent compliance 
level was selected as the criterion for those parameters 
which do not have direct lethal effects on such aquatic 
organisms-phosphorus and fecal coliform. This prob- 
abilistic approach to application of the water quality 
standards formed the basis for evaluation of all of the 
alternative plans considered. 

Determination of the Extent to  Which the National 
Goal of "Fishable and Swimmable" Waters Can Be Met 
As discussed in Chapter I1 of this volume, the currently 
adopted water use objectives and supporting water 
quality standards for Wisconsin as applied in the South- 
eastern Wisconsin Region were not fully consistent 
with the national goal of "fishable and swimmable" 
waters for all surface waters of the Region. Thus, the 
basic purpose of the regional water quality manage- 
ment planning program was to  prepare a plan that would 
call for cost-effective actions to  control pollution from 
both point and nonpoint sources so as to  meet this 
national goal, or, if that was determined to  be 
impractical, to meet some lesser goal as defined by the 
revision of water use objectives. The process of preparing 
the regional water quality management plan, then, was 
iterative in nature, involving a series of successive 
attempts to design a plan that would meet the national 
goal to the maximum extent practicable. 

The plan design process began with a determination of 
the extent to  which surface water quality in the Region 
in the base year 1975 met the national goal of "fishable 
and swimmable" waters. This step involved the appli- 
cation of the water quality simulation model developed 
for the study under existing conditions, the model being 
carefully calibrated using the water quality and pollution 
source inventory data developed in the study. This 
analysis was conducted with respect to  a 1,180-stream 
mile network. In addition, a phosphorus loading analysis 
was conducted for each of the 100 major lakes in the 
Region. The results of these initial analyses are 
graphically summarized on Map 100. The initial simula- 
tion model analysis indicated that of the 1,180 stream 
miles analyzed, about 221 miles, or 1 9  percent, actually 
met the national goal of "fishable and swimmable" 
waters in 1975 (see Table 223). The remaining 960 miles, 
or 8 1  percent, exhibited violations of one or more 
supporting water quality standards in excess of the per- 
cent of time tolerances noted above. Of the 221 stream 
miles meeting the standard in 1975, 58 miles were 
located in the Fox River watershed, consisting primarily 
of all or portions of the Mukwonago River, Jericho 
Creek, Nippersink Creek, and Hoosier Creek; about 
59 miles were located in the Milwaukee River watershed, 
consisting primarily of all or portions of the East Branch 
and North Branch of the Milwaukee River, Kewaskum 
Creek, and Cedar Creek; and 89  miles were located in the 
Rock River watershed, consisting primarily of all or  
portions of the Bark River, Turtle Creek, Kohlsville 





Table 223 

COMPARISON OF EXISTING AND FORECAST STREAM WATER QUALITY I N  THE REGION 
AGAINST THE NATIONAL GOAL OF "FISHABLE AND SWIMMABLE" WATERS 

OBI PIa8nel River 
Fox Rlvsr . . 
Klnnlcklnnlc River 
Menomones River . . 
M ~ I ~ a u k e e  River 
Minor streams Tributary 
to Lake Mlchlgan 
earnel Creek 
Pike Creek 1 Sucker Creek , . 

Oak Creek 
Pike River 
Rock Rluer . . . 
Root River 
Sauk Creek . . 
Sheboygan River . . . 
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River, Limestone Creek, Oconomowoc River, Scupper- 
nong Creek, Whitewater Creek, and several other minor 
streams. The remaining stream mileage meeting the 
national goal in 1975 was scattered throughout the 
Sheboygan River, Pike River, and Sucker Creek water- 
sheds. The analysis also indicated that a total of 19 of 
the 100 major lakes in the Region met the national 
water quality goal in 1975 (see Map 100 and Table 224). 

The next step in the evaluation involved the determina- 
tion of the extent to  which the national goal of "fishable 
and swimmable" waters could be met in the design year 
2000, given future land use development in substantial 
conformance with the adopted regional land use plan, 
and given no significant change in current practices 
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Sanlfary Sewerage System Plan 
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667 1000 
3994 1000 - -  

- -  - -  11.8 1W.O 
739 1000 
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to control water pollution. In essence, this analysis 
amounted to  an examination of a "do nothing" alter- 
native with respect to water pollution control efforts 
over and above what is currently being accomplished. 
The only exceptions to the "do nothing" posture were 
major trunk sewer and sewage treatment plant projects 
that were considered to  be fully committed. These 
projects included the construction of trunk sewers for 
Hales Comers and Menomonee Falls by the Milwaukee 
Metropolitan Sewerage District which would permit the 
abandonment of the Hales Corners and Menomonee Falls 
sewage treatment plants; the construction of the new 
sanitary sewerage system serving the Town of Norway 
Sanitary District No. 1 and the Denoon Lake area in 
the City of Muskego; the construction of the Town of 

Table 224 

COMPARISON OF EXISTING AND FORECAST LAKE WATER QUALITY I N  THE REGION 
AGAINST THE NATIONAL GOAL OF "FISHABLE AND SWIMMABLE" WATERS 

Source: SEWRPC. 

Watershed 

Des Plaines River . . . 
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32 
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Dover-Eagle Lake sanitary sewerage system; the con- 
struction of a new sewage treatment facility to serve 
the Village of Union Grove; the construction of the 
Sturtevant-Mt. Pleasant trunk sewer, which would permit 
the abandonment of the Sturtevant sewage treatment 
plant; the completion of an expansion program at the 
City of Racine sewage treatment facility to permit full 
secondary treatment; the construction of a new sewage 
treatment facility to serve the City of West Bend; the 
construction of a new sewage treatment facility to serve 
the City of Oconomowoc; the construction of a new 
sewage treatment facility to  serve the City of Waukesha; 
the construction of a new Delafield-Hartland sanitary 
sewerage system, including the abandonment of the 
existing Hartland sewage treatment facility; and the 
construction of the Pewaukee-Brookfield trunk sewer, 
permitting abandonment of the Pewaukee sewage treat- 
ment facility and the provision of centralized sanitary 
sewer service to  the Pewaukee Lake Sanitary District. All 
of these actions were considered to be fully committed 
water pollution control facility improvements. 

The results of this analysis are summarized in Tables 223 
and 224 and on Map 101. This analysis indicated that 
about 241 miles, or about 20 percent of the 1,180 stream 
mile network in the Region, could be expected to meet 
the national goal of "fishable and swimmable" waters by 
the year 2000 under the specified conditions. Similarly, 
as shown in Table 224, it is estimated that only 14 of the 
100 major lakes in the Region would meet the national 
water quality goal by the year 2000. These changes from 
the existing 1975 conditions can be largely attributed 
to the implementation of the point source pollution 
abatement projects listed above and to increased non- 
point source pollutant loads to  lakes. 

An analysis was then conducted of the extent to which 
the national goal of "fishable and swimmable" waters 
could be met in the Region by the year 2000 if it were 
assumed that all of the point source pollution abate- 
ment control recommendations set. forth in the adopted 
regional sanitary sewerage system plan would be imple- 
mented. This analysis was conducted to determine the 
extent to which the national water quality goal could be 
met if only the previously recommended point source 
pollution abatement plan would be implemented utilizing 
conventional treatment technology. The results of this 
analysis are graphically summarized on Map 1 0 2  and 
are quantitatively presented in Tables 223 and 224. 
About 239 stream miles, or about 20 percent of the 
1,180 stream mile network andyzed in the study, could 
be expected to  meet the national water quality goal in 
the year 2000 if the point source pollution abatement 
recommendations contained in the regional sanitary sew- 
erage system plan were fully carried out. Similarly, 18 of 
the 100 major lakes in the Region could be expected to 
meet the national goal. 

These estimates are similar to those obtained in the 
"do nothing" alternative analysis, which is to be expected 
given the fact that many of the important recommenda- 
tions contained in the regional sanitary sewerage system 

plan have already been implemented or were considered 
to be fully committed under the "do nothing" alter- 
native. A net decrease in the number of stream miles 
expected to meet national water quality goals of 
1.7 miles is attributable to the phosphorus load con- 
tributed to the North Branch of the Milwaukee River 
by the proposed Forest Lake and Kettle Moraine sewage 
treatment plants. In addition, it is important to note 
that implementation of the previously recommended 
point source pollution abatement measures would greatly 
contribute to improved water quality over the "do 
nothing" alternative, even though the national goal as 
defined by the use objectives and supporting standards 
would not be fully met. The national goal would not 
be fully achieved because of violations of the fecal 
coliform standards throughout much of the Region 
due to  pollution from nonpoint sources, violations of 
phosphorus standards due to combinations of nonpoint 
sources and ~ o i n t  sources. and violations of dissolved 
oxygen standards due principally to algae and to  sedi- 
ment oxygen demand from historic point source loadings 
and nonpoint source loads. Although violations occur as 
a result of the combined effects of point and nonpoint 
loads, it was further noted that even the provision of 
higher levels of advanced waste treatment of the point 
sources in the Region would not result in the achieve- 
ment of the standards for fecal coliform and, in some 
cases, dissolved oxygen and phosphorus in many stream 
reaches. Therefore, one of the major conclusions of the 
regional water quality management planning program 
for southeastern Wisconsin is that the national goal of 
"fishable and swimmable" waters cannot be met through 
an intensive point source pollution abatement control 
effort alone. Nonpoint pollution control efforts will also 
be required. 

The next step in the analysis was to  determine the extent 
to which the national goal of "fishable and swimmable" 
waters would be met in the Region by the year 2000 if 
only intensive nonpoint pollution controls were imple- 
mented and no additional effort were made t o  improve 
point source pollution other than that assumed in the 
"do nothing" alternative described above. The results of 
this analysis are summarized on Map 103 and in Tables 
223 and 224. Significantly, about 701 stream miles, or 
59 percent of the 1,180-stream mile network analyzed, 
could be expected to  meet the national water quality 
goal by the year 2000 given an intensive nonpoint source 
control effort. Similarly, 91 of the 100 major lakes in the 
Region could be expected to  meet the national water 
quality goal. An examination of Map 103 reveals that 
those stream reaches not meeting the national water 
quality goal under this alternative involved either those 
flowing through heavily urbanized areas or those lying 
directly below sewage treatment plant outfalls. Generally, 
the water quality standard violations involved excessive 
levels of phosphorus in both instances. Another major 
conclusion of the study, therefore, was that the national 
goal of "fishable and swimmable" waters could not be 
met in the Region through an intensive nonpoint source 
pollution control effort alone. Rather, some appropriate 



LEGEND 

I LAKES AND STREAMS MEETING 
FISHABLE-SWIMMABLE" STANDARDS 

24 1 MILES OF STREAMS; 14 LAKES 

LAKES AND STREAMS NOT MEETING 

939 MILES OF STREAMS; 86 LAKES 

Analyses were conducted to estimate the probable future water quality conditions in the Region under a "do nothing" alternative. These analyses assumed future 
land use development in conformance with the adopted regional land use plan, but no substantial changes in current practices for water pollution control. The "do 
nothing" alternative assumed the construction of major trunk sewer and sewage treatment plant projects which were fully committed to completion as of 1978. 
Under this alternative, the analysis indicated that about 241 miles, or about 20 percent of the 1,180 stream miles analyzed, could be expected to meet the national 
goal of "fishable and swimmable" water quality by the year 2000. Similarly, i t  was estimated that only 14 of the major 100 lakes in the Region could be expected 
to meet the national water quality goal by the year 2000. 

Source: SEWRPC. 365 
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Map 103 

COMPARISON OF FORECAST WATER 
QUALITY CONDITIONS I N  THE REGION 
UNDER INTENSIVE NONPOINT SOURCE 
CONTROL CONDITIONS AGAINST THE 

NATIONAL GOAL OF "FISHABLE 
AND SWIMMABLE" WATERS: 2000 

LEGEND 

kAKES AND STREAMS MEETING 
FISHABLE-SWIMMABLE" STANDARDS 

7 0 0  MILES OF STREAMS; 91 LAKES 

i A K E S  AND STREAMS NOT MEETING 
FISHABLE - SWIMMABLE'' STANDARDS 

4 8 0  MILES OF STREAMS; 9 LAKES 

Analyses were conducted to estimate the probable future water quality conditions in the Region by the year 2000 if only intensive nonpoint pollution controls 
were implemented and no additional effort were made to improve point source pollution controls. Significantly, 701 stream miles, or 59 percent Of the 
1,180-stream mile network analyzed, could be expected to meet the national goal of "fishable and swimmable" water quality by the year 2000 under this intensive 
nonpoint source control condition. Similarly, it was estimated that 91 of the 100 major lakes in the Region could be expected to meet the national Water quality 
goal by the year 2000. 

Source: SEWRPC. 
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combination of intensive point and intensive nonpoint 
source pollution control measures must be identified if 
the national goal of "fishable and swimmable" waters is 
to  be met. 

The last step in the analysis involved the determination of 
the appropriate combination of both point and nonpoint 
source pollution control measures required. Chapter IV 
of this volume contains an extensive discussion of all of 
the alternative measures considered, the process consist- 
ing largely of an iterative "cut and try" method of plan 
design. The end result of the plan design process in terms 
of the national water quality goals is summarized on 
Map 104 and in Tables 223 and 224. The analysis indi- 
cated that if the recommended combination of point and 
nonpoint source pollution control measures that were 
derived from the analysis of all available alternatives were 
to be carried out and fully implemented, about 1,054 
streap miles, or 89 percent of the 1,180-stream mile 
network studied, would meet the national goal of "fish- 
able and swimmable" waters in the year 2000. The 
remaining 126 miles, or 11 percent, could not as a prac- 
tical matter achieve the s h d a r d s  required to meet the 
national goal of "fishable and swimmable" waters. These 
126 stream miles are located in the Root, Menomonee, 
Milwaukee, and Kinnickinnic River watersheds where, in 
many cases, the stream channels have been extensively 
changed through concrete lining to effect storm water 
management, or where there exist gross levels of natural 
or man-made pollutants which cannot as a practical 
matter be reduced. Of the 100 major lakes in the Region, 
only five may be expected not to meet the national 
goal of "fishable and swimmable" waters, because 
of the impracticality of reducing phosphorus levels 
to the required standard. 

Before recommendations could be made for point and 
nonpoint source control measures, a determination of 
what sources of pollution were resulting in the violation 
of water quality standards was required. In general, it was 
found that nonpoint source controls could not be 
substituted for point source controls. Point sources were 
usually found to be the primary cause of phosphorus and 
ammonia-nitrogen violations, although nonpoint source 
controls were also required to  achieve the standards for 
these parameters in some cases. Fecal coliform violations 
were usually caused by nonpoint sources. Dissolved 
oxygen problems within the Region were usually caused 
by high oxygen demand from bottom deposits and 
benthic organisms. These bottom deposits are 
attributable to  excessive historical and existing point 
source discharges, flow relief devices, and nonpoint 
source loadings. In most cases, these dissolved oxygen 
problems are expected to  be abated by the implementa- 
tion of the recommended point source controls and 
minimum nonpoint source controls. Additional point 
source controls beyond those proposed in the regional 
sanitary sewerage system plan were found to be relatively 
ineffective in reducing fecal coliform problems under 
year 2000 land use conditions, and nonpoint source 
controls were not generally found to be effective 
abatement measures for controlling instream phosphate- 
phosphorus or un-ionized ammonia-nitrogen levels, 

expecially in rural areas. Therefore, additional point 
source controls could seldom be substituted for nonpoint 
source controls. In cases where such substitutions were 
found possible, the least costly pollution abatement 
measure was recommended. 

Nature of Alternatives for Point Source Pollution Control 
Prior to the initiation of the regional water quality 
management planning effort, the Commission had 
completed and adopted a series of comprehensive 
watershed plans and a regional sanitary sewerage system 
plan. These plans set forth a series of recommendations 
for the abatement of pollution from all of the major 
point sources of pollution within the Region, including 
separate and combined sewer overflows and sewage 
treatment plant outfalls. The regional sanitary sewerage 
system plan, which incorporated previous watershed plan 
recommendations, was used as a point of departure in 
the development of alternative plans for point source 
pollution control. Many of the decisions made in the 
regional sanitary sewerage system plan had become 
committed at the onset of the regional water quality 
management planning effort. These commitments ranged 
from the initiation of Section 201 sewerage facilities 
planning efforts to  refine and detail the regional sanitary 
sewerage system plan recommendations to  the actual 
construction of facilities. Consequently, these committed 
decisions were not reconsidered in the regional water 
quality management planning program. The point source 
pollution abatement planning effort in the regional water 
quality management planning program thus consisted of 
making refinements to  the previously adopted plan. 
Such refinements involved, in a relatively few cases, an 
examination of sewage treatment plant interconnection 
alternatives that had been previously screened as not 
being cost-effective given the then-postulated water use 
objectives and attendant higher levels of treatment 
required. These alternatives are described and discussed in 
Chapter IV of this volume. In other cases, the original 
plan was refined by reconsidering land application of 
sewage effluent, particularly with respect to  the smaller 
sewage treatment facilities located in the more rural 
portions of the Region. Reconsideration of this method 
of wastewater treatment and disposal was found to be 
desirable because of the advances in the state-of-the-art 
since completion of the regional sanitary sewerage 
system plan, and because higher levels of wastewater 
treatment were found to be needed in some cases to  meet 
the recommended water use objectives and supporting 
standards, thus making the land application alternative 
economically more attractive. Other minor refinements 
included adjustments to the location and sizing of 
intercommunity trunk sewers to  reflect the revised 
population forecast and the accompanying new regional 
land use plan. 

The regional water quality management planning program 
incorporated the trunk sewer proposals set forth in the 
adopted regional sanitary sewerage system plan. In this 
respect, it should be noted that a major Section 201 
sewerage facilities planning program for the Milwaukee 
Metropolitan Sewerage District was begun as the Sec- 
tion 208 water quality management planning effort was 



Analyses were conducted to estimate the probable future water quality conditions in the Region by the year 2000 if a combination of both point source and 
nonpoint source control measures were implemented. The alternative identified a practical and cost-effective combination of point and nonpoint source controls. 
Under this alternative, i t  was estimated that 1,054 miles, or 89 percent of the 1,180-stream mile network analyzed, could be expected to meet the national goal of 
"fishable and swimmable" waters by the year 2000. Similarly, 95 of the 100 major lakes in the Region may be expected to meet the national goal by the year 2000. 

Source: SEWRPC. 



drawing to  a close. This facilities planning effort, which 
is being conducted in part in response to requirements 
stemming from interstate litigation, will reopen the basic 
systems level decisions concerning sewer service areas, 
trunk sewers, and sewage treatment plants in the Mil- 
waukee urbanized area. The resulting Section 201 
facilities plan is intended, upon adoption by all of the 
agencies concerned, to constitute an amendment to the 
Section 208 regional water quality management plan 
herein presented. 

Nature of Alternatives for N o n ~ o i n t  
(Diffuse) Source Pollution Control 
With respect to  nonpoint sources of pollution, the 
alternatives analyses centered on the required reductions 
in the contribution of pollutants from such sources. An 
analysis was made of each drainage basin in the Region 
to determine whether an overall reduction of about 
25 percent in pollutant loadings from nonpoint sources 
when coupled with appropriate point source measures 
would be sufficient to meet the supporting water quality 
standards. If the analysis indicated that such a reduction 
would not be sufficient, then a further analysis was made 
assuming a reduction of about 50 percent in nonpoint 
source pollutant loadings. This process was continued 
until an appropriate minimum level of nonpoint source 
pollutant reduction was found. In general, these analyses 
resulted in recommendations for nonpoint source pollu- 
tant loading reductions of 25, 50, or 75 percent of 
uncontrolled loadings, depending upon the characteristics 
of the individual drainage basins. The analyses recognized 
that local planning efforts would be necessary to  identify 
the specific measures that should be taken within each 
drainage basin to achieve the required level of nonpoint 
source pollutant loading reduction. 

Certain minimum nonpoint source control measures, 
which could achieve up to a 25 percent reduction in 
anticipated loadings from nonpoint sources, were 
recommended in both rural and urban areas of the 
Region as basic soil protection and water quality manage- 
ment measures, and represent the minimum effort 
recommended toward water quality protection and 
improvement. The minimum practices recommended for 
urban areas consist of the following: 

Improved timing and efficiency of street sweep- 
ing, leaf collection and disposal, and catch basin 
cleaning activities. 

Establishment of a litter and pet waste control 
program to  prevent the accumulation of litter and 
pet wastes. 

The controlled use of fertilizers and pesticides. 

The establishment of a construction erosion con- 
trol program. 

Improved septic tank system performance moni- 
toring and management. 

Stream bank erosion control practices and other 
measures in critical areas. 

The establishment of a public educational pro- 
gram t o  raise the level of awareness of the need 
for nonpoint source pollution control as an 
integral element of both public and private land 
management-or "housekeeping"-practices. 

Industrial and commercial material storage facili- 
ties and runoff control measures. 

In the rural areas, the recommended minimum non- 
point source pollution control measures consist of 
the following: 

Basic soil conservation practices, including 
conservation tillage, pasture management, crop 
residue management, and contour plowing. 

Livestock waste control. 

@ Stream bank erosion control practices and other 
measures in critical areas. 

The controlled use of fertilizers and pesticides. 

The establishment of a public educational pro- 
gram to  raise the level of awareness of the need 
for nonpoint source pollution control as an inte- 
gral element of land management practices. 

The water quality management analysis indicated that, 
in some areas of the Region, nonpoint source control 
measures beyond the abovedescribed minimum measures 
would be required in order to meet the recommended 
water use objectives. In general, these subareas of the 
Region are either directly tributary to a lake or contain 
an unusually high concentration of nonpoint sources 
of pollution. The additional nonpoint source pollution 
control measures required in such areas, if urban, include 
the following: 

Increased expenditures for street sweeping, leaf 
collection, and catch basin cleaning activities. 

Improved street maintenance and refuse collec- 
tion and disposal. 

Stream bank protection measures and the crea- 
tion of vegetative buffer strips along streams. 

The additional nonpoint source pollution control 
measures required in rural areas include the following: 

Additional soil conservation practices, including 
crop \ rotation, contour stripcropping, grassed 
waterways, diversions, wind erosion controls, and 
gradient and bench terraces. 

Stream bank protection measures and the crea- 
tion of vegetative buffer strips along streams. 

Base-of-slope detention storage facilities. 

I t  is recommended that minimum soil and water quality 
management practices be implemented throughout the 



Region. However, as noted above, the alternatives investi- 
gated under the regional water quality management 
planning program for additional nonpoint source pollu- 
tion control beyond such minimum control practices, 
concerned primarily the level of effort needed rather 
than specific recommended practices and facilities. The 
selection of specific combinations of practices and 
facilities for additional nonpoint source pollution control 
can only be properly made on the basis of subsequent 
localized practices planning and preliminary engineering 
analyses, which must follow the areawide or systems 
planning effort as one of the first steps toward plan 
implementation. This was deemed necessary for two 
reasons. First, the selection of specific land management 
practices should involve careful consideration of localized 
topography, soils, land ownership and land use patterns, 
crops produced, and available land management equip- 
ment. Second, proper consideration of such local factors 
requires active local participation in the refinement and 
detailing of the areawide plan recommendations. 

CONCLUSION 

The water quality management analysis documented in 
this volume of the three-volume SEWRPC Planning 
Report No. 30 indicates that, at  the present time, the 
surface waters of the Region rarely meet the national goal 
of "fishable and swimmable" waters as measured by 
supporting water quality standards. The analysis further 
indicates that if steps are not taken to  provide for the 
appropriate abatement of pollution from both point and 
nonpoint sources, the water quality of the Region will 
not meet the national goal. Consequently, the develop- 

ment and implementation of a water quality management 
plan is an essential first step which must be taken if the 
national goal of "fishable and swimmable" waters is t o  be 
met throughout the Region. Analyses conducted in 
southeastern Wisconsin indicate that, for some surface 
waters, the "fishable and swimmable" goal probably 
cannot be met due either to  natural conditions, t o  
significant deposits of in-place pollutants, or to  the 
significant altering of the natural characteristics of 
a stream through concrete channelization. Even these 
surface waters, however, could support a limited fishery 
and would be safe for such body contact recreational 
activities as wading and boating. 

The water quality management analysis conducted by the 
Commission indicated that there are no significant 
substitutes for stringent levels of control at the major 
point sources of pollution in the Region. Significant 
efforts will have to be made to upgrade the quality of 
sewage treatment plant effluent if the supporting water 
quality standards are to be met and the use objectives 
obtained, although in most cases such efforts alone will 
not be sufficient to fully meet the objectives. 

New efforts will have to be mounted to  begin abating 
pollution from nonpoint sources in both rural and urban 
areas. Such pollution control efforts are likely to  be more 
difficult t o  bring about than point source pollution 
control measures and will require an enlightened public 
for implementation. The specific measures recommended 
for both nonpoint and point source pollution control in 
southeastern Wisconsin are set forth in the third and 
concluding volume of this report. 
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Appendix A 

ROSTERS OF SEWRPC WATER QUALITY MANAGEMENT ADVISORY COMMITTEES 

TECHNICAL ADVISORY COMMITTEE ON 
AREAWIDE WATER QUALITY MANAGEMENT PLANNING 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Joel Wesselman* Executive Director, Milwaukee-Metropolitan Sewerage Commissions 
Chairman 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Raymond J. Kipp Dean, College of Engineering, Marquette University 
Vice-Chairman 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Lyman F. Wible .Chief Environmental Planner, Southeastern 
Secretary Wisconsin Regional Planning Commission 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Vinton W. Bacon*. Professor, College of Applied Science and Engineering, 
University of Wisconsin-Milwaukee 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Anthony S. Bareta. Director, Milwaukee County Planning Commission 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Kurt W. Bauer*. Executive Director, Southeastern 

Wisconsin Regional Planning Commission 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Frank R. Boucher Director, Environmental Department, Wisconsin Electric Power Company 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  J. R. Castner*. Executive Director, Wisconsin Solid Waste Recycling Authority 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Frederick H. Chlupp Land Use and Park Administrator, Washington County 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Arnold L. Clement*. Planning Director and Zoning Administrator, Racine County 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Norbert H. Dettmann. .Washington County Board Supervisor 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Alvin A. Erdman District Conservationist, U. S. Soil Conservation Service, 
Milwaukee and Waukesha Counties 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Kent B. Fuller. .Chief, Planning Branch, Region V, 
U. S. Environmental Protection Agency 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Herbert A. Goetsch Commissioner of Public Works, City of Milwaukee 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Thomas N. Hentges Former Racine County Board Supervisor; 
Former Chairman, Town of Burlington 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Lester 0. Hoganson General Manager, Racine Water and Wastewater Utility 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Helen M. Jacobs* .League of Women Voters 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Myron E. Johansen* .Former District Conservationist, U. S. Soil Conservation Service, 
Ozaukee and Washington Counties 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Leonard C. Johnson. Research and Development Director, 
Wisconsin Board of Soil and Water Conservation Districts 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Melvin J. Johnson Chairman, Town of Norway, Racine County Board Supervisor 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Elwin G. Leet* Racine County Agricultural Agent 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  William G. Murphy Professor, College of Engineering, Marquette University; 
Chairman, SEWRPC Citizens Advisory Panel for Public Participation on 

Areawide Wastewater Treatment and Water Quality Management Planning 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0. Fred Nelson* Manager, Kenosha Water Utility 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Wayne A. Pirsig. District Director, Farmers Home Administration, 

U. S. Department of Agriculture 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Herbert E. Riplev* Health Officer, Waukesha County Department of Health 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Donald A. Roensch .Director of Public Works, City of Mequon 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Harold F. Ryan. .Washington County Board Supervisor 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Mawin E. Schroeter Associated Public Works Contractors of Greater Milwaukee, Inc.; 

Wisconsin Underground Related Material Suppliers 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Bernard G. Schultz*. Assistant District Director, Southeast District, 

Wisconsin Department of Natural Resources 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Walter J. Tarmann* .Executive Director, Park and Planning Commission, Waukesha County 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rodney M. Vanden Noven Director of Public Works, City of Waukesha 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Emmerich P. ~antschik*  Walworth County Planner 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Frank A. Wellstein. City Engineer, City of Oak Creek 

*Regional Sludge Management Planning Subcommittee. 



INTERGOVERNMENTAL COORDINATING COMMITTEE ON 
AREAWIDE WATER QUALITY MANAGEMENT PLANNING 

Joel Wesselman . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Executive Director, Milwaukee-Metropolitan Sewerage Commissions 
Stephen M. Born. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .Director, Office of State Planning and Energy, 

Wisconsin Department of Administration 
Richard E. Carlson. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .Chief, Planning Division, Department of the Army, 

Chicago District, Corps of Engineers 
Richard E. Cohen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Research Analyst, Statistics Division, 

Wisconsin Department of Agriculture 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Kent B. Fuller. .Chief, Planning Branch, Region V, U. S. Environmental Protection Agency 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Herbert A. Goetsch Commissioner of Public Works, City of Milwaukee 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Lester 0.  Hoganson General Manager, Racine Water and Wastewater Uti l i ty 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  George A. James .Director, Bureau of Local and Regional Planning, 

Wisconsin Department of Local Affairs and Development 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Leonard C. Johnson. Research and Development Director, 

Board of Soil and Water Conservation Districts 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Thomas A. Kroehn .Administrator, Division of Environmental Standards, 

Wisconsin Department of Natural Resources 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0. Fred Nelson. Manager, Kenosha Water Utility 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Gerald W. Root. State Conservationist, U. S. Soil Conservation Service 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Harvey E. Wirth State Sanitary Engineer, Division of Health, 

t .  Wisconsin Department of Health and Social Services 



CITIZENS ADVISORY PANEL FOR PUBLIC PARTICIPATION ON AREAWIDE 

WASTEWATER TREATMENT AND WATER QUALITY MANAGEMENT PLANNING 

William G. Murphy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Professor, Marquette University; 
Chairman Engineers and Scientists of Milwaukee 

Miriam G. Dahl. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .Representative, lzaak Walton League of America, 
Vice-chairman Wisconsin State Division 

Francis A. Martin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Representative, Racine-Kenosha Citizens for the Environment 
Secretary 

Alice G. Altemeier. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .Designee, League of Women Voters of Wisconsin, Inc. 
Richard F. Ashley . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .Designee, Schlitz Audubon Center 
Cari C. Backes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .Chairperson, Equality and Quality of Life (EAQQL) 
Ralph C. Blum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Representative, American Society of Civil Engineers 
Lucile S. Bonerz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Designee, Milwaukee Board of Realtors 
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TECHNICAL COORDINATING AND ADVISORY COMMITTEE ON REGIONAL LAND USE-TRANSPORTATION PLANNING 
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Delbert J. Cook. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Chairman, Cedar Creek Restoration Council 

Arthur G. Degnitz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .Supervisor, Washington County 
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John T. Justen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .President, Pfister & Vogel Tanning Company, Milwaukee 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  John E. Schumacher .City Engineer, City of West Allis 
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Anthony A. Pitrof . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .Manager of Engineering Services, 

Milwaukee-Metropolitan Sewerage Commissions 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Stanley Polewski .Proprietor, Polewski Pharmacy, City of Milwaukee 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ronald J. Rutkowski Director of Public Works, City of Cudahy 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rodolfo N. Salcedo Environmental Scientist, 

Department of City Development, City of Milwaukee 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Frank Schultz. District Engineer, Southeast District, 

Wisconsin Department of Natural Resources 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  John E. Schumacher .City Engineer, City of West Allis 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Frank J. Wabiszewski Vice-president, Maynard Electric Steel Casting Company 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Henry B. Wildschut .County Highway Commissioner and 
Director of Public Works, Milwaukee County 
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Richard A. Keyes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Environmental Engineer, City of Milwaukee 
Chairman County Department of Public Works 

Barbara J. Becker . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  President, Southeastern Wisconsin Coalition for Clean Air 
Vice-Chairman 

Alice Altemeier. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .League of Women Voters, Ozaukee County 
Norman N. Amrhein . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  President, Federal Malleable Company. City of West Allis 

Kurt  W. Bauer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Executive Director, Sgutheastern 
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Gerald D. Bevington. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Coordinator of Air Programs, 
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Dr. Roy Elmore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Northeastern Illinois Planning Commission 
Edwin J. Hammer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Developmental Engineer, Division of Highways, 

Wisconsin Department of Transportation 
John C. Hanson. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Director, Racine County Department of Air Pollution Control 
John 0. Hibbs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .Division Engineer, Federal Highway Administration, 

U. S. Department of Transportation, City of Madison 
Elroy C. Jagler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Meteorologist in Charge, National Weather 

Service Forecast Office, City of Milwaukee 
Thomas R. Kinsey. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  District Director, District 2, 

Wisconsin Department of Transportation 
Paul Koziar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Meteorologist, Division o f  Environmental Protection. 

Wisconsin Department of Natural Resources 
Dr. Kenneth W. Ragland. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Associate Professor, Department of Mechanical 
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Fred R. Rehm. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Director, Milwaukee County Division of Environmental Service 
Herbert E. Ripley . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Health Officer, Waukesha County Health Department 
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Michael S. Treitman. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Environmental Protection Agency. Region V, City of Chicago 
Emmerich P. Wantschik . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  County Planner, Walworth County 
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Josephine H. Boucher. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  North Shore League of Women Voters 
Thomas H. Buestrin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .Covmissioner, Southeastern Wisconsin 
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Milwaukee-Metropolitan Sewerage Commissions 
Francis J. Pitts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .Commissioner, Southeastern Wisconsin 

Regional Planning Commission, Kenosha County 
Fred R. Rehm. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Director, Environmental Services Division, 

Department of Public Works, Milwaukee County 
Ronald J. Rutkowski . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Director of Public Works, City of Cudahy 
Phil Sander. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Executive Secretary, Southeastern Wisconsin Sportsmen's Federation 
Norbert S. Theine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .Administrator, City of South Milwaukee 

TECHNICAL AND CITIZEN ADVISORY COMMITTEE ON REGIONAL PARK AND OPEN SPACE PLANNING 

Robert J. Mikula . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  General Manager, Milwaukee County Park Commission 
Chairman 

Loren R. Anderson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  President, Geneva Lake Development Corporation, Village of Williams Bay 
Anthony S. Bareta. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  County Planning Director, Milwaukee County Planning Commission 
Donald B. Brick . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Recreation Agent, Walworth County 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Frederick H. Chlupp Land Use and Park Administrator, Washington County 

Delbert J. Cook. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Chairman, Cedar Creek Restoration Council 
Norbert Dettmann. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .County Board Supervisor, Washington County 
Arthur D. Doll . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Director, Bureau of Planning, Wisconsin Department of Natural Resources 
David F. Egelhoff . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .Supervisor, Ozaukee County 
Booker T. Hamilton. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Production Supervisor, Rexnord Corporation 
Karl B. Holzwarth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .Park Director, Racine County 
Charles 0. Kamps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Attorney, Quarles and Brady, City of Milwaukee 
Philip H. Lewis, Jr. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Professor, Department of Landscape 

Architecture, University of Wisconsin-Madison; 
Director, Environmental Awareness Center, Madison 

Richard J. Lindl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Director of Parks, Kenosha County Park Commission 
John Margis, Jr. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .Supervisor, Racine County; Commissioner, 

Southeastern Wisconsin Regional Planning Commission 
Kathleen Pfister . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cultural Specialist, Department of City Development, City of Milwaukee 
Robert D. Ross. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .General Manager, The Journal Times, City of Racine 
Phil Sander. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Executive Secretary, Southeastern Wisconsin Sportsmen's Federation 
George L. Schiltz. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Chairman, Kenosha County Park Commission 
Frederick G. Schmidt. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Member, Sierra Club 
Mrs. John D. Squier. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Member, Riveredge Nature Center, Inc. 
Walter J. Tarmann . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Executive Director, Waukesha County Park and Planning Commission 
Edgar W. Trecker. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Supervisor of Forestry, Wildlife, and Recreation, 

Southeast District, Wisconsin Department of Natural Resources 
Elwood R. Voigt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .Park Manager, Ozaukee County 
Joseph Waters. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .Proprietor, Lazy Day Campground, Town of Farmington 
Dr. Harry J. Wilkins. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Outdoor Sportsman, Wauwatosa 
Dr. George T. Wilson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Visiting Lecturer, Department of Continuing and 

Vocational Education, University of Wisconsin.Madison 
Thomas N. Wright. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Director of Planning, City of Racine 



Appendix C 

ALTERNATIVE LAKE WATER QUALlTY PLAN ELEMENTS 

INTRODUCTION 

This appendix presents an evaluation of the existing and 
expected future pollution sources and water quality 
conditions of the 100 major lakes in the Region, i.e., 
those lakes having a water surface area of at least 50 
acres. In addition, alternative diffuse source pollution 
control measures for the direct tributary drainage areas 
of the lakes are presented, together with potential lake 
rehabiiiation techniques. The major lakes have a com- 
bined surface water area of 36,369 acres and a combined 
direct tributary drainage area of 265,375 acres, or about 
15  percent of the Region. Of the 100 lakes, one-Lake 
Geneva in Walworth County-is recommended to be 
classified for the maintenance of a trout fishery and 
aquatic life and recreational use; four-Crooked Lake in 
Waukesha County and Echo Lake, Kee Nong Go Mong 
Lake, and Buena Lake in Racine Countyare  recom- 
mended to be classified for warmwater fish and aquatic 
life and limited recreational use; and one-Mud Lake in 
Ozaukee Coun ty i s  recommended to be classified for a 
limited fishery and limited recreational use. The remain- 
ing 94 major lakes in the Region are classified for wann- 
water fish and aquatic life, and recreational use. 

Table C-1 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF BENETISHANGRILA LAKE 

a The population o f  the direct tributary watershed is estimated 
by assuming an average of 3.50 persons per dwelling unit as 
counted on I"= 400'sca/e aerial photos. 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary Watersheda . . . . .  
- 

General Existing Water Quality 
Conditions: 

The 100 major lakes within southeastern Wisconsin are 
located within four of the 1 2  major watersheds, with four 
lakes in the Des Plaines River watershed, 46 lakes in the 
Fox River watershed, 12  lakes in the Milwaukee River 
watershed, and 38 lakes in the Rock River watershed. 
In the discussion following, the 100 major lakes are 
presented alphabetically by watershed. 

Description 
- 

154 acres 

328 acres 
6.2 miles 

24 feet 
4.7 feet 
748 acre-feet 

710 persons 

Occasional algae blooms; 
excessive macrophyte 
growth; high nutrient con. 
centrations; dissolved 
oxygen depletion in the 
hypolimnion 

DES PLAINES RIVER WATERSHED 

BanetIShangrila Lake 
BenetIShangrila Lake is a 154-acre lake located in the 
Towns of Bristol and Salem in Kenosha County. The 
lake drains t o  a wetland area directly east of the lake 
and eventually to the Dutch Gap &al. Certain geo- 
morphological characteristics of Benet/Shangrila Lake 
are set forth in Table C 1 ,  together with the approximate 
1975 population of the direct tributary watershed and 
a brief description of lake water quality conditions. Map 
G1 presents a graphic summary of the proposed year 
2000 land cover in the lake watershed. As shown on Map 
C1 ,  all of the existing urban land in the tributary water- 

Map C-1 

PLANNED LAND COVER DEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE AREA 

OF BENETISHANGRILA LAKE: 2000 
L E G E N D  

= * i  WATERSHE0 SOYNO&RI 

DIRECT TFtlBUT*II" 
DR41WA"E AREA 

W l N T  OF SUBBASIN 
OIICI IA*CF 

S E W E I E U  "RB*N 
DEVELOPMENT 2000 

RURAL L I N D  COYER 

BenetlShangrila Lake han a direct tributary drainage area of about 328 acres. 
About 132 acres, or 40 percent of the drainage ares, are planned to be in 
rural land cwer, and 196 acres, or 60 percent. to be In urban land mver. 
OVer the planning period an average of about one acre may be expected to 
be converted annually to urban land cover. The elimination of phosphorus 
loads from malfunnionlng reptic rank systems will be necernaw to suffi- 
ciently reduce pollursnr runoff to the lake. To provide Water quality mntroi, 
a combination of minimum rural land management practicer and urban 
management practices-including conPtructian erosion controls-should be 
implemented in the lake drainage area. 

Source: SEWRPC. 



shed area is proposed to be served by sanitary sewers by Table C-2 

As indicated in Table C-2, all sources contribute about 
779 pounds of phosphorus annually to BenetIShangrila 
Lake. The major source of phosphorus in the lake water- 
shed is septic tank systems. Also, as indicated in Table 
C-2, urban land uses in the watershed are expected to 
increase by about 16 percent under plan year 2000 land 
cover conditions, with annual total phosphorus loadings 
to the lake expected to  be reduced to about 244 pounds. 
The addition of sanitary sewers within the watershed 

the year 2000. As of 1975 an estimated 203 privately 
owned onsite sewage disposal systems-all of which were ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 

located in areas covered by soils having severe or very 
BENETISHANGRILA LAKE: 1975 and 2000 

severe limitations for the use of such systems-were in 

Urban Land Cover lacrei! 
Land under Development-Conrirucrion 

A c t # v f e r  lacrerl 
Onrtte Sewage D8rpoial Seplic 

Tank systemsb 
Rura l  Land Cover lacrei! 
Lvertock Operation. iantmal u n t r !  

operation in the lake watershed area. 

Afrnaipherc Can t rbur~on  lacreiof 
receung surface water! 

Totai 

a ~ m m s  pmvrrio,, of raoiiary sewer service as recommended in the pornr source polluf#oo abaierneni plan element, 
asumes no nonporilf source eeerrol 

b hlcluder thore ryrrerns on rorh hsvrng severe or very revere i,m,tat,onr for d , v o r a ~  a ~ = p o c  can* efiluenc 

Source SEWRPC 

Table C-3 

Source of Phorohorur 

WATER QUALITY MANAGEMENT MEASURES FOR BENETISHANGRILA LAKE IN KENOSHA COUNTY 

Antlcpared 2000' 
- 

Exl i Ing  1975 

Number 

a The cumulative percent reduction in phosphorus loadings is in addition to  sanitary sewer service, as recommended in the point source element for the Des Plaines subregional area 

Sanitary sewerage system costs for treatment facilihes and major nunk sewers are included under the point source alternar,ve plan elements for the Des Plaines River subregional area. Local 
hook-up and operation and maintenance costs, which are nor primarily dependenr on surface water quality, are not  presented above. The estimated expenditures for local hook-up and opera- 
t ion and maintenance in the BenetBhangrila Lake drainage basin include a capital cost over the period o f  1975-2000 o f  $84,000, an average annual operation and maintenance cost o f  $6,700, 
and a total 5Gyearpresent worth cost o f  $153,000. 

Percent 
Dirfrlbut on 

TO,.I 

Loading 
lpoundr 
ner war !  ~ u r n b e r  

Cumulative 
Reduction In 

External Annual 
Phosphor us 

Load to  ~ a k e ~  
(percent) 

- 

50 

Cost estimated to control erosion from the estimated one acre o f  landestimated to  be annually undergoing construction activrty !n the lake watershed 

Cost estimated to harvest macrophytes from the 2 5  acres o f  BenetBhangrila Lake subject to excessive macrophyte growth. 

Cost estimated to  aerate the entire hypolimnion o f  the lake. 

The lower cost for nutrient inactivation is for treating only thehypolimnetic area with alum; the higher cost is for treating the entire lake with alum. 

Cost estimated to cover the entire lake bottom wi th  sand, clay, plastic, or other suitable material. 

Cost estimated to dredge lake to an average depth o f  75 feet. Exfsting average depth is 4.7 feet. 

Actual Costs may be htgher depending upon lake depth, sedment type, andamount o f  material to be ftlled or dredged. 

Source: SEWRPC. 

Percent 

Olrir button 

Tom 
Loading 
ipounds 
oervear! 

t ion of excessfve macrophyt 
and algae growth: Improve 
recreational use potential. 
protect publfc health and 
drink~ng water supplies 

Alternative Plan 
Element Description 

San~tary Sewer serviceb 

M ~ n ~ m u m  Rural Land 
Management Practtces 

Anticipated Effectiveness 

Protect Publ~c health and 
drfn king water supplies: 
reduce nutrlent concen- 
tratlons 

Reduce nutrient concentra- 
tlons: prevent the sttmula- 

Erttmated Cost Economic Analysjr 

Total 
Capital: 
1980-2000 

- 

$ <I00 

Average Annual 
Operation and 

~~i~~~~~~~~ 
1980-2000 

- 

$ 300 

Present Worth: 1975-2025 Equivalent Annual' 1975-2025 

Capital 

- 

$ <I00 

Totai 

- 

$ 200 

Operation and 
Maintenance 

- 

$ 2,800 

Capltal 

- 

$ <lo0 

Totai 

- 

$ 2.900 

Operation and 
Ma~ntenance 

- 

5 200 



will eliminate all septic tank systems. Loadings from 
urban land use activities are expected to  be the primary 
source of phosphorus to the lake under anticipated year 
2000 conditions. The estimated total phosphorus con- 
centrations during spring overturn under existing and 
anticipated year 2000 conditions, as estimated from 
phosphorus loadings and lake and drainage basin charac- 
teristics, are 0.06 milligram per liter (mg/l) and 0.02 mg/l, 
respectively. The Commission recommends a level of 0.02 
mg/l or less of total phosphorus for the prevention of 
excessive aquatic plant growth and the maintenance of 
a warmwater fishery and recreational use classification. 
Existing and anticipated year 2000 pollutant loadings 
may be expected to result in total phosphorus concen- 
trations in Benet/Shangrila Lake which meet or exceed 
the recommended level for recreational use and for the 
maintenance of a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. 
An evaluation of these measures, applied in alternative 
combinations to reduce the nonpoint source pollution 
loading on the lake, was made, and a set of recommended 
measures was identified. These measures are set forth in 
Table C-3, along with the associated costs and anticipated 
effectiveness. Measures to control phosphorus contribu- 
tions include: the provision of sanitary sewer service, the 
implementation of basic soil conservation practices to  
reduce pollutant runoff from rural lands, low-cost 
measures to reduce pollutant runoff from urban lands, 
and construction erosion control practices. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited on 
the lake bottom may provide a suitable bottom substrate 
and nutrient source for excessive macrophyte growth in 
some local areas and may release nutrients to the water 
body. If this problem is confirmed through further local 
study, the application of lake restoration or rehabilitation 
procedures should be considered in addition to the above- 
mentioned point and diffuse source controls. Macrophyte 
harvesting may be necessary in order to  maintain open 
water areas for recreational purposes. Alternative restora- 
tion measures, as set forth in Table C-3, may include 
sediment covering, hypolimnetic aeration, nutrient inacti- 
vation, and dredging. The feasibility of these measures 
would have to be assessed in a preliminary engineering 
study. It should be emphasized, however, that the 
long-term maintenance of water quality in Benet/ 
Shangrila Lake requires that the recommended level of 
nutrient input reductions be achieved. 

The application of the above-listed nonpoint source 
pollution control measures to  control the nutrient inputs 
to BenetlShangrila Lake would entail a total capital 
cost of about $143,300, and an average annual operation 
and maintenance cost of about $1,800. The total 50-year 
present worth cost of these nonpoint source control 
measures (useful in comparing the long term costs of 
alternative control measures) is $134,300, with an equiva- 
lent annual cost of $8,500. The estimated capital cost of 

lake rehabilitation techniques ranges from $300 for 
nutrient inactivation to $2,558,000 for dredging. The 
total present worth costs of these lake rehabilitation 
techniques range from $200 for nutrient inactivation to 
$1.9 million for dredging. 

George Lake 
George Lake is a 59-acre lake located in the Town of 
~ r i s t i l  in Kenosha County. The lake drains to  the Dutch 
Gap Canal. Certain geomorphological characteristics of 
George Lake are set forth in Table C4 ,  together with the 
approximate 1975 population of the direct tributary 
watershed and a brief description of lake water quality 
conditions. Map C-2 presents a graphic summary of the 
proposed year 2000 land cover in the lake watershed. As 
shown on Map C-2, most of the urban land in the tribu- 
tary watershed area is proposed to be served by sanitary 
sewers by the year 2000. As of 1975, an estimated 56 
privately owned onsite sewage disposal systems-15 of 
which were located in areas covered by soils having severe 
or very severe limitations for the use of such systems- 
were in operation in the lake watershed area. 

As indicated in Table C-5, all sources contribute about 
1,130 pounds of phosphorus annually to  George Lake. 
The major source of phosphorus in the lake watershed 
is livestock operations. Also, as indicated in Table G5,  
urban land uses in the watershed are expected to increase 
by about two-fold under plan year 2000 land cover 
conditions. The estimated annual total phosphorus load 

Table C-4 

GEOMORPHOLOGICAL A N D  WATER QUALITY 
CHARACTERISTICS OF GEORGE LAKE 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . . 
D~rect Tributary Drainage 

Area . . . . . . . . . . . . . . . . 
Shoreline . . . . . . . . . . . . . . 
Depth 

Maximum . . . . . . . . . . . 
Mean. . . . . . . . . . . . . . . 

Volume . . . . . . . . . . . . . . . 
1975 Population of Direct 

Tributary watersheda . . . . . 

General Existing Water Qual~ty 
Conditions: 

Description 

59 acres 

1,911 acres 
1 .I8 miles 

16 feet 
6.4 feet 
389.4 acre-feet 

434 persons 

Occasional algae blooms; 
dense macrophyte growth; 
high nutrient 
concentrations 



Map C-2 

PLANNEDLANDCOVERDEVELOPMENT 
IN THE DIRECT TRIBUTARY DRAINAGE 

AREA OF GEORGE LAKE: 2000 
- -. 

LEGEND ....... WAITERWED W N r n  

m PssnSln BEY-" riND r n B N A T n h  - aRLCT --Am" W N A e E  A- 
+ POMT OF w a r n  rXJCY4RR 

"WE"'" ""N ""Lo"'" " 

George Lake hhar a direct tributary drainage area of about 1,911 acres. 
About 1.564 acres, or 82 percent of the drainage area, are planned to be 
in rural land cover. and 347 acres, or 18 Percent, to be in urban land mver. 
Over the planning period an average af about nine acres may be expected to 
be convened annually to urban land cover. It is estimated that an 80 percent 
reduction in nonpaint source pollunnt runoff will be required in the 
drainage area to protect the water qualiw of the lake. This can be achieved 
through B combination of rural land menagemeot practicer-including 
Bweeiallv the DTODB~ management of live$tock wartes--and lowcart urban 
management ~raeticsr-including construction erosion cantrolr and proper 
reptic tank Nrtem management bared on a rite-bv-rite inspection and 
mainteoanes program. 

Source: SEWRPC. 

to the lake under anticipated year 2000 conditions is 
about 1,113 pounds. Unless phosphorus loadings are 
reduced by the implementation of nonpoint source 
control measures, livestock, rural land, and construction 
activities are expected to be the primary source of phos- 
phorus t o  the lake under anticipated year 2000 condi- 
tions. The estimated total phosphorus concentration 
during spring overturn under existing and anticipated 
year 2000 conditions, as estimated from the water 
quality simulation model, is 0.10 milligram per liter 
(mg/l). The Commission recommends a level of 0.02 mg/l 
or less of total phosphorus for the prevention of excessive 
aquatic plant growth and maintenance of a warmwater 
fishery and recreational use classification. Existing and 
anticipated year 2000 pollutant loadings may he 
expected to result in total phosphorus concentrations in 
George Lake which exceed the recommended level 
for recreational use and for the maintenance of 
a warmwater fishery. 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
GEORGE LAKE: 1976 and 2000 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations t o  reduce the nonpoint source pollution loading 
on the lake, was made, and a set of recommended 
measures was identified. These measures are set forth in 
Table C-6, along with the associated costs and anticipated 
effectiveness. Controlling livestock contributions appears 
to be the most cost-effective way to substantially reduce I 
phosphorus loadings t o  the lake. Other needed measures 
include: the provision of sanitary sewer service; improved I 
septic tank management; measures t o  reduce pollutant 
runoff from rural lands by 50 percent; low-cost measures 
t o  reduce pollutant runoff from urban lands; and con- 
struction erosion control practices. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may continue to provide a suitable 
bottom substrate and nutrient source for excessive mac- 
rophyte growth and may release nutrients to the water 
body. If this problem is confirmed through further local 
study, the application of lake restoration or rehabilitation 
procedures should be considered in addition to the above- 
mentioned diffuse source controls. Alternative restora- 
tion measures, as set forth in Table C-6, may include 
dredging, sediment covering, aeration, and nutrient inacti- 
vation. The feasibility of these measures would have t o  be 
assessed in a preliminary engineering study. Additional 
management measures, such as macrophyte harvesting, 
may be used to control the macrophyte growth which 
may interfere with the recreational use of the lake. It 
should be emphasized, however, that the long-term 
maintenance of water quality in George Lake requires 
that the recommended level of nutrient input reductions 
be achieved. 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient inputs 
to George Lake would entail a total capital cost of about 
$452,900, and an average operation and maintenance 
cost of about $10,700. The total 50-year present worth 
cost of these nonpoint source control measures is 



Table C-6 

WATER QUALITY MANAGEMENT MEASURES FOR GEORGE LAKE IN KENOSHA COUNTY 

Aiternat~ve Plan 
Element Dercrlption 

Sanitary Sewer servlceb 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load to ~ a k e ~  
(percent) 

Estimated Cost Economlc Analyr~s 

Total ~ e r a t l o n ~  

Septac Tank System 
ManagementC 
- 

Livestock Waste 
controld 

Rurai Land Management 
Practices and Stveam- 
bank ~ r o t e c t l o n ~  

Constructfon Eras~on 
Control practlcesf 

Low Cost Urban Land 
Management Practfces 

Total 

growth; aesthetic enhance- 
ment; improve recreational 

(lack of oxygen) In the 

prevent release of nutrlent 
from sediment; remove 

M ~ n ~ m a i  additional 
reduction 

Tatai 

1980-2000 

- 

- 

$ 16.400 

20 700 

415,800 

- 

I $ 452.9001 

No add~t~onal  
reduction 

Average Annual 
Operatton and 
Maintenance 
1980-2000 

- 

Ant~cipated Effect~venesr 

Protect publlc health and 
drinkbng water supplies; re- 
duce nutrient concentratlonr 

- 

$ 1,400 

5,300 

3.600 

400 

$ 10,700 

a The cumulative percent reduction ,n phosphorus loadfngs is in addition to sanitary sewer service, as recommended i n  the pomt  source element for the Des Plaines Rfver subregional area. 

Present Worth: 1975-2025 

Sedlment covertngJ,' 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are tncluded under the po in t  source alternatrve plan elements for the Des Plaines River subregional area. Costs 
represent the estimated cost o f  wastewater treatment and trunk sewer facilities for the Bristol-George Lake sewer service areaprorated. basedupon the population o f  the lake watershed to the 
total seweredpopulation o f  the service area. Local hook-up and operat,on and matntenance costs, which are not  prmar i ly  dependent on surface water quality, are notpresentedabove. The 
estimated expenditures for local hook-up and operatjon andmaintenance i n  the George Lake drainage basin include a capttal cost over the periodof 1975-2000 of  $284,00O;an average annual 
operation andmaintenance cost o f  $2,10O;anda total 50-yearpresent worth cost o f  $312,800. 

Equivalent Annual: 1975-2025 

Cap~tal 

- 

- 

$ 12,200 

15,400 

312,100 

- 

I $ 339.700 

The proper marntenance and replacement o f  the remaining septic rank systems is recommended to help improve the water quality o f  George Lake. However, because septic tank systems man- 
agement ts an exist~ng function necessary for the preservation o f  pub l~c  health and the maintenance o f  dr,nk,ng water supplies, this cost is no t  fncluded in the water quality management plan. 
The estimated expenditures for septic system management i n  the George Lake drainage basin include a capital cost over the period o f  1975-2000 of  $67,500, an average annual operation and 
marnrenance cost of $7,50O;anda total 50-year present worth cost o f  $87,800. 

Capital 

- 

118,000 

If adequate livestock waste control is determined following a field inspection by soil conservavon representatives, the above-cited control costs may be substanr,ally reduced or eliminated. 

Operation and 
Maintenance 

- 

- 

$ 16,400 

65,100 

56.700 

5,600 

I $ 143800 

~ r e d g l n g ~ , '  799,400 - 597,400 - 597,400 

Rural land management practices necessary t o  ach~eve a 50percenr reducmon I n  rural diffuse source pollutant loads, tncluding costs for m,n!mum rural land management practices 

Operation and 
Mafntenance 

- 

Total 

- 

- 

Cost estimated to control eros,on from the estimated nine acres o f  landestimated to be annually undergoing construction activity i n  the George Lake watershed. 

Total 

- 

- 

$ 28,600 

80,500 

368,800 

5.600 

I $ 483.5001 

37,900 

Cost estimated to harvest macrophyres from the 40 acres o f  George Lake subject to excesvve macrophyte growth. 

Cost esttmated to aerate about 25acres o f  the lake. 

88,200 

The cost for nutrient inactivation is for treating the ennre lake with alum. 

- 

$ 800 

1.000 

19.800 

$ 21.6001 

- 

' Cost estimated to cover the entrre lake bottom with sand, clay, plastic, or other sortable material. 

Cost estimated to dredge lake to an average depth o f  15 feet. Existing average depth is 6.4 feet. 

- 

I Costs may be higher depending upon lake depth, sedjment type, andamount o f  mdtertal to be frlledor dredged. 

- 

$ 1,000 

4,100 

3,600 

400 

$ 9,100 I 

37,900 

Source. SEWRPC. 

88,200 

- 

$ 1.800 

5,100 

23,400 

400 

Deepen lake; reduce 
macrophyte growth 

Reduce nutrlent concentra- 
t~ons, prevent the s t imula t~o~ 
of  excessive macrophyte and 
algaegrowth,,mproverecrea 
Ilona1 use potentcal, protect 
publlc health and d r ~ n k ~ n g  
water suppl~es 

5.600 

No addltlonal 
reduction 

$ 30,700 1 

- 5,600 

nutrients from water body 

Accelerate lake improvement; 
prevent release of nutrients 
trom sediment; reduce 
sultable plant substrate 

No additional 
reductfon 



$483,500, with an equivalent annual cost of $30,700. 
The capital cost of rehabilitation techniques, if found 
necessary, would range from $5,000 for total aeration 
to $799,400 for dredging. The total present worth 
costs of these lake rehabilitation techniques range from 
$4,400 for nutrient inactivation to $597,400 for dredging. 

Hooker Lake 
Hooker Lake is an 88-acre lake located in the Town of 
Salem in Kenosha County. The lake drains to the Salem 
Branch of Brkhton Ckeek. Certain geomorphological 
characteristics 'f Hooker Lake are set forth in ~ a b l e c - 7 ,  
together with the approximate 1975 population of the 
direct tributary watershed and a brief description of lake 
water quality conditions. Map C-3 presents a graphic 
summary of the proposed year 2000 land cover in the 
lake watershed. As shown on Map C-3, most of the urban 
land in the tributary watershed area is proposed to be 
served by sanitary sewers by the year 2000. As of 1975, 
an estimated 23 privately owned onsite sewage disposal 
systems14 of which were located in areas covered by 
soils having severe and very severe limitations for the 
use of such systemswere in operation in the lake water- 
shed area 

As indicated in Table G8, all sources contribute about 
970 pounds of phosphorus annually to  Hooker Lake. The 
major sources of phosphorus in the lake watershed are 
livestock operations, runoff from construction activities, 
and runoff from rural land. Also, as indicated in Table 
G8, urban land uses in the watershed are expected to 
increase by about 62 percent under plan year 2000 
land cover conditions. 

Table C-7 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF HOOKER LAKE 

a The population of the direct tributary watershed is estimated 
by asuming an average of 3.31 persons per dwelling unit as 
counted on I"= 4W'scale aerial photos. 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

. . . . .  Tributaw watersheda 

General Existing Water Quality 
Conditions: 

Map C-3 

Description 

88 acres 

1,133 acres 
1.90 miles 

24 feet 
11.3 feet 
983 acre-feet 

602 Penons 

Occasional algae blooms; 
dense macrophyte growth; 
moderately high nutrient 
Conwnt~ations 

PLANNED LAND COVER DEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE 

AREA OF HOOKER LAKE: 2000 

Hooker Lake has a direct tributary drainage area of about 1,133 acrer. 
&out 737 acres, or 65 percent of the drainage area, are planned to be in 
rural land cover. and 396 acres, or 35 percent, to be in u b a o  land cover. 
Over the planning period an average of about five acrer may be expected to 
be converted annually to urban land cover. It is estimated that an 80 percent 
reduction in non~oint  source pollutant runoff will bB required in the 
drainage area to protect the water qualitv of the lake. This can be achieved 
through 8 combination of minimum and additional rural land management 
practices-including espe~ially the proper management of livenack waster- 
and urban land management practieer-including conrfruction erosion 
controls and proper septic tank system management based on a rite-byaite 
inspection and maintenance program. 

Source: SEWRPC. 

Table C S  

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
HOOKER LAKE: 1975and ZOO0 



Table C-9 

WATER QUALITY MANAGEMENT MEASURES FOR HOOKER LAKE IN KENOSHA COUNTY 

Alternative Plan 
Element Description 

San~tary Sewer servlceb 

Septlc Tank System 
~anagement' 

Lfvestock Waste 
Control 

Rurai Land Management 
pract,cesd 

Constructton Erosion 
Control practicese 

Low Cost Urban Land 
Management Pract~ces - 

Addittonal Urban Land 

prevent release of nutrients 
from sediment; reduce 

phyte growth 

Management practlcesf 

Total 

Macrophvte 
~arvestlngg 

Hypo l~mnet~c ~ e r a t l o n ~  

Nutr~ent lnactlvat~on' 

Reduction in 
External Annual 

Phosphorus 
Load t o  ~ a k e ~  

(percent) 

M~nlmal add~tional 
reduction 

Capital: 
1980-2000 

- 

- 

$ 4,300 

96.600 

231,000 

- 

10,900 

$ 342,800 

23,300 

1,600 

800 
t o  

8.800 

No additional 
reduction 

Ertlmated Cost 

Average 
Operat ion  and 

1980~2000 
Maintenance 

- 

- 

$ 400 

12,600 

2,000 

500 

- 
5.600 

No additional 
reduction 

Anticipated Effectiveness 

5 21,100 

3.300 

<I00 

- 

No additional 
reduction 

Economic 

Present Wor th :  1975-2025 

No add~tional 
reduction 

Analysis 

Equivalent Annual: 1975-2025 

Capltal 

$ 265,700 

17,400 

1,200 

600 
t o  

6.600 

a The cumulat,ve percent reduction in phosphorus load~ngs is in addition to sarvtary sewer service, as recommended in the point source element for the Des Plaines R~ver  subregional area. 

Protect pub l~c  health and 
drinking water supplies; 
reduce nutrlent concen- 
tratlons 

Reduce nutrient concentra- 
tions; prevent the stimula- 

Of excessive 

phyte and algae growth. 
improve recreational use 
potential; protect public 
health and drinking water 

S u p p l i e s  

Sanitary sewerage system costs for treatment facilit,es and malor trunk sewers are included under the pomt source alternative plan elements for the Des Plaines River subregional area. Local 
hook-up and operaOon and mamtenance costs, which are not primarily dependent on surface water quality, are not presented above. The estimated expenditures for local hook-up and OP- 
eration and maintenance in the Hooker Lake drainage basin include a capital cost over the period o f  1975-2000 o f  $184,000; an average annual operation and maintenance cost of$6,200; 
and a total 50-year present worth cost o f  $200,000. 

Total Capital 

- 

- 

$ 3,200 

81,300 

173,400 

- 

Operation and 
Maintenance 

$ 172,600 

52.000 

600 

- 

The proper mamtenance and replacement o f  the remaining septic tank systems ,s recommended to  he!p improve the water quality o f  Hooker Lake. However, because septic tank Systems man- 
agement is an existing function necessary for the preservaoon o f  public health and the maintenance o f  drinking water supplies, this cost is not included in the water quality management plan. 
The estimated expend,tures for septic system management in the Hooker Lake drainage basin ,nclude a capital cost over the period o f  1980-2000 1975-2000! an average annual operation and 
maintenance cost o f  $600; and a total 5Oiyear present worth cost o f  $43,300. 

Operation and 
Maintenance Total 

Rural land management practices necessary to  achieve a 75percent reduction in rural diffuse source pollutant loads. 

- 

- 

$ 500 

. 
9,200 

13,000 

500 

- 

- 

$ 200 

5,200 

1 1.000 

- 

7800 

- 

- 

$ 4,300 

63,500 

31,500 

7,700 

- 

$ 438,300 

69,400 

1,800 

600 
to  

6,600 

Cost estirnated to control erosion from the estimated fwe acres o f  land estimated to  be annually undergoing construction activity in the lake watershed, 

Urban land management practices necessary t o  achieve a 50percent reduction in  urban diffuse source pollutant loads. 

- 

- 

$ 300 

4,000 

2,000 

500 

-- 
500 

- 

- 

$ 7,500 

144,800 

204,900 

7,700 

Cost estimated to harvest macrophyres from the 25acres o f  Hooker Lake subject to  excessive macrophyte growth. 

4,200 65.600 

$ 16,900 

1,100 

100 

<I00 
t o  
400 

Costesnmated to  aerate the enrtre hypolimnion o f  the lake 

73,400 

I 
The lower cost for nutrient inactivation is for treaong only the hypolimnetic area with alum; the higher cost is for treating the entire lake wlth alum. 

$ 11.000 

3,300 

< 100 

- 

j Cost estimated to  cover the entire lake bottom with sand, clay, plastic, or other suitable material. 

Cost estimated to dredge lake to  an average depth o f  15 feet. Exisrjng average depth is 11.3 feet. 

$ 27.900 

4,400 

100 

100 
t o  
400 

Cost may be higher dependmg upon lake depth, sediment type, andamount o f  material to  be filled or dredged. 

Source: SEWRPC. 

Control excesswe macrophyte 
growth. aesthettc enhance- 
ment, Improve recreational 
use potentlal 

Prevent anaerob~c c o n d ~ t ~ o n s  
(lack o f  oxygen) In the 
h y p o l ~ m n ~ o n  

Accelerate lake Improvement, 
prevent release of nutrients 

from sedbment, remove 
nutrtents f rom water body 



The benefits of any proposed extension of the sewer 
service area may be offset by increased urban runoff, 
with the annual total phosphorus load under year 2000 
conditions estimated at about 1,000 pounds. Unless phos- 
phorus loadings are reduced by the implementation of 
nonpoint source control measures, livestock operations 
and construction activities are expected to  continue to  
be the primary sources of phosphorus to the lake under 
anticipated year 2000 conditions. The estimated total 
phosphorus concentration during spring overturn under 
existing and anticipated year 2000 conditions, as esti- 
mated from phosphorus loadings and lake and drainage 
basin characteristics, is 0.09 milligram per liter (mgp). 
The Commission recommends a level of 0.02 mg/l or less 
of total phosphorus for the prevention of excessive 
aquatic plant growth and the maintenance of a 
wannwater fishery and recreational use classification. 
Existing and anticipated year 2000 pollutant loadings 
may be expected to result in total phosphorus concen- 
trations in Hooker Lake which exceed the recommended 
level for recreational use and for the maintenance of 
a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations t o  reduce the nonpoint source pollution loading 
on the lake was made, and a set of recommended 
measures was identified. These measures are set forth in 
Table G9, along with the associated costs and anticipated 
effectiveness. Controlling livestock contributions appears 
to be the most cost-effective way to substantially reduce 
phosphorus loadings to the lake. Other needed measures 
include: the provision of sanitary sewer service; improved 
septic tank management; measures to reduce pollutant 
runoff from rural lands by 75 percent; low-cost measures 
to reduce pollutant runoff from urban lands; measures 
to reduce pollutant runoff from urban lands by 50 
percent; and construction erosion control practices. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited on 
the lake bottom may carltimle t o  provide a suitable 
bottom substrate and nutrient source for excessive mac- 
rophyte growth and may release nutrients to the water 
body. If this problem is confirmed through further local 
study, the application of lake restoration or rehabilitation 
procedures should be considered in addition to the above- 
mentioned diffuse source controls. Alternative restora- 
tion measures, as set forth in Table C-9, may include 
dredging, sediment covering, hypolimnetic aeration, and 
nutrient inactivation. The feasibility of these measures 
would have to be assessed in a preliminary engineering 
study. Additional management measures, such as macro- 
phyte harvesting, may be used to control the macrophyte 
growth which may interfere with the recreational use of 
the lake. It should be emphasized, however, that the long- 
term maintenance of water quality in Hooker Lake 
requires that the recommended level of nutrient input 
reductions be achieved. 

The application of the above-listed nonpoint source pol- 
lution control measures to control nutrient inputs to  
Hooker Lake would entail a total capital cost of about 
$342,800, and an average annual operation and mainte- 
nance cost of about $21,100. The total 50-year present 
worth cost of these nonpoint source control measures is 
$438,300, with an equivalent annual cost of $27,900. 
The capital cost of rehabilitation techniques, if found 
necessary, would range from $800 for nutrient inactiva- 
tion to $525,200 for dredging. The total present worth 
costs of these lake rehabilitation techniques range from 
$600 for nutrient inactivation to $392,500 for dredging. 

Paddock Lake 
Paddock Lake is a 112-acre lake located in the Town of 
Salem in Kenosha County. The lake drains to the Salem 
Branch of Brighton Creek. Certain geomorphological 
characteristics of Paddock Lake are set forth in Table 
G10, together with the approximate 1975 population of 
the direct tributary watershed and a brief description of 
lake water quality conditions. Map C-4 presents a graphic 
summary of the proposed year 2000 land cover in the 
lake watershed. As shown on Map C-4, most of the urban 
land in the tributary watershed area is proposed to be 
served by sanitary sewers by the year 2000. As of 1975, 
fewer than five privately owned onsite sewage disposal 
systems-two located in areas covered by soils having 
severe and very severe limitations for the use of such 
systemswere estimated to be in operation in the lake 
watershed area. 

Table C-10 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF PADDOCK LAKE 

Localized excessive rnacro- 
phyte growth; low oxygen 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.37 persons per dwelling unit as 
counted on I"=  400'scale aerial photos. 

Source: SEWRPC. 



Map C 4  Table C-11 

PLANNEDLANDCOVER DEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE 

AREA OF PADDOCK LAKE: 2000 

L E G E N D  

**** WATERSHED BOUNDARY 

SYBBAS1N BOUNDARY AN0 
584 DESIONATlON - DIRECT TRI.UTARI 

ORIIINAOE A R E 0  

4 POlNT OF SUBsASIN 
DISCHAROC 

~~~:~o',",",",,*:o,o 
G"APfl#C SCALE [7 RURAL LAND COVER 

Paddock Lake has a direct tributary drainage area of about 362 acres. About 
54 acren. or 15 percent of the drainage area, are planned to be in rural land 
cover, and 308 acres, or 85 Parcent, to be in urban land cover. Over the 
planning period an average of lens than one acre may be expected to be eon- 
wmed annually to urban lsnd cover. I t  is estimated that no reduction in 
existing loadings from nonpolnt source pollutant runoff will be nscsrnary in 
the drainage area, but that the water quality of the lake should be protected 
bv basic land management practices. To pmvids minimum water quality 
control, a combination of minimum rural land management praetiest and 
minimum urban lsnd management practicer-including con$truction erosion 
controlr-should be implementad In the lake drainage area. 

Source: SEWRPC 

As indicated in Table C-11, all sources contribute about 
200 pounds of phosphorus annually to Paddock Lake. 
The major source of phosphorus in the lake watershed is 
urban land runoff. Also, as indicated in Table C-11, urban 
land uses in the watershed are expected to increase 23 
percent under plan year 2000 land cover conditions, and 
the sewer service area is proposed to be extended. Unless 
phosphorus loadings are reduced by the implementation 
of nonpoint source control measures, urban runoff is 
expected to continue to be the primary source of phos. 
phorus to the lake under anticipated year 2000 con- 
ditions. The estimated total phosphorus concentration 
during spring overtum under existing and anticipated 
year 2000 conditions, as estimated from phosphorus 
loadings and lake and drainage basin characteristics, is 
0.02 milligram per liter (mgll). The Commission recom- 
mends a level of 0.02 mgll or less of total phosphorus 
for the prevention of excessive aquatic plant growth and 
the maintenance of a warmwater fishery and recreational 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
PADDOCK LAKE: 1975 and 2000 

~ ~ ~ ~ 

COILnq h,dlnl 
,OOYnel Rrnt laavnd. *.an, 

Numbr D*l"#d.) Diilr,bvlian Numb.. Di" . , l~ ,an 

1Y) s no., 108 i j l  I Q B  

0 2  I 1  5 6  0.2 11 5 3  

use classification. Existing and anticipated year 2000 
pollutant loadings may be expected to result in total 
phosphorus concentrations in Paddock Lake which do  
not exceed the recommended level for recreational use 
and for the maintenance of a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. 
An evaluation of these measures, applied in alternative 
combinations to reduce the nonpoint source pollution 
loading on the lake, was made and a set of recommended 
measures was identified. These measures are set forth in 
Table C-12, along with the associated costs and antici- 
pated effectiveness. Measures to control phosphorus 
contributions include: the provision of sanitary sewer 
service, improved septic tank management, implementa- 
tion of basic soil conservation practices to reduce pol- 
lutant runoff from rural lands, and low-cost measures to 
reduce pollutant runoff from urban lands. If nutrient 
loadings to the lake are reduced by the actions noted 
above, the sediments and other pollutants which have 
been deposited on the lake bottom may continue to 
provide a suitable bottom substrate and nutrient source 
for excessive macrophyte growth in some local areas and 
may release nutrients to the water body. If this problem 
is confirmed through further local study, the application 
of lake restoration or rehabilitation procedures should be 
considered in addition t o  the above-mentioned diffuse 
source controls. Alternative restoration measures, as set 
forth in Table 12-12, include nutrient inactivation and 
hypolimnetic aeration. Dredging to remove nutrients 
and sediment deposits, and to deepen the lake to enhance 
the intended uses, may be appropriate and has been 
proposed locally. The feasibility of these measures would 
have to be assessed in a preliminary engineering study. 
Additional management measures, such as macrophyte 
harvesting, may be used to control the macrophyte 
growth which may interfere with the recreational use 
of the lake. It should be emphasized, however, that the 
long-term maintenance of water quality in Paddock Lake 
requires that the recommended level of nutrient input 
reductions be achieved. 



Table C-12 

WATER QUALITY MANAGEMENT MEASURES FOR PADDOCK LAKE I N  KENOSHA COUNTY 

Alternat~ve Plan 
Element Description 

a The cumulat,ve percent reductfon ,n phosphorus loadings ,s in addit,on to  san~tary sewer servxe, as recommended in the point source element for the Des Plaines Rtver subreg~onal area 

Sanitary Sewer Serviceb 

Sept~c Tank System 
ManagementC 

Mintmum Rural Land 
Management Practices 

Conaructlon Eraston 
Control practicerd 

Low Cost Urban Land 
Management Pract~ces 

Total 

Macrophyte 
~ a r v e s t i n g ~  

Hypollmnettc ~era t lon '  

Nutr~ent lnacttvatlong 

SanJtary sewerage system costs for treatment facilities and major trunk sewers are fncluded under the point source alternat~ve plan elements for the Des Plaines Rwer subregionalarea. Local 
hook-up and operation and maintenance costs, which are not pr,marily dependent on surface water qua/,ty, are not presentedabove. The estimaredexpendimres for local hook-up Operatlon 
and maintenance In the Paddock Lake dramage basin include a cap,ral cost over the period o f  1975.2000 o f  $136,000, an average annual operation and maintenance Cost o f  $13,700, anda 
total 50-yearpresent worth cost o f  $292,400. 

The proper maintenance and replacement o f  the remaining septic rank systems is recommended to  help improve the water quality o f  Paddock Lake. However, because septic tank systems 
management ,s an existing function necessary for the preservation o f  publtc health and the mafntenance o f  drinking water supplies, thrscost is not included in the water quality management 
plan. The estimated expenditures for septic system management in the Paddock Lake dramage bas," include a capital cost over the period of 1975-2000 o f  $4,500, an average annual operation 
and maintenance cost o f  $200, and a total 50-yearpresent worth cost o f  $7,900. 

Cost esttmated to control erosion from the estimated O.2acre o f  landestimated to be annually undergoing construction activity in the lake watershed. 

Cost estfmated to harvest macrophytes from the 40 acres o f  Paddock Lake subject to  excessive macrophyte growth. 

Est~mated Cost 

- 

- 

$ <I00 

11,400 

- 

$ 11,500 

37,300 

4,600 

2.300 
to  

1 1,200 

650,400 

Cost estimated to  aerate the entire hypolimn,on o f  the lake. 

Total 
Cap~tal:  
1980-2000 

phyte growth 

The lower cost for nutrient inacvvat,on is for treatmg only the hypolimnetic area wjrh alum; the higher cost is for treating the entire lake with alum. 

Cost estimated to dredge lake to  an average depth o f  15 feet Existing average depth is 11.4 feet. 

Econom~c Analysts 

Annual 
Operatton and 

1980~2000 
Maintenance 

- 

- 

$ 200 

100 

500 

$ 800 

5,200 

100 

- 

- 
reduction 

Cost may be higher depending upon lake depth, sediment type, andamount o f  matenal to be f,lledor dredged. 

Antlclpated Effect~veness 

Source: SEWRPC 

Reduction ~n 
External Annual 

Phosphorus 
Load to  ~ a k e ~  

(percent) 

Present Worth: 1975-2025 

- 

- 

$ <I00 

8,500 

- 

$ 8,600 

27.900 

3,400 

1,700 
t o  

8,400 

486,000 

The application of the above-listed nonpoint source alternative control measures) is $18,700, with an equiva- 
pollution control measures to control the nutrient inputs lent annual cost of $1,100. The capital cost of these 
to Paddock Lake would entail a total capital cost of rehabilitation techniques, if found necessary, would range 
about $11,500, and an average annual operation and from $2,300 for nutrient inactivation to $650,400 for 
maintenance cost of about $800. The total 50-year dredging. The present worth costs of these lake rehabili- 
present worth cost of these nonpoint source control tation techniques range from $1,700 for nutrient inacti- 
measures (useful in comparing the long-term costs of vation to $486,000 for dredging. 

Equivalent Annual: 1975-2025 

Capital Totai Cap~tal 

- 

- 

$ 1,900 

1.500 

6,700 

$ 10.100 

82,000 

1,600 

- 

- 

Operation and 
Ma~ntenance 

Operation and 
Maintenance 

- 

- 

$ 2.000 

9,800 

6,700 

$ 18,700 

109,900 

5,000 

1.700 
to  

8.400 

486,000 

Total 

- 

- 

$ <I00 

500 

- 

$ 500 

1,800 

200 

100 
to  
500 

30,800 

- 

- 

$ 100 

100 

400 

$ 600 

5,200 

100 

- 

- 

- 

- 

$ 100 

600 

400 

$ 1,100 

7,000 

300 

100 
to  
500 

30,800 

Protect publlc health and 
d r ~ n k ~ n g  water suppltes, 
reduce nutilent concen- 
tratlons 

Reduce nutrient concentra- 
t ~ o n r ,  prevent the stimula- 
t ~ o n  of excessive macro- 
p h y t e a n d a l g a e g r o w t h ;  
lmprove recreational use 
potentlal; protect publlc 
health and drlnklng water 
supplles 

Control excesswe macrophyte 
growth; aesthetic enhance 
ment; lmprove recreatfonal 
Use potentlal 

Prevent anaerablc condttions 
(lack of oxygen) ~n the 
hypol imn~on 

Accelerate lake Improvement; 
prevent release of nutrients 
f rom sed~ment; remove 
nutrients f rom water body 

Deepen lake. reduce macro- 

- 

25 

Mlnlmal add~tior 
reduction 

No add~t~ona l  
reduction 

Na add~t~ona l  
reduct~on 

No additional 



FOX RIVER WATERSHED Table C.13 

Army Lake GEOMORPHOLOGICAL AND WATER QUALITY 
Army Lake is a 78-acre lake located in the Town of East CHARACTERISTICS OF ARMY LAKE 
Troy in Walworth County. Certain geomorphological 
characteristics of Army Lake are set forth in Table C-13, 
together with the approximate 1975 population of the 
direct tributary watershed and a brief description of lake 
water quality conditions. Map C 5  presents a graphic sum- 
mary of the proposed year 2000 land cover in the lake 
watershed. As shown on Map C-5, none of the urban land 
in the tributary watershed area is proposed to be served 
by sanitary sewers by the year 2000. As of 1975, an 
estimated 43 privately owned onsite sewage disposal 
systems30 located in areas covered by soils having 
severe or very severe limitations for the use of such 
systems-were in operation in the lake watershed area. 

As indicated in Table C-14, all sources contribute about 
1,510 pounds of phosphoms annually to A m y  Lake. 
The major source of phosphorus in the lake waterehed is 
livestock operations. Also, as indicated in Table C14, the 
existing land uses are not expected to change significantly 
under planned year 2000 land cover conditions. There- 
fore, unless reduced by the implementation of nonpoint a The population of the direct tributary watershed is estimated 
source control measures, phosphorus loadings from by assuming an average of 3.42 persons per dwelling-unit as 
livestock operations may be expected to continue to be counted on I"=  400'scale aerial photos. 

Source: SEWRPC. 

Map C-5 

GEOMORPHOLOGICAL AND WATER OUALITY 
CHARACTERISTICS OF ARMY LAKE PLANNED LAND 
COVER DEVELOPMENT I N  THE DIRECT TRIBUTARY 

DRAINAGE AREA OF ARMY LAKE: 2000 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

. . . . . . . . . . . . . . . .  Area 
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
. . . . . . . . . . . . . .  Mean. 

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Ouality 
Conditions: 

LEGEND 

-a- M B M l N  BOYNrnW 
.WD EsioNanm 

Description 

78 acres 

356 acres 
1.5 miles 

17feet 
8 feet 
625 acre-feet 

147 persons 

Occasional algae blooms: 
moderate nutrient 
concentrations 

Army Lake has a direct tributary drainage area of about 356 acrer. About 
266 acrer, or 76 percent of the drainage area, are planned to be in rural land 
MYBI, and 90 acrer. or 25 percent, to be in urban land cover. Over the 
planning period none of the watershed area ir expected to be converted 
to urban land cover. I t  is estimated that a 90 percent reduction in nonpoinr 
pollutant runoff will be rwuired in the drainage area to protect the water 
quality of the lake. Thiscan be sehievad through acombination of minimum 
rural land management practices-including erpecially the proper manage- 
ment of livestock waetes-and minimum urban management practices- 
including proper reptic tank system management based on s siteby-site 
inspection and maintenance program. 

Source: SEWRPC. 

Table C-14 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
ARMY LAKE: 1975 and 2000 



the primary sources of phosphorus to the lake under 
anticipated year 2000 conditions. The estimated total 
phosphorus concentration during spring overturn under 
existing and anticipated year 2000 conditions, as esti- 
mated from phosphorus loadings and lake and drainage 
basin characteristics, is 0.19 milligram per liter (mg/l). 
The Commission recommends a level of 0.02 mg/l or less 
of total phosphorus for the prevention of excessive 
aquatic plant growth and the maintenance of a warm- 
water fishery and recreational use objectives. Existing 
and anticipated year 2000 pollutant loadings may be 
expected to result in total phosphorus concentrations 
in Army Lake which exceed the recommended level 
for recreational use and for the maintenance of 
a warm water fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to reduce the nonpoint source pollution loading 
on the lake, was made, and a set of recommended 
measures was identified. These measures are set forth in 
Table C-15, along with the associated costs and antici- 
pated effectiveness. Measures to control livestock con- 

tributions appear to  be the most cost-effective way to 
substantially reduce phosphorus loadings to the lake. 
Other needed measures include: improved septic tank 
management; minimum measures to reduce pollutant 
runoff from rural lands through the implementation of 
basic soil conservation practices; and low-cost measures 
to  reduce pollutant runoff from urban lands. 

If nutrient loadings to  the lake are reduced by the actions 
noted above the sediments which have been deposited 
on the lake bottom may continue to provide a suitable 
bottom substrate and nutrient source for excessive 
macrophyte growth and may release nutrients to the 
water body. If this problem is confirmed through further 
local study, the application of lake restoration or reha- 
bilitation procedures should be considered in addition 
to the above-mentioned diffuse source controls. Alter- 
native restoration measures as set forth in Table C-15 
may include dredging, sediment covering, and nutrient 
inactivation. The feasibility of these measures would have 
to  be assessed in a preliminary engineering study. It  
should be emphasized, however, that the long-term main- 
tenance of water quality in Army Lake requires that 
the recommended level of nutrient input reductions 
be achieved. 

Table C-15 

WATER QUALITY MANAGEMENT MEASURES FOR ARMY LAKE IN WALWORTH COUNTY 

I I Estimated Cost 
1980-2000 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  Lake 
(percent) 

Economic Analysis 

Average 
Alternative Plan F F n  and 

Element Description Capital Maintenance 

Septic Tank System I - I - - - - - 1 - I - ~ u c e  nutrient concentra- I I ~ a n a a e m e n t ~  tions: ~ reven t  the stimula- 

90 

No additional 
reduction 

Present Worth: 1975-2025 

LivestockWasteControl 

Minimum Rural Conser- 
vation Practices 

Low Con  Urban l and  
Management Practices 

Total 

Nutrient lnactivationb 

Capital 

from sediment: reduce 

phvte growth reduction 

Anticipated Effectiveness 

Equivalent Annual: 1975-2025 

$ 17,600 

< 100 

Minimal 

17,700 

7,800 

nutrients from water body 

a The proper maintenance and replacement of the remaining septic tank systems is recommended to help improve the water quality o f  Army Lake. However, because septic tank systems manage- 
ment is an existing function necessary for the preservation o f  public health and the maintenance o f  drinking water supplies, this cost is no t  included i n  the water quality management plan. The 
estimared expenditures for septic System management i n  the Army Lake drainage basin include a capital cost over the period o f  1975-2000 of  $135,000. an average annual operation and 
maintenance cost of $1,600, anda total 5Oiyear present worth cost o f  $130,800. 

Capital 
Operation and 
Maintenance 

The cost for nutrient inactivation is for treating the entire lake with alum. 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, o r  other suitable material. 

Total 

$ 1,500 

500 

100 

2,100 

- 

Cost estimated to dredge lake to an average depth o f  15 feet. Existing average depth is 8 feet 

Operation and 
Maintenance 

Accelerate lake improvement: 7,400 Sediment Coveringcae I 156,000 1 

The costs o f  sediment covering and dredging vary widely depending on such factors as lake size and depth, type o f  bottom substrate, andamount o f  material to be filled o r  dredged. 

Source: SEWRPC. 

Total 

$ 13,200 

< 100 

Minimal 

13,300 

5,800 

No additional ,I 16,600 

$ 17,700 

5,700 

2,200 

25,600 

- 

116.600 

$ 30,900 

5.8W 

2,200 

38,900 

5,800 

7.400 

$ 800 

<I00 

Minimal 

900 

400 

$ 

400 

el00 

1,600 

- 

$ 

500 

< ,00 

2,500 

400 

tion of excessive macro- 
phyte and algae growth: 
improve recreational use 
potential; protect public 
health and drinking water 
supplies 

Accelerate lake improvement, 
prevent release of nutrients 
from sediment; remove 



The application of the above-listed nonpoint source pol- Map C-6 

lution control measures t o  control the nutrient inputs to  
Army Lake would entail a total capital cost of about 
$17,700 and an average annual operation and mainte- 
nance cost of about $2,100. The total 50-year present 
worth cost of these nonpoint source control measures, 
useful in comparing the long-term costs of alternative 
control measures, is $38,900 with an equivalent annual 
cost of $2,500. The capital cost of rehabilitation tech- 
niques, if found necessary, would range from $7,800 
for nutrient inactivation to $880,700 for dredging. The 
total present worth cost of these lake rehabilitation 
techniques would range from $5,800 for nutrient inacti- 
vation to  $658,200 for dredging. 

Benedict Tombeau Lake 
Benedict Tombeau Lake is a 129-acre lake located in the 
Town of Randall in Kenosha County, and the Town of 
Bloomfield in Walworth County. The lake drains to  the 
east branch of Nippersink Creek and eventually into the 
Fox River in Illinois. Certain geomorphological charac- 
teristics of Benedict Tombeau Lake are set forth in Table 
C-16, together with the approximate 1975 population of 
the direct tributary watershed and a brief description of 
lake water quality conditions. Map C-6 presents a graphic 
summary of the proposed year 2000 land cover in the 
lake watershed. As shown on Map C-6 none of the urban 
land in the tributary watershed area is proposed t o  be 

Table C-16 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF BENEDICT-TOMBEAU LAKE 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . .  . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean . . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary Watersheda . . . . .  

Description 

129 acres 

2,589 acres 
3.7 miles 

37 feet 
15.4 feet 
1,888 acre-feet 

374 persons 

PLANNED LAND COVER DEVELOPMENT 
IN  THE DIRECT TRIBUTARY DRAINAGE AREA 

OF BENEDICTITOMBEAU LAKE: 2000 

General Existing Water Quality 
Conditions: 

LEGEND 
EFfir5 SUBBASIN BOUNDARY 

AND DESIGNATION 

DIRECT DRAINAGE TRIBUTARY AREA 

t POINT DISCHARGE OF SUBBASIN 

@S ~2~E%'P"MEE"N'E"NTR2"O*oNo 

RURAL LAND COVER 

Excessive macrophyte 
growth; high nutrient 
concentrations 

Benedictnombeau Lake has a direct tributary drainage area of about 
2,589 acres. About 2,219 acres, or 85 percent of the drainage area, are 
planned to be in rural land cover, and 370 acres, or 15 percent, to  be in 
urban land cover. Over the planning period none of the direct tributary 
watershed is expected to be converted to urban land cover. It is estimated 
that a 90 percent reduction in nonpoint source pollutant runoff will be 
required in the drainage area to protect the water quality of the lake. This 
can be achieved through a combination of rural land management practices- 
including especially the proper management of livestock wastes-and 
minimum urban management practices-including proper septic tank system 
management based on a site-by-site inspection and maintenance program. 

Source: SEWRPC. 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.31 persons per dwelling unit as 
counted on I " =  400'scale aerial photos. 

Source: SEWRPC. 



served by sanitary sewers by the year 2000. As of 1975, 
an estimated 113 provately owned onsite sewage disposal 
systems--65 of which were located in areas covered by 
soils having severe or very severe limitations for the 
use of such systems-were in operation in the lake 
watershed area. 

As indicated in Table C-17, all sources combined con- 
tribute about 3,555 pounds of phosphorus annually to 
Benedict Tombeau Lake. The major source of phos- 
phorus in the lake watershed is runoff from livestock 
operations. Also, as indicated in Table C-17, the existing 
land uses are not expected to change significantly under 
planned year 2000 land cover conditions. Therefore, 
unless reduced by the implementation of nonpoint source 
control measures, phosphorus loadings from livestock 
operations may be expected to continue to be the 
primary sources of phosphorus to the lake under antici- 
pated year 2000 conditions. The estimated total phos- 
phorus concentration during spring overturn under 
existing and anticipated year 2000 conditions, as 
estimated from phosphorus loadings and lake and 
drainage basin characteristics, is 0.21 milligram per liter 
(mgp). The Commission recommends a level of 0.02 mg/l 
or less of total phosphorus for a recreational use and 
wannwater fishery and aquatic life classification. Bene- 
dict Tombeau Lake consits of two major basins, con- 
nected by a channel. The Tombeau lake basin, which 
comprises about 40 percent of the total lake area and 
about 36 percent of the total lake volume, receives over 
90 percent of the total phosphorus load to the lake. The 
Benedict lake basin receives a relatively small portion of 
the total pollutant load. Existing and anticipated year 
2000 pollutant loadings may be expected to result in 
total phosphorus concentrations in Benedict Tombeau 
Lake which exceed the recommended level for recrea- 
tional use and for the maintenance of a warmwater fishery. 

Table C-17 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
BENEDICT-TOMBEAU LAKES: 1975 and 2000 

Loading Loading 1 1 lpo~~nds 1 Percent 1 1 (pounds 1 Percent 1 
Source of Phosphorus Number per year) Otrfr~buflon Number per year1 Dlstr~bution 

Existing 1975 

Urban Land Cover (screr) . . . . .  
Land under Deueiopmenr-Construction 

. . . . . . . . . . .  Acflvlfler (acres1 
Dnslte Sewage Dlrporal Septic 

Tank ~ y r r e m r ~  . . . . . . . . . . . . .  
. . . . . . . . . . . .  Rural Land Cover (acres1 

. . . . . .  Ltvestock Operaf~ons lanlmal unlfrl 
Atmoulherlc Contr~butlon lacrer of 

Anf~cipated 2000a 

a A,",,". "."D,,"t source control. 

lncloder only thorp systems on rods h a v w  revere or very severe iimrfafions for diwoml of repfic rank efflvenf 

Source: SEWRPC 

1 Total 1 1 1 Total \ 

The measures available for controlling nonpoint source 
pollution together with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. 
An evaluation of these measures, applied in alternative 
combinations to reduce the nonpoint source pollution 
loading on the lake, was made, and a set of recommended 
measures was identified. These measures are set forth in 
Table C-18, along with the associated costs and antici- 
pated effectiveness. Controlling livestock contributions 
appears to be the most cost-effective way to substantially 
reduce phosphorus loadings to the lake. Other needed 
measures include the following: improved septic tank 
management; measures to reduce pollutant runoff from 
rural lands by 50 percent; and low-cost measures to 
reduce pollutant runoff from urban lands. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited on 
the lake bottom may continue to provide a suitable 
bottom substrate and nutrient source for excessive mac- 
rophyte growth and may release nutrients t o  the water 
body. If this problem is confirmed through further local 
study, the application of lake restoration or rehabilitation 
procedures should be considered in addition to  the above- 
mentioned diffuse source controls. Alternative restora- 
tion measures as set forth in Table C-18, may include 
sediment covering, and nutrient inactivation. The feasi- 
bility of these measures would have to be assessed in 
a preliminary engineering study. Additional management 
measures, such as macrophyte harvesting, may be used 
to control the macrophyte growth which may interfere 
with the recreational use of the lake. It should be empha- 
sized, however, that the long-term maintenance of 
water quality in Benedict Tombeau Lake requires that 
the recommended level of nutrient input reductions 
be achieved. 

The application of the above listed nonpoint source pol- 
lution control measures to  control the nutrient inputs to 
Benedict Tombeau Lake would entail a total capital cost 
of about $68,700, and an average annual operation and 
maintenance cost of about $11,700. The total 50-year 
present worth cost of these nonpoint source control 
measures, useful in comparing the long-term costs of 
alternative control measures, is $193,700 with an equiva- 
lent annual cost of $12,300. If in addition rehabilitation 
techniques are found necessary the capital cost of these 
alternatives would range from $5,200 for nutrient inacti- 
vation t o  $258,000 for sediment covering. The total 
present worth costs of these lake rehabilitation techni- 
ques would be from $3,900 for nutrient inactivation to  
$193,100 for sediment covering. 

Lake Beulah 
Lake Beulah is an 834-acre lake located in the Town of 
East Troy in Walworth County. The lake drains through 
the Mukwonago River to the Fox River. Certain geo- 
morphological characteristics of Lake Beulah are set 
forth in Table C-19, together with the approximate 1975 
population of the direct tributary watershed and a brief 
description of lake water quality conditions. Map C-7 
presents a graphic summary of the proposed year 2000 



Table C-18 

WATER QUALITY MANAGEMENT MEASURES FOR BENEDICTITOMBEAU LAKE I N  KENOSHA AND WALWORTH COUNTIES 

a The proper maintenance and replacement o f  septic tank systems is recommended to help improve the water quality o f  Benedictflombeau Lake. However, because septic tank Systems manage- 
ment is an existing function necessary for the preservation o f  public health and the maintenance of  drinking water supplies, this cost is not  included i n  the water quality management plan. The 
estimated expenditures for septic system management i n  the Benedictflombeau Lake drainage basin include a capital cost over the period o f  1975-2000 o f  $292,500, an average annual opera- 
tion and maintenance cost o f  $4,000, and a total 50-yearpresent worth cost o f  $303.100. 

Rural land management practices necessary to achieve a 50 percent reduction i n  rural diffuse source pol lutant loads. 

Cost estimated to harvest macrophytes from the 20  acres o f  Benedict/Tombeau Lake subject to excessive macrophyte growth. 

The lower cost for nutrient inactivation is for treating only the hypolimnetic area with alum; the higher cost is for treating the entire lake with alum. 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, o r  other suitable material. 

The cost of sediment covering may vary widely depending on such factors as lake size and depth, type o f  bottom substrate and amoun t o f  fill required. 

Source: SEWRPC 

land cover in the lake watershed. An insignificant portion 
of the urban land in the tributary watershed area is pro- 
posed to be served by sanitary sewers by the year 2000. 
As of 1975 an estimated 468 privately owned onsite 
sewage disposal systems-280 of which were located in 
areas covered by soils having severe and very severe 
limitations for the use of such systems-were in opera- 
tion in the lake watershed area. 

Cumulative 
Reduction i n  

External Annual 
Phosphorus 

Load t o  Lake 
(percent) 

90 

Minimal additional 
reduction 

No additional 
reduction 

No additional 
reduction 

As indicated in Table C-20, all sources combined contri- 
bute about 3,600 pounds of phosphorus annually to  Lake 
Beulah. The major direct sources of phosphorus in the 
lake watershed are livestock operations and runoff from 
rural lands. Also, as indicated in Table C-20, the existing 
land uses are not expected to change significantly under 
planned year 2000 land cover conditions. Total phos- 
phorus loads will be reduced slightly as a result of 

Anticipated Effectiveness 

Reduce nutrient concentra- 
tions; prevent the stimula- 

tion Of excessive 
phyte and algae growth; 
improve recreational use 
potential: protect public 
health and drinking water 
SupPlies 

Control excessive macrophyte 
gr0wth;aesthetic enhance- 
ment; improve recreational 
use potential 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; remove 
nutrients from water body 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; reduce 
suitable plant substrate 

sewering some areas near East Troy and Mukwonago now 
served by septic tank systems. Phosphorus loadings from 
livestock operations and rural land runoff may be 
expected to  continue to  be the primary sources of phos- 
phorus to  the lake under anticipated year 2000 condi- 
tions. The estimated total phosphorus concentration 
during spring overturn under existing and anticipated 
year 2000 conditions, as estimated from phosphorus 
loadings and lake and drainage basin characteristics, is 
0.05 milligram per liter (mg/l). The Commission recom- 
mends a level of 0.02 mgflor less of total phosphorus for 
the prevention of excessivq! aquatic plant growth and the 
maintenance of a warmwa er fishery and recreational use f classification. Existing and anticipated year 2000 pol- 
lutant loadings may be exbected to  result in total phos- 
phorus concentrations in Lake Beulah which exceed the 
recommended level for recreational use and for the 
maintenance of a warmwater fishery. 

Alternative Plan 
Element Description 

Septic Tank System 
~anagemenp 

Livestock Waste Control 

Rural Conservation 
practicesb 

Low Con Urban Land 
Management Practices 

Total 

Macrophyte 
HarvestlngC 

Nutrient Inactivationd 

Sediment coveringeef 

Estimated Cost 
Economic 

- 

Total 
Capital 

- 

$ 38,500 

30,200 

Minimal 

68,700 

18,600 

5,200 
t o  

1 2,900 

258,000 

Analysis 
1980-2000 

Operatton and 
Maintenance 

- 

$ 3,300 

7,800 

600 

11,700 

2.600 

- 

- 

Total 

- 

$ 67,500 

117,200 

9,000 

193.700 

54,900 

3,900 
t o  

9,600 

193,100 

Present 

Capital 

- 

$ 28,800 

22,400 

Minimal 

51,200 

13.900 

3,900 
t o  

9,600 

193,100 

1975-2025 

Total 

- 

$ 4,300 

7,400 

600 

12,300 

3,500 

200 
t o  
600 

12.300 

Equivalent 

Capital 

- 

$ 1,800 

1,400 

Minimal 

3,200 

900 

200 
t o  
600 

12,300 

Worth: 1975-2025 

Operation and 
Maintenance 

- 

$ 38,700 

94,800 

9,000 

142,500 

41,000 

- 

- 

Annual: 

Operation and 
Maintenance 

- 

$ 2,500 

6,000 

600 

9,100 

2.600 

- 

- 



Table C-19 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF LAKE BEULAH 

Table C-20 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . .  . . .  
Mean . . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

. . . . .  Tributary watersheda 

General Existing Water Quality 
Conditions: 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
LAKE BEULAH: 1975 and 2000 

Description 

834 acres 

5,283 acres 
1.53 miles 

58 feet 
17 feet 
14,279 acre-feet 

1,600 persons 

Localized excessive 
macrophyte growth; 
hypolimnion occasionally 
devoid of oxygen 

Assumes prowsion of ssnitsry sewer service as mommended in the pohr w r c e  poilution abatement Piso elemsnC 
assumes no nonpoinr sovrce conrroi. 

Includes only rhos system on soils having severe or vsw severe limiratrons for dispovli of septic rank effiucnt. 

Source: SEWRPC. 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3-42 persons per dwelling unit as 
counted on I " = 400' scale aerial photos. , *  

Source: SEWRPC. 

Map C-7 

PLANNED LAND COVER DEVELOPMENT IN THE DIRECT TRIBUTARY DRAINAGE AREA OF LAKE BEULAH: 2000 

Lake Beulah has a direct tributary drainage area of about 6,283 acres. About 4,375 acres, or 83 percent of the drainage area, are planned to be in rural land cover. 
and 908 acres, or 17 percent, to  be in urban land cover. Over the planning period none of the direct tributary watershed is expected to be converted to urban land 
cover. It is estimated that e 60 percent reduction in nonpoint source pollutant runoff will be required in the drainage area to protect the water quality of the lake. 
This can be achieved through a combination of minimum rural land management practices-including especially the proper management of livestock wastes-and 
minimum urban management practices-including proper septic tank system management based on e site-bv-cita incnection and maintenance Program. 

Source: SEWRPC. 



The measures available for controlling nonpoint source 
pollution, sources along with attendant costs, are dis- 
cussed in the introductory sections of Chapter IV of 
this volume. An evaluation of these measures, applied in 
alternative combinations to  reduce the nonpoint source 
pollution loading on the lake, was made, and a set of 
recommended measures was identified. These measures 
are set forth in Table G21, along with the associated 
costs and anticipated effectiveness. Measures to control 
livestock contributions appear to be the most cost 
effective way to substantially reduce phosphorus loadings 
to  the lake. Other needed measures include the following: 
improved septic tank management; minimum measures 
to  reduce pollutant runoff from rural lands through the 
implementation of basic soil conservation practices; 
and low-cost measures to  reduce pollutant runoff from 
urban lands. 

If nutrient loadings to  the lake are reduced by the actions 
noted above, the sediments which have been previously 
deposited on the lake bottom may continue to  provide 
a suitable bottom substrate and nutrient source for 

excessive macrophyte growth and may release nutrients 
to the water body. If this problem is confirmed through 
further local study, the application of lake restoration 
or rehabilitation procedures should be considered in 
addition t o  the above-mentioned diffuse source controls. 
Alternative restoration measures as set forth in Table 
G21 may include sediment covering, hypolimnetic 
aeration, and nutrient inactivation. The feasibility of 
these measures would have to  be assessed in a preliminary 
engineering study. Additional management measures, 
such as weed hawesting, may be used to control the 
macrophyte growth which may interfere with the recrea- 
tional use of the lake. It should be emphasized, however, 
that the long-term maintenance of water quality in Lake 
Beulah requires that the recommended level of nutrient 
input reductions be achieved. 

The application of the above listed nonpoint pollution 
control measures to  control the nutrient inputs to  Lake 
Beulah would entail a total capital cost of about $15,000, 
and an average annual operation and maintenance cost 
of about $10,400. The total 50-year present worth cost 

Table C-21 

WATER QUALITY MANAGEMENT MEASURES FOR LAKE BEULAH IN WALWORTH COUNTY 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Estimated Cost 
1980-2000 

I Average Annual 
Alternative Plan 1 Total ( Operation and I 1 Operation and 1 I Operation and 1 Element Description Capital Maintenance Capital Ma~ntenance Totai Capital 1 Maintenance 1 Total 1 Anticipated Effect~veness 1 LO(%:e::? 1 

Economic Analysis 

Sediment ~ o v e r i n g ~ , ~  I 1,668,000 I - 

Present Worth: 1975-2025 

Septic Tank System 
~ a n a g e m e n t ~  

79,100 Accelerate lake improvement; I I prevent release of nutrients 
f rom sediment; reduce 
suitable olant substrate 

Equivalent Annual: 1975-2025 

Minimal additional 
reduction 

- 

- 

No additional 
reduction 1 

LivestockWarteControI 

Minimum Rural Conser- 
vation Practices 

Low Cost Urban Land 
Management Practices 

Total Diffuse 
Source Control 

Macrophyte 
~ a r v e s t i n g ~  

Hypolimnetic  erat ti on' 

Nutrient lnactivationd 
reduction 

- 

No additional 1 
reduction 

$ 14,100 

900 

- 

1 5,000 

55,900 

56,700 

28,400 
t o  

83,900 

a The proper maintenance and replacement o f  the remaining septic tank systems is recommended t o  help improve the water quality o f  Lake BeuYah. However, because septic tank Systems man- 
agement is an existing function necessary for the presewation o f  public health and the maintenance o f  drinking water supplies, this cost is not included in the water quatity managementplan. 
The estimated expenditures for septic system management in the Lake Beulah drainage basin include a capital cost over the period o f  1975-2000 o f  $1,260,000, an average annual operation 
and maintenance cost o f  $16,800. anda total 50-yearpresent worth cost o f  $1,286,700. 

- 

Cost estimated to  harvesrmacrophytes from the 6 0  acres o f  Lake Beulah subject to  excessive macrophyte growth. 

$ 1,200 

7,700 

1,500 

1 0,400 

7,800 

1,400 

- 

Cost estimated t o  aerate the entire hypolimnion of the lake. i 

- 

The cost for nutrient inactivation is for treating only the hypolimnetic area wi th  alum. 

Cost estimated to  cover the entire lake bottom with sand, clay, plastic, or other suitable material. 

5 10,500 

700 

- 

11,200 

41,800 

42,400 

21,200 
t o  

62.300 

The costs for sediment covering vary widely depending on such factors as sire and depth o f  lake, type o f  bottom substrate, and amount of materi 1 t o  be filled. C 

- 

Source: SEWRPC. 

$ 14,100 

93,400 

22,200 

- 
129,700 

122,900 

22,100 

- 

$ 24,600 

94,100 

22.200 

140,900 

164,700 

64,500 

21,200 
t o  

62,300 

- 

$ 1,700 

100 

- 

800 

2.600 

2,700 

1,300 
t o  

4,000 

- 

$ 900 

400 

1,400 

2,700 

7.800 

1,400 

Reduce nutrient concentra- 
tions; prevent the stimula- 

,600 

500 

,400 

3,500 

10,400 

4.100 

1,300 
t o  

4,000 

tion of excessive macro- 
phyte and algae growth; 
improve recreational use 
potential; protect public 
health and drinking water 
supplies 

Control excessive macrophyte 
growth; aesthetic enhance- 
ment; improve recreational 
use potential 

Prevent anaerobic conditions 
(lack of oxygen) in the 
hypolimnion 

Accelerate lake improvement; 
prevent release of nutrients 
f rom sediment; remove 
nutrients f rom water body 



of these nonpoint source control measures, useful in Table C-22 
comparing the long-term costs of alternative control 
measures, is $140,900 with an equivalent annual cost of GEOMORPHOLOGICAL AND WATER QUALITY 
$3,500. If in addition, rehabilitation techniques are CHARACTERISTICS OF BIG MUSKEG0 LAKE 
found necessary the capital cost of these alternatives 
would range from $28,400 for nutrient inactivation to 
$1,668,000 for sediment covering. The total present 
worth costs of these lake rehabilitation techniques would 
range from $21,200 for nutrient activation to  $1,246,500 
for sediment covering. 

Big Muskego Lake 
Big Muskego Lake is a 2,073-acre lake located totally 
within the City of Muskego in Waukesha County. The 
lake drains through the Wind Lake Drainage Canal to  the 
Fox River. Certain geomorphological characteristics of 
Big Muskego Lake are set forth in Table C-22 together 
with the approximate 1975 population of the direct 
tributary watershed and a brief description of lake water 
quality conditions. As of 1975, an estimated 693 privately 
owned onsite sewage disposal systems-342 of which 
were located in areas covered by soils having severe or 
very severe limitations for the use of such systems-were 
in operation in the lake watershed area. Map C-8 pre- 
sents a graphic summary of the proposed year 2000 land 
cover in the lake watershed. As shown on Map C-8, a por- 
tion of the year 2000 urban land uses in the tributary a The population of the direct tributary watershed is estimated 

watershed area will be served by sanitary sewers. by assuming an average of 3.92 persons per dwelling unit as 
counted on l"= 400'scale aerial photos. 

As indicated in Table C-23, all direct sources combined Source: SEWRPC, 
contribute about 40,000 pounds of phosphorus annually 
to Big Muskego Lake. The major sources of phosphorus 
in the lake watershed are the City of Muskego sewage 

Characteristic 

. . . . . . . . . . . .  Surface Area 
Direct Tributary Drainage 

. . . . . . . . . . . . . . . .  Area 
. . . . . . . . . . . . . .  Shoreline 

Depth 
Maximum . . . . . . . . . . .  

. . . . . . . . . . . . . . .  Mean 

. . . . . . . . . . . . . . .  Volume 
1975 Population of Direct 

. . . . .  Tributary watersheda 

General Existing Water Quality 
Conditions: 

treatment facility, livestock operations, and rural land 
runoff. Discharge from Little Muskego Lake contributes 
an estimated additional 4,800 pounds of phosphorus to  
Big Muskego Lake. Also, as indicated in Table C-23, 

Description 

2,073 acres 

12.1 50 acres 
26.13miles 

4.0 feet 
2.5 feet 
5,469 acre-feet 

3,411 persons 

Occasional algae blooms; 
excessive macrophyte 
growth; fish winterkill; 
high nutrient 
concentrations 

urban land uses in the watershed are expected to increase 
by about 200 percent under planned year 2000 land 
cover conditions, with annual direct total phosphorus 
loadings to the lake expected to  be reduced to about 
26,800 pounds, as a result of changing land use patterns, 
the extension of sanitary sewer services, and the abandon- Table C-23 
ment of the City of Muskego sewage treatment facility. 
By 2000, loadings from Little Muskego Lake are ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
expected to be reduced to 1,000 pounds of phosphorus BIG MUSKEG0 LAKE: 1975 and 2000 
annually. Loadings from livestock operations and rural 
runoff are expected t o  be the primary sources of phos- 
phorus to  the lake under anticipated year 2000 condi- 
tions. The estimated total phosphorus concentrations 
during spring overturn under existing and anticipated 
year 2000 conditions, as estimated from phosphorus 
loadings and lake and drainage basin characteristics, are 
0.21 milligram per liter (mg/l) and 0.13 mg/l, respectively. 
The Commission recommends a level of 0.02 mg/l or less 
of total phosphorus for recreational use and a warmwater 
fishery and aquatic life classification. Existing and antici- 
pated year 2000 pollutant loadings may be expected to  

vertock Opetat~onr ianlmal untr l  
tmospherc Confrlbution (acres of 
rece~vlng surface water1 . . . . .  

result in total phosphorus concentrations in Big Muskego a lssumer prov,r,on of ran,cary ewer rerv,ce as recommended ," ?he point sou,ce po~~utron abatement pian eiemenc 

noopoior rource ~onfrol. Lake which exceed the recommended level for recrea- b includes rim$e svsrems on W,IS havlno seem O, very severe hrnlwaonr for d,spow~ of septic tad effluent. 

tional use and for the maintenance of a warm- Doer "of nc~ode ,he 1975esrlmaredphosph0009 loadof 4,780poundsper year, nor ?he year zwo antrcpstedphos~horur 
loadof lmopaoodsper yearconfrrbured from theoutflow of Linle Muskew Lake. 

water fishery. Source: SEWRPC. 



Map C-8 

PLANNED LAND COVER DEVELOPMENT IN THE DIRECT TRIBUTARY DRAINAGE AREA OF MUSKEGO LAKE: 2000 

LEBEND .... WATErnSnrD BOYNDATt" 
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Big Murkego Lake har a direct tributaw drainage area of about 12,150 serer. About 8,242 acres, or 68 percsnt of the drainage area, are planned to  be in rural land 
mver, and 3,908 acres, or 32 percent, t o  be in urban land mug,. O M r  the planning period an average of about 96acrer may be expected to  be converted annually tq 
urban land cover. It is estimated that an 85 percent reduction in nonw in t  source pollutant runoff will be required in the drainage aree t o  protect the water qualiry 
of the lake. This can be achieved through a combination of minimum and additional rural land management Practicer-including especially the proper manammen! 
of Iivmtock waste land urban management practices-including conrtruaion emrion controls and proper septic tank avstem management bsoed on s sits-bv.iite 
inspection and mainfenance program. 

Sourn: SEWRPC 
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The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations t o  reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in 
Table G24, along with the associated costs and antici- 
pated effectiveness. Measures to control livestock con- 
tributions appear to  be the most cost effective way to 
substantially reduce nonpoint source phosphorus loadings 
to  the lake. Other needed measures include: the exten- 
sion of sanitary sewer service to  portions of the northern 
lake watershed area, improved septic tank management, 

measures to  reduce pollutant runoff from rural lands by 
75 percent, additional measures to  reduce pollutant 
runoff from urban lands by 50 percent, and construction 
erosion control practices. 

If nutrient loadings to  the lake are reduced by the actions 
noted above, the sediments which have been deposited on 
the lake bottom may provide a suitable bottom substrate 
and nutrient source of excessive macrophyte growth and 
may release nutrients to  the water body. If this problem 
is confirmed through further local study, the application 
of lake restoration or rehabilitation procedures should 
be considered in addition to  the above-mentioned point 
and diffuse source controls. Alternative restoration mea- 

Table C-24 

WATER QUALITY MANAGEMENT MEASURES FOR BIG MUSKEG0 LAKE I N  WAUKESHA COUNTY 

a The cumulative percent reduction in  phosphorus loadings is in addition t o  sanitary sewer service, as recommended in  the point source element for the Lower Fox River subregional area. 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the po in t  source alternative plan elements for the Milwaukee Metropolitan subregional area. 
Local hook-up and operation and maintenance costs, which are not  primarily dependent on surface water quaiity, are not  presented above. The estimatedexpenditures for local hook-UP and 
operation and maintenance in the Big Muskego Lake drainage basin inciude a capital cost over the period of 1975.2000 o f  $928,000, an average annual operation and maintenance Cost o f  
$9,500, anda total 50yearpresent worth cost o f  $669,800. 

The proper maintenance and replacement o f  the remaining septic tank systems is recommended to  help improve the water quaiity o f  Big Muskego Lake. However, because septic tank systems 
management is an existing function necessary for the preservation o f  public health and the maintenance of drinking water supplies, this cost is not  included in the water quality management 
plan. The estimated expenditures for septic system management in the Big Muskego Lake drainage basin include a capital cost over the period o f  19752000 o f  $868,500, an average annual 
operation andmaintenance cost of $16,600, and a total 50yearpresent worth cost o f  $1,052,800. 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  ~ a k e ~  
(percent) 

- 

85' 

No additional 
reduction 

No additional 
reduction 

Rural land management practices necessary to  achieve a 7 5  percent reduction in  rural diffuse source pollutant loads. 

Anticipated Effectiveness 

Protect public health and 
drinking water supplies; 
reduce nutrient concen- 
trations 

Reduce nutrient concentra- 
tlons; prevent the stimula- 

t ion phyte Of and excessive algae growth; 
improve recreational use 
potential 

Accelerate lake improvement; 
prevent release of nutrients 
f rom sediment; reduce 
suitable plant substrate 

Deepen lake: reduce macro- 
phyte growth 

Alternative Plan 
Element Description 

Sanitary Sewer 
Serviceb 

Septic Tank System 
ManagementC 

Livestock Waste Control 

Rural Conservation 
practicesd 

Construction Erosion 
Control practicese 

Low-Cost Urban Land 
Management Practices 

Additional Urban Land 
Management practicerf 

Total Diffuse 
Source Control 

Sediment coveringgai 

Limited CIredginghei 

Cost estimated to  control  erosion from the estimated 81.56 acres o f  land estimated to  be annually undergoing construction activity in the lake watershed. 

Urban land management practices necessary t o  achieve a 50percent reduction in  urban diffuse source pollutant loads. 

Cost estimated to  cover the entire iake bottom with sand, clay, plastic. or other suitable material. 

Estimated Cost 

Cost estimated to  dredge to  an average depth of 1 5  feet. 

The cost for sediment covering and dredging may vary depending o n  such factors as lake size and depth, type o f  bottom substrate, and amount and type o f  material to be filled or dredged. 

Total 
Capital 

- 

- 

$ 139,500 

1.1 10,000 

4,415,000 

Minimal 

88,400 

5,752,900 

4,354,000 

4,000,000 

j The reduction in  the direct phosphorus load t o  Big Muskego Lake must be augmented by the implementation o f  minimum practices in  the upstream drainage area of the Lit t le Muskego Lake 
if the total iake load is to be reduced to  acceptable levels Therefore, the nonpoint source plan eiement for Li t t le Muskego Lake must be implemented i f  Big Muskego Lake is to  meet the water 
quality criteria for recreation and warmwater fishery. 

Source: SEWRPC. 

1980-2000 

Average Annual 
Operation and 
Maintenance 

- 

- 

$ 11,900 

144,600 

38200 

4,300 

45,300 

244,300 

- 

- 

Economic Analysis 

Present 

Capital 

- 

- 

$ 104,300 

934,600 

3,313,700 

Minimal 

62,900 

4,415,500 

3,253,700 

2,989,200 

1975-2025 

Total 

- 

- 

$ 25,500 

105,400 

248.400 

4,000 

37,600 

420,900 

206,400 

189,600 

Worth: 1975-2025 

Operation and 
Maintenance 

- 

- 

$ 140,000 

727,500 

602,500 

62,400 

531,000 

2,063,400 

- 

- 

Equivalent 

Capital 

- 

- 

$ 16,600 

59,200 

210,200 

Minimal 

4.000 

280,000 

206.400 

189,600 

Total 

- 

- 

$ 244,300 

1,662,100 

3,916200 

62,400 

593,900 

6,478,900 

3,253,700 

2,989,200 

Annual: 

Operation and 
Maintenance 

- 

- 

$ 8,900 

46,200 

38,200 

4,000 

33,600 

130.900 

- 

- 



I sures, as set forth in Table C24, may include sediment 
covering. Limited dredging to deepen portions of the lake 
and remove nutrient rich sediments could also improve 
lake water quality. The feasibility of these measures 
would have to be assessed in a preliminary engineering 1 study. It should be emphasized, however, that the 
long-term maintenance of water quality in Big Muskego 

I 
Lake requires that the recommended level of nutrient 
input reductions be achieved. 

The application of the above listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Big Muskego Lake would entail a total capital cost of 
about $5,753,000, and an average annual operation and 
maintenance cost of about $244,300. The total 50-year 
present worth cost of these nonpoint source control 
measures is $6,478,900, with an equivalent annual cost 
of $420,900. If, in addition, rehabilitation techniques 
are found necessary, the capital cost of these alternatives 
would range from $4,000,000 for limited dredging to 
$4,354,000 for sediment covering. The total present 
worth cost of these lake rehabilitation techniques would 
range from $2,989,200 for limited dredging to 
$3,253,700 for sediment covering. 

Bohner Lake 
Bohner Lake is a 135-acre lake located in the Town of 

Table C-25 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF BOHNER LAKE 

Burlington in Racine County. The lake drains to the Fox 
River via Spring Brook. Certain geomorphological charac- 
teristics of Bohner Lake are set forth in Table C-25, 
together with the approximate 1975 populaton of the 
direct tributary watershed and a brief description of 
lake water quality conditions. Map C-9 presents a graphic 
summary of the proposed year 2000 land cover in the 
lake watershed. As shown on Map C9, none of the urban 
land in the tributary watershed area is proposed to be 
served by sanitary sewers. As of 1975, an estimated 542 
privately owned onsite sewage disposal systems-125 of 
which were located in areas covered by soils having severe 
and very severe limitations for the use of such systems- 
were in operation in the lake watershed area. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary Watersheda . . . . .  

General Existing Water Quality 
Conditions: 

P 

PLANNEDLANDCOVERDEVELOPMENT 
I N  THE DIRECT TRIBUTARY AREA O F  

BOHNER LAKE: 2000 

Description 

135 acres 

1.098 acres 
1.9 miles 

30  feet 
9.2 feet 
1,243 acrefeet 

832 persons 

Although recent water 
quality data are unavail- 
able for Bahner Lake, i t  
is expected that the lake 
Continues to experience 
excessive algae and weed 
growth problems 

LEGEND 

LF.2 SUBBASIN 8 0 Y N W R I  
AN0 DESIeNATION - DlRECT TRIaUTaRY 
DRAlNAeE AREA - POlNT OF SUBBMIN 
DISCHARBE 

a The population of the direct tributary watenhed is estimated 
by assuming an average of 3.38 persons per dwelling unit as 
counted on l"= 400'scale aerial photos. 

Source: SEWRPC. 

0 Et:Y:!L:,".";":A& U 
sRaPv,c SCALE \D FlUFtAL LANO COVER 4-00 FEET 

o- 

Bohner Lake has a direct tributary drainage ares of about 1,098 acres. About 
717 acres. or 55 percent of the drainage sma, are pianned to be in rural land 
cover. and 381 acrer, or 35 percent. to be in urban lsnd cover. Over the 
planning period none of the direct tributary watershed arsa isexpected to be 
converted to urban land cover. I t  is estimated that a 70 wrcent reduction in 
nonpoint source Wllutanf runoff will be required in the drainage arsa 
to protect the water quality of the laka. This can be achieved through 
a combination of minimum rural lsnd management practices-including 
Bsp~cially the proper management of l ivsnak wastes-and minimum urban 
management practicer-including low-cost urban practicss and prooer septic 
tank system management based on a rite+y.sita inspection and msinte- 
nance program. 

Source: SEWRPC 
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As indicated in Table C-26, all direct sources combined Table C-26 
contribute about 1,060 pounds of phosphorus annually 
to Bohner Lake. The major sources of phosphorus in the 
livestock operations. Sources which drain to  Dyer Lake 
are not included since discharge through Dyer Lake is 
assumed to be negligible. Also as indicated in Table C-26, 
the existing land uses are not expected t o  change sig- 
nificantly under planned year 2000 land cover conditions. 
Therefore, unless reduced by the implementation of non- 
point source control measures, phosphorus loadings 
from septic tank systems and livestock runoff may be 
expected to continue to  be the primary sources of phos- 
phorus to  the lake under anticipated year 2000 condi- 
tions. The estimated total phosphorus concentration 
during spring overturn under existing and anticipated 
year 2000 conditions, as estimated from phosphorus 
loadings and lake and drainage basin characteristics, is 
0.06 milligram per liter (mg/l). The Commission recom- 
mends a level of 0.02 mg/l or less of total phosphorus 
for the prevention of excessive aquatic plant growth and 
the maintenance of a warmwater fishery and recreational 
use classification. Existing and anticipated year 2000 
pollutant loadings may be expected to result in total 
phosphorus concentrations in Bohner Lake which exceed 
the phosphorus level estimated to be necessary to main- 
tain water quality suitable for recreational use and for 
the maintenance of a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to  reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in Table 
(2-27, along with the associated costs and anticipated 
effectiveness. Measures t o  control livestock contributions 
appear to be the most cost-effective way to substantially 
reduce phosphorus loadings to  the lake. Other needed 
measures include the following: improved septic tank 
management, minimum measures to  reduce pollutant 
runoff from rural lands through the implementation of 
basic soil conservation practices and low-cost measures 
to reduce pollutant runoff from urban lands. 

If nutrient loadings to  the lake are reduced by the 
actions noted above, the sediments which have been 
deposited on the lake bottom may continue to provide 
a suitable bottom substrate and nutrient source for 
excessive macrophyte growth and may release nutrients 
to the water body, resulting in continued poor water 
quality. If this problem is confirmed through further 
local study, the application of lake restoration or 
rehabilitation procedures should be considered in addi- 
tion to the above-mentioned diffuse source controls. 
Alternative restoration measures, as set forth in Table 
C-27, may include dredging, sediment covering, nutrient 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
BOHNER LAKE: 1975 and 2000 

a mssumes no nonponrr source controi. 

lncloder only those systems on mils having severe or very severe limrtations for disposal of zpfie tank effluent 

Source of Pharphorur 

Urban Land Covet (acres1 . . . . . . . . . 
Land under Development-Conrrructfon 

Act8vlflel l~cresl . . . . . . . . . . 
Onrlte Sewage Dlrpo*ai Sepflc 

Tank systemsb . . . . . . . . . 
Rural Land Cover lacrerl . . . . . . . 
Livestock Operations (an8m.l units1 . . . 
Atrno~pherlc Contrlbutlon (acres of 

recelvlng surface warerl . . . . . . . 

Does not include the esnmated upstream Coral phomhorus Id from Dyer Lake which is allowed to be negligible under 
both 1975andanttopated year2WO c o o d i t i i i ~  

Source SEWRPC 

inactivation, and hypolimnetic aeration. The feasibility 
of these measures would have to be assessed in a prelimi- 
nary engineering study. Additional management mea- 
sures, such as weed harvesting, may be used to control 
the macrophyte growth which may interfere with the 
recreational use of the lake. It should be emphasized, 
however, that the long-term maintenance of water 
quality in Bohner Lake requires that the recommended 
level of nutrient input reductions be achieved. 

Exlsfing 1975 

The application of the above listed nonpoint source 
pollution control measures to control the nutrient input 
to Bohner Lake would entail a total capital cost of about 
$6,300, and an average annual operation and mainte- 
nance cost of about $2,400. The total 50-year present 
worth cost of these nonpoint source control measures, 
useful in comparing the long-term costs of alternative 
control measures, is $35,500, with an equivalent annual 
cost of $2,400. If, in addition, rehabilitation techniques 
are found necessary, the capital costs of these alternatives 
would range from $3,100 for nutrient inactivation and 
$1,306,500 for dredging. The total present worth costs 
of these lake rehabilitation techniques would range from 
$2,300 for nutrient inactivation t o  $976,300 for dredging. 

Number 

381 

125 
717 
70 

135 

Anticipated 2006  

Number 

381 

125 
717 
70 

135 

Tmsi 
Loadlng 
lpoundr 

per year) 

62 

362 
106 
462 

68 

Percenf 
Dlrtrlbutlon 

5.9 

34.1 
10.1 
43.5 

6 4  

Total 
Loading 
lpounds 
p r  year) 

62 

362 
106 
462 

68 

Percent 
D8rtribution 

5.9 

34.1 
10.1 
43.5 

6 4  



Table C-27 

WATER QUALITY MANAGEMENT MEASURES FOR BOHNER LAKE IN RAClNlE COUNTY 

a The proper maintenance and replacement o f  septic tank systems is recommended to  help improve the water quality o f  Bohner Lake. However, because septic rank systems management is an 
existing function necessary for the preservation o f  public health and the maintenance o f  drinking water supplies, this cost is not  included in  the water quality management plan. The estimated 
expenditures for septic system management in the Bohner Lake drainage basin include a capital cost over the period o f  7975.2000 o f  $562,500, an average annual operation and maintenance 
cost of $17,500, and a total SO-yearpresent worth cost o f  $906,500. 

Cost estimated to  harvest macrophytes from the 5 0  acres o f  Bohner Lake subject to  excessive macrophyte growth. 

Cost estimated to  aerate the entire hypolimnion o f  the lake. 

The lower cost for nutrient inactivation is for treating only the hypolimnefic area with alum; the higher cost is for treating the entire lake with alum. 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, o r  other suitable material. 

Cost estimated to dredge lake to  an average depth o f  15 feet. Existing average depth is 9 feet. 

The Costs for dredging and sediment covering vary widely depending on such factors as lake size and depth, type o f  bottom substrate, and amount of material t o  be dredged o r  filled 

Source: SEWRPC. 

Booth Lake 
Booth Lake is a 113-acre landlocked lake located in the 
Town of Troy in Walworth County. Certain geo- 
morphological characteristics of Booth Lake are set forth 
in Table C28, together with the approximate 1975 
population of the direct tributary watershed and a brief 
description of lake water quality conditions. Map C-10 
presents a graphic summary of the proposed year 2000 
land cover in the lake watershed. As shown on Map C-10 
none of the urban land in the tributary watershed area 
is proposed to be served by sanitary sewers. As of 1975, 
an estimated 70 privately owned onsite sewage disposal 
systems17 located in areas covered by soils having 
severe and very severe limitations for the use of such 
systemswere in operation in the lake watershed area. 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  Lake 
(percent) 

70 

Minimal additional 
reduction 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 

As indicated in Table C-29, all sources combined con- 
tribute about 127 pounds of phosphorus annually to 
Booth Lake. The major sources of phosphorus in the 
lake watershed are atmospheric loadings and contribu- 
tions from septic tanks. Also as indicated in Table (3-29, 
the existing land uses are not expected to  change signi- 
ficantly under planned year 2000 land cover conditions. 
Therefore, unless reduced by the implementation of 
nonpoint source control measures, phosphorus loadings 
from atmospheric loadings and septic tank loadings may 
be expected to  continue t o  be the primary sources of 
phosphorus to  the lake under anticipated year 2000 
conditions. The estimated total phosphorus concentration 
during spring overturn under existing and anticipated 
year 2000 conditions, as estimated from phosphorus 

Anticipated Effectiveness 

Reduce nutrient concentra- 
tions; prevent the stimula- 

t ion phyte Of and excessive algae growth; 
improve recreational use 
potential; protect public 
health and drinking water 
supplies 

Control excessive macrophyte 
growth: aesthetic enhance- 
ment; improve recreational 
use potential 

Prevent anaerobic conditions 
(lack of oxygen1 in the 
hypolimnion 

Acoelerate lake improvement; 
prevent release of nutrients 
from sediment; remove 
nutrients from water body. 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; reduce 
suitable plant substrate 

Deepen lake; reduce macro- 
phyte growth 

Alternative Plan 
Element Description 

Septic Tank System 
Managementa 

Livestock Wane Control 

Minimum Rural Con- 
rervation Practices 

Low Cost Urban Land 
Management Practices 

Total Diffuse 
Source Control 

Macrophyte 
~ a r v e a i n g ~  

Hypolimnetic 
  era ti on' 

Nutrient lnactivationd 

Sediment Coveringerg 

LIredgingf 

Estimated Cost 

Total 
Capital 

- 

$ 6.200 

100 

Minimal 

6,300 

46,600 

6,200 

3,100 
t o  

13.500 

270,000 

1,306,500 

1980-2000 

Awrage Annual 
Operation and 
Maintenance 

- 

$ 500 

1,300 

600 

2,400 

6,500 

200 

- 

- 

- 

Economic Analysis 

Present 

Capital 

- 

$ 4,600 

100 

Minimal 

4,700 

34,800 

4,600 

2,300 
t o  

10.100 

201,800 

976,300 

1975-2025 

Total 

- 

$ 700 

1,100 

MIO 

2,400 

8,700 

500 

100 
t o  
600 

12,800 

61,900 

Equivalent 

Capital 

- 

$ 300 

> 100 

Minimal 

400 

2,200 

300 

100 
t o  

600 

12,800 

61,900 

Worth: 1975-2025 

Operation and 
Maintenance 

- 

$ 6200 

15,300 

9,300 

30.800 

102,500 

3,200 

- 

- 

- 

Annual: 

Operation and 
Maintenance 

- 

$ 400 

1.000 

600 

2,000 

6.500 

200 

- 

- 

- 

Total 

- 

$ 10,800 

16,400 

9,300 

35,500 

137.300 

7,800 

2,300 
t o  

10.100 

201,800 

976,300 



Table C.28 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF BOOTH LAKE 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.42 persons per dwelling wit as 
counted on I"= 400'scale aerial photos. 

Source: SEWRPC. 

- 
Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

loadings and lake and drainage basin characteristics, is 
0.01 milligram per liter (mg/l). The Commission recom- 
mends a level of 0.02 mgll or  less of total phosphorus 
for the prevention of excessive aquatic plant growth and 
maintenance of a wannwater fishery and recreational 
use classification. Existing and anticipated year 2000 
pollutant loadings may be expected to result in total 
phosphorus concentrations in Booth Lake which are 
below the recommended level for recreational use and 
for the maintenance of a warmwater fishery. Although 
existing and 2000 year water use objectives are expected 
to be met, it is critical that continued efforts be made 
to protect the existing and future lake water 
quality conditions. 

Description 

113 acres 

146 acres 
1.79 miles 

24 feet 
12.2 feet 
1,376 acre-feet 

240 persons 

Low nutrient 
concentrations 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. 
An evaluation of these measures, applied in alternative 
combinations to reduce the nonpoint source pollution 
loading on the lake; wss made and a set of recommended 
measures was identified. These measures are set forth 
in Table G30, along with the associated costs and antici- 
pated effectiveness. Measures to control phosphorus 

Table C-29 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
BOOTH LAKE: 1975 and 2000 

Map C-10 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF BOOTH LAKE PLANNED LAND 
COVER DEVELOPMENT IN THE DIRECT TRIBUTARY 

DRAINAGE AREA OF BOOTH LAKE: 2000 

LEGEND 

5L88ASIN BOYNOAW 
MRO AND DEBIONATION - DIRECT TRIBUTARY 

DRAINNUIE AeEA 

:2~~Y:F:E:~?~oo 

RURAL LAND COVE- 

NOTE: BO(ITH LDSE 15 AN 
INTERNALLY DRaINED 
LbKE AND HilS NO 
OUTLET 

Booth Lake ha8 a direct tributary drainaae area of about 146 acre$. About 
61 acres. or 36 percent of Ihe drainage area, are planned to be in rural 
land cover, and 9 6  acres, or 66 percent, to ba in urban land cwer. Over 
the planning period none of the direct tributary watershed area isexpected 
to ba convened to urban land e w r .  I t  is enlmated that no reduction in 
nonpoint source pollutant runoff will be required in the drainage area to 
protect the water quality of the lake. To provide minlmum water qualiw 
control, a Combination of minimum rural land management practices- 
including erpeeially the proper managemant of agliculturai crorrping 
prectices-and minimum urban management practicer-including proper 
reptic tank rystsm manspment based on a riteay-rits lnwectian end 
maintenance prwram-rhould be implemented in the lake dralnws area. 

Swme: SEWRPC 



Table C-30 

WATER QUALITY MANAGEMENT MEASURES FOR BOOTH LAKE IN WALWORTH COUNTY 

a The proper maintenance and replacement o f  the remaining septic tank systems is recommended t o  help improve the water qualify o f  Booth Lake. However, because septic tank systems manage- 
ment is an existing function necessary for the preservation o f  public health and the maintenance o f  drinking water supplies, this cost is not included in the water quality management plan. The 
estimatedexpenditures for septic system management in the Booth Lake drainage basin include a capital cost over the period o f ,  1975-20001of $76,500, an average annual operation and mainte- 
nance cost o f  $2,300. anda total 50-year present worth cost o f  $1 19,500. 

Cost estimated to  cover the entire lake bottom wi th  sand, clay, plastic, or other suitable material. 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  Lake 
(percent) 

40 

No additional 
reduction 

No additional 
reduction 

The lower cost for nutrient inactivation is for treating only the hypolimnetic area with alum; the higher cost is for treating the entire lake wi th  alum. 

Anticipated Effectiveness 

Reduce nutrient concentra- 
t ionr ;  prevent the stimula- 

t ion of excessive macro- 
phyte and algae growth; 
improve recreational use 
potential 

Accelerate lake improvement; 
prevent release of nutrients 
f rom sediment; remove 
nutrients from water body 

Accelerate lake ~mprovement; 
prevent release of nutrients 
f rom sediment; reduce 
suitable plant substrate 

Alternative Plan 
Element Description 

Septic Tank System 
Managementa 

Minimum RuralConser- 
vation practicesb 

Low C o n  Urban Land 
Management Practices 

Total Diffuse Source 
Control 

Nutrient lnactivationC 

The Costs o f  sediment covering vary widely depending on such factors as lake sire anddepth, type o f  bottom substrate, andamount o f  material t o  be filled. 

Source: SEWRPC. 

input include: improved septic tank management, $300. If, in addition, rehabilitation techniques are found 
minimum measures to reduce pollutant runoff from rural necessary, the capital costs of these alternatives would 
lands through the implementation of basic soil conser- range from $2,000 for nutrient inactivation to $226,000 
vation practices and low-cost measures t o  reduce pol- for sediment covering. The total present worth costs of 
lutant runoff from urban lands. these rehabilitation techniques would range from 

$1,500 for nutrient inactivation to  $168,900 for 

Estimated Cost 
1980-2000 

, 168,900 - 

If nutrient loadings t o  the lake are reduced by the actions sediment covering. 
noted above, the sediments which have been deposited on 

Total 
Capital 

- 

$ <I00 

Minimal 

100 

2,000 
t o  

11.300 

10,700 

the lake bottom may provide a suitable bottom sub- Browns Lake 
strate and nutrient source for excessive macrophyte Browns Lake is a 396-acre lake located in the Town of 
growth in selected areas and may release nutrients to  the Rochester in Racine County. The lake drains to  the Fox 
water body, resulting in poor water quality. If this River via Hoosier Creek. Certain geomorphological 
problem is confirmed through further local study, the characteristics of Browns Lake are set forth in Table 
application of lake restoration or rehabilitation proce- C-31, together with the approximate 1975 population 

-Average 
Operation and 
Maintenance 

- 

$ <I00 

200 

300 

- 

Economic 

Present Worth: 1975-2025 

dures should be considered in addition to  the above- 
mentioned diffuse source controls. Alternative restora- 
tion measures as set forth in Table C-30 may include 
sediment covering, or nutrient inactivation. The feasi- 
bility of these measures would have to be assessed in 
a preliminary engineering study. It should be emphasized, 
however, that the long-term protection and maintenance 
of water quality in Booth Lake requires that the recom- 
mended level of nutrient input reductions be achieved. 

Analysis 

The application of the above-listed nonpoint source pol- 
lution control measures to  control the nutrient inputs 
to  Booth Lake would entail a total capital cost of about 
$100, and an average annual operation and maintenance 
cost of about $300. The total 50-year present worth 
cost of these nonpoint source control measures, useful 
in comparing the long-term costs of alternative control 
measures, is $3,500 with an equivalent annual cost of 

Total 

- 

$ 1,200 

2,300 

3,500 

1,500 
t o  

8,400 

Capital 

- 

$ <I00 

Minimal 

100 

1,500 
t o  

8,400 

of the direct tributary watershed and a brief description 
of lake water quality conditions.1 Map C-11 presents 
a graphic summary of the proposed year 2000 land cover 
in the lake watershed. As shown on Map G11, essentially 
all of the urban land in the tributary watershed area is 
proposed to be served by sanitary sewers by the year 
2000. As of 1975, only two privately owned onsite 
sewage disposal systems were in operation in the lake 
watershed area. Prior to 19173 when sanitary sewer service 
was provided to urban development in the lake watershed, 
malfunctioning septic systems were a significant source 
of water pollutants to Browns Lake. 

1975-2025 

Total 

- 

$ 

100 

300 

100 
t o  
500 

Equivalent Annual: 

Operation and 
Maintenance 

- 

$ 1,100 

2.300 

3.400 

- 

'Report  on  Browns ~ a d e ,  Racine County; National 
Eutrophication Survey, U.lS. Environmental Protection 
Agency, 1972. 

Capital 

- 

$ <I00 

Minimal 

100 

100 
t o  
500 

Operation and 
Maintenance 

- 

$ <lo0 

100 

200 

- 



Table C.31 Map C-11 

GEOMORPHOLOGICAL AND WATER ClUALlTY 
CHARACTERISTICSOF BROWNS LAKE 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.38 persons per dwelling unit as 
counted on 7 "= 400' scale aerial photos. 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean . . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population o f  Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
BROWNS LAKE: 1975 and 2000 

Description 

396 acres 

526 acres 
5.7 miles 

44 feet 
8 feet 
3,135 acre-feet 

1,547 persons 

Anaerobic conditions in 
hypolimnion during sum- 
mer stratification; blue- 
green algae blooms 
occasionally occur: dense 
macrophyte growth; low to  
moderate nutrient 
Concentrations 

PLANNED LAND COVER DEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE 

AREA OF BROWNS LAKE: 2000 

LEGEND 

%.I SU-SIN W N M W  
AND DESIONATITDN - P ~ N T  a sussau~ 
DISCHARBE 

SEWERED URBAN 
D N E m P M M T  ZOCO 

Browns Lake has a direct tributary drainage area of about 526acres. About 
136 acrer, or 26 percent of the drainage area, are planned to be in rural land 
cover, and 390 acrer. or 74 percent, t o  be in urbsn land cover. Over the 
planning period an average of about two acrer may be expected to  Lw 
converted annually to  urban land cover. It is estimated that no reduction i n  
nonpainf source pollutant runoff wi l l  be required in the drainage area to 
protect the water quality of the l a k .  To provide minimum water quality 
control, a combination of minimum rural land management practice3- 
including especially the proper management of agricultural practices-and 
minimum urban management practices-including low.cart urbsn practicer. 
construction erosion controls, and proper s e ~ t i c  tank rynem management 
based on a site-by-rim inrPestian and maintenance program-should be 
implemented in the drainage area. 

source: SEWRPC. 

As indicated in Table C32, all sources combined con- 
tribute about 412 pounds of phosphorus annually to 
Browns Lake. The major sources of phosphorus in the 
lake watershed are atmospheric sources, construction 
activities, and residential land runoff. Also, as indicated 
in Table C-32, urban land uses in the watershed are 
expected to increase by approximately 15 percent under 
planned year 2000 land cover conditions, with annual 
total ~ h o s ~ h o r u s  loadings ex~ected to increase to about . . 

wrm por~on at milw -- w#ce IS rarmnbN ," in. nu-l -me lio,,UtioR .NlenxnrNsn dam.Oc 466 pounds, unless redu$d by nonpoint source controls. 
-m.no mnw;",aum 

i ~ ~ ~ a o n ~ m o e m ~ n ~ a n r a l i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ , . ~ ; ~ ~ ~ ~ ~ i o n ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ u . ~ ~ ~ ~ ~  
Phosphorus loadings from atmospheric sources, con- 

sw,e*: sewnm. 



struction activities, and residential land uses, however, 
are expected to continue to  be the primary sources of 
phosphorus to  the lake under anticipated year 2000 
conditions. The sewer service area is proposed to be 
extended under year 2000 conditions. The estimated 
total phosphorus concentrations during spring overturn 
under existing and anticipated year 2000 conditions, as 
estimated from phosphorus loadings and lake and 
drainage basin characteristics, are 0.013 milligram per 
liter (mg/l) and 0.015 mg/l, respectively. The Commission 
recommends a level of 0.02 mg/l or less of total phos- 
phorus for the prevention of excessive aquatic plant 
growth and the maintenance of a warmwater fishery and 
recreational use classification. While Browns Lake has 
historically exhibited excessive nutrient concentrations, 
water quality conditions in the lake are expected to  
improve significantly in the future as a result of the 
installation of sanitary sewers in 1973. Total phos- 
phorus measurements taken in 1974 and 1975 averaged 
about 0.10 mg/l, as compared to values which averaged 
0.26 mg/l total phosphorus measured prior to, or 

immediately following the provision of sanitary sewer 
service. Existing and planned year 2000 pollutant 
loadings t o  Browns Lake do not exceed the level esti- 
mated to be necessary to maintain a water quality 
suitable for recreational use and for the maintenance of 
a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. 
An evaluation of these measures, applied in alternative 
combinations to reduce the nonpoint source pollution 
loading on the lake, was made and a set of recommended 
measures was identified. These measures are set forth 
in Table G33, along with the associated costs and antici- 
pated effectiveness. Other needed measures include: the 
extension of sanitary sewer service, minimum measures 
to reduce pollutant runoff from rural lands through the 
implementation of basic soil conservation practices, 
low-cost measures to reduce pollutant runoff from urban 
lands, and construction erosion control practices. 

Table C-33 

WATER QUALITY MANAGEMENT MEASURES FOR BROWNS LAKE IN RAClNE COUNTY 

Alternative Plan 

tions; prevent the stimula- 
t ion of excessive macro- 
phyte and algae growth; 
improw recreational use 

a The cumulative percent reduction in phosphorus loadings is in addition to  sanitary sewer service, as recommended in the point source element for the Lower Fox River subregional area. 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the point source alternative plan elements for the Lower Fox River subregional area. Local 
hook-UP and operation and maintenance costs, which are not  primarily dependent on surface water qualify, are not  presented above. The estimated expenditures for local hook-up and opera- 
tion and maintenance in the Browns Lake drainage basin include a capital cost over the period o f  1975.2000 o f  $656.000, an average annualoperation and maintenance cost o f  $18.100, and a 
total 50-yearpresent worth cost of $653,200. 

Cost estimated to  control erosion from the estimated two acres o f  land estimated to  be annually undergoing construction activity in the lake watershed. 

Cost estimated to harvest macrophytes from the 90acresof Browns Lake subject to  excessive macrophytegrowth. 

The lower cost for nutrient inactivation is for treating only the hypolimnetic area with alum; the higher cost is for treating the entire lake with alum. 

Cost estimated to  cover the entire lake bottom with sand, clay, plast!c, or other suitable mater,al. 

Cost estimated to dredge lake to  an average depth of 15 feet. Existing average depth is 8.9 feet. 

The Cost o f  dredging and sediment covering may vary depending on such factors as lake sire and depth, type o f  bottom substrate, and amound o f  material to  be filled or dredged. 

Source: SEWRPC. 



Prior to  the provision of sanitary sewer service to the 
lake watershed, Browns Lake was in an advanced state of 
eutrophication. Therefore, extensive amounts of nutrient- 
rich sediments have been deposited on the lake bottom. 
These sediments will probably continue to provide 
a suitable bottom substrate and nutrient source for exces- 
sive macrophyte growth and may release nutrients to the 
water body, resulting in continued poor water quality. 
If this problem is confirmed through further study, the 
application of lake restoration or rehabilitation proce- 
dures should be considered. Alternative restoration 
measures as set forth in Table C-33 would include 
dredging, hypolimnetic aeration, sediment covering, and 
nutrient inactivation. The feasibility of these measures 
would have to  be assessed in more detailed preliminmy 
engineering studies. Additional management measures, 
such as weed harvesting, may be used to control macro- 
phyte growth which may interfere with the recreational 
use of the lake. I t  should be emphasized, however, that 
the long-term maintenance of Browns Lake requires 
that the recommended level of nutrient reductions 
be achieved. 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient input 
to  Browns Lake would entail a total capital cost of about 
$92,500, and an average annual operation and mainte- 
nance cost of about $1,700. The total 50-year present 
worth cost of these nonpoint source control measures is 
$94,300, with an equivalent annual cost of $6,100. If, 
in addition, lake rehabilitation techniques are found 
necessary, the capital cost of these alternatives would 
range from $8,700 for nutrient inactivation to $3.9 
million for dredging. The total present worth costs of 
these lake rehabilitation techniques would range from 
$6,500 for nutrient inactivation to  $2.9 million 
for dredging. 

Camp Lake 
Camr, Lake is a 461-acre lake located in the Town of 
~ a l e m  in Kenosha County. The lake drains to Channel 
Lake in Illinois and eventually into the Fox River. 
Certain geomorphological characteristics of Camp Lake 
are set forth in Table C-34, together with the approxi- 
mate 1975 population of the direct tributary watershed 
and a brief description of lake water quality conditions. 
Map C12 presents a graphic summary of the proposed 
year 2000 land cover in the lake watershed. Nearly all 
significant urban land areas in the tributary watershed 
area are proposed to be served by sanitary sewers by the 
year 2000. As of 1975, an estimated 480 privately owned 
onsite sewage disposal systems-427 of which were 
located in areas covered by soils having severe and very 
severe limitations for the use of such systems-were in 
operation in the lake watershed area. 

As indicated in Table (2-35, all direct sources combined 
contribute about 2,220 pounds of phosphorus annually-to 
Camp Lake. The major source of phosphorus in the lake 
watershed is septic tank systems. In addition, approxi- 
mately 280 pounds of phosphorus are contributed 
annually from drainage from Center Lake. Also as indi- 

Table C-34 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF CAMP LAKE 

. . . . . . . . . . . .  

Occasional blue-green algae 
blooms; excessive macro- 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.31 persons per dwelling unit as 
counted on l"= 400'scale aerial photos. 

Source: SEWRPC. 

Table C-35 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
CAMP LAKE: 1975 and 2000 

a Asurmer pmv,on of san~rary sewer sew,ce as recommended n rhe po,nt source polluaon abatement plan element 
anvmer no nonpornt rouxe control 

b Includes only rhore syrremr on uri~r having severe or very severe ~imifsrions for dis~ospl afepric tank effluent 

Does nor inclode the 1975 estimated percentage annual phorphorvs load of 280poundsper year, or the year2Wantici- 
pefedphoaphorur laulof  50 w u n d ~ p r  year confr~bufed f f f  the dainape of the Center Lake outlet 

s0"me: SEWRPC 

Source of Phorphorus 

Urban Land Cover (acres). . .  
Land under Development-Conrirucfiin 

~ ~ t i v l t # e $  (acres1 . . . . . . . . . . . . . . . . 
Dnsite Sewage Dirporal Septic 

Tank syrtemrb . . . . . . . . . . . . . . . . 
Rural Land Cover (acres1 . . . . . . . . . . . . 
Livestock Oprationr isnimal unltr l  . . . . . . 
Atmospheric Contribution lacrer of 

receiving surface water) . . . . . . . . . . . 
Total 

Ex#rf#ng 1975 Ant#c#pafed 2000a 

Percent 
D,rtr#bution 

6 6  

55.8 
14.1 
13.1 

104 

100.0 

Number 

814 

19 

23 
1.733 

44 

461 

- 

Number 

516 

- 

427 
2.050 

44 

481 

- 

Total 
Loading 
(pounds 
per yaarl 

147 

1.235 
313 
290 

230 

2.217' 

Total 
Loadlng 
ipoundr 
per year1 

284 

880 

67 
264 
290 

230 

1.995C 

Percent 
Distr8bufron 

142 

43.1 

3.3 
13.2 
14.6 

11.6 

100.0 
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Table C-36 

WATER QUALITY MANAGEMENT MEASURES FOR CAMP LAKE IN KENOSHA COUNTY 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Estimated Cost 
1980-2000 

I I Total 1 Operation and 1 Operation and 1 I Owration and I 1 Management M a s  Capital M a i i n a n c e  Capital I Maintenance Total Capital Maintenance Total Anticipated Effectiveness I L O ~ ~ e ~ ~ e ~ ~ a  1 
Sanitary Sewer serviceb 

Economic Analysis 

Present Worth: 1975-2025 Equivalent Annual: 1975-2025 

Protect public health and 
drinking water supplies; 
reduce nutrient concen- 

Minimum Rural Con- 1 400 1 3,300 1 300 1 40,400 40,700 <I00 2.600 2.700 1 ~ h y t e  and algae growth; I 1 

- 

Septic Tank System 
ManagementC 

Livestock Waste Control 

- 

$ 3,900 

rervation Practicer 
Construction Erosion 

Control practicesd 
Low Cost Urban Land 

. . 

I I Hamstinge 

growth; aesthetic enhance- 
ment; improve recreational reduction I 

Management Practices I 

(lack of oxygen) in the reduction 

- 

$ 300 

877,600 

Minimal 

I 
Total 1 882,100 1 12,300 1 662 000 1 180,300 1 842,300 1 42,100 1 11,400 1 53.500 

Macro~hvte  1 279.600 1 39.000 1 208.900 1 614.700 1 823.600 1 13.300 1 39,000 1 52.300 1 Control excessive macrophyte 1 Minimal additional 

a The cumulative percent reduction in phosphorus loadings is in addition to  sanitary sewer service, as recommended in the point source element for the Lower Fox River subregional area. 

- 

$ 2,900 

7,600 

1,100 

Sediment coveringgei 

IJredginghGi 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the po in t  source alternative plan elements for the Lower Fox River subregional areas. Local 
hook-up and operation and maintenance costs, which are not primarily dependent on surface water quality, are not  presented above. The estimated expenditures for  Iocai hook-up and opera- 
t ion  and maintenance in  the Camp Lake drainage basin include a capital cost over the period o f  1975-2000 o f  $2,836,000, an average annual operation andmaintenance cost o f  $21,300, anda 
totai 50-yearpresent worth cost of $1,924,200. 

The proper maintenance and replacement o f  the remaining septic tank systems is recommended to  help improve the water quality o f  Camp Lake. However, because septic rank systems manage- 
ment is an existing function necessary for the preservation o f  public health and the maintenance of drinking water supplies, this cost is not included in the water quality management plan. The 
estimated expenditures for septic system management in the Camp Lake drainage basin include a capital cost over the period o f  1975-2000 of $103,500, an average annual operation andmain- 
tenance cost o f  $1,800, and a total 50-yearpresent worth cost o f  $120,300. 

- 

$ 3,900 

658,800 

Minimal 

922,000 

7,436,000 

Cost estimated to control erosion from the estimated 19 acres o f  land estimated to be annually undergoing consrruct~on activity in the lake watershed. 

Cost estimated to  harvest macrophytes from the 300 acres o f  Camp Lake subject to  excessive macrophyte growth. 

119,800 

16,200 

- 

- 

Cost estimated to  aerate 200 acres o f  the lake 

I 

Cost estimated to  cover the entire lake bottom wi th  sand, clay, plastic. or other suitable material. 

Cost estimated to dredge lake to  an average depth o f  15 feet. Existing average depth is 5 feel. 

I 
- 

$ 200 

- 

776,600 

16,200 

689,000 

5,556.900 

The Cost for sediment covering and dredging vary widely depending on such factors as lake size anddepth, type o f  bottom substrate and the amount o f  material to  be filled or dredged. 

- 

Source: SEWRPC. 

- 

$ 400 $ 6,800 1 $ 200 

1 
41,800 

Minimal 

- 

- 

rophyte growth and may release nutrients to  the water 
body, resulting in continued poor water quality. If this 
problem is confirmed through further local study, the 
application of lake restoration or rehabilitation proce- 
dures should be considered in addition to  the above 
mentioned diffuse source controls. Alternative restora- 
tion measures as set forth in Table C-36 may include 
dredging aeration, and sediment covering. The feasibility 
of these measures would have to  be assessed in a pre- 
liminary engineering study. Because of the shallowness 
of the lake, nutrient inactivation would probably not be 
effective. Other management measures, such as weed 
harvestillg, may be used to  control the macrophyte 
growth which may interfere with the recreational use of 
the lake. It should be emphasized, however, that the 

t rat~ons I 
Reduce nutrient concentra- 

tions; prevent the stimula- 
t ion of excessive macro- 

long-term maintenance of water quality in Camp Lake 
requires that the recommended level of nutrient input 
reductions be achieved. 

1 
7,600 

1,000 

689,000 

5,556,900 

The application of the above listed nonpoint source pol- 
lution control measures to  control the nutrient inputs to  
Camp Lake would entail a total capital cost of about 
$882,100, and an average annual operation and mainte- 
nance cost of about $12,300. The total 50-year present 
worth cost of these nonpoint source control measures is 
$842,300, with an equivalent annual cost of $53,500. If, 
in addition, rehabilitation techniques are found neces- 
sary, the capital cost of these alternatives would be 
$40,000 for aeration and $7,436,000 for dredging. The 

49,400 

1,000 

43,700 

352,500 

improve recreationai use 
potential; protect public 
health and drlnking ' 
water supplies 

- 

- 

43,700 

352.500 

hypolimnion 
Accelerate lake improvement; 

prevent release of nutrients 
f rom sediment; reduce 
suitable plant substrate 

Deepen lake; reduce macro- 
phyte growth 

No additional 
reduction 

No additional 
reduction 



total present worth costs of lake rehabilitation techniques 
would be $45,700 for aeration and $5,556,900 
for dredging. 

Center Lake 
Center Lake is a 129-acre lake located in the Town of 
Salem in Kenosha County. The lake drains to  Camp Lake. 
Certain geomorphological characteristics of Center Lake 
are set forth in Table C-37, together with the approxi- 
mate 1975 population of the direct tributary watershed 
and a brief description of lake water quality conditions. 
Map C-13 presents a graphic summary of the proposed 
year 2000 land cover in the lake watershed. As shown on 
Map G13, a large portion of the urban land in the tribu- 
tary watershed area is proposed to be served by sanitary 
sewers by the year 2000. As of 1975, an estimated 492 
privately owned onsite sewage disposal systems-124 of 
which were located in areas covered by soils having severe 
and very severe limitations for the use of such systems- 
were in operation in the lake watershed area. 

As indicated in Table C-38, all sources combined con- 
tribute about 2,668 pounds of phosphorus annually to 
Center Lake. The major sources of phosphorus in the 
lake watershed are septic tank systems and runoff from 
livestock operations. Also as indicated in Table C-38, the 
extent of urban land uses in the watershed is expected 
to  increase by about 130 percent under planned year 
2000 land cover conditions. Sanitary sewer service would 
be provided. The positive effects of sanitary sewer service 
on phosphorus loads are more than offset by the 
increased construction activities and urban land runoff 
in the year 2000, with the annual total phosphorus load 
in 2000 estimated to  be about 3,431 pounds. The esti- 
mated total phosphorus concentrations during spring 
overturn under existing and anticipated year 2000 
conditions, as estimated from phosphorus loadings and 
lake and drainage basin characteristics, are 0.16 milligram 
per liter (mg/l) and 0.20 mg/l, respectively. The Com- 
mission recommends a level of 0.02 mg/l or less of total 
phosphorus for the prevention of excessive squatic plant 
growth and maintenance of a warmwater fishery and 
recreational use classification. Existing and anticipated 
year 2000 pollutant loadings may be expected to result 
in total phosphorus concentrations in Center Lake 
which exceed the recommended level for recreational 
use and for the maintenance of a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. 
An evaluation of these measures, applied in alternative 
combinations to  reduce the nonpoint source pollution 
loading on the lake, was made and a set of recommended 
measures was identified. These measures are set forth in 
Table G39, along with the associated costs and antici- 
pated effectiveness. Measures to  control livestock con- 
tributions appear to  be the most cost-effective way to 
substantially reduce phosphorus loadings to  the lake. 
Other needed measures include the following: the 
provision of sanitary sewer service; improved septic tank 

management; measures to  reduce pollutant runoff from 
rural lands by 75 percent; low-cost measures to  reduce 
pollutant runoff from urban lands; and construction 
erosion control practices. 

Table C-37 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF CENTER LAKE 

a The population of  the direcr tributary watershed is estimated 
by assuming an average of 3.31 persons per dwelling unit as 
counted on l"= 400'scale aerial photos. 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean . . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda. . . . .  

General Existing Water Quality 
Conditions: 

Table C-3? 

Description 

129 acres 

2,243 acres 
6.5 miles 

28 feet 
8 feet 
1,136 acre-feet 

1,629 persons 

Occasional algae blooms; 
excessive macrophyte 
growth; low midsummer 
dissolved oxygen levels 
in hypolimnion; high 
nutrient concentrations 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
CENTER LAKE: 1975 and 2000 

a A l w m e  provir,an of srnilsry sewer s w c e  as rmamn)ended (n me point source poilufioo abatemen? plan elemenf 
assumes no nonpornf source control. 

Includes only those systems an soils having revere or very bvere ~imirattons for disposal ofspr,c tank effluent 

Source: SEWRPC. 

Source of Phoiphorur 

Urban Land Cover (acres) . . . 
Land under Development-Conrtrucfon 

Act#vr t~e~  lacresl . . . . . . . . . . . .  
Onelfe Sewage D~sporal Septic 

Tank systemsb . . . . . . . . . . . .  
Rural Land Cover iacreri . . . . . . . . .  
Llvertock Operatlonr lanlmal unltri . . . .  
Atmospheric Contribution iacrer of 

receiving surface wafer1 . . . . . . . . .  
Total 

Exsting 1975 

Number 

383 

124 
1.860 

281 

129 

- 

Anticipated MOO* 

Number 

686 

23 

20 
1.334 

281 

129 

- 

Totel 
Laadlng 
lpounds 

per year) 

109 

359 
280 

1.856 

64 

' 2 . 6 6 8  

Percent 
01rfribut8on 

4.1 

- 

13.5 
10.5 
69 5 

2.4 

100.0 

Total 
Losdlng 
Ipounds 

per year1 

220 

1.035 

58 
198 

1.656 

64 

3.431 

Pemenf 
Distribution 

6.4 

30.2 

1.1 
5 6  

54.0 

1.9 

lW.O 



Map C-13 

PLANNED LAND COVER DEVELOPMENT I N  THE DIRECT 
TRIBUTARY DRAINAGE AREAOF CENTER LAKE: 2000 

LEGEND 

WATERSHED sOUNMRl 

SUB-SIN S o Y N M R l  &NO DESIGNllllON 

URCCT TRIBUTARY DRAlNAOE ARE& 

POlNi OF SUBBASIN DISCHARBE 

-WERED URBilN DEVELOPMENT ZOO0 

UNSEWEREO URBAN DEVELOPMENT ZOO0 

C%ntar Lake har a direct uibutary drainage area of about 2,243 acres. About 1.334 acrer,or €Q Percent of drainage area, are plannrd to be in rum1 isndcwer, 
and 909 acres, 01 40 wrcent. m be in uhan  land cover. Over the planning period an avers* of about 23 acre$ may be expected to be converted annually to urban 
land cover. I t  is animated that s 90 percent reduction in nonpoint m u m  pollutant runoff will be required in the drain- area to profeet the water quality of the 
take. This can be achieved through a combination of minimum and additional rural land management praniosr-inoludina erpecidlv the proper management of 
livesmck w@$te$-and minimum urban management practicer-including lowmnt urban practices, consauction emrion conaois, and proper mpdc tank p l m m  
manasement based on a oireby-site inweetion and maintemncs prwram. 

Source: SEWRPC. 

If nutrient loadings to  the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may continue to  provide a suitable 
bottom substrate and nutrient source for excessive mac- 
rophyte growth and may release nutrients to the water 
body. If this problem is confirmed through further local 
study, the application of lake restoration or rehabilitation 
procedures should be considered in additlon to the above- 
mentioned diffuse source controls. Alternative restora- 
tion measures as set forth in Table C39  may include 
dredging, sediment covering, nutrient inactivation, and 
hypolimnetic aeration. The feasibility of these measures 
would have to he assessed in a preliminary engineering 
study. Additional management measures, such as mac- 
rophyte harvesting, may be used to control the macro- 
phyte growth which may interfere with the recreational 
use of the lake. It should he emphasized, however, that 

the long-term maintenance of water quality in Center 
Lake requires that the recommended level of nutrient 
input reductions be achieved. 

The application of the above listed nonpoint source pol- 
lution control measures to control the nutrient inputs to 
Center Lake would entail a total capital cost of about 
$1,305,600, and an average annual operation and mainte- 
nance cost of about $39,000. The total 50-year present 
worth cost of these nonpoint source control measures is 
$1,329,200, with an equivalent annual cost of $84,400. 
I€, in addition, rehabilitation techniques are found neces- 
sary, the capital cost of these alternatives would range 
from $2,600 for nutrient inactivation to $1,456,500 for 
dredging. The total present worth cost of these lake 
rehabilitation techniques would range from $1,900 for 
nutrient inactivation to  $1,088,500 for dredging. 



Table C-39 

WATER QUALITY MANAGEMENT MEASURES FOR CENTER LAKE IN KENOSHA COUNTY 

External Annual 

improve recreational use 
potential; protect public 
health and drinking water 

a The cumulative percent reduction in phosphorus loadings is i n  addition to sanitary sewer service, as recommended i n  the po in t  source element for the Lower Fox River subregional area. 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the po in t  source alternative plan elements for the Lower Fox River subregional area. Local 
hook-up and operation and maintenance costs, which are no t  primarily dependent on surface water quality, are no t  presented above. The estimated expenditures for local hook-up and opera- 
t ion and maintenance in the Center Lake drainage basin include a capital cost over the period o f  19752000 o f  $4,348,000. an average annual operation and maintenance cost o f  $32,600, and 
a total 50yearpreent  worth cost o f  $2,950, IW. 

The proper maintenance and replacement o f  the remaining septic tank systems is recommended to help improve the water quality o f  Center Lake. However, because septic tank systems man- 
agement is an existing function necessary for the preservation o f  public health and the maintenance o f  drinking water supplies, this cost is n o t  included i n  the water quality management plan. 
The estimated expenditures for septic system management i n  the Center Lake drainage basin include a capital cost over the period o f  19752000 of  $90.000, an average annual operation and 
maintenance cost o f  $1,900, anda total 50-yearpresent worth cost o f  $1 14,400. 

Rural land management practices necessary t o  achieve a 75percent reduction i n  rural diffuse source pollutant loads. 

Cost estimated to control erosion from the estimated 2 3  acres o f  landestimated to be annually undergoing construction activity in the lake watershed. 

Cost estimated to harvest macrophytes from the 25acres o f  Center Lake subject to excessive macrophyte growth. 

Cost estimated to aerate the entire hypolimnion o f  the lake. 

The lower cost for nutrient inactivation is for treating only the hypolimnefic area with alum; the higher cost is for treating the entire lake with alum 

Cost estimated t o  cover the entire lake bottom with sand, clay, plastic, or other suitable material. 

j Cost estimated to dredge lake t o  an average depth o f  15 feet. Existing average depth is 8 feet. 

The Cost o f  dredging and sediment covering vary widely depending on such factors as lake size anddepth, type o f  bottom substrate, andamount o f  material m be dredged o r  filled. 

Source: SEWRPC 

Lake Como 
Lake Como is a 946-acre lake located in the Town of 
Geneva in Walworth County. The lake drains to  Como 
Creek. Certain geomorphological characteristics of Lake 
Como are set forth in Table C-40, together with the 
approximate 1975 population of the direct tributary 
watershed and a brief description of lake water quality 
 condition^.^ Map G1 4  presents a graphic summary of the 
proposed year 2000 land cover in the lake watershed. As 
shown on Map C-14, all significant year 2000 urban land 
areas in the tributary watershed area is proposed to  
be served by sanitary sewers. As of 1975, an estimated 

574 privately owned onsite sewage disposal systems-221 
of which were located in areas covered by soils having 
severe and very severe limitations for the use of such 
systems-were in operation in the lake watershed area. 

2Report o n  Lake Como, Walworth County, National 
Eutrophication Survey, U S .  Environmental Protection 
Agency, 1972. 



Table C-40 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF LAKE COMO 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.00 persons per dwelling unit as 
counted on I" = 400'scaIe aerial photos. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean . . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

Source: SEWRPC. 

Description 

946 acres 

4,058 acres 
8.0 miles 

9 feet 
4.3 feet 
4,033 acre-feet 

1,722 persons 

Dense algae growth; exces- 
sive macrophyte growth; 
frequent fish winterkill; 
high nutrient concentra- 
tions; severe turbidity dur- 
ing the summer months 

Table C-41 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
LAKE COMO: 1975 and 2000 

Urban Land Cover iacreri . . . . . . . . . . .  
Land under Development-conitiuction 

Act#vltlel iacresl . . . . . . . . .  
Onrite sewage Dlrporal septic 

Tank ~ y r f e m s ~  . . .  
Rural Land Cover (acres1 . . . . . . . . . .  
~ lve r tock  operarlonr (anma1 unrtri . . . . . .  
Atmarpherlc Contr#buf~on iacrer of 

receiving surface wafer1 . . . . . . . . . .  
Total 

Source of Pharphorur 

a Aswmes prov,soo of ranmry sewer service as recommended in ?he paint source pollor,on abatement plan element. 
aswmes no nonpornf source caotroi. 

Includes only chose systems on sorlr having severe or very revere bmirstiaor for disposaiofrepae aok effluent 

Source SEWRPC, 

As indicated in Table C-41, all sources combined con- 
tribute about 2,381 pounds of phosphorus annually to  
Lake Como. The major source of phosphorus in the lake 
watershed is septic tank systems. Also as indicated in 

Table C-41, land uses in the watershed are not expected 
to  change significantly under planned year 2000 land 
cover conditions, although annual total phosphorus 
loadings to  the lake are expected t o  be reduced to about 
1,790 pounds as a result of the recommended provision 
of sanitary sewer service. Loadings from direct atmo- 
spheric deposition of phosphorus on the lake surface and 

Exlrflng 1975 

from rural land runoff are expected to be the primary 
sources of phosphorus to  the lake under anticipated year 
2000 conditions. The estimated total phosphorus con- 
centrations during spring overturn under existing and 
anticipated year 2000 conditions, as estimated from 
phosphorus loadings and lake and drainage basin charac- 
teristics, are 0.03 milligram per liter (mg/l) and 0.02 mg/l, 
respectively. The Commission recommends a level of 

Number 

Anflclpated 200W 

0.02 mg/l or less of total phosphorus for the prevention 
of excessive aquatic plant growth and for the mainte- 

Number 

nance of a warmwater fishery and recreational use classi- 
fication. Existing and anticipated year 2000 pollutant 

Total 
Loadrng 
ipoundr 

per year) 

loadings may be expected to result in total phosphorus 
concentrations in Lake Como which exceed and meet 

Percent 
D~str~but8on 

Total 
Loading 
(pounds 

per year1 

respectively, the recommended level for recreational use 
and a warmwater fishery. 

Percent 
D#str#but~on 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to  reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in Table 
C42, along with the associated costs and anticipated 
effectiveness. Measures to  control livestock contribu- 
tions are an effective way to substantially reduce phos- 
phorus loadings to  the lake. Other needed measures 
include: the provision of sanitary sewer service, 
improved septic tank management, minimum measures 
to  reduce pollutant runoff from rural lands through the 
implementation of basic soil conservation practices and 
low-cost measures to  reduce pollutant runoff from 
urban lands. 

If nutrient loadings to  the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may provide a suitable bottom 
substrate and nutrient source for excessive macrophyte 
growth in some local areas and may release nutrients to 
the water body. Since detailed studies of Como Lake 
conducted by the Wisconsin Department of Natural 
Resources indicated that organic sediments are constantly 
disturbed by wind and wave action and bulkhead activity, 
thereby increasing water turbidity, oxygen consumption, 
and nutrient release, the application of lake restoration 
or rehabilitation procedures should be considered in addi- 
tion to  the above-mentioned point and diffuse source 
controls. Alternative restoration measures as set forth in 
Table C-42 may include sediment covering, dredging 
lake drawdown, and aeration. The feasibility of these 
measures would have to be assessed in a preliminary 
engineering study. Additional management measures, 
such as macrophyte harvesting, may be used to  control 
the macrophyte growth that may interfere with the 



Map C-14 

PLANNED LAND COVER DEVELOPMENT IN THE DIRECT TRIBUTARY DRAINAGE AREA OF LAKE COMO: 2000 

LEGEND ..".. W*TERS*W 8WNrnRY 

LC., W B W "  [ L U N W  AND DeSICINrnON - OlRECT TRlWTAW DRAINMCIE -A 

--P PaNT OF SUBBIVIN U S a l M O E  

SEWER- URBAN CEMLOPMENT Zm0 

RURIIL LilND COVER 

Lake Camo han a direct tributary drainwe ares of about 4.058 acres. About 3.011 aersr, or 74 percent of the drainage area. are planned to  be in rural land cover. 
and 1.047 acres, or 26 percent. t o  be in urban land cover. Over the planning p s r i d  none of the direct tributary watershed area is expected to be converted to  urban 
land cover. It is estimated that no reduction in nonpoint source Pollutant runoff will be required in rhe drainage area to protect the wafer quality of the lake. To 
provide minimum water quality control, a combination of minimum rural land management practicsr-including especially the proper management of livestock 
wesell--and minimum urban management praericar-inciudins management of the remaining septic tank y(st$rns basa on s site-hv-rite innpeetion and maintenance 
program4hould be implemented in the lake drainage area. 

Source: SEWRPC 

recreational use of the lake. It  should be emphasized, 
however, that the long-term maintenance of water quality 
in Lake Como requires that the recommended level of 
nutrient input reductions be achieved. 

The application of the above listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Lake Como would entail a total capital cost of about 
$5,000, and an average annual operation and mainte- 

nance cost of about $7,400. The total 50-year present 
worth cost of these nonpoint source control measures is 
$98,000, with an equivalent innual cost of $6,200. If, 
in addition, rehabilitation techniques are implemented, 
the capital cost of these alternatives would range from 
$10,000 for aeration t o  $16.3 million for dredging. 
The total present worth costs of these lake rehabilitation 
techniques would be from $46,900 for aeration to $12.2 
million for dredging. 



Table C-42 

WATER QUALITY MANAGEMENT MEASURES FOR LAKE COMO IN WALWORTH COUNTY 

a The cumulative percent reduction i n  phosphorus loadings is i n  addition to sanitary sewer service, as recommended i n  the po in t  source element for the Lower Fox River subregional area. 

drinking water supplies; 

improve recreational use 

(lack of oxygen) in the 
hypolimnion 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the po in t  source alternative plan elements for the Lower Fox River subregional area. Local 
hook-UP and operation and maintenance costs, which are no t  primarily dependent on surface water quality, are notpresented above. The estimated expenditures for local hook-up and opera- 
t ion and maintenance in the Lake Como drainage basin include a capital cost over the period o f  1975.2000 o f  $2,104,000, an average annual operation and maintenance cost o f  $15,800, and 
a total 50-yearpresent worth cost o f  $1,427,564. 

Lake Drawdown 

Sediment coveringfrh 

hedginggvh 

The proper maintenance and replacement of the remaining septic tank systems is recommended to help improve the water quality o f  Lake Como. However, because septic tank systemsman- 
agement is an existing function necessary for the preservation o f  public health and the maintenance o f  drinking water supplies, this cost is no t  included in the water quality management Plan. 
The estimated expenditures for septic system management i n  the Lake Como drainage basin include a capital cost over the period o f  1975-2000 of  $76,500, an average annual operation and 
rnaintenance cost o f  $7,600, anda total 50-year present worth cost o f  $97,600. 

Cost estimated to harvest macrophytes from the 244 acres o f  Lake Como subject to excessive macrophyte growth. 

Cost estimated to aerate 5 0  acres o f  the lake. 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, o r  other suitable material. 

Min~mal 

Cost estimated to dredge lake to an average depth o f  15 feet. Exmting average depth is 4.3 feet. 

- 

1,413,900 

12,201,000 

1,892,000 

16,327.100 

The costs for dredging and sediment covering vary widely depending on lake size and depth, type o f  bottom substrate, andamount o f  material to be dredgedor filled. 

- 

- 

Source: SEWRPC. 

Minimal 

- 

- 

Cross Lake 
Cross Lake is an 87-acre lake located in the Town of 
Salem in Kenosha County. The lake drains to  Trevor 
Creek. Certain geomorphological characteristics of Cross 
Lake are set forth in Table C-43, together with the 
approximate 1975 population of the direct tributary 
watershed and a brief description of lake water quality 
conditions. Map C 1 5  presents a graphic summary of the 
proposed year 2000 land cover in the lake watershed. As 
shown on Map C-15 all of the year 2000 urban land in 
the tributary watershed area is proposed to be served by 
sanitary sewers. As of 1975, an estimated 120 privately 
owned onsite sewage disposal systems-all located in 
areas covered by soils having severe and very severe 

limitations for the use of such systems-were in operation 
in the lake watershed area. 

Minimal 

1,413,900 

12,201,WO 

As indicated in Table C-44, all sources combined con- 
tribute about 490 pounds of phosphorus annually to  
Cross Lake. The major source of phosphorus in the lake 
watershed is septic tank systems. Also as indicated in 
Table C-44, urban land uses in the watershed are 
expected to  increase by about 30 percent under planned 
year 2000 land cover conditions, with annual total phos- 
phorus loadings to  the lake expected t o  be reduced t o  
about 293 pounds, as a result of the provision of sanitary 
sewer service. Loadings from the construction activities 
are expected to  be the primary source of phosphorus to  

- 

89,700 

774,000 

Minimal 

- 

- 

Minimal 

89.700 

774,000 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; remove 
nutrients from water bodv 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; reduce 
suitable plant substrate 

Deepen lake; reduce macro- 
phyte growth 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 



Table C-43 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF CROSS LAKE 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
CROSS LAKE: 1975 and 2000 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

Map C.15 
a The population of the direct tributary watershed is estimated 

by assuming an average of 3.31 persons per dwelling unit as PLANNED LAKE COVER DEVELOPMENT IN THE DIRECT 
counted on 1"= 400'scale aerial photos. TRIBUTARY DRAINAGE AREA OF CROSS LAKE: 2000 

Description 

87 acres 

436 acres 
2.2 miles 

35 feet 
11.8 feet 
1,029 acre-feet 

397 persons 

Low to moderate nutri- 
ent concentrations; ex- 
cessive macrophyte 
growth or algae blooms 
have not been reported 

Source: SEWRPC. 
LEGEND ..................... 
IUSBASlN BOYNOARY AN0 

the lake under antici~ated vear 2000 conditions. The TC-10 D E B I O N ~ T I O N  

estimated total phosphorus concentrations during spring 
overturn under existing and anticipated year 2000 con- 
ditions, as estimated from phosphorus loadings and lake 
and drainage basin characteristics, are 0.06 milligram 
per liter (mg/l) and 0.04 mg/l, respectively. The Com- 
mission recommends a level of 0.02 mgll or  less of total 
phosphorus for the prevention of excessive aquatic plant 
growth and maintenance of a warmwater fishery and 
recreational use classification. Existing and anticipated 
year 2000 pollutant loadings may he expected to result in 
total phosphorus concentrations in Cross Lake which 
exceed the recommended level for recreational use and 
for the maintenance of a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in Table 
C45, along with the associated costs and anticipated 
effectiveness. Measures to control phosphorus contri- 
butions include: the provision of sanitary sewer service, 
minimum measures t o  reduce pollutant runoff from 
rural lands through the implementation of basic soil 
conservation practices, low-cost measures t o  reduce 
pollutant runoff from urban lands, and construction 
erosion control practices. 

~ , %:I ,-, ;- < \  - 
omA?",c I SChLE 

.om FE=T I-. . o- 

Cros Lake has s direct tributary drainage area of about 436 acres. About 
179 acres, or 41 percent of the drainage area, are planned to  be in rural land 
cover. and 257 acres. L)T 59 percent, to be in urban land cover. Over the 
planning period an average of about three acres may be expected to be 
mnve~ted annually to urban iand mver. It ir entimeted that 50 percent 
reduction in nonpoint source pollutant runoff will be required in the 
drainage area to protect the water quality of the lake. Thir can beachieved 
through a combination d minimum rural iand management practicer- 
including e ~ p e ~ i a l l ~  the proper management of agricultural cropping 
practices-and minimum urban management  practice^-including low.coat 
urban practicer and connruction erosion controls. 

Soume: SEWRPC. 



Table C-45 

WATER QUALITY MANAGEMENT MEASURES FOR CROSS LAKE IN KENOSHA COUNTY 

I \ I I I Cumulative 1 
Reduction in 

External Annual 
Phosphorus 

Load t o  ~ a k e ~  

Management Measure Capital Maintenance Capital Maintenance Total Capital Maintenance Total Anticipated Effectiveness (percent) 

Sanitary Sewer - - - - - - - - Protect public health and 

serviceb drinking water supplies; 
reduce nutrient concen- 

Estimated Cost 
1980-2000 

trations 1 
Minimum Rural Conser- $ el00 $ 400 $ 800 $ 4,500 $ 5,300 $ 4100 $ 300 $ 300 Reduce nutrient concentra- 

vation Practices t ions; prevent the stimula- 

Construction Erosion 147,800 1,300 1 11.000 20.200 131,200 7.000 1.300 8,300 t ion of excessive macro- 
phyte and algae growth; 50 

- ------ 
Low Cost Urban Land Minimal 400 Minimal 5,500 5,500 Minimal 300 300 improve recreational use 

Economic Analysis 

Total 

Present Worth: 1975-2025 
Average Annual 
Operation and 

Equivalent Annual: 1975-2025 

Management Practices 
Total 

Nutrient 
lnactivationd 

a The cumulative percent reduction in  phosphorus loadings is in addition t o  sanitary sewer service, as recommended in the point source element for the Lower Fox River subregional area 

Sediment coveringe,' 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the po in t  source alternative plan elements for the Lower Fox River subregional area. Local 
hook-up and operation and maintenance costs, which are not primarily dependent on surface water quality, are not presented above. The estimated expenditures for local hook-up and opera- 
t ion and maintenance in  the Cross Lake drainage basin include a capital cost over the period o f  1975.2000 o f  $628,000, an average annual operation andmaintenance cost o f  $4,700, and a 
total sb-yearpresent worth cost o f  $426,100. 

1 Operation and 1 

147,900 
2,900 

t o  
8,700 

Cost estimated to control erosion from the estimated 3.2 acres o f  land estimated to  be annually undergoing construction activity in the lake watershed. 

Operation and 

174,800 

The lower cost for nutrient inactivation is for treating only the hypolimnetic area with alum; the higher cost is for treating the entire lake with alum 

2,100 

- 

Cost estimated to cover the entire lake bottom wi th  sand, clay, plastic, or other suitable material. 

- 

The Cost of sediment covering vary widely depending on lake size and depth, type o f  bottom substrate, and amount o f  material to  be filled. 

111,800 
2,200 

t o  
6,500 

Source: SEWRPC. 

130,600 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may provide a suitable bottom 

30,200 

- 

substrate and nutrient source for excessive macrophyte 
growth in some local areas and may release nutrients to 

- 

the water body. If this problem is confirmed through 
further local study, the application of lake restoration or 
rehabilitation procedures should be considered in addi- 
tion to  the above-mentioned point and diffuse source 
controls. Alternative restoration measures as set forth in 
Table 132 may include sediment covering and nutrient 
inactivation. The feasibility of these measures would 
have to  be assessed in a preliminary engineering study. It 
should be emphasized, however, that the long-term main- 
tenance of water quality in Cross Lake requires that 
the recommended level of nutrient input reductions 
be achieved. 

142,000 
2,200 

t o  
6.5W 

The application of the above listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Cross Lake would entail a total capital cost of about 
$147,900, and an average annual operation and mainte- 

130,600 

nance cost of about $2,100. The total 50-year present 
worth cost of these nonpoint source control measures is 
$142,000, with an equivalent annual cost of $8,900. If, 
in addition, rehabilitation techniques are found neces- 
sary, the capital cost of these alternatives would range 
from $2,900 for nutrient inactivation to $174,800 for 
dredging. The total present worth costs of these lake 
rehabilitation techniques would be from $2,200 for 
nutrient activation and from $130,600 for dredging. 

7,100 
100 
t o  
400 

Lake Denoon 
Lake Denoon is a 162-acre lake located in the City of 

8,300 

Muskego in Waukesha County. The lake drains to the 
Wind Lake Drainage Canal and then t o  the Fox River. 
Certain geomorphological characteristics of Lake Denoon 
are set forth in Table C-46 together with the approxi- 
mate 1975 population of the direct tributary watershed 
and a brief description of lake water quality conditions. 
Map C-16 presents a graphic summary of the proposed 
year 2000 land cover in the lake watershed. As shown 
on Map C-16, all significant year 2000 urban land areas in 
the tributary watershed area are proposed to be served by 

1.900 

- 

- 

8,900 
100 
t o  
400 

8,300 

potential 

Accelerate lake improvement: 
prevent release of nutrients 
f rom sediment; remove 

No additional 
reduction 

nutrients f rom water body 
Accelerate lake improvement; 

prevent release of nutrients 
from sediment; reduce 
suitable plant substrate 

No additional 
reduction 



I sanitary sewers. As of 1975, an estimated 119 privately 
owned onsite sewage disposal systems-84 located in 
areas covered by soils having severe and very severe 

I 
limitations for the use of such systemswere in operation 
in the lake watershed area 

As indicated in Table C-47, all sources combined con- 
tribute about 3,900 pounds of phosphorus annually to 

1 Lake Denoon. The major source of phosphorus in the 
lake watershed is from livestock operations. Also, as 
indicated in Table C47, urban land uses in the watershed 

I are expected to  increase by about 350 percent under 
planned year 2000 land cover conditions, with annual 
total phosphorus loadings to the lake expected to 
increase to about 4,500 pounds. Loadings from construc- 
tion activities are expected to be significant source of 
phosphorus to the lake under anticipated year 2000 
conditions, although livestock operations wU still 
represent the primary source. The estimated total 
phosphorus concentration during spring overturn under 
existing and anticipated year 2000 conditions, as esti- 
mated from phosphorus loadings and lake and drainage 
basin characteristics, is 0.27 milligram per liter (mg/l) and 
0.31 mg/l, respectively. The Commission recommends 
a level of 0.02 mg/l or less of total phosphorus for 
a recreational use and warmwater fishery and aquatic 
life classification. Existing and anticipated year 2000 
pollutant loadings may be expected to result in total 
phosphorus concentrations in Lake Denoon which exceed 
the recommended level for recreational use and for the 
maintenance of a warmwater fishery. 

Table C-46 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF LAKE DENOON 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.92 persons per dwelling unit as 
counted on I"= 400'scale aerialphotos. 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary Watersheda . . . . .  

General Existing Water Quality 
Conditions: 

Table C-47 

Description 

162 acres 

1,013 acres 
2.40 miles 

55 feet 
18 feet 
2,940 acre-feet 

466 persons 

Occasional algae blooms; 
excessive macrophyte 
growth; high nutrient 
concentrations 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
LAKE DENOON: 1975 and 2000 

Map C-16 

PLANNED LAND COVER DEVELOPMENT IN THE DIRECT 
TRIBUTARY DRAINAGE AREA OF LAKE DENOON: 2000 

LEGEND 

S"eB-*stN BDUNOI I~"  
58-2 aND OEL iNLAi lON - DlRECT TRIsUTAe" 

IIRIIINAEE A i l E l i  - POlNT OF 5"BeASIN 
DISC*nE(.E 
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Lake D8noon has a direct tributary drainage area of a b u t  1,013 acrm. 
A b u t  557 acres, or 55 Percent of the drainage area, are planned to be in 
rural land cover. and 456 acres, or 45 percent. to be in urban land cover. 
Owr the planning Period an average of about 17 acrsr may be expected to be 
converted annually to urban land cover. I t  is estimated that a 95 percent 
reduction in nonpoint source pollutant runoff will be required in the 
drainage area to protect the water quality of the isks. This can beachieved 
through a combination of minimum and additional rural land management 
pra~t i~e~- in~Iuding e~pn~iallv the proper managemenr of livestock 
waster-and urban management ~ractieer-including lowcost and additional 
urban PraCtiCBI. conltru~tion eroeion eontrolt, prowr septic tank rynem 
management bared on a site-by-rite inspection and maintenance program, 
and improved Department of Public Warkr maintenance nrograms. 

Source: SEWRPC. 



Table C-48 

WATER QUALITY MANAGEMENT MEASURES 
FOR LAKE DENOON IN WAUKESHA COUNTY 

a The cumulative percent reduction in phosphorus loadings is in addition to sanitary sewer service, as recommended in the point source element for the Lower Fox subregional area. 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the point source alternative plan elements for the Lower Fox River subregional area. Local 
hook-up and operation and maintenance costs, which are not primarily dependent on surface water quality, are not presentedabove. The estimated expenditures for local hook-up and opera- 
tion and maintenance in the Lake Denoon drainage basin include a capital cost over the period of 1975.2000 o f  $2,152,000, an average annual operation and maintenance cost of $16,100, and 
a total 50-yearpresent worth cost of $1,460,100. 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  ~ a k e ~  
(percent) 

- 

The proper maintenance and replacement of the remaining septic tank systems is recommended to help improve the water quality of Lake Denoon. However, because septic rank systems man- 
agement is an existing function necessary for the preservation o f  public health and the maintenance of drinking water supplies, this cost is not included in the water quality management plan. 
The estimated expenditures for septic system management in the Lake Denoon drainage basin include a capital cost over the period of 19752000of $18,000. an average annual operation and 
maintenance cost of $300, anda total 50-yearpresent worth cost of $17,700. 

Anticipated Effectiveness 

Protect public health and 
drinking water supplies; 
reduce nutrient concen- 
trations 

Reduce nutrient concentra- 
tions; prevent the stimula- 

Management Measure 

Sanitary Sewer 
serviceb 

Septic Tank System 
ManagementC 

Rural landmanagementpractices necessary to achieve a 75percent reduction in rural diffuse source pollutant loads 

Hypolimnetic 
 erat ti on^ 

Nutrient . 
Inactivation' 

Sediment ~ o v e r i n g l , ~  

Cost estimated to control erosion from the estimated 17 acres of landestimated to be annually undergoing construction activity in the lake watershed. 

Urban land management practices necessary to achieve a 50percent reduction in urban diffuse source pollutant loads. 

Cost estimated to harvest macrophytes from the 32 acres of Lake Denoon subject to  excessive macrophyte growth. 

Estimated Cost 
1980-2000 

1 3,000 

6,500 
to  

16.200 

324,000 

Cost estimated to aerate the entire hypolimnion of the lake. 

Economic Analys~s 

Total 
Capital 

- 

- 

The lower cost for nutrient inactivation is for treating only the hypolimnetic area with alum; the higher cost is for treating the entire lake with alum. 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, or other suitable material. 

Average Annual  
Operation and 
Maintenance 

- 

- 

300 

- 

- 

The cost of sediment covering vary widely depending on lake size and depth, type of bottom material, andamount of material to be filled. 

Source: SEWRPC. 

Present Worth: 1975-2025 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in Table 
G48, along with the associated costs and anticipated 
effectiveness. Measures to control livestock contributions 
appear to be the most cost-effective way to substantially 
reduce phosphorus loadings to the lake. Other needed 
measures include: the provision of sanitary sewer service, 
improved septic tank management, measures to reduce 

Equivalent Annual: 1975-2025 

9,700 

4,900 
to  
12,100 

242,100 

pollutant runoff from rural lands by 7 5 percent, low-cost 
measures to reduce pollutant runoff from urban lands, 
measures to reduce pollutant runoff from urban lands by 
50 percent, and construction erosion control practices. 

Total 

- 

- 

Capital 

- 

- 

If nutrient loadings to  the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may provide a suitable bottom 
substrate and nutrient source for excessive macrophyte 
growth in some local areas and may release nutrients to  
the water body. If this problem is confirmed through 
further local study, the application of lake restoration 
or rehabilitation procedures should be considered, in 

Total 

- 

- 

Capital 

- 

- 

Operation and 
Maintenance 

- 

- 

4,700 

- 

- 

Operation and 
Maintenance 

- 

- 

14,400 

4,900 
t o  

12.1 00 

242,100 

600 

300 
t o  
800 

15,400 

300 

- 

- 

900 

300 
t o  
800 

15,400 

ment; improve recreational 
use potential 

Prevent anaerobic conditions 
(lack of oxygen) in the 
hypolimnion 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; remove 
nutrients from water body 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; reduce 
suitable plant substrate 

No additional 
reduction 

NO additional 
reduction 

No additional 
reduction 



addition to the above point and diffuse source controls. 
Alternative restoration measures as set forth in Table 
C48  may include sediment covering, hypolimnetic 
aeration, and nutrient inactivation. The feasibility of 
these measures would have to be assessed in a preliminary 
engineering study. Additional management measures, 
such as macrophyte harvesting, may be used to control 
the macrophyte growth which may interfer with the 
recreational use of the lake. 

The application of the above listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Lake Denoon would entail a total capital cost of about 
$915,500, and an average annual operation and mainte- 
nance cost of about $26,100. The total 50-year present 
worth cost of these nonpoint source control measures is 
$954,700 with an equivalent annual cost of $60,500. If, 
in addition, rehabilitation techniques are found neces- 
sary, the capital cost of these alternatives would range 
from $6,500 for nutrient inactivation to $324,000 for 
sediment covering. The total present worth costs of these 
lake rehabilitation techniques would be from $4,900 
for nutrient inactivation and from $242,100 for 
sediment covering. 

Dyer Lake 
Dyer Lake is a 56-acre lake located in the Town of 
wheatland in Kenosha County. The lake drains to Bohner 
Lake and eventually the Fox River. Certain geo- 
morphological characteristics of Dyer Lake are set forth 
in Table C-49, together with the approximate 1975 

Table C-49 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF DYER LAKE 

a The population of the direct tributary watershed is estimated 
by aauming an average of 3.31 persons per dwelling unit as 
counted on I"= 400'scaIe aerialphotos. 

Sourcer SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

population of the direct tributary watershed and a brief 
description of lake water quality conditions. Map C17  
presents a graphic summary of the proposed year 2000 
land cover in the lake watershed utilized in the areawide 
water quality management plan. The delineated tributary 
drainage area should be refined in a more detailed local 
lake study. Most of the surrounding lake shoreline is 
owned by the Boy Scouts of America and operated as 
a youth camp. Although very little low-density urban 
land exists in the watershed, about 14 septic systems 
serve rural residences and the Boy Scout recreational 
facilities. All septic systems, however, are located on 
suitable soils and, properly maintained, should not con- 
tribute a significant amount of pollutants to the lake. 

Description 

56 acres 

1.353 acres 
1.16 miles 

13 feet 
5 feet 
275 acrefeet 

46 persons 

Excessive macrophyte 
growth; frequent fish 
winterkill; high nutrient 
concentrations 

As indicated in Table C-50, all sources combined con- 
tribute about 684 pounds of phosphorus annually to 
Dyer Lake. The major sources of phosphorus in the lake 
watershed are rural land runoff and runoff from livestock 
operations, Also, as indicated in Table C-50, the existing 
land uses are not expected to change significantly under 
planned year 2000 land cover conditions. Therefore, 
unless reduced by the implementation of nonpoint source 
control measures, phosphorus loadings from rural land 
runoff and livestock operations may be expected to con- 

Map C-17 

PLANNED LAND COVER DEVELOPMENT 
IN THE DIRECT TRIBUTARY DRAINAGE 

AREA OF DYER LAKE: 2000 

LEGEND 
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Dyer Lake has a direct tributary drainage area of about 1.353 acres. About 
1,296 acres. or 96 percent of the drainage area, are planned to be in rural 
land cover, and 57 acres, or four percent. to be in urban land eovsr. Over the 
planning period none of the direct tributary drainage area is expected to 
ba converted to urban land cover. I t  ir estimated that a 75 percent reduction 
in nonpoint rource pollutant runoff will be required in the drainage area 
to protect the water quality of the lake. Thir can be achieved through 
a combination of minimum and additional rural land management prse- 
tices-including ~~pseisi ly  the proper management of livertock wasterand 
sound agrieulNrai cropping practices. 

S u m :  SEWRPC. 



Table C-50 

ESTIMATED Dl RECT TRIBUTARY PHOSPHORUS LOADS TO 
DYER LAKE: 1975 and 2000 

Sourceof Phosphorus 

Urban Land Cover (acres) . . . . . . .  
Land under Development-Conrtructlon 

Activ#t#es (acres1 . . . . . . . . . . . . . . .  
Onrife Sewage D8rporal Septic 

Tank ~ y r t e m r ~  . . . . . . . . . . . . . . . .  
Rural Land Cover lacrerl . . . . . . . . . .  
Llvertock operat,onr lanlmal un,tr l  . . . .  
Atrnorpherle Contribution lanes ot 

rece#v#no furface wafer1 . . . . . . . . . . .  

Loading 

tinue to  be the primary sources of phosphorus to the 
lake under anticipated year 2000 conditions. The esti- 
mated total phosphorus concentration during spring 
overturn under existing and anticipated year 2000 
conditions, as estimated from phosphorus loadings and 
lake and drainage basin characteristics, is 0.08 milligram 
per liter (mg/l). The Commission recommends a level of 
0.02 mg/l or less of total phosphorus for the prevention 
of excessive aquatic plant growth and the maintenance 
of a warmwater fishery and recreational use classification. 
Existing and anticipated year 2000 pollutant loadings 
may be expected to result in total phosphorus concen- 
trations in Dyer Lake which exceed the recommended 
level for recreational use and for the maintenance of 
a warmwater fishery. 

I I I I I 

a Aaumes no nonpo,nf ~ource  control 

Includes only chose systems on roils havrog severe or very severe limitsfions for d,soose; of sepric rank effluent 
The measures available for controlling nonpoint source 

sourn. SEWRPC. pollution, along with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. 
An evaluation of these measures, applied in alternative 
combinations to reduce the nonpoint source pollution 
loading on the lake, was made and a set of recommended 
measures was identified. These measures are set forth 
in Table C-51, along with the associated costs and antici- 
pated effectiveness. Measures to control livestock con- 
tributions appear to be the most cost-effective way to 
substantially reduce phosphorus loadings to the lake. 

Table C-51 

Total 

WATER QUALITY MANAGEMENT MEASURES FOR DYER LAKE IN KENOSHA COUNTY 

684 

phyte and algae growth; 

1000 - 

a The proper maintenance and replacement of septic tank systems is recommended to help improve the water quality of Dyer Lake. However, because septic tank systems management is an exbt- 
ing function necessary for the preservation o f  public health and the maintenance of drinking water supplies, this cost is not included in the water quality management plan. The estimated ex- 
penditures for septic system management in the Dyer Lake drainage basin include a minimal capital cost over the period of 1975-2000 an average annual operation andmaintenance cost of 
5400, and a total 50-year present worth cost of 514,000. 

Rural land management practices necessary to achieve a 50 percent reduction in rural diffuse source pollutant loads. 

Cost estimated to harvest macrophytes from the 25acres of Dyer Lake subject to excessive macrophyte growth. 

Cost estimated to aerate 25acres of the lake. 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, or other suitable material. 

Cost estimated to dredge lake to an average depth of 15 feet. Existing average depth is 5 feet. 

The cost of sediment covering and dredging vary widely depending on such factors as lake sire and depth, type of bottom substrate and amount of fill or dredged material required. 

Source: SEWRPC 

684 100.0 - 



Other needed measures include: improved septic tank 
management and measures to reduce pollutant runoff 
from rural lands by 50 percent. 

If nutrient loadings to  the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may continue to  provide a suitable 
bottom substrate and nutrient source for excessive mac- 
rophyte growth and may release nutrients to the water 
body, resulting in continued poor water quality. If this 
problem is confirmed through further local study, the 
application of lake restoration or rehabilitation 
procedures should be considered, in addition to the 
above-mentioned diffuse source controls. Alternative 
restoration measures as set forth in Table C-51 may 
include dredging, sediment covering, and aeration to 
alleviate the existing fish winterkill problem. The feasi- 
bility of these measures would have to  be assessed in 
a preliminary engineering study. Macrophyte harvesting 
may be used to  control the macrophyte growth which 
may interfere with the recreational use of the lake. It 
should be emphasized, however, that the long-term 
maintenance of water quality in Dyer Lake requires that 
the recommended level of nutrient input reductions 
be achieved. 

The application of the above listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Dyer Lake would entail a total capital cost of about 
$19,500, and an average annual operation and mainte- 
nance cost of about $5,000. The total 50-year present 
worth cost of these nonpoint source control measures, 
useful in comparing the long-term costs of alternative 
control measures, is $76,200 with an equivalent annual 
cost of $4,800. If, in addition rehabilitation costs were 
found to be necessary, the capital cost of these alter- 
natives would range from $5,000 for aeration to 
$903,300 for dredging. The total present worth costs of 
lake rehabilitation techniques would range from $5,300 
for aeration to $675,000 for dredging. 

Eagle Lake 
Eagle Lake is a 520-acre lake located in the Town of 
Dover in Racine County. The lake drains to the Fox 
River via Eagle Creek. Certain geomorphological charac- 
teristics of Eagle Lake are set forth in Table C-52 
together with the approximate 1975 population of the 
direct tributary watershed and a brief description of lake 
water quality conditions.3 Map (3-18 presents a graphic 
summary of the proposed year 2000 land cover in the 
lake watershed. As shownp% Map C-18, all significant 
year 2000 urban land areas in the tributary watershed 
area are proposed to be served by sanitary sewers. 

3See separately published SEWRPC Community 
Assistance Planning Report on  Water Quality Manage- 
ment for Eagle Lake, Racine County, for a more detailed 
discussion o f  the findings and recommendations o f  the 
detailed field study. 

As of 1975, an estimated 450 privately owned onsite 
sewage disposal systems390 of which were located in 
areas covered by soils having severe or very severe limita- 
tions for the use of such systems-were in operation in 
the lake watershed area. 

As indicated in Table C-53, all sources combined con- 
tribute about 2,272 pounds of phosphorus annually to  
Eagle Lake during an average year of precipitation. These 
pollutant loads were estimated based on data developed 

Table C-52 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF EAGLE LAKE 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.6 persons per dwelling unit as 
counted on l"= 400'scale aerial photos. 

Source: SEWRPC. 

. 
Characteristic 

Surface Area . . . . . . . . . . . .  
D~rect Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

Table C-53 

Description 

520 acres 

2,910 acres 
4.37 miles 

15 feet 
7.0 feet 
3,640 acre-feet 

1,620 persons 

Occasional algae blooms; 
nuisance macrophyte 
growth; frequent fish 
winterkill; high nutrient 
concentrations 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
EAGLE LAKE: 1975 and 2000 

Exlrtlng 1975 Ant,c,pated 2000' 

Source of Pharphorur 

Urban Land Cover (acres) . . . . . . . . . . . .  
b n d  under Development-Canrtructfon 

Act~vltles (acres) . . . . . . . . . . . . . . . .  
Onsite Sewage Dlrporal Septic 

TankSyrtemrb . . . . . . . . . . . . . . .  
Rural Land Covet lscrer) . . . . . . . . . . .  
Livestock Owrations (animal units) . . . .  
Atmowheric Contribut~on (acres of 

reaiving surface water) . . . . . . . . . . . . .  
Total 

1 Tmal I 1 I Total 1 

a Amme6 provisim of sanitsv rerwr ssrvice as mom&nded in rhe point source pollution abatement plan elsmenr; 
a m e s n o  n0np0int source cmtm I. 

lncludesonly those rynemson soils having r e w s  or very bvws limitations for dirposal of septic tank effluent. 

Source: SEWRPC 

Number 

318 

'- 

390 
2.592 
357 

520 pp.ppp- 
- 

Loading 
Ipound$ 

per year) 

50 

566 
455 
942 

260 

2.272 

Percent 
Dlstrlbutlon 

2.2 

24.9 
20.0 
41.5 

11.4 

100.0 

Number 

756 

27 

17 
2.127 
357 

520 

- 

Loading 
(pounds 
per year) 

Percent 
D#rfr#but#on 

278 12.0 

6 W  26.0 

25 1.1 
203 8.8 
942 408 

260 11.3 

2.3(18 lW.0 
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warmwater fishery and recreational use classification. 
Existing and anticipated year 2000 pollutant loadings 
may be expected to result in total phosphorus concen- 
trations in Eagle Lake which exceed the recommended 
level for recreational use and for the maintenance of 
a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in Table 
G54, along with the associated costs and anticipated 
effectiveness. Measures to control livestock contributions 
appear to be the most cost-effective way to substantially 
reduce phosphorus loadings to  the lake. Other needed 
measures include: the provision of sanitary sewer service, 
improved septic tank management, minimum measures to  
reduce pollutant runoff from rural lands through the 

implementation of basic soil conservation practices, 
low-cost measures to  reduce pollutant runoff from urban 
lands, and construction erosion control practices. 

Once nutrient loadings to  the lake are reduced by the 
actions noted above, the sediments which have been 
deposited on the lake bottom will continue to  provide 
a suitable bottom substrate and nutrient source for exces- 
sive macrophyte growth in some local areas and may 
release nutrients to the water body. When this problem 
is confirmed through further local study, the specific lake 
restoration or  rehabilitation procedures which are appro- 
priate should be identified for application, after imple- 
mentation of the above-mentioned point and diffuse 
source controls. In addition to continued fish manage- 
ment, alternative restoration measures as set forth in 
Table C-54 may include sediment covering and/or 
dredging. Chemical treatment t o  control algae can be 
used if necessary, but only as a temporary solution to  
the problem. The feasibility of these measures would 
have to be assessed in a preliminary engineering study. 

Table C-54 

WATER QUALITY MANAGEMENT MEASURES FOR EAGLE LAKE I N  RAClNE COUNTY 

tion of excessive macro- 
phyte and algae growth; 

a The cumuiative percent reduction in phosphorus loadings is in addition to sanitary sewer service, as recommended in the point source element for the Lower Fox River subregional area. 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the point source alternative plan elements for the Lower Fox River subregional area. Local 
hook-up and operation and maintenance costs, which are not primarily dependent on surface water quality, are not presented above. The estimBtedexpenditures for local hook-up and opera- 
tion and maintenance in the Eagle Lake drainage basin include a capital cost over the period of 1975.2000 of $1,384,000, an average annual operation and maintenance cost of $10,400, and 
a total 50-year present worth cost of $939,000. 

The proper maintenance and replacement of the remaining septic tank systems is recommended to help improve the water quality o f  Eagle Lake. However, because septic tank systems man- 
agement is an existing function necessary for the preservation of public health and the maintenance of drinking water supplies, this cost is not included in the water quality managementplan. 
The estimated expenditures for septic system management in the Eagle Lake drainage basin include a capital cost over the period o f  1975-2000 o f  $76,500, an average annual operation and 
maintenance cost of $1,600, and a total 50-year present worth cost o f  $95,600. 

Cost estimated to control erosion from the estimated 27 acres of land estrmated to be annually undergoing construction activity in the lake waterShed. 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, or other suitable material. 

Cost estimated to dredge lake to an average depth o f  15 feet. Existing average depth is 7 feet. Actual costs may be higher depending upon lake phlsiogrwhy. 

The Cost for sediment covering and dredgmg vary widely depending on such factors as lake size and depth, type of bottom substrate, and amount pf material to be filled or dredged. 

Source: SEWRPC. 



It should be emphasized, however, that the long-term 
maintenance of water quality in Eagle Lake requires that 
the recommended level of nutrient input reductions 
be achieved. 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Eagle Lake would entail a total capital cost of about 
$1,279,300, and an average annual operation and main- 
tenance cost of about $18,500. The total 50-year present 
worth cost of these nonpoint source control measures 
is $1,225,300, with an equivalent annual cost of $77,800. 
If, in addition, rehabilitation techniques are found neces- 
sary, the capital cost of these alternatives would range 
from $1,040,000 for sediment covering to $6,710,000 
for dredging. The total present worth costs of these lake 
rehabilitation techniques would range from $777,200 
for sediment covering to  $5,014,400 for dredging. 

Eagle Spring Lake 
Eagle Spring Lake is a 310-acre lake located in the Town 
of Eagle in Waukesha County. The lake drains through 
the Mukwonago River to  the Fox River. Certain geo- 
morphological characteristics of Eagle Spring Lake are 
set forth in Table G55, together with the approximate 
1975 population of the direct tributary watershed and 
a brief description of lake water quality conditions. Map 
6-19 presents a graphic summary of the proposed year 
2000 land cover in the lake watershed. As shown on Map 
C-19 none of the year 2000 urban land in the tributary 
watershed area is proposed to be served by sanitary 
sewers. As of 1975, an estimated 309 privately owned 
onsite sewage disposal systems-98 located in areas 
covered by soils having severe or very severe limitations 
for the use of such systems-were in operation in the 
watershed area. 

As indicated in Table (2-56, all direct tributary sources 
combined contribute about 8,200 pounds of phosphorus 
annually to  Eagle Spring Lake. The major source of phos- 
phorus in the lake watershed is livestock operations. 
An additional 90 pounds of phosphorus are added to the 
basin as discharge from Lulu Lake. Land uses in the 
watershed are not expected to change significantly under 
planned year 2000 land cover conditions, therefore the 
estimated total phosphorus loadings for the future are 
not significantly different from present loads. The 
estimated total phosphorus concentration during spring 
overturn under existing and anticipated year 2000 con- 
ditions, as estimated from phosphorus loadings and lake 
and drainage basin characteristics, is 0.19 milligram per 
liter (mg/l). The Commission recommends a level of 
0.02 mg/l or less of total phosphorus for the prevention 
of excessive aquatic plant growth and maintenance of 
a warmwater fishery and recreational use classification. 
Existing and anticipated year 2000 pollutant loadings 
may be expected to  result in total phosphorus concen- 
trations in Eagle Spring Lake which exceed the recom- 
mended level for recreational use and for maintenance 
of a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 

evaluation of these measures, applied in alternative com- 
binations to  reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in Table 
C-57, along with the associated costs and anticipated 
effectiveness. Measures to control livestock contributions 
appear to  be the most cost-effective way to substantially 
reduce phosphorus loadings to the lake. Other needed 
measures include: improved septic tank management, 
measures to  reduce pollutant runoff from rural lands by 
75 percent, and low-cost measures to reduce pollutant 
runoff from urban lands. 

Table C-55 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF  EAGLE SPRING LAKE 

1975 Population of Direct 

Occasional algae blooms; 
excessive macrophyte 
growth; potential of 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.62 persons per dwelling unit as 
counted on 1 " = 400' scale aerial photos. 

Source: SEWRPC. 

Table C-56 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
EAGLE SPRING LAKE: 1975 and 2000 

Source of Phosphorus 

Urban Land Cover laererl . . . . . . 
~~~d under Development-Conrtructttt 

Actlvitles lbcresl . . . . . . . . . . . . . 
Onrlte Sewage D8paral Septic 

Tank Systemsb . . . . . . . . . . . . . . . . . . 
Rural Land Cover lacrerl . . . . . . . . . . . . 
Livestock D~eratlons lanlmal unltri . . . . . . 

a Aslumer no nonpoinfsource contmi. 

includes only mare systems on soils havingrpvere or very revere limitations for d i r p d o f s e p f i c  m k  elfiff i t  

Does not indo& the 1975 and year 2000ant~ipatdphwhoru5Ioadof  leu m n  1WpwndsannueNy conflibufedfmm 
theoutflow of Luiu Lske 

Source: SEWRPC 

Exlsting 1975 

Atmowhenc Contrlbutton (acre5 of 
recelvlng surface water) . . . . 

Anticipated 2000' 

Percent 
Distribution 

1.8 

3.5 
16.3 
76.5 

Number 

496 

5.363 
950 

310 

Percent 
Disfribuflon Number 

Total 
Loading 
(pounds 
per year1 

--- 
146 

284 
1.335 
6.270 

Total 

Loading 
(pounds 
per year) 

-- 

155 

496 

5.363 
950 

8.l9OC Total 

146 

284 
1.335 
8.270 

1.9 

100.0 100.0 - - 
310 

8.190C 

155 1.9 



Map C-19 

PLANNED LAND COVER DEVELOPMENT 
I N  THE DIRECT TRlBUTAR(Y DRAINAGE 

AREA OF EAGLE SPRING LAKE: 2000 

- DIRECT TRIBUTARY 
DRAINAGE AREA - POINT OF SUBBASIN 
DISCHARGE 

UNSEWERED URBAN 
DEVELOPMENT 2 0 0 0  

0 RURAL LAND COVER ' 'LDX' 'c" 'F 

"-- 

Eagle Spring Lake has a direct tributary drainage area of about 5,859 acres. 
About 5,363 acres, or 9 2  percent of the drainage area, are planned to 
be in rural land cover, and 4 9 6  acres, or 8 percent, to be in urban land 
cover. Over the planning period none of the direct tributary watershed 
area is expected to be converted to urban land cover. I t  is estimated that 
a 90 percent reduction in nonpoint source pollutant runoff will be required 
in the drainage area to protect the water quality of the lake. This can be 
achieved through a combination of minimum and additional rural land 
management practices-including especially the proper management of 
livestock wastes-and minimum urban management practices-including 
proper septic tank system management based on a site-by-site inspection 
and maintenance program. 

Source: SEWRPC. 

If nutrient loadings t o  the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom will probably provide a suitable 
bottom substrate and nutrient source for excessive 
macrophyte growth in some local areas and release 
nutrients t o  the water body. If this problem is confirmed 
through further local study, the application of lake 
restoration or rehabilitation procedures should be con- 

sidered, in addition to  the above-mentioned point and 
diffuse source controls. Alternative restoration measures 
as set forth in Table C-57 may include sediment covering, 
aeration, and nutrient inactivation. Dredging to remove 
nutrient rich sediments and deepen the lake could sig- 
nificantly improve lake quality. However, the lake is so 
shallow at present that extensive dredging which would 
more than triple the lake volume would be required. The 
feasibility of these measures would have to  be assessed 
in a preliminary engineering study. Additional measures, 
such as weed harvesting, may be used t o  control macro- 
phyte growth which may interfere with the recreational 
use of the lake. It should be emphasized, however, that 
the long-term maintenance of water quality in Eagle 
Spring Lake requires that the recommended level of 
nutrient input reductions be achieved. 

The application of the above listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Eagle Spring Lake would entail a total capital cost 
of about $721,800, and an average annual operation and 
maintenance cost of about $91,000. The total 50-year 
present worth cost of these nonpoint source control 
measures is $1,118,400, with an equivalent annual cost 
of $70,900. If, in addition, rehabilitation techniques are 
found necessary, the capital cost of these alternatives 
would range from $20,000 for aeration to  $5,700,300 
for dredging. The total present worth costs of these lake 
rehabilitation techniques would be $22,800 for aeration 
and $4.3 million for dredging. 

Echo Lake 
Echo Lake is a 71-acre shallow impoundment on the 
White River and Honey Creek in the City and Town of 
Burlington in Racine County. Certain geomorphological 
characteristics of Echo Lake are set forth in Table C-58, 
together with the approximate 1975 population of the 
direct tributary watershed and a brief description of lake 
water quality conditions. Map C-20 presents a graphic 
summary of the proposed year 2000 land cover in the 
lake watershed. As shown on Map C-20, all significant 
urban land areas in the direct tributary watershed area 
are proposed to be served by sanitary sewers by the year 
2000. As of 1975, an estimated 83  privately owned 
onsite sewage disposal systems-12 of which were located 
in areas covered by soils having severe or very severe 
limitations for the use of such systems-were in operation 
in the lake watershed area. 

As indicated in Table C-59, all direct tributary sources 
combined contribute about 5,630 pounds of phosphorus 
annually to  Echo Lake. The major source of phosphorus 
was runoff from livestock operations. However, the White 
River and Honey Creek are tributary to  the lake and over 
25,400 pounds of phosphorus are annually contributed 
to the lake by these inlet streams. Because of the large 
drainage area and the relatively small size and depth of 
Echo Lake, the lake flushes often, thereby transporting 
a large portion of these pollutants through the lake. The 
impoundment is severely silted, however, and recreational 
use is restricted. Also, as indicated in Table G59, urban 
land uses in the direct tributary watershed are expected 
to increase by about 28 percent under planned year 2000 



Table C-57 

WATER QUALITY MANAGEMENT MEASURES FOR EAGLE SPRING LAKE IN WAUKESHA COUNTY 

Management Measure 

Management Pract~ces 
Total 1 721,800 91,000 602,500 1 51 5,900 1 1 ,I 18,400 1 38,200 32,700 1 70.900 

Macrophyte 1 233,000 32,500 1 174,100 1 512,300 1 686,400 1 11,000 1 32,500 1 43.500 1 Control excessive macro~hyte 

Septic Tank System 
Managementa 

Livestock Waste 
Control 

Rural Conservation 
practicesb 

Low Cost Urban Land 

Estimated Cost 

Minimal additional 
reduction 

Cumulative 

- 

$ 83,600 

638,200 

- 

HarvestingC 

~ e r a t l o n ~  

Nutrient 
lnactivatione 

Sediment coveringfah 

No additional 
reduction 

NO additional 
reduction 

- 

5 7,100 

83.100 

800 

20.000 

31,000 

620,000 

5,700,300 

reduction 

Reductton In 
External Annual 

Phosphorus 
Load t o  Lake 

(percent) 

1980-2000 Economic Analysis 

No additional 
reduction 

- 

Total 
Capital 

- 

$ 65,100 

537,400 

- 

500 

- 

- 

a The proper maintenance and replacement o f  the remaining septic tank systems is recommended to help improve the water quality o f  Eagle Spring Lake.However, because septic tank systems 
management is an existing function necessary for the preservation o f  public health and the maintenance of  drinking water supplies, this cost is no t  included i n  the water quality management 
plan. The estimated expenditures for septic system management i n  the Eagle Spring Lake drainage basin include a capital cost over the period o f  1975-2000 o f  $441,000, an average annual 
operation and maintenance cost of $10,200, and a total 50-yearpresent worth cost o f  $595,200. 

Rural land management practices necessary to achieve a 75percent reduction i n  rural diffuse source pol lutant loads. 

Cost estimated to harvest macrophytes from the 250 acres of Eagle Spring Lake subject to excessive macrophyte growth. 

Cost estimated to aerate looacres o f  the lake. 

The cost for nutrient inactivation is for treating the entire lake with alum. 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, or other suitable material. 

Cost estimated to dredge lake to an average depth o f  15 feet. Existing average depth is 3.6 feet. 

Thecostsofdredgingand sediment covering vary widely depending on such factors as lake sire and type, type o f  bottom substrate, and the amount o f  material to be dredged o r  filled. 

Source: SEWRPC. 

Average Present Worth: 1975-2025 Equivalent Annual: 1975-2025 

Operation and 

Maintenance Antic~pated Effectiveness 

land cover conditions. However, unless reduced by the 
implementation of nonpoint source control measures, 

- 

$ 83,900 

419,900 

12.100 

1 4.900 

23,200 

463,300 

4,259,900 

phosphorus loadings from livestock sources may be 
expected to continue to be the primary direct tributary 
source of phosphorus to  the lake under anticipated year 
2000 conditions. The upstream load is expected to be 
reduced to 11,100 pounds of phosphorus per year under 
year 2000 conditions. The estimated total phosphorus 
concentrations during spring overturn under existing and 
anticipated year 2000 conditions, as estimated from 
stream inflow and direct drainage phosphorus loadings 

- 

$ 149,000 

957,300 

12.100 

7,900 

- 

- 

- 

and lake and drainage basin characteristics, is 0.16 mil- 
ligram per liter (mg/l) and 0.09 mg/l, respectively. The 
Commission recommends a level of 0.02 mg/l or less for 
a recreational use, and a warmwater fishery and aquatic 
life classification. The year 2000 conditions represent 
the extension of sanitary sewer service to  most of the 

direct tributary area and a 50 percent reduction in 
surface diffuse source loads to  the White River and 
Honey Creek watersheds, as estimated in the Fox River 
watershed steam water quality management element. 
Existing and anticipated year 2000 pollutant loadings 
may be expected to  result in total phosphorus concen- 
trations in Echo Lake which exceed the recommended 
level for recreational use and for the maintenance of 
a warmwater fishery. 

- 

$ 4,100 

34,100 

- 

22,800 

23.200 

463,300 

DredgingS.hpTppp-p-p 4,259,900 

Because of the excessive total phosphorus loadings from 
the upstream tributary area of the White River and 
Honey Creek, Echo Lake cannot realistically achieve the 
necessary 0.02 mg/l total phosphorus level necessary for 
the full recreational use and warmwater fishery classifi- 
cation. Therefore, the Commission has recommended 
that Echo Lake be classified as a limited recreational 

- 

$ 5,300 

26,600 

800 

900 

1,500 

29,400 

270,200 

- 

$ 9,400 

60,700 

800 

500 

- 

- 

- 

Reduce nutrient concentra- 
tions; prevent the stimula- 
tionofexcessivemacro- 
phyte and algae growth; 
improve recreational use 
potential 

1,400 

1,500 

29,400 

270,200 

growth. aesthetic enhance- 
ment; improve recreational 
use potential 

Prevent anaerobic conditions 
(lack o f  oxygen) in the 
hypolimnion 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment, remove 
nutrients from water body 

Accelerate lake improvement; 
prevent releare of nutrients 
from sediment; reduce 
suitable plant substrate 

Deepen lake; reduce macro- 
phyte growth 



Table C-58 Map C-20 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF ECHO LAKE 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.38 persons per dwelling unit as 
counted on 1" = 400'scale aerial photos. 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . .  
Depth 

Maximum . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

Table C-59 

Description 

71 acres 

3,476 acres 
2.46 miles 

11 feet 
1.8 feet 
128.8 acre-feet 

2,407 persons 

Extreme turbidity, which 
limits aquatic plant growth 
and a desirable fishery. Be- 
cause of the high flushing 
rate, the water quality re- 
sembles that of a stream 
rather than that of a lake 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
ECHO LAKE: 1975 and 2000 

A ~ ~ N I  Pmvision o f  sanirw ewer sswiee as ,ecammendsd in Ihs point rwrn poNurion abafamsnf p i m  aiemenr; 
mume6 no nonpoint soume controi. 

includes only t h e  systems on soiis havingewn or wry reven iimifarionr fordPossiof sspric rankaffluent. 

' Doe3 not imiu* Iha esrimamd 1975phorphonrr ioed of  25.4Wpoundsperyearor Ihs yasr2000anricipatdph05ph~ru1 
io&of 7 l,lWpam&psryeorconrribuTod from Iho Honey C m k  and the Whim Riwr dninag am. 

Source: SEWRPC. 

Source of Phosphorus 

Urban Land Cover (acres1 . . . . . . . . . . . . .  
Land under Deve1opment-Conrtrun1.n 

Activities lacrerl . . . . . . . . . . . . . . . . .  
Onrite Sewqe Dlrpotal Septic 

~ a n k  ~ v r t s m r ~  . . . . . . . . . . . . . . . . . .  
Rural land Cover (acre9 . . . . . . . . . . . .  
Livestock Operations (animal units) . . . . . .  
Atmo*eherie Contribution (acres of 

rece8vlngrurfacewaterl . . . . . . . . . . . . .  
Total 

PLANNED LAND COVER DEVELOPMENT I N  THE DIRECT 
TRIBUTARY DRAINAGE AREA OF ECHO LAKE: 2000 

LEGEND 

WR.~ SJBBASIN BOUNDARY AND 
DESIGNATION - DIRECT TRIBUTARY DRAINAGE AREA 

'--t POINT OF SUBBASIN DISCHARGE 

SEWERED URBAN DEVELOPMENT 2 0 0 0  

0 RURAL LAND COVER 

Existing 1975 

Echo Lake has a direct tributary drainage area of about 3,476 acres. About 
2,664 acres, or 77  percent of the drainage area, are planned to be in rural 
land cover, and 812 acres, or 23 percent, to be in urban land cover. Over the 
planning period an average of about 2 0  acres may be expected to be 
converted annually to urban land cover. A combination of minimum rural 
land management practices-including especially the proper management of 
livestock wastes-and minimum urban management practices-including 
low-cost urban practices, construction erosion controls, and proper septic 
tank system management based on a site-by-site inspection and maintenance 
program-should be implemented in the lake drainage area. 

Number 

619 

20 

12 
2.837 

602 

71 

- 

Antlc~pated 2000' 

Source: SEWRPC. 

Number 

792 

20 

11 
2.564 

602 

71 

- 

use and warmwater fishery lake, for which expensive 
diffuse source control measures are probably 
not warranted. 

Total 
Loading 
(pounds 
per year1 

393 

909 

35 
285 

3.973 

35 

5.633' 

Tne measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to  reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in 
Table G60, along with the associated costs and antici- 
pated effectiveness. Measures to control livestock con- 
tributions appear to  be the most cost-effective way to 
substantially reduce phosphorus loadings to  the lake. 
Other needed measures include: the extension of sanitary 
sewer service, improved septic tank management, 
minimum measures to reduce pollutant runoff from rural 
lands through the implementation of basic soil conserva- 

Percent 
Distribution 

7.0 

16.1 

0.5 
5.1 

70.6 

0.6 

100.0 

Total 
Loading 
ipoundr 
per year) 

I 503 ' 

90s 

32 
254 

3,973 

36 

5,707C 

Percent 
Distribution 

8.8 

15.9 

0.6 , 4.5 
89.6 

0.5 

100.0 



Table C-60 

WATER QUALITY MANAGEMENT MEASURES FOR ECHO LAKE IN RACINE COUNTY 

Total 

Serviceb 

Estimated Cost 
1980-2000 

I Annual 

Cumulative 
Reduction in 

External Annual 
Phosphorus I I Economic Analysis 

Present Worth. 1975-2025 

Operatton and 
Maintenance 

- 

Equivalent Annual: 1975-2025 

Septic Tank System 
~anagement' 

Livestock Waste 

Capital 
pppp 

- 

Control I I 1 I I I I I phyte and algae growth; 

Management Pract~ces 1 
Total 1 1,260,200 1 22,800 1 945,400 1 312,900 1 1,258,300 1 60,000 1 19,800 1 79,800 

Lake Drawdown 1 Minimal I Minimal I Minimal 

- 

$ 86,600 

Stream Protection 
Construction Erosion 

Control practicesd 
Low Cost Urban Land 

Operation and 
Maintenance 

- 

Minimum Rural Conser- 
vation Practices and 

a The cumulative percent reduction in phosphorus loadings is in addition to  sanitary sewer service, as recommended in the point source element for the Lower Fox River subregional area. 

- 

pppppp- 

$ 6,800 

3,700 

1.1 55,000 

Minimal 

growth; aesthetic enhance- 
ment; improve recreational 
use potential 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the point source alternative plan elements for the Lower Fox River subregionalarea. Local 
hook-up and operation and maintenance costs, which are not  primarily dependent on surface water quality, are not  presentedabove. The estimated expenditures for  local hook-up and opera- 
tion and maintenance in the Echo Lake drainage basin include a capital cost over the period o f  1975-2000 o f  $3,752,000, an average annual operation andmaintenance cost o f  $47,000, a n d a  
total 50-year present worth cost o f  $2,843,200. 

Load t o  ~ a k e ~  
Total Total Anticipated Effectiveness (percent) 

4.600 improve recreational use 
potential 

18,600 

reduction 

The proper maintenance and replacement o f  the remaining septic tank systems is recommended to  help improve the water quality o f  Echo Lake. However, because septic tank systems manage- 
ment is an existing function necessary for the preservation o f  public health and the maintenance o f  drinking water supplies, this cost is not  included in  the water quality management plan. 
The estimated expenditures for septic system management in the Echo Lake drainage basin include a capital cost over the period o f  1915.2000 of $49,500, an average annual operation and 
maintenance cost o f  $1.200, and a total 50-year present worth cost o f  $70,100. 

- 

- 

$ 64,700 

10,000 

1,200 

Cost estimated to control erosion from the estimated25acres o f  land estimated to  be annually undergoing construction activity in the lake watershed 

4,800 

Source: SEWRPC. 

- 

- 

$ 79,600 

866,900 

M~nimal 

tion practices, low-cost measures to  reduce pollutant 
runoff from urban lands, and construction erosion 
control practices. 

The application of most lake restoration or rehabilitation 
procedures at this time should be considered with caution, 
since the problems would probably reoccur rapidly. 
However, drawdown, with subsequent fish restocking 
and bottom sediment removal or consolidation, may 
provide some measure of temporary water quality 
improvement. Inflow treatment is another alternative 
restoration technique which may be applicable to  Echo 
Lake. The feasibility of these measures would have t o  be 
assessed in a preliminary engineering study. 

- 

- 

$ 144,300 

13,800 

157,600 

17,200 

The application of the above listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Echo Lake would entail a total capital cost of about 
$1,260,200, and an average annual operation and main- 
tenance cost of about $22,800. The total 50-year present 
worth cost of these nonpoint source control measures, 
useful in comparing the long-term costs of alternative 
control measures, is $1,258,300, with an equivalent 
annual cost of $79,800. If, in addition, rehabilitation 
techniques are found necessary, the capital cost of 
these alternatives would be minimal for lake draw- 
down measures. 

72,300 58,500 

Elizabeth Lake 
Elizabeth Lake is a 638-acre lake located in the Town of 
Randall in Kenosha County, with the southern portion 
located in Illinois. The lake drains south via a tributary 
to the North Branch of Nippersink Creek. Certain geo- 
morphological characteristics of Elizabeth Lake are set 
forth in Table C61, together with the approximate 1975 
population of the direct tributary watershed and a brief 
description of lake water quality conditions. Map C-21 
presents a graphic summary of the proposed year 2000 
land cover in the lake watershed. As shown on Map C-21, 
a major portion of urban land in the tributary watershed 
area is proposed to be served by sanitary sewers by the 
year 2000. As of 1975, an estimated 86 privately owned 
onsite sewage disposal systems-17 located in areas 
covered by soils having severe or very severe limitations 
for the use of such systems-were in operation in the 
lake watershed area. 

- 

- 

$ 4,100 

900 

1,024,500 

17.200 

As indicated in Table C-62, all sources combined con- 
tribute about 3,300 pounds of phosphorus annually to 
Elizabeth Lake. The major sources of phosphorus in the 
lake watershed are livestock operations and construction 
activities. An additional 180 pounds of phosphorus are 
discharged to  the watershed from Marie Lake. Also, as 
indicated in Table (3-62, urban land uses in the watershed 
are expected t o  increase by about 62 percent under 

Protect public health and 
drinking water supplies; 
reduce nutrient concen- 

- 

$ 5,000 

55,000 

Minimal 

- 

- 

$ 9.100 

10.000 

1.100 

trations 
Reduce nutrient concantra- 

tions; prevent the stimula- 
tion of excessive macro- 

65,000 

1.100 



Table C-61 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF ELIZABETH LAKE 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.31 persons per dwelling unit as 
counted on 1" = 400'scale aerial photos. 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean . . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

Table C-62 

Description 

638 acres 

5,029 acres 
5.4 miles 

32 feet 
I I feet 
6,900 acre-feet 

1,441 persons 

Frequent algae blooms; rnod- 
erate nutrient concentra- 
tions; oxygen depletion in 
hypolimnion during 
summer 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
ELIZABETH LAKE: 1975 and 2000 

Source of Phosphorus 

Total 
Loading 
(pound$ percent 

Number peryear) D#str#but#on 1 
Urban Land Cover lacreri . . . . . . . . . . . . .  
Land under Development-Conrtructlon 

. . . . . . . . . . . . . .  Actlvitlef ~ilcresl 
Onrlte Sewage Disposal Septic 

~ a n k  ~ y r t e m r ~  . . . . . . . . . . . . . . . . . .  
Rural Land Cover (acres) . . . . . . . . . . . . .  
Llvertock Operav~ons lan~mal unltr l  . . . . .  
Atmm~herlc COntrlbut8on lacrer of 

recelvlng surface water) . . . . . . . . . . . .  
Total 

* Amme* prnvi~im of sanitary sewer sewice m reammmded in he point soume polluson abatemeof plan element; 
-me$ no nmpoinr soume control. 

lmlvderonly hme rysems m roils having revere or very revere limirationr for disposal of septic tank effluent 

D a r  not include the 1975 ertimaled phogohwor load of 180 pounds per year or he year 20% anficipafedphusphorurrus 
/Dad of 45pwnmper yewconsibund by he upstream drainage area of Marie Lake 

m ~ e :  SEWRPC 

planned year 2000 land cover conditions, with annual 
total phosphorus loadings to the lake expected to  be 
decreased to about 3,100 pounds. The Marie Lake dis- 
charge to the watershed is expected to  be reduced to 45 
pounds by the year 2000 due to  implementation of 
diffuse source controls upstream of the lake. The 
proposed extension of sanitary sewer service will elirni- 
nate all but a total 40 septic tank systems by the year 
2000. Loadings from the construction activities are 
expected to  be the primary source of phosphorus to  the 
lake under anticipated year 2000 conditions. The esti- 
mated total phosphorus concentrations during spring 
overturn under existing and anticipated year 2000 condi- 
tions, as estimated from phosphorus loadings and lake 
and drainage basin characteristics, are 0.06 milligram 
per liter (mg/l) and 0.05 mg/l, respectively. The Com- 
mission recommends a level of 0.02 mg/l or less of total 
phosphorus for a recreational use and warmwater fishery 
and aquatic life classification. Existing and anticipated 
year 2000 pollutant loadings may be expected to result 
in total phosphorus concentrations in Elizabeth Lake 
which exceed the recommended level for recreational 
use and for the maintenance of a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to  reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in 
Table C-63, along with the associated costs and antici- 
pated effectiveness. Measures to control livestock con- 
tributions appear to  be the most cost-effective way to 
substantially reduce phosphorus loadings to the lake. 
Other needed measures include: the extension of sanitary 
sewer service, improved septic tank management, mini- 
mum measures t o  reduce pollutant runoff from rural 
lands through the implementation of basic soil conser- 
vation practices, low-cost measures to  reduce pollutant 
runoff from urban lands, and construction erosion 
control practices. 

If nutrient loadings to  the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may provide a suitable bottom 
substrate and nutrient source of excessive macrophyte 
growth in some local areas and may release nutrients to 
the water body. If this problem is confirmed through 
further local study, the application of lake restoration or 
rehabilitation procedures would be considered, in addi- 
tion to  the above point and diffuse source controls. 
Alternative restoration measures as set forth in Table 
C-63 may include sediment covering, hypolimnetic aera- 
tion, and nutrient inactivation. The feasibility of these 
measures would have to  be assessed in a preliminary 
engineering study. It should be emphasized, however, 
that the long-term maiqtenance of water quality in 
Elizabeth Lake requires that the recommended level of 
nutrient input reductions qe achieved. 

The application of the above listed nonpoint source 
pollution control measures to  control the nutrient inputs 
to Elizabeth Lake would entail a total capital cost of 
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Table C-63 

WATER QUALITY MANAGEMENT MEASURES FOR ELIZABETH LAKE IN KENOSHA COUNTY 

a The cumulative percent reduction in phosphorus loadings is in addition to  sanitary sewer service, as recommended in  the point source element for the Lower Fox River subreqional area 

Management Measure 

Sanitary Sewer 
serviceb 

Septic Tank System 
~anagement' 

Livestock Waste 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the po in t  source alternative plan elements for the Lower Fox River subregionalarea. Local 
hook-up and operation and maintenance costs, which are not primarily dependent on surface water quality, are not  presentedabove. The estimated expenditures for  local hook-up and opere- 
tion and maintenance in the Elizabeth Lake drainage basin include a capital cost over the period o f  1975-2000 o f  $184,000, an average annual operation and maintenance cost o f  $7 1,900, and 
a total 5Oyear present worth cost o f  $290,400. 

The proper maintenance and replacement of the remaining septic tank systems is recommended to  help improve the water quality of Elizabeth Lake. However, because septic tank systems 
management is an existing function necessary fo r  the preservation o f  public health and the maintenance o f  drinking water supplies, this cost is not  included in the water quality management 
Plan. The estimated expenditures for septic system management in  the Elizabeth Lake drainage basin include a capital cost over the period o f  1975-2000 o f  $45,500, an average annual opera- 
tion andmaintenance cost o f  $1.300, anda total 50-yearpresent worth cost o f  $72,100. 

phyte and algae growth; 

Cost estimated to  control erosion from the estimated25acres of land estimated to  be annually undergoing construction activity in the lake watershed. 

Cost estimated to  aerate the entire hypolimnion o f  the lake. 

Estimated Cost 
1980-2000 

The lower cost for nutrient inactivation is for treating only the hypolimnetic area wi th  alum; the higher cost is for freating the entire lake with alum 

Total 
Capital 

- 

- 

$ 13,700 

Cost estimated to cover the entire lake bottom with sand, clay, plast!c, or other suitable material. 

The costs o f  sediment covering vary widely depending on such factors as lake size and depth, type of bottom substrate, and amount of f i l l  required. 

Source: SEWRPC. 

Economic Analysis 

Awrage Annual 
Operation and 
Maintenance 

- 

- 

$ 1,200 

a graphic summary of the proposed year 2000 land 
cover in the lake watershed. As shown on Map C-22, all 
of the urban land in the tributary watershed area is 
proposed to be served by sanitary sewers by the year 
2000. As of 1975, an estimated 1,647 privately owned 
onsite sewage disposal systems-661 of which were 
located in areas covered by soils having severe or very 
severe limitations for the use of such systemswere in 
operation in the lake watershed area. 

As indicated in Table C-65, all sources combined con- 
tribute an estimated 19,000 pounds of phosphorus 
annually to  Lake Geneva during an average year of 
precipitation. These pollutant loads were estimated 
based on data developed during detailed field studies- 

Anticipated Effectiveness 

Protect public health and 
drinking water supplies; 
reduce nutrient concen- 
trations 

Reduce nutrient concentra- 
tions; prevent the stimula- 
t ion of excessive macro- 

conducted during a period of below average precipita- 
tion-and general pollutant source loading estimates for 
the lake watershed for average or typical year conditions. 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  I-akea 
(percent) 

- 

Present Worth: 1975-2025 

As indicated in Table (3-65, urban land uses are expected 

Capital 

- 

- 

$ 10,300 

Equivalent Annual: 1975-2025 

to increase by about 22 percent under planned year 2000 
land cover conditions. The annual phosphorus load, 
however, is expected to  be reduced to about 15,000 
pounds as a result of the extension of sanitary sewers and 
the elimination of the Fontana Sewage Treatment Plant 
seepage lagoon discharge to  Buena Vista Creek. The 
observed total phosphorus concentration during study 
year 1976 spring overturn was 0.02 milligram per liter 
(mg/l), which is represenbative of a dry year condition. 
The water quality simulation analyses indicated that, 

Capital 

- 

- 

$ 700 

Operation and 
Maintenance 

- 

- 

$ 13,800 

Total 

- 

- 

$ 24,100 

Operation and 
Maintenance 

- 

- 

$ 900 

Total 

- 

- 

1 000 



Table C-64 Table C-65 

GEOMORPHOLOGICAL AND WATER QUALITY ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
CHARACTERISTICS OF LAKE GENEVA LAKE GENEVA: 1975 and 2000 

a ~ s o r n e s  provision of m i t a w  sewer sewice as reommended in the poinr wurce poiiution abatement plan e l r m e n ~  
aSSumesn0 nmpoinfswrre conf,ol. 

includes only those ryrrems on soiir having sewre or very severe limitations for diwosai of septic tank efflumt 

Source SEWRPC 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

a The population of  the direct tributary watershed is estimated 
by assuming an average of  3.00 persons per dwelling unit as 
counted on I" = 400'scale aerial photos. 

Description 

5,262 acres 

12,750 acres 
20.2 miles 

135 feet 
61 feet 
320,982 acre-feet 

12,231 persons 

Generally good, with occa- 
sional algae blooms, and 
some nuisance macrophyte 
growth 

Source: SEWRPC. 

Table (2-66 

WATER QUALITY MANAGEMENT MEASURES FOR LAKE GENEVA IN WALWORTH COUNTY 

External Annual 

drinking water supplies: 
reduce nutrient mncen- 
trations: prevent the stimu- 
lation of excessive macio- 
phyte and algae growth: 
improve recreational use 

a The cumulative percent reduction in phosphorus loadings is in addition to sanitary sewer service, as recommended in the point source element for the Lower Fox River subregional area. 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the point source alternative plan elements for the Lower Fox River subregionalarea. Local 
hook-up and operation and maintenance costs, which are not primarily dependent on surface water quality, are not presented above. The estimatedexpenditures for local hook-up and opera- 
tion and maintenance in the Lake Geneva drainage basin include a capital cost over the periodof 1975-2000 of  $10,436,000, an average annualoperation andmaintenance cost of $151.200. 
anda total 50yearpresent worth cost of $8,230,200. 

The proper maintenance and replacement of  the remaining septic tank systems Is recommended to help improve the water quality of Lake Geneva. However, because septic tank systems 
management is an existing function necessary for the preservation of public health and the maintenance of  drinking water supplies, this cost isnot Includedin the water quality management 
plan. The estimated expenditures for septic system management in the Lake Geneva drainage basin include a capital cost over the period of 1975-2000 of $283,500, an average annual opera- 
tion andmaintenance cost of $5,500, and a total 50-yearpresent worth cost of $346,001). 

Cost estimated to control erosion from the estimated29 acres of  landestimated to be annually undergoing construction activify in the lake watershed. 

Source: SEWRPC. 



during a year of average precipitation, the spring phos- 
phorus concentration would approximate 0.04 mg/l 
under existing conditions and 0.03 mg/l under anticipated 
year 2000 conditions. The Commission recommends 
a level of 0.02 mg/l or less of total phosphorus for the 
prevention of excessive aquatic plant growth and mainte- 
nance of a trout fishery and recreational use classification. 
Existing and anticipated year 2000 pollutant loadings 
may be expected to result in total phosphorus concen- 
trations in Lake Geneva which slightly exceed the recom- 
mended level for recreational use and for the maintenance 
of a trout fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative 
combinations to reduce the nonpoint source pollution 
loading on the lake, was made and a set of recommended 
measures was identified. These measures are set forth in 
Table C-66, along with the associated costs and antici- 
pated effectiveness. Measures to control livestock con- 
tributions appear to be the most cost-effective way to 
substantially reduce phosphorus loadings to the lake. 
Other needed measures include: the extension of sanitary 
sewer service, the abatement of the seepage overflow 
from the Fontana Sewage Treatment Plant by the 
addition of additional seepage lagoon capacity; improved 
septic tank management, minimum measures to reduce 
pollutant runoff from rural lands through the imple- 
mentation of basic soil conservation practices, low-cost 
measures to reduce pollutant runoff from urban lands, 
and construction erosion control practices. 

Lake Geneva currently has few serious limitations to its 
use as a fishery and recreational resource. It is not 
expected that lake restoration or rehabilitation measures 
will be necessary to  augment its high quality. It should 
be emphasized, however, that the long-term maintenance 
of water quality in Lake Geneva requires that the recom- 
mended level of nutrient input reductions be achieved. 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient inputs 
to  Lake Geneva would entail a total capital cost of about 
$1,514,900, and an average annual operation and main- 
tenance cost of about $47,100. The total 50-year present 
worth cost of these source control measures is 
$2,364,000, with an equivalent annual cost of $111,900. 

Kee Nong Go Mong Lake 
Kee Nong Go Gong Lake, sometimes referred to as " ~ o n g  
Lake," is an 88-acre lake located in the Town of Norway 
in Racine County. The lake drains to Wind Lake Drainage 
Canal through Waubeesee Lake. Certain geomorphological 
characteristics of Kee Nong Go Mong Lake are set forth 
in Table C-67, together with the approximate 1975 
population of the direct tributary watershed and a brief 
description of lake water quality conditions. Map C-23 
presents a graphic summary of the proposed year 2000 
land cover in the lake watershed. As shown on Map 
(2-23, a major portion of the urban land in the tribu- 
tary watershed area is proposed to be served by sanitary 

sewers by the year 2000. As of 1975, an estimated 158 
privately owned onsite sewage disposal systems-115 of 
which were located in areas covered by soils having 
severe or very severe limitations for the use of such 
systems-were in operation in the lake watershed area. 

As indicated in Table C-68, all direct tributary sources 
combined contribute about 2,820 pounds of phosphorus 
annually to  Kee Nong Go Mong Lake. The major sources 
of phosphorus in the lake watershed are rural land 

- - 

runoff and runoff from livestock operations. In addition, 

Table C-67 

GEOMORPHOLOGICAL A N D  WATER QUALITY 
CHARACTERISTICS OF  KEE NONG GO MONG LAKE 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.6 persons per dwelling unit as 
counted on l"= 400'scale aerial photos. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean . . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

. . . . .  Tributary watersheda 

General Existing Water Quality 
Conditions: 

Source: SEWRPC. 

Description 

88 acres 

1,337 acres 
2.5 miles 

25 feet 
8.7 feet 
770 acre-feet 

569 persons 

Excessive macrophyte 
growth; recent water qua- 
l ity data are not available 
for Kee Nong Go Mong 
Lake 

Table C-68 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
KEE NONG GO MONG LAKE: 1975 and 2000 

a A w m a  provirioo of sanirew sewer service as r ~ o m d m d e d  in the point soom poilution abatement plan element 
assumes no nonpoinr source eeeffol. 

Includes only those syarems on soils having severe or very severe itmirations for d!vors/of septic rank effluent. 

Does not loelude the 7975 enimared phosphorus load o f  2.50 pounds per year or the year 20W anticipated phorphorur 
load of abouf 30poundsper year contributed by the Lake Dmoon Drainage 

Source. SEWRPC. 



Map C-22 

LEGEND 

PLANNED LAND COVER DEVELOPMENT I N  THE DIRECT TRIBUTARY DRAINAGE AREA OF LAKE GENEVA 

... ... .. WATERSHED BOUNDARY 

LG - SUBBASIN BOUNMRY 
AND WSIGNATION 

POINT OF SUBBASIN DISCHARGE 

- DIRECT TRIBUTARY [ RURAL LAND COVER -LC 
ORALNAGE AREA 

Lake Geneva has a direct tributary drainage area of about 12,750 acres. About 6,719 acres, or 53 percent of the drainage area, are planned to be in rural land m r ,  and 6,031 acres, or 47 percent, to be in urban land 
ccwer. Over the planning period an average of about 29 acres may be expected to  be conwrted annually to urban land cover. I t  is estimated that a 33 percent reduction in nonpoint source pollutant runoff will be 
required in the drainage area to protect the water quality of the lake during average precipitation year conditions. This can be achieved through a combination of minimum rural land manawment practices-including 
 specially the proper management of livestock wastes-and minimum urban management practices-including low-cost urban practices, construction erosion controls, and proper septic tank system management based 
on a sitewsite inspection and maintenance program. 
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PLANNEDLANDCOVERDEVELOPMENT 
IN THE DIRECT TRIBUTARY DRAINAGE AREA 

OF KEE NONG GO MONO LAKE: 2000 
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Lake Kee Nong Go Mong har a direct tributary drainage area of about 
1,337 acres. About 1.191 acres, or 89 percent of the drainage area, are 
planned to be in rural land cover, and 146 acres, or I 1  percent. to be in 
urban land cover. Over the planning period an average of about one acre may 
be expected to be converted annually to urban land cover. A combination of 
minimum rural land management practices-including especially fhe proper 
management of liveptock waoteo-and minimum urban management prac- 
tices-including IOWSOP~ urban practicer, construction emrion controls. 
and Proper Sptic tank system management basad an a rite-by.rite inrpection 
and maintenance program-should be implement& in the lake drainage area. 

Soume: SEWRPC. 

260 pounds of total phosphorus are estimated t o  be con- 
tributed to the lake from Lake Denoon drainage. Also, as 
indicated in Table C-68, urban land uses in the watershed 
are expected to increase slightly under p l a ~ e d  year 
2000 land use conditions. Annual total phosphorus 
loadings to the lake are expected t o  be reduced slightly 
in the year 2000 due t o  the provision of sanitary sewer 
service, as well as an expected 90 percent decrease in 
the phosphorus discharge from Lake Denoon. Loadings 
from rural land runoff and livestock operations are 
expected to remain the primary sources of phosphorus 
to the lake under anticipated year 2000 conditions. The 
estimated total phosphorus concentratons during spring 

overturn under existing and anticipated year 2000 
conditions, as estimated from phosphorus loadings and 
lake and drainage basin characteristics, are 0.24 milliiam 
per liter (mgll) and 0.19 mg/l, respectively. The Commis- 
sion recommends a level of 0.02 mg/l or less of total 
phosphorus for the prevention of excessive aquatic plant 
growth and maintenance of a warmwater fishery and 
recreational use classification. Existing and anticipated 
year 2000 pollutant loadings may be expected to result 
in total phosphorus concentrations in Kee Nong Go Mong 
Lake which greatly exceed the recommended level for 
recreational use and for the maintenance of 
a warmwater fishery. Because of the excessive total phos- 
phorus loadings from the diffuse source loads within the 
entire tributary watershed, Lake Kee Nong Go Mong 
cannot realistically achieve the necessary 0.02 mg/l total 
phosphorus level necessary for the full recreational use 
and wannwater fishery classification. Therefore, the 
Commission has recommended that Lake Kee Nong Go 
Mong be classified as a limited recreational use and 
warmwater fishery lake, for which expensive nonpoint 
sources control measures are probably not warranted. 

The measures available for controlling nonpoint source 
pollution, along with attendant ~ s t s ,  are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to reduce the nonpoint source pollution loading 
on the lake was made, and a set of recommended mea- 
sures was identified. These measures are set forth in 
Table C69, along with the associated costs and antici- 
pated effectiveness. Measures to control livestock con- 
tributions appear to be the most cost-effective way to 
substantially reduce phosphorus loadings t o  the lake. 
Other needed measures include: the provision of sanitary 
sewer service, improved septic tank management, 
minimum measures to reduce pollutant runoff from rural 
lands through the implementation of basic soil conser- 
vation practices, low-cost measures t o  reduce pollutant 
runoff from urban lands, and construction erosion 
control practices. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited on 
the lake bottom may continue t o  provide a suitable 
bottom substrate and nutrient source for excessive mac- 
rophyte growth and may release nutrients t o  the water 
body, resulting in continued poor water quality. If this 
problem is confirmed through further local study, the 
application of lake restoration or rehabilitation pro- 
cedures should be considered, in addition to the above 
diffuse source controls. Alternative restoration measures, 
as set forth in Table C-69, may include dredging, hypo- 
limnetic aeration, sediment covering, and nutrient 
inactivation. The feasibility of these measures would have 
to be assessed in a preliminary engineering study. Addi- 
tional management measures, such as weed harvesting, 
may be used t o  control the macrophyte growth which 
may interfere with the recreational use of the lake. It 
should be emphasized, however, that the long-term 
maintenance of water quality in Kee Nong Go Mong Lake 
requires that the recommended level of nutrient input 
reductions be achieved. 



Table C-69 

WATER QUALITY MANAGEMENT MEASURES FOR KEE NONG GO MONG LAKE IN RACINE COUNTY 

a The cumulative percent reduction in phosphorus loadings is in addition to  sanitary sewer service, as recommended in the point source element for the Lower Fox River subregional area. 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the point source alternative plan elements for the Lower Fox River subregional area. Local 
hook-up and operation and maintenance costs, which are not  primarily dependent on surface water qualify, are not  presentedabove. The estimatedexpenditures for local hook-up and opera- 
tion and maintenance in the Kee Nong Go Mong Lake drainas basin include a capital cost over the period o f  1975-2000 o f  $488,000, an average annual operation andmaintenance cost of 
$3,700, anda total 50-year present worth cost o f  $331.100. 

I 

algae growth; improve rec- 
reational use potential 

The proper maintenance and replacement o f  the remaining septic tank systems is recommended to  help improve the water quality o f  Kee Nong Go Mong Lake. However, because septic tank 
systems management is an existing function necessary for the preservation of public health and the maintenance o f  drinking water supplies, this cost is not  included in the water quallty man- 
agement plan. The estimated expenditures for septic system management in the Kee Nong Go Mong Lake drainage basin include a capital cost over the period o f  1975.2000 o f  $1 17,000, an 
average annual operation andmaintenance cost of $1,900, and a total 50-year present worth cost o f  $133,000. 1 

Hypolimnetic 
 erat ti on^ 

Nutrient 
lnactivationg 

Dredging1*J 

Cost estimated to control erosion from the estimated one acre o f  land estimated to  be annually undergoing construction activify in the lake watershed. 
I 

Cost estimated to  harvest macrophytes from the 2 0  acres o f  Kee Nong Go Mong Lake subject to  excessive macrophyte growth. 

2,000 

8.800 

887,200 

Cost estimated to  aerate 10 acres o f  the lake. 

The cost for nutrfent inactivation is for treating the entire lake with alum 

Cost estimated to  cover the entire lake bottom with sand, clay, plastic, or other suitable material 

- 

- 

Cost estimated to  dredge lake to  an average depth o f  15 feet. Existing average depth is 8.75 feet. 

' The costs for dredging and sediment covering vary widely depending on such factors as lake size and depth, type o f  bottom substrate, and amount o f  material to  be filled or dredged. 

Source: SEWRPC. 

1,500 

6,600 

131,500 

663,000 

The application of the above listed nonpoint source 
pollution control measures to  control the nutrient inputs 
to Kee Nong Go Mong Lake entail a total capital cost of 
about $61,400, and an average annual operation and 
maintenance cost of about $4,000. The total 50-year 

800 

- 

SedimentCoveringhd176.000ppp - 

- 

present worth cost of these diffuse control measures is 
$96,700, with an equivalent annual cost of $6,200. If, 
in addition, rehabilitation techniques are found necessary, 
the capital costs of these alternatives would range from 
$2,000 for hypolimnetic aeration to  $887,200 for 

2,300 

6,600 

131,500 

663,000 

dredging. The total present worth costs of these lake 
rehabilitation techniques would be from $2,300 for 
hypolimnetic aeration to  $663,000 for dredging. 

Lauderdale Lakes 
The Lauderdale Lakes complex is an 834-acre system 
of three lakes, Green, Middle and Mill Lakes, located 
in the Towns of LaGrange and Sugar Creek in Wal- 
worth County. Certain geomorphological charac- 
teristics of the Lauderdale Lakes are set forth in Table I 

100 

400 

8.300 

42,100 

- 

- 

- 

200 Prevent anaerobic conditions No additional 

400 

(lack of oxygen) in the 
hypolimnion 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment, remove 

reduction 

No additional 
reduction 

8,300 

42,100 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; reduce 
suitable plant substrate 

Deepen lake; reduce macro- 
phyte growth 

No additional 
reduction 

No additional 
reduction 



Map 24 

Table C-70 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF THE LAVDERDALE LAKES 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.13 persons per dwelling unit as 
counted on 1" = 400' scale aerial photos. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . .  
Mean. . . . . .  . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

Source: SEWRPC. 

Description 

834 acres 

5,429 acres 
16 miles 

57 feet 
15feet 
12,591acre-feet 

4,463 persons 

Occasional algae blooms; 
dense macrophyte growth; 
moderate high nutrient con- 
centrations; oxygen deple- 
tion in the hypolimnion 

G70, together with the approximate 1975 population of 
the direct tributary watershed and a brief description 
of lake water quality  condition^.^ Map C-24 presents 
a graphic summary of the proposed year 2000 land cover 
in the lake watershed. As shown on Map C-24, none of 
the urban land in the tributary watershed area is pro- 
posed to be served by sanitary sewers by the year 2000. 
As of 1975, an estimated 1,426 privately owned onsite 
sewage disposal systems-1,328 of which were located in 
areas covered by soils having severe or very severe limita- 
tions for the use of such systems-were in operation in 
the watershed area. 

As indicated in Table G71, all sources combined con- 
tribute about 7,500 pounds of phosphorus annually to 
the Lauderdale Lakes. The major sources of phosphorus 
in the lake watershed are septic systems and runoff from 
livestock activities. Also, as indicated in Table C-71, the 
existing land uses are not expected to change significantly 
under planned year 2000 land use,conditions. Therefore, 
unless reduced by the implementation of nonpoint source 
control measures, phosphorus loadings from septic tanks 
and livestock may be expected to continue to be the 
primary sources of phosphorus to the lake under antici- 
pated year 2000 conditions. The estimated total phos- 

6Report on Middle Lake, National Eutrophication 
Survey, U.S. Environmental Protection Agency, 1975. 

PLANNED LAND COVER DEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE AREA 

I N  THE LAUDERDALE LAKES: 2000 

LEGEND 

~ ~ c . 3  HYDROLOGIC SUBBASIN BWNDARY 
AND DESIGNATION - DIRECT TRIWTARY DRAINAGE 
AREA BWNDARY - WlNT OF SUBBASIN DISCHARGE 

UNSEWERED URBAN DEVELOPMENT ZOO0 

The Lauderdale Lakes have a direct tributary drainage area of about 
5,429 acres. About 4,669 acres, or 86 percent of the drainage area, are 
planned to be in rural land cover, and 760 acres, or 14 percent, to be in 
urban land cover. Over the planning period none of the direct tributary 
watershed area is expected to be converted to urban land cover. I t  is 
estimated that an 80 percent reduction in nonpoint source pollutant runoff 
will be required in the drainage area to protect the water quality of the 
lake. This can be achieved through a combination of minimum rural land 
management practices-including especially the proper management of 
livestock wastes-and mininum urban management practices-including 
proper septic tank system management based on a site-by-site inspection 
and maintenance program. 

Source: SEWRPC. 

phorus concentration during spring overturn under 
existing and anticipated year 2000 conditions, as esti- 
mated from phosphorus loadings and lake and drainage 
basin characteristics, is 0.11 milligram per liter (mg/l). 
The Commission recommends a level of 0.02 mg/l or less 
of total phosphorus for the prevention of excessive 
aquatic plant growth and the maintenance of a warm- 
water fishery and recreational use classification. Existing 
and anticipated year 2000 pollutant loadings may be 



Table C-71 expected to  result in total phosphorus concentrations 
in the Lauderdale Lakes which exceed the recommended 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
LAUDERDALE LAKES: 1975 and 2000 

Source of Phorphorur Number 

Total 
Loading 
pounds 1 Percent 1 
per year) Dirtrlbut8on Number 

Total 

Urban Land Cover [acres1 . . . . . . . . . . 
Land under Development-Canrtrucffff 

ACtlV#fer [acre$] . . . . . . . 
Onrlte Sewage D#rparal Septtc 
Tank sy$femsb . . . . . . . . 

Rural Land Cover [acres] . . . . 
Lrveitock Operatonr iantmal unltr l  . 
AtmOIpherrc Contr#but#on [acres of 

,ece,v,ng surface water1 . . . . . . . . 
Total 

a Asumer no nonpalnf source control, 

Includes only Base systems on roils havrngrevere or very revere limifafioos far drsposll of  sepbc fank effluent 

Source SEWRPC 

level for recreational use and for the maintenance of 
a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in Table 
(2-72, along with the associated costs and anticipated 
effectiveness. Measures to  control livestock contributions 
appear to  be the most cost-effective way to substantially 
reduce phosphorus loadings to  the lake. Other needed 
measures include: improved septic tank management, 
minimum measures to reduce pollutant runoff from rural 
lands through the implementation of basic soil conser- 
vation practices, and low-cost measures to  reduce 
pollutant runoff from urban lands. 

Table C-72 

WATER QUALITY MANAGEMENT MEASURES FOR THE LAUDERDALE LAKES IN WALWORTH COUNTY 

a The proper maintenance and replacement o f  the remaining septic tank systems is recommended to help improve the water quality o f  the Lauderdale Lakes However, bewuse septic tank 
systems management is an existing function necessary for the preservation o f  publ ic health and the maintenance o f  drinking water supplies, this cost is no t  included in the water quality manage- 
ment  plan. The estimailsd expenditures for septic system management i n  the Lauderdale Lake drainage basin include a capital cost over the period o f  1975-2000 of  $5,976,000, an average 1 
annual operation and maintenance cost of $56,000, anda total 50-yearpresent worth cost o f  $5,311,400. 

Cost estimated t o  harvest macrophytes from the 250 acres o f  the Lauderdale Lakes subject t o  excessive macrophyte growth. 

Cost estimated to aerate the entire hypolimnion o f  the lake. 

The lower c o n  for nutrient inactivation is for treating only the hypolimnetic area with alum; the higher cost is for treating the entire lake with alum. I 
Cost estimate to cover the entire lake bottom with sand, clay, plastic, o r  other suitable material. 

The costs o f  sediment covering vary depending o n  such factors as lake size and depth, type o f  bottom substrate, and the amount o f  material t o  be filled. 

Source: SEWRPC I 

Management Measure 

Septic Tank System 
~ a n a g e m e n t ~  

Livestock Waste 
Control 

Minimum Rural Conser- 
vation Practices 

Low Cost Urban Land 
Management Practices 

Total 
Macrophyte 

~ a r v e s t i n g ~  

Hypolimnetic 
AerationC 

Nutrient 
lnactivationd 

Sediment coveringeaf 

Estimated Cost 

Total 
Capital 

- 

1,000 

Minimal 

36,400 
233.000 

45,000 

22,500 
t o  

83,400 

1,668,000 

1980-2000 -- 
Average Annual 
Operation and 
Maintenance 

- 

8,200 

1,300 

12,500 
32.500 

1,100 

- 

- 

Anticipated Effectiveness 

Reduce nutrient concentra- 
tions; prevent the stimula- 
t ion of excessive macro- 
phyte and algae growth; 
improve recreational use 
potential 

Control excessive macrophyte 
growth; aesthetic enhance- 
ment; improve recreational 
use potential 

Prevent anaerobic conditions 
(lack of oxygen) in the 
hypolimnion 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment, remove 
nutrients from water body 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment, reduce 
suitable plant substrate 

Economic 
Cumulative 

Reduction in 
External Annual 

Phosphorus 
Load to Lake 

(percent) 

80 
Minimal additional 

reduction 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 

Present 

Capital 

- 

700 

Minimal 

27,200 
174,100 

33,600 

16,800 
t o  

62,300 

1,246,500 

Analysis 

Equivalent 

Capital 

- 

el00 

Minimal 

1,800 
11.000 

2,100 

1,100 
t o  

4,000 

79,100 

Worth: 1975-2025 

Operation and 
Maintenance 

- 

$35.400$3.000$' 

99,700 

18,500 

153,700 
512,300 

17,300 

- 

- 

Total 

- 

100,400 

18,500 

180.900 
686,400 

50,900 

16,800 
t o  

62,300 

1,246,500 

Annual: 

Operation and 
Maintenance 

- 

6,300 

1,200 

9,800 
32,500 

1,100 

- 

- 

1975-2025 

Total 

- 

6,400 

1,200 

11,600 
43,500 

3,200 

1,100 
t o  

4,000 

79,100 



If nutrient loadings to  the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may continue to  provide a suitable 
bottom substrate and nutrient source for excessive mac- 
rophyte growth and may release nutrients to the water 
body, resulting in continued poor water quality. If this 
problem is confirmed through fu jher  local study, the 
application of lake restoration or rehabilitation pro- 
cedures should be considered, in addition to the above- 
mentioned diffuse source controls. Alternative 
restoration measures as set forth in Table C-72 may 
include dredging, sediment covering, and nutrient inacti- 
vation. In addition, hypolimnetic aeration of the lower 
layers of the lakes may be necessary to eliminate 
anaerobic conditions. The feasibility of these measures 
would have to be assessed in a preliminary engineering 
study. Additional management measures, such as weed 
harvesting, may be used to control the macrophyte 
growth which may interfere with the recreational use 
of the lake. It should be emphasized, however, that the 
long-term maintenance of water quality in the Lauder- 
dale Lakes requires that the recommended level of 
nutrient input reductions be achieved. 

The application of the above listed nonpoint source 
pollution control measures to control the nutrient inputs 
to the Lauderdale Lakes would entail a total capital cost 
of about $36,400, and an average annual operation and 
maintenance cost of about $12,500. The total 50-year 
present worth cost of these diffuse source control 
measures, useful in comparing the long-term costs of 
alternative control measures, is $180,900 with an 
equivalent annual cost of $11,600. If, in addition, 
rehabilitation techniques are found necessary, the capital 
costs of these alternatives would range from $22,500 for 
nutrient inactivation to $1,668,000 for sediment covering. 
The total present worth costs of these lake rehabilitation 
techniques would be from $16,800 for nutrient inactiva- 
tion to  $1,246,500 for sediment covering. 

Lilly Lake 
Lilly Lake is an 88-acre lake located in the Town of 
Wheatland in Kenosha County. Certain geomorphological 
characteristics of Lilly Lake are set forth in Table C-73, 
together with the approximate 1975 population of the 
direct tributary watershed and a brief description of lake 
water quality conditions. Map C-25 presents a graphic 
summary of the proposed year 2000 land cover in the 
lake watershed. As shown on Map C-25 none of the urban 
land in the tributary watershed area is proposed to be 
served by sanitary sewers by the year 2000. As of 1975, 
an estimated 207 privately owned onsite sewage disposal 
systems-101 of which were located in areas covered by 
soils having severe or very severe limitations for the use 
of such systems-were in operation in the lake 
watershed area. 

As indicated in Table (2-74, all sources combined con- 
tribute about 400 pounds of phosphorus loadings 
annually to  Lilly Lake. The major sources of phorphorus 
in the lake watershed is septic tank systems. Also, as indi- 
cated in Table G74, septic tank systems may be expected 
to continue to  be the primary sources of phosphorus to  

Table C-73 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF LlLLY LAKE 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.31 persons per dwelling unit as 
counted on 1" = 400' scale aerial photos. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean . . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

Source: SEWRPC. 

Description 

88 acres 

307 acres 
1.3 miles 

6 feet 
4.7 feet 
415acre-feet 

685 persons 

Dense macrophyte growth; 
occasional fish winterkill 
during severe winters; high 
nutrient concentrations; 
large deposits of organic 
material on lake bottom 

Table C-74 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
LlLLY LAKE: 1975 and 2000 

Urban Land Cover lacrerl . . . . . . .  
Land under Development-Conitructttt 

Actlvler lacreil . . . . .  
Onrlte Sewage Drpaial Septic 

Tank systemsb . . . . . . . . . . .  
Rural Land Cover (acres1 . . . .  
L<uertock Operaf~oni lanlmal un8tri 
Atmospheric Contrlbuf8on (acres of 

rece<wng surface water1 . . . . .  
Total 

Source of Phosphorus 

a Arwrnes no nonpatnf source confro1 

Includes oolv those rvsfernr an soils having severe or vev severe lflmrfafronr for disposal of sepnc rank effluent 

Source SEWRPC 

Ex~rting 1975 

Number 

Anfrclpated 2000" 

Number 

Total 
Loading 
lpoundr 
peryear] 

-- 

Percent 
D#rtr#buf#on 

Total 
Loading 
Ipound$ 
peryear] 

Percent 
D~rtr~bufron 



Map C-25 

PLANNED LAND COVER DEVELOPMENT 
I N  THE DIRECTTRIBUTARY DRAINAGE 

AREA OF LlLLY LAKE: 2000 
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Lilly Lake has a direct tributary drainage area of about 307 acres. About 
200 acres, or 65 percent of the drainage area, are planned to be in rural 
land cover, and 107 acres. or 35 percent, m be in urban land cover. Over 
the planning period none of the direct tributaw watershed area ir expected 
to  be converted to  urban land mver. It ir entimatsd that a 60 percent 
reduction in nonpoint source pollutant runoff will be required in the 
drsinsge area to  protect the wafer quality of the lake. This can be achieved 
through a combination of minimum rural land management practieer- 
includins especially the proper management of agricultural cropping 
practicer--and minimum urban management prscticer-including proper 
septic tank system managemant based on a rite.by.rite inspection and 
maintenance program. 

the lake under anticipated year 2000 conditions. The esti- 
mated total phosphorus concentration during spring 
overturn under existing and anticipated year 2000 
conditions, as estimated &om phosphorus loadings and I 
lake and drainage basin characteristics, is 0.05 milligram 
per liter (mg/l). The Commission recommends a level 
of 0.02 mgll or less of total phosphorus for the pre- 
vention of excessive aquatic plant growth and the main- 
tenance of a warmwater fishery and recreational use 

I 
classification. Existing and anticipated year 2000 
pollutant loadings may be expected to result in total 
phosphorus concentrations in Lilly Lake which exceed 
the recommended level for recreational use and for 

I 
the maintenance of a warmwater fishery. I 
The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. 
An evaluation of these measures, applied in alternative I 
combinations to reduce the nonpoint source pollution 
loading on the lake, was made and a set of recommended 
measures was identified. These measures are set forth in 
Table C-75, along with the associated costs and antici- 1 
pated effectiveness. Measures to control phosphorus 
contributions include: improved septic tank manage- 
ment, minimum measures to  reduce pollutant runoff 

I 
I 

from rural lands through the implementation of basic 
soil conservation practices, and low-cost measures to 
reduce pollutant runoff from urban lands. 

Source: SEWRPC. 

Table C-75 

WATER QUALITY MANAGEMENT MEASURES FOR LlLLY LAKE IN KENOSHACOUNTY 

-. . . .- - . . . . . 
EIIirnatsd con Economic Analyaia Redustion in 

1980-2WO . Enarm, Annuai 
presnt Worth: 19751025 Equiualent Annual: 1975-2025 Pholphorur 

OPPrBfion and OPBlationend LO& to LB*en 
-pit81 ~aintenance ~ a ~ a l  -vital Maintsnance Toral mt ic ios td  Effanivsnera Ipere~nf) 

t im at exeeniva msm- 
phym and algaegmmh: 
impom rscre8,*ns1ur 
OotontUiprofsctPublic 
hsalth 2nd drinking water 

I I I I I I I I 
Oredsingd 550m.3 - 4111XKI - 411.W 26,lW - 28.100 Deepen laks:rod- macro. No additional 

~ n ~ t s  9'0Wh reduotion 

a ms prop, meinnnsm sob ,eplscamenr of me m m ~ i n i n g ~ ~ t ; ~  mnk ryrtcmairrecommeoded to ne,o jmorow me w s r  rmdity o f ~ i t i y   aka ~onerer, b e r w s  uptjc mokavrtamr m a w -  
mcnt is m existlog rvncrron for mepmmrvafion ofpublr~ h d t h  the ma;ofcnaocaof drjnking wsrerrupplka rhirmnianotincivdsdio the m m r  0us l i tynunmento lm.  Tha 
ere;mafcd sr~sodiwrer for mgrrs wIram mmwmenr lo me L U , ~  ~ ~ k ~ d ~ i ~ ~ b ~ ~ t ~  inriudca c~oiralcoatover meprfodof 197SZCm.f bdh4.w anavenge snnve~wennon nndmainfc- 
RMCB ~ m o f S 7 . 2 ~ .  m d s  tom! ~ v s a r e m s n r  worm cost of$50?~0 

Tha rosl fornutrbol i m o r i r a ~ o  is for treating om hallof me 1ske.eres dth eIvm 

cascercjmmdm m r  rho mtim late &worn wim mod. ~iev ,p lm?c ,  o r o m s r ~ u i t ~ ~ e m e m ~ m l .  

* Coif red& the lake i s  thseacualcort for Lilly Loke ProAct 

me f~~~~ W ~ ~ I V  amndjngoo n*ch ranor~er  /eke ~ j ~ ~ . ~ d a s p r n .  tyca of b m m  r o d i m t  mdamounrof maarid to be filled. 

S o w m :  SSWRPC. 



As of 1978, Lilly Lake was undergoing dredging to 
a maximum depth of 1 5  feet as part of its inland lake 

Table C-76 

restoration p r ~ g r a m . ~  If nutrients continue to be released GEOMORPHOLOGICAL AND WATER QUALITY 
from the sediment following dredging, sediment covering CHARACTERISTICS OF LITTLE MUSKEG0 LAKE 
or nutrient inactivation may be considered as additional 
inlake rehabilitation techniques. It should be emphasized, 
however, that the long-term maintenance of water quality 

I in Lilly Lake requires that the recommended level of 
nutrient input reductions also be achieved in order to 
maintain water suitable for all facets of recreational use 
and a warmwater fishery. 

I 

The application of the above listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Lilly Lake would entail a total capital cost of about 
$100, and an average annual operation and maintenance 
cost of about $300. The total 50-year present worth cost 
of these nonpoint source control measures, useful in 
comparing the long-term costs of alternative control 
measures, is $3,500, with an equivalent annual cost of 
$400. The estimated capital cost of the currently ongoing 
dredging project is estimated at $550,000. If additional 
rehabilitation techniques prove necessary, these measures 
could be expected to  entail a capital cost which would 
range from $4,400 for nutrient inactivation to $176,000 
for sediment covering. The total present worth costs of a The population of the direct tributary watershed is estimated 
these lake rehabilitation techniques would range from by assuming an average of 3.92 persons per dwelling unit as 
$3,300 for nutrient inactivation to $131,500 for counted on I"= 4OO'scale aerial photos. 
sediment covering. Source: SEWRPC. 

Little Muskego Lake 
Little Muskego Lake is a 506-acre lake located in the 

Characteristic 

. . . . . . . . . . . .  Surface Area 
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  Shoreline 

Depth 
Maximum . . . . . . . . . . .  
Mean . . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

. . . . .  Tributary watersheda 

General Existing Water Quality 
Conditions: 

City of Muskego in Waukesha County. The lake is fed 
by and drains to  Muskego Creek. Certain geo- 
morphological characteristics of Little Muskego Lake are 
set forth in Table C-76, together with the approximate 
1975 population of the direct tributary watershed and 
a brief description of lake water quality conditions.% Map 
C-26 presents a graphic summary of the proposed year 
2000 land cover in the lake watershed. As shown on Map 
C-26, the majority of the urban land in the tributary 
watershed area is proposed to be served by sanitary 
sewers by the year 2000. As of 1975, an estimated 904 
privately owned onsite sewage disposal sy stems-450 
located in areas covered by soils having severe or very 
severe limitations for the use of such systems-were in 
operation in the lake watershed area. 

Description 

506 acres 

7,067 acres 
5.7 miles 

65 feet 
15 feet 
7,170 acre-feet 

10,353 persons 

Occasional algae blooms; 
excessive macrophyte 
growth; high nutrient 
concentrations 

As indicated in Table C-77, all direct tributary sources 
combined contribute about 11,500 pounds of phos- 
phorus annually to Little Muskego Lake. The major 
direct tributary source of phosphorus in the lake 

Table C-77 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
LITTLE MUSKEG0 LAKE: 1975 and 2000 

7 Grant application to the EPA Clean Lakes Program for 

I the Lilly Lake Protection and Rehabilitation District, 
Department of Natural Resources, 1975. 

8The Removal of Sediment and Muck From Little Mus- 
k e g ~  Lake, Kendziorski, C., Jr. P.E., 1967. 

Source of Phosphorus 

1 Urban Land Cover lacrerl . . 2,519 1 1.800 15.7 3.845 2.176 21.7 1 

Anflclpated 2000a 

1 Land under Development-Conrtructlon 
. . . . . .  A ~ t ~ v ~ f # e s  lacred ( 75 1 3.382 ( 295 ( 75 3,382 1 33.8 1 

Ex# i t#ng  1975 

Number 

Onrlte Sewage Drporal Septic 
Tank syrremrb . . . . . . . . .  

Rural Land Cover lacrerl 
L8verfock Operatlonr Ianlmal units) . . 2.402 2.402 

Number 

a Assumes prov;s,an of sanrfary rewer rervrce as recomniarded m the paint ~ovrce  pollufi?n abafemenf plan element; 
m m e s  no nonpoinr source confral. 

b lnc,udes only chore ryrremr on rorb h a m 9  revwe or wry  kvere l;m,tatianr for drrpoel of reptic rank eef/umt. 

Source SEWRPC. 

Total 
Loading 
lpoundr 
per year1 

Total 
Losdlng 
(pounds 
per year1 

Percent 
D<srrlbuf~on 

-- 

Percent 
D#rrr#buf#on 



Map C-26 

PLANNED LAND COVER DEVELOPMENT I N  THE DIRECT TRIBUTARY DRAINAGE AREA OF LITTLE MUSKEG0 LAKE: 2000 
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Little Muskego Lake has a direct tributary drainage area of about 7,067 acres. About 3,147 acres, or 45 percent of the drainage area, are planned to be in rural land 
cover, and 3,845 acres, or 55 percent, to  be in urban land cover. Over the planning period an average of about 75 acres may be expected to be converted annually to  
urban land cover. It is estimated that a 90 percent reduction in nonpoint source pollutant runoff will be required in the drainage area to protect the water quality of 
the lake. This can be achieved through a combination of minimum and additional rural land management practices- including especially the proper management of 
livestock wastes-and urban management practices-including lowtost urban practices, construction erosion controls, and proper septic tank system managemen, 
based on a site-by-site inspection and maintenance program. 

Source: SEWRPC. 

watershed is construction activities. Also, as indicated in 
Table C-77, urban land uses in the watershed are 
expected to  increase by about 50 percent under planned 
year 2000 land use conditions, with annual total phos- 
phorus loadings to the lake expected to  be reduced to 
about 10,000 pounds, as a result of the extension of 
sanitary sewer service. Pollutant loadings from construc- 
tion activities are expected to continue to be the primary 

source of phosphorus to the lake under anticipated year 
2000 conditions. The estimated total phosphorus con- 
centrations during spring overturn under existing and 
anticipated year 2000 conditions, as estimated from 
phosphorus loadings and lake and drainage basin charac- 
teristics, are 0.21 milligram per liter (mgp) and 0.17 
mgp, respectively. The Commission recommends a level 
of 0.02 mg/l or less of total phosphorus for the preven- 



tion of excessive aquatic plant growth and the mainte- 
nance of a warmwater fishery and recreational use 
classification. Existing and anticipated year 2000 
pollutant loadings may be expected t o  result in total 
phosphorus concentrations in Little Muskego Lake which 
exceed the recommended level for recreational use and 
for the maintenance of a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 

evaluation of these measures, applied in alternative com- 
binations to  reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in 
Table C-78, along with the associated costs and antici- 
pated effectiveness. Measures to  control livestock con- 
tributions appear to  be the most cost-effective way to 
substantially reduce phosphorus loadings to  the lake. 
Other needed measures include: the provision of sanitary 
sewer service, improved septic tank management, mea- 
sures to  reduce pollutant runoff from rural lands by 75 

Table C-78 

WATER QUALITY MANAGEMENT MEASURES FOR LITTLE MUSKEG0 LAKE IN WAUKESHA COUNTY 

a The cumulative percent reduction in phosphorus loadings is in addition to sanitary sewer service, as recommended in the point source element for the Milwaukee Metropolitan subregional 
area. 

ment; improve recreational 
use potential 

Hypolimnetic 26,300 700 19,700 11.000 30,700 1,300 700 1,900 Prevent anaerobic conditions No additional 
 erat ti on^ (lack of oxygen) in the reduction 

hypolimnion 
Nutrient 13,200 10.000 10.000 600 600 Accelerate lake improvement; No additional 

lnactivationi t o  - t o  - t o  t o  - t o  prevent release of nutrients reduction 
50,600 37800 37,800 2,400 2,400 from sediment; remove 

nutrients f rom water body 
(Coveringj.k1.012.000pp-p 756,300 - 756.300 48,000 - 48.000 Accelerate lake improvement; No additional 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the point source alternative plan elements for the Lower Fox River subregionalarea. Local 
hook-up and operation and maintenance costs, which are not  primarily dependent on surface water quality, are not presented above. The estimafedexpenditures for local hook-up and opera- 
tion and maintenance in the Lit t le Muskego Lake drainage basin include a capital cost over the period of 1975-2000 of $8,384,000, an average annual operation and maintenance cost o f  
$1 15,000, anda total 50-yearpresent worth cost o f  $6,510,100. 

i J r e d g i n g - - T -  2,290,000 

The proper maintenance and replacement of the remaining septic tank systems is recommended to help improve the water quality o f  Lit t le Muskego Lake. However, because septic tank sys 
terns management is an existing function necessary for the preservation o f  public health and the maintenance of drinking water supplies, this cost is not  included in the water quality manage- 
ment plan. The estimated expenditures for septic system management in the Lit t le Muskego Lake drainage basin include a capitalcost over the periodof 1975-2OOOof$198,000, an average 
annual operation and maintenance cost of $3,400, and a total 50-year present worth cost o f  $224,500. 

Rural land management practices necessary to achieve a 75percent reduction in rural diffuse source pollutant loads. 

1,711,300 

Cost estimated to control erosion from the estimated 75acres o f  land estimated to  be annually undergoing construction activity in the lake watershed. 

' Urban landmanagement practices necessary to  achieve a 50percent reduction in urban diffuse source pollutant loads. 

Cost estimated to harvest macrophytes from the 150 acres o f  Lit t le Muskego Lake subject to excessive macrophyte growth. 

Cost estimated to  aerate the entire hypolimnion o f  the lake. 

- 

The lower cost for nutrient inactivation is for treating only the hypolimnetic area with alum; the higher cost is for treating the entire lake with alum. 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, or other suitable material. 

1,711,300 

The costs of sediment covering vary widely depending on lake size and depth, type o f  bottom material, andamount o f  f i l l  required. 

Cost ofpresent contract to  dredge portions o f  Lit t le Muskego Lake. 
m 

Strand Associates, Inc., Preliminary Engineering and Environmental Impact Report for Lit t le Muskego Lake, Muskego, Wisconsin, August 1978 

Source: SEWRPC. 

108,600 - 108,600 

prevent release of nutrients 
from sediment; reduce 
suitable plant substrate 

Deepen lake; reduce macro- 
phyte growth 

reduction 

No additional 
reduction 



percent, low-cost measures t o  reduce pollutant runoff 
from urban lands, additional measures to  reduce pol- 
lutant runoff from urban lands by 50 percent, and 
construction erosion control practices. 

If nutrient loadings to  the lake are reduced by the actions 
noted above, the sediments which have been desposited 
on the lake bottom may provide a suitable bottom 
substrate and nutrient source for excessive macrophyte 
growth in some local areas and may release nutrients to  
the water body. If this problem is con f i i ed  through 
further local study, the application of lake restoration 
or rehabilitation procedures should be considered, in 
addition to  the above-mentioned point and nonpoint 
source controls. Alternative restoration measures as set 
forth in Table C-78 may include sediment covering 
hypolimnetic aeration, dredging, and nutrient inactiva- 
tion. The feasibility of these measures would have to be 
assessed in a preliminary engineering study. Additional 
management measures, such as macrophyte harvesting, 
may be used to  control the macrophyte growth which 
may interfere with the recreational use of the lake. It 
should be emphasized, however, that the long-term 
maintenance of water quality in Little Muskego Lake 
requires that the recommended level of nutrient input 
reductions be achieved. In recognition of the importance 
of the sediments as a pollutant source, and to enhance 
the recreational use of the lake, the Little Muskego Lake 
Association, acting on the basis of the findings of an 
Environmental Impact Assessment study, initiated a 
project, with financial assistance of the US EPA for 
dredging of shallow areas in the lake which currently 
exhibit problenls of excessive macrophyte growth. The 
dredging, estimated to have a total capital cost of 
$2,290,000, will remove a significant portion of the 
nutrients already in the lake sediments and reduce the 
potential for macrophyte growth. 

The application of the above listed nonpoint source 
pollution control measures to control the nutrient input 
to Little Muskego Lake would entail a total capital cost 
of about $4,063,000, and an average annual operation 
and saaintenance cost of about $163,800. The total 
50-year present worth cost of these nonpoint source 
corltrol measures is $4,631,800, with an equivalent 
annual cost of $293,700. If, in addition rehabilitation 
techniques are found necessary, the capital cost of these 
alternatives would range from $13,200 for nutrient 
inactivation to  $2,290,000 for dredging. The total 
present worth costs of these lake rehabilitation tech- 
niques would range from $10,000 for nutrient inactiva- 
tion of $1,711,300 for dredging. 

Long Lake 
Long Lake is a 102-acre lake located in the Towns of 
Burlington and Rochester in Racine County. The lake 
drains to the Fox River. Certain geomorphological 
characteristics of Long Lake are set forth in Table C-79, 
together with the approximate 1975 population of the 
direct tributary watershed and a brief description of lake 
water quality conditions. Map G27 presents a graphic 
summary of the proposed year 2000 land cover in the 

lake watershed. As shown on Map C-27 none of the urban 
land in the tributary watershed area is proposed to be I 
served by sanitary sewers by the year 2000. As of 1975, 
an estimated 14 privately owned onsite sewage disposal 
systems-eight of which were located in areas covered by 
soils having severe or very severe limitations for the 

I 
use of such systems-were in operation in the lake 
watershed area. I 

1 
As indicated in Table C-80, all sources combined con- 
tribute about 2,800 pounds of phosphorus annually to  
Long Lake. The major source of phosphorus in the 

Table C-79 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF  LONG LAKE 

Approximate 1975 Popula- 
tion of Direct Tributary 

Occasional algae blooms; 
dense macrophyte growth; 

winters; high nutrient 

-- 

a The population of the direct tributary watershed is estimated 
by assunling an average of 3.50 persons per dwelling unit as 
counted on I"=  400'scale aerial photos. 

Source: SEPVRPC. 

Table C-80 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
LONG LAKE: 1975 and 2000 

a Assumes no oonpont raorce coorrol. 

h Includes only tho= systemson sor~shavng revere or m y  severe /,m,cations far diwosr~ afreoric rank effluent 

Sourre. SEWRPC, 

I 
1 

~ 
( 

1 

Source of Phorphorur 

Urban Land Cover lacieil . . . . 
 and under Development-Conltructttt 

Aelvities (acres) 
Onr8te Sewage Dlrporal Septic 

~ a n k  systemsb . . . . . . . . . 
Rurzl Land Cover (acres) . . . . . . . . 
Livestock Operat8onr lanrmal unifrl . . . 
Atmospheric Contrlbuflon iacrer of 

recelv~nq surface water1 . . . . . . . . . 

Ex#ri#ng 1975 ~ n t ~ c i p a t e d  2000a 

Percent 
D~rfribut~on 

3.3 

0 8  
16.2 
77.9 

1.8 

Number 

467 

8 
1.391 

334 

102 

Percent 
D~rf r~but#on 

3.3 

0.8 
16 2 
77.9 

1.8 

Total 
Loadtng 
(pounds 

per year) 

92 

23 
458 

2,204 

51 

Number 

467 

6 
1.391 

334 

102 

Total 

~oadlnn 
(pounds 
per year) 
- 

92 

23 
458 

2,204 

51 



Map C-27 

PLANNEDLANDCOVER DEVELOPMENT 
I N  THE DIRECTTRIBUTARY DRAINAGE 

I AREA OF LONG LAKE: 2000 
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Long L a b  has a direct tributary drainage area of about 1858acrer. About 
1.391 a~re.. or 75 percent of the drainage area, are planned to be in rural 
land cover, and 467 acres. or 25 percent, to be in urban landcover. Over the 
planning period none of the direct tributary watershed area i~expecmd to be 
converted to urban land cover. It is estimated that a 90 percent reduction 
in nonpaint source pollutant runoff will be required in the drainage area 
to Protect the water qualify of the lake. This can be achieved through 
a combination of minimum and additional rural land management prsctieer- 
including e ~ w ~ i a l l v  the proper management of livertock waeter-and 
minimum urban management practices-including proper septic tank ryrtem 
management bared on a rite-bysite inspection and maintenance program. 

Surce: SEWRPC. 

lake watershed is livestock sources. Also as indicated in 
Table G80, the existing land uses are not expected to 
change significantly under planned year 2000 land use 
conditions. Therefore, unless reduced by the implemen- 
tation of nonpoint source control measures, phosphorus 
loadings from livestock operations may be expected to 
continue to he the primary source of phosphorus to the 
lake under anticipated year 2000 conditions. The esti- 

mated total phosphorus concentration during spring 
overturn under existine and anticiwated vear 2000 con- - 
ditions, as estimated from phosphorus loadings and lake 
and drainage basin characteristics, is 0.21 milligram per 
liter (mg/l). The Commission recommends a level of 0.02 
mgp or less of total phosphorus for a recreational use 
and maintenance of a warmwater fishery and aquatic 
life classification. Existing and anticipated year 2000 
pollutant loadings may he expected to result in total 
phosphorus concentrations in Long Lake which exceed 
the recommended level for recreational use and for the 
maintenance of a warmwater fishery. 

introductory &ions of Chapter IV of this volume. An 
evaluation of these measures. awnlied in alternative com- ~, - &  

binations to reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in 
Table C-81, along with the associated costs and antici- 
pated effectiveness. Measures to control livestock con- 
tributions appear to be the most cost-effective way to 
substantially reduce phosphorus loadings to the lake. 
Other needed measures Lclude: impro;ed septic tank 
manaeement. measures to reduce wollutant runoff from 
rural-lands by 50 percent and iow-cost measures to 
reduce pollutant runoff from urban lands. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may continue to provide a suitable 
bottom substrate and nutrient source for excessive mac- 
rophyte growth and may release nutrients to the water 
body, resulting in continued poor water quality. If this 
problem is confumed through further local study, the 
application of lake restoration or rehabilitation pro- 
cedures should he considered, in addition to the above 
diffuse source controls. Alternative restoration measures 
as set forth in Table C-81 may include dredging and 
sediment covering. Other rehabilitation techniques such 
as aeration may be considered to alleviate the existing 
fish winterkill problem. The feasibility of these measures 
would have to be assessed in a preliminary engineering 
study. Additional management measures, such as weed 
harvesting, may be used to control the macrophyte 
growth which may interfere with the recreational use 
of the lake. It should be emphasized, however, that the 
long-term maintenance of water quality in Long Lake 
requires that the recommended level of nutrient input 
reductions be achieved. 

The application of the above listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Long Lake would entail a total capital cost of about 
$43,600, and an average annual operation and mainte- 
nance cost of about $8,200. The total 50-year present 
worth cost of these nonpoint source control measures, 
useful in comparing the long-term costs of alternative 
control measures, is $132,900, with an equivalent annual 
cost of $8,500. If, in addition, rehabilitation techniques 
are found necessary, the capital cost of these alternatives 
would range from $5,000 for aeration to $2,066,600 for 



Table C-81 

WATER QUALITY MANAGEMENT MEASURES FOR LONG LAKE I N  THE 
TOWNS OF BURLINGTON AND ROCHESTER I N  RACINE COUNTY 

improve recreational use 
ential; protect public 

hand drinking water 

a The proper maintenance and replacement of the remaining septic tank systems is recommended to help improve the water quality of Long Lake. However, because septic tank Systems manage- 
ment is an existing function necessary for the preservation o f  public health and the maintenance of drinkingwater supplies, this cost is not included in the water quality management plan. 
The estimated expenditures for septic system management in the Long Lake drainage basin include a capital cost over the period o f  1975-2000 of $36,000, an average annual operation and 
maintenance cost of $500, and a total 50-year present worth cost of $37,400. 

Rural landmanagement practices necessary to achieve a 50 percent reduction in rural diffuse source pollutant loads. 

Cost estimated to harvest macrophytes from the 50 acres of Long Lake subject to excessive macrophyte growth. 

Cost estimated to aerate 28acres of the lake. 

Cost estimated to cover the entire lake bottom with sand, clay. plastic, or other suitable material. 

Cost estimated to dredge lake to an average depth of 15 feet. Existing average depth is 2.5 feet. 

Source: SEWRPC. 

dredging. The total present worth costs of these lake 
rehabilitation techniques would range from $5,700 for 
aeration to  $1,536,900 for dredging. 

Lulu Lake 
Lulu Lake is an 84-acre lake located in the Town of Troy 
in Walworth County. The lake drains to the Mukwonago 
River via Eagle Spring Lake. Certain geomorphological 
characteristics of Lulu Lake are set forth in Table C-82, 
together with the approximate 1975 population of the 
direct tributary watershed and a brief description of lake 
water quality conditions. Map C-28 presents a graphic 
summary of the proposed year 2000 land cover in the 
lake watershed utilized in the areawide water quality 
management plan. The delineated tributary drainage 
area should be refined in a more detailed, local lake 
study. As shown on Map C-28 none of the urban land in 
the tributary watershed area is proposed to be served by 
sanitary sewers by the year 2000. As of 1975, an esti- 
mated 171 privately owned onsite sewage disposal 
systems36 of which were located in areas covered by 
soils having severe or very severe limitations for the 
use of such systems-were in operation in the lake 
watershed area. 

As indicated in Table C-83, all sources combined con- 
tribute about 7,900 pounds of phosphorus annually to  
Lulu Lake. The major source of phosphorus in the lake 
watershed is runoff from livestock operations. Also as 
indicated in Table C-83, the existing land uses are not 
expected to  change significantly under planned year 
2000 land cover conditions. Therefore, unless reduced 
by the implementation of nonpoint source control 
measures, phosphorus loadings from livestock runoff 
may be expected to continue to be the primary sources 
of phosphorus to  the lake under anticipated year 2000 
conditions. The estimated total phosphorus concen- 
tration during spring overturn under existing and antici- 
pated year 2000 conditions, as estimated from 
phosphorus loadings and lake and drainage basin charac- 
teristics, is 0.16 milligram per liter (mgll). The 
Commission recommends a level of 0.02 mgp or less 
of total phosphorus for the prevention of excessive 
aquatic plant growth and the maintenance of a 
warmwater fishery and recreational use classification. 

Lulu Lake appears to  be in surprisingly good condition 
considering the high nutrient load estimated to be 
entering the lake. This condition is probably a result of 



the extensive marshland which borders portions of the 
lake and through which the inlet passes. Depositional and 
biological uptake processes in marshes may remove a sig- 
nificant amount of pollutants from surface runoff. In 
addition, Lulu Lake is relatively deep, and the nutrients 
deposited in the bottom sediments during summer 
stratisfication apparently are not substantially released 
to  the water column when spring or fall mixing occurs. 
Existing and anticipated year 2000 pollutant loadings 
may be expected to result in total phosphorus concen- 
trations in Lulu Lake which exceed the recommended 
level for recreational use and for the maintenance of 
a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution are discussed in the introductory sections 
of Chapter IV of this volume. An evaluation of these 
measures, applied in alternative combinations to reduce 
the nonpoint source pollution loading on the lake, was 
made and a set of recommended measures was identified. 
These measures are set forth in Table C-84, along with 
the associated costs and anticipated effectiveness. Mea- 
sures to control livestock contributions appear to  be the 
most cost-effective way to substantially reduce phos- 
phorus loadings to the lake. Other needed measures 
include: improved septic tank management, measures to  
reduce pollutant runoff from rural lands by 50 percent, 
and low-cost measures to  reduce pollutant runoff from 
urban lands. 

If nutrient loadings are reduced, the sediments which 
may have been deposited on the lake bottom may 
continue to provide a suitable bottom substrate and 
nutrient source for excessive macrophyte growth in some 
areas and may release nutrients to  the water body. If 
this problem is confirmed through further local study, 
the application of lake restoration or rehabilitation 
procedures should be considered, in addition to the 
above-mentioned nonpoint source controls. Alternative 
restoration measures as set forth in Table (2-84, may 
include sediment covering, hypolimnetic aeration, and 
nutrient inactivation. The feasibility of these measures 
would have to be assessed in a preliminary engineering 
study. Additional management measures, such as weed 
harvesting, may be used to  control the macrophyte 
growth which may interfere with the recreational use 
of the lake. It should be emphasized, however, that the 
long-term maintenance of water quality in Long Lake 
requires that the recommended level of nutrient input 
reduction be achieved. 

The application of the above listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Lulu Lake would entail a total capital cost of about 
$187,700, and an average annual operation and mainte- 
nance cost of about $42,900. The total 50-year present 
worth cost of these nonpoint source control measures, 
useful in comparing the long-term costs of alternative 
control measures, is $661,200 with an equivalent annual 
cost of $41,400. If, in addition, rehabilitation techniques 
are found necessary, the capital costs of these alternatives 
would range from $5,300 for nutrient inactivation to  

$168,000 for sediment covering. The total present worth 
costs of these lake rehabilitation techniques would range 
from $4,000 for nutrient inactivation to  $125,000 
for dredging. 

Table C-82 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF LULU LAKE 

. . . . . . . . . . . .  Surface Area 
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  Shoreline 

Depth 
Maximum . . . . . . . . . . .  
Mean . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  Volume 
1975 Population of Direct 

Tributary watersheda . . . . .  

Characteristic 

84 acres 

Description 

10,317 acres 
2.4 miles 

40 feet 
24 feet 
2,009 acre-feet 

585 persons 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.42 persons per dwelling unit as 
counted on I " =  400'scale aerial photos. 

Source: SEWRPC. 

General Existing Water Quality 
Conditions: 

Table C 8 3  

Water quality i s  generally 
good; excessive macrophyte 
growth may occur in some 
localized areas 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
LULU LAKE: 1975 and 2000 

. . . . . . . . .  
Land under Development-Conrtrvctlon 

. . . . . . . . . .  AR~vtttes la~resl 
Onslte Sewage D8rporal Septle 

Tank ~ y r t e r n 9 ~  . . . . . . . . . . . . . .  
Rural Land Cover lasrerl . . . . . . . . . . .  
L~vestock Operot~ons lanlrnal unltrl . . . . . .  
Atmarphertc Cootr8bution laere of 

. . . . . . .  recelY8ng surface wafer) 

Laadlng 

Number per year) Olrtrlbutlon Number 

a Assumes m nonpoint mune confml. 

Includes only tho* ryrtemr on soils having rewre or vwy dvere lnnirarronr for disporalof reptic rank efflvenr 

Source' SEWRPC. 

I I I I I I I- 
Total 7,876 - 1000 1.876 1000 - 



Map C-28 

PLANNED LAND COVER DEVELOPMENT I N  THE DIRECT TRIBUTARY DRAINAGE AREA OF LULU LAKE: 2000 

LaOPMD 
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Source: SEWRPC. 



Table C-84 

WATER QUALITY MANAGEMENT MEASURES FOR LULU LAKE IN WALWORTH COUNTY 

a The proper maintenance and replacement o f  the remaining septic tank systems is recommended to help improve the water quality of Lulu Lake. However, because septic tank systems manage- 
ment is an existing function necessary for the precervation o f  public health and the maintenance o f  drinking water supplies, this cost is not  inclwded in the water qual iw management plan. The 
estimated expenditures for septic system management in the Luiu Lake drainage basin include a capital cost over the period o f  1975-2000 o f  $162,000, an average annual operation andmainte- 
nance cost o f  $5,500, and a total 5Pyear present worth cost o f  $275,900. 

Rural land management practices necessary to achieve a 50percent reduction in rural diffuse source pollutant loads. 

Cost estimated t o  harvest macrophytes from the 13 acres o f  Lulu Lake subject to  excessive macrophyte growth. 

Cost estimated to  aerate the entire hypolimnion o f  the iake. 

The lower cost for nutrient inactivation is for treating only the hypolimnetic area with alum; the higher cost is for treating the entire lake with alum. 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, or other suitable material. 

The costs for sediment covering vary widely depending on such factors as iake size and depth, type o f  bottom substrate, and amount o f  material to  be filled. 

Source: SEWRPC. 

Sediment coveringfA 

Marie Lake 
Marie Lake is a 315-acre lake located in the Town of 
Randall in Kenosha County. The lake drains to  Elizabeth 
Lake. Certain geomorphological characteristics of Marie 
Lake are set forth in Table C-85, together with the 
approximate 1975 population of the direct tributary 
watershed and a brief description of lake water quality 
conditions. Map C-29 presents a graphic summary of the 

168,000 

proposed year 2000 land cover in the lake watershed. As 
shown on Map (3-29, all significant urban land areas in 
the tributary watershed area are proposed to be served 
by sanitary sewers by the year 2000. As of 1975, an 
estimated 11 privately owned onsite sewage disposal 
systemstwo of which were located in areas covered by 
soils having severe or very severe limitations for the use 
of :such systemswere in operation in the lake 
watershed area. 

As indicated in Table G86, all sources combined con- 
tribute about 3,200 pounds of phosphorus annually to  
Marile Lake. The major source of phosphorus in the lake 
watershed is runoff from livestock operations. Also, as 

- 

indicated in Table C-86, urban land uses in the watershed 
are expected to  more than double under planned year 
2000 land cover conditions and additional sanitary sewer 
service would be provided. The annual total phosphorus 
load in 2000 will increase to about 3,400 pounds as 
a result of urban development. Phosphorus loadings from 
livestock operations and construction activities may be 
expected to  be the primary sources of phosphorus to 
the lake under anticipated year 2000 conditions. The 
estimated total phosphorus concentrations during spring 
overturn under existing and anticipated year 2000 con- 
ditions, as estimated from phosphorus loadings and lake 
and drainage basin characteristics, are 0.11 milligram per 
liter (mg/l) and 0.13 mg/l, respectively. The Commission 
recommends a level of 0.02 mg/l or less of total phos- 
phorus for the prevention of excessive aquatic plant 
growth and the maintenance of a warmwater fishery and 
recreational use classification. Existing and anticipated 
year 2000 pollutant loadings may be expected to  result 
in total phosphorus concentrations in Marie Lake which 
exceed the recommended level necessary for recreational 
use and for the maintenance of a warmwater fishery. 

125,500 - 
I 

125.500 8,000 - 8,000 
nutrients from water body 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; reduce 
suitable plant substrate 

No additional 
reduction 



Table C-85 Table C-86 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF MARIE LAKE 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.31 persons per dwelling unit as 
counted on I"= 4Wscale aerial photos. 

Source: SEWRPC. 

Characteristic - 
Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary Watersheda . . . . .  

General Existing Water Quality 
Conditions: 

Map C.29 

1 

Description 

315 acres 

1,143 acres 
3.5 miles 

33 feet 
9 feet 
1.957 acre-feet 

1.204 persons 

Occasional moderate algae 
blooms; high nutrient con- 
centrations; occasional de- 
pletion af dissolved oxygen 
in hypolimnion 

PLANNEDLANDCOVERDEVELOPMENT 
IN THE DIRECT TRIBUTARY DRAINAGE 

AREA OF MARIE LAKE: 2000 

Marie Lake has B direct tributary drainage area of a b u t  1,143acrel. AWut 
304 acres. or 28 percent of the drainage area, are planned to be in rural land 
cover, and 839 acres, or 72 percent. to be in urban land cover. Over the 
planning per id  an average of about 18 acres may be expected to be con- 
verted annually to urban land cover. I t  is enimatsd that an 85 percent 
reduction in nonpoint source pollutant runoff will be required in the 
drainage area to protect the water quality of the lake. This can be achieved 
through a combination of minimum rural land management prseticsr- 
including ePpsciaily the proper management of livertock warter-and 
minimum urben managament practices-including low-zopr urben practicer 
and c~nstruction erosion controls. 

Sourn: SEWRPC. 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADSTO 
MARIE LAKE: 1975and 2000 

" Arum.. oa";"on or an)a*W lu mi*- in *spa,,,, =rrn DoY"ldn d,i*i;ll p*" .Dmmc 
m n  nomn,io",irre"tm,. 

0 ir*iLIIMi",har*~mranm,,,di",mu vsas, r i " s M l ~ m l " i l a n 6 h l , d ; ~  elr,. lx,*d,,mz. 

lo",-. SCWRPC 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in Table 
C-87, along with the associated costs and anticipated 
effectiveness. Measures to control livestock contributions 
appear to be the most cost-effective way to substantially 
reduce phosphorus loadings to the lake. Other needed 
measures include: the extension of sanitary sewer service, 
minimum measures t o  reduce wollutant runoff from rural 
lands through the implementation of basic soil conser- 
vation practices, low-cost measures to reduce pollutant 
runoff from urban lands, and construction erosion 
control practices. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited on  
the lake bottom may provide a suitable bottom substrate 
and nutrient source for excessive macrophyte growth in 
some local areas and may release nutrients to the water 
body, resulting in continued poor water quality. If this 
problem is confirmed through further local study, the 
application of lake restoration or rehabilitation proce- 
dures should be considered, in addition to the above- 
mentioned nonpoint and point source controls. Alter- 
native restoration measures as set forth in Table C-87, 
may include nutrient inactivation, sediment covering, and 
hypolimnetic aeration. The feasibility of these measures 
would have to be assessed in a preliminary engineering 
study. It should be emphasized, however, that the 
long-term maintenance of water quality in Marie Lake 
requires that the recommended level of nutrient input 
reductions be achieved. 

The application of the above listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Marie Lake would entail a total capital cost of about 
$859,400, and an average annual operation and mainte- 
nance cost of about $11,500. The total 50-year present 



Table C-87 

WATER QUALITY MANAGEMENT MEASURES FOR MARIE LAKE IN KENOSHA COUNTY 

I I I cumulative I 
Estimated Cost 

Economic Analysis 

Present Worth: 1975-2025 Equivalent Annual: 1975-2025 

Reductlon In 
External Annual 

Phosphorus 

Total Operation and Operation and 1 1 1 Operation and1 I 1 Management Measure I Capital I Maiitenance / Capital 1 Maintenance Total Capital Maintenance Total Anticipated Effectiveness 1 L O ~ ~ e ~ ~ e k ~ ~ a  1 
Sanitary Sewel 

serviceb 
Protect public health and - 

drinking water supplies; 
reduce nutrient concen- 
trations 

Livestock Waste $ 27,700 $ 2,400 $ 20,700 $ 27,800 $ 48,500 5 1,300 5 1,800 5 3,100 Reducenutrientconcentra- 
tions; prevent the stimula- 

100 900 <lo0 10,800 10,900 < 100 700 800 t ion  of excessive macro- 
vation Practices phyte and algae growth; 

7,200 624.200 113,500 737.700 39,600 7,200 46,800 improve recreational use 

suitable plant substrate 

a The cumulative Percent reduction in phosphorus loadings is in addition to  sanitary sewer service, as recommended in the point source element for the Lower Fox River subregional area. 

Sanitary sewrage system costs for treatment facilities and major trunk sewers are included under the point source alternative plan elements for the Lower Fox River subregional area. Local 
hook-up and operation and maintenance costs, which are not  primarily dependent on surface water quality, are not  presented above. The estimatedexpenditures for  local hook-up and opera- 
tion and maintenance in the Marie Lake drainage basin include a capital cost over the period o f  1975.2000 o f  $948,000, an average annual operation and maintenance cost o f  $7,100. and a 
rota! 5avear present worth cost of $1,892,500. 

Cost estimated to  control erosion from the estimated 18 acres o f  land estimated to be annuallv undergoing construction activity in the lake watershed. 

Cost estimated to  cover the entire lake bottom with sand, clay, plastic, or other suitable material. 

Cosl estimated to  aerate the entire hypolimnion o f  the lake. 

The lower cost for nutrient inactivation is for treating only the hypolimnetic area with alum; the higher c o n  is for treating the entire lake wi th  alum. 

The costs of sediment covering vary widely depending on such factors as lake sire anddepth, type of bottom substrate, andamount o f  material to  be filled 

Source: SEWRPC. 

worth cost of these nonpoint source control measures is 
$821,500, with an equivalent annual cost of $52,300. If, 
in addition, rehabilitation techniques are found neces- 
sary, the capital cost of these alternatives would range 
from $4,000 for nutrient inactivation t o  $630,000 for 
sediment covering. The total present worth costs of 
these lake rehabilitation techniques would range from 
$3,700 for nutrient inactivation to $470,800 for sedi- 
ment covering. 

North Lake -- 
North Lake is an 191-acre lake located in the Town of 
Sugar Creek in Walworth County. Certain geomorpho- 
logical characteristics of North Lake are set forth in Table 
C-88, together with the approximate 1975 population of 
the direct tributary watershed and a brief description of 
lake water quality conditions. Map C-30 presents 
a graphic summary of the proposed year 2000 land cover 
in the lake watershed utilized in the areawide water 
quality management plan. The delineated tributary 
drainage area should be refined in a more detailed local 
lake study. As shown on Map C-30, none of the urban 
land in the tributary watershed area is proposed to 

be served by sanitary sewers by the year 2000. As of 
1975, an estimated 208 privately owned onsite sewage 
disposal systems49 of which were located in areas 
covered by soils having severe or very severe limitations 
for the use of such systems-were in operation in the 
lake watershed area. 

As indicated in Table C-89, all sources combined contri- 
bute about 10,000 pounds of phosphorus annually to 
North Lake. The major source of phosphorus in the lake 
watershed is livestock operations. Also as indicated in 
Table C-89, land uses and phosphorus loadings in the 
watershed are not expected to change significantly under 
planned year 2000 land cover conditions. The estimated 
total phosphorus concentration during spring overturn 
under existing and anticipated year 2000 conditions, as 
estimated from phosphorus loadings and lake and 
drainage basin characteristips, is 0.32 milligram per liter 
(mg/l). The Commission redommends a level of 0.02 mg/l 
or less of total phosphorus for a recreational use, warm- 
water fishery and aquatic life classification. Existing and 
anticipated year 2000 4ollutant loadings may be 
expected to result in total phosphorus concentrations in 



Table C-88 Map C-30 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF NORTH LAKE 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.23 persons per dwelling unit as 
counted on I " =  400'scale aerial photos. 

Characteristic 

. . . . . . . . . . . .  Surface Area 
Direct Tributary Drainage 

. . . . . . . . . . . . . . . .  Area 
. . .  Shoreline . . 

Depth 
Maximum . . . . .  

. . . . . . . . . . . . . . .  Mean 

. . . . . . . . . . . . . . .  Volume 
1975 Population of Direct 

. . . . .  Tributary watersheda 

General Existing Water Quality 
Conditions: 

Source: SEWRPC. 

Description 

191 acres 

9,131 acres 
4.80 miles 

2.8 feet 
2.0 feet 
382 acre-feet 

672 persons 

Excessive macrophyte 
growth; frequent fish win- 
terkill; high nutrient 
concentrations 

Table C-89 

PLANNED LAND COVER DEVELOPMENT 
I N  THE DIRECT TRIBURARY DRAINAGE 

AREA OF NORTH LAKE: 2000 

LEGEND 

.r*.. WATERSHED BOUNDARY 

DG-2 SUBBASIN BOUNDARY 
AND DESlONATION - DIRECT TRIBUTARY 
DRAINAGE AREA 

--C POINT OF SUBBASIN 
DISCHARGE 

DEVELOPMENT 2 0 0 0  ESTIMATED DlR ECT TRIBUTARY PHOSPHORUS LOADS TO UNSEWERED URBAN 

NORTH LAKE: 1975 and 2000 0 RURAL LAND COVER 

a msrumesno mnpoinr soume conrmi. 

Inciudkroniy those system$ on soils having revere or very revere limitations for disposal of septic rank effluent 

Source: SEWRPC 

North Lake has a direct tributary drainage area of about 9,131 acres. About 
8,929 acres, or 98 percent of the drainage area, are planned to be in rural 
land cover, and 202 acres, or 2 percent, t o  be in urban land cover. Over the 
planning period none of the direct tributary watershed area is expected t o  be 
converted to urban land cover. It is estimated that a 95 percent reduction 
in nonpoint source pollutant runoff will be required in  the drainage area 
to protect the water quality of the lake. This can be achieved through 
a combination of minimum and additional rural land management prac- 
tices-including especially the proper management of livestock wastes-and 
minimum urban management practices-including proper septic tank system 
management based on a site-bysite inspecti9,n and_. maintenance program. 



North Lake which exceed the recommended level 
for recreational use and for the maintenance of 
a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to  reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in Table 
C-90, along with the associated costs and anticipated 
effectiveness. Measures to control livestock contributions 
appear to  be the most cost-effective way to substantially 
reduce phosphorus loadings to the lake. Other needed 
measures include: improved septic tank management, 
measures to  reduce pollutant runoff from rural lands by 
50 percent, and low-cost measures to reduce pollutant 
runoff from urban lands. 

Even if nutrient loadings to  the lake are reduced by the 
actions noted above, the sediments which have been 
deposited on the lake bottom will probably provide 

a suitable bottom substrate and nutrient source for exces- 
sive macrophyte growth and may release nutrients to the 
water body. The application of lake restoration or reha- 
bilitation procedures could be considered, in addition to  
the above nonpoint source controls. Alternative restora- 
tion measures, as set forth in Table (3-90, may include 
sediment covering, aeration, and dredging. The feasibility 
of these measures would have to  be assessed in a prelimi- 
nary engineering study. Additional management mea- 
sures, such as macrophyte harvesting, may be used to  
control the macrophyte growth which may interfere with 
the recreational use of the lake. It should be emphasized, 
however, that the long-term maintenance of water quality 
in North Lake requires that the recommended level of 
nutrient input reductions be achieved. 

The application of the above listed nonpoint source 
pollution control measures to control the nutrient inputs 
to North Lake would entail a total capital cost of about 
$208,600, and an average annual operation and mainte- 
nance cost of about $41,600. The total 50-year present 
worth cost of these nonpoint source control measures is 
$659,800, with an equivalent annual cost of $41,800. If, 

Table C-90 

WATER QUALITY MANAGEMENT MEASURES FOR NORTH LAKE IN WALWORTH COUNTY 

a The proper maintenance and replacement o f  the remaining septic tank systems is recommended to help improve the water quality o f  North Lake. However, because septic tank systems manage- 
ment is an existing function necessary for the preservation o f  public health and the malntenance o f  drinking water supplies, this cost is not  included in  the water quality managementplan. 
The estimated expenditures for septic system management in the North Lake drainage basin include a capital cost over the period o f  79752000 o f  $220,500, an average annual operation and 
maintenance cost o f  $6,700, anda total 50-year present worth cost of $350,900. 

Management Measure 

Septic Tank System 
Managementa 

Livestock Waste 
Control 

Rural Conservation 
practicesb 

Low Cost Urban Land 
Management Pract~ces 

Total 
Macrophyte 

HarvestingC 

~ e r a t t o n ~  

Sediment ~ o v e r l n g ~ , ~  

iJredgingf.g 

Rural land management practices necessary t o  achieve a 50percent reduction in rural diffuse pollutant loads. 

Cost estimated to harvest macrophytes from the 750 acres of Nor th  Lake subject t o  excessive macrophytegrowth. 

Cost estimated to aerate 50 acres o f  the lake. 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, o r  other suitable material. 1 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  Lake 
(percent) 

90 

Minimal additional 
reduction 

Cost estimated to dredge lake to  an average depth o f  75 feet. Existing average depth is 2.0 feet. 1 

Estimated Cost 
1980-2000 

Source: SEWRPC. 

Total 
Capital 

- 

$ 117,500 

91,100 

- 

208,600 
139,800 

4,700 12,200 500 300 800 Prevent anaerobic conditions No additional 
(lack of oxygen) in the reduction 
hypolimnion 

285.500 18,100 - 18,100 Accelerate lake improvement; No additional 
prevent release of nutrients reduction 
f rom sediment; reduce 

Anticipated Effectiveness 

Reduce nutrient concentra- 
tions; prevent the stimula- 
t ion of excessive macro- 
phyte and algae growth; 
improve recreational use 
potential 

Control excessive macrophyte 
growth; aesthetic enhance- 
ment; improve recreational 
use potential 

Economic Analysis 

Average 
Operation and 
Maintenance 

- 

$ 10,000 

31.300 

300 

41,600 
19.500 

4.005.1 00 

Present Worth: 1975-2025 

- 

Equivalent Annual: 1975-2025 

Capital 

- 

$ 87,800 

67.900 

- 

155,700 
104,500 

Capital 

- 

$ 5,600 

4,300 

- 

9,900 
6,600 

2,993,000 

Operation and 
Maintenance 

- 

$ 117,900 

381,300 

4,900 

504.1 00 
307,400 

Operation and 
Maintenance 

- 

$ 7,500 

24,200 

300 

32,000 
19,500 

Total 

- 

$ 205,700 

449,200 

4,900 

659,800 
41 1,900 

- 

Total 

- 

$ 13,100 

28,500 

300 

41,900 
26,100 

2993,000 189,900 - 189,900 
suitable plant substrate 

Deepen lake; reduce macro- 
phyte growth 

No additional 
reduction 



in addition, rehabilitation techniques are found neces- 
sary, the capital cost of these alternatives would range 
from $10,000 for aeration to $4,005,100 for dredging. 
The total present worth costs of lake rehabilitation tech- 
niques would range from $12,200 for aeration to 
$2,993,000 for dredging. 

Pell Lake 
Pell Lake is an 86.acre lake located in the Town of 
Bloomfield in Walworth County. The lake drains to the 
North Branch of Nippersink Creek. Certain geo- 
morphological characteristics of Pell Lake are set forth 
in Table C-91, together with the approximate 1975 popu- 
lation of the direct tributary watershed and a brief 
description of lake water quality conditions. Map C-31 
presents a graphic summary of the proposed year 2000 
land cover in the lake watershed. As shown on Map C-31, 
none of the urban land in the tributary watershed area 
is proposed to he served by sanitary sewers by the year 
2000. As of 1975, an estimated 714 privately owned 
onsite sewage disposal systems-54 of which were located 
in areas covered by soils having severe or very severe 
limitations for the use of such systemsewere in operation 
in the lake watershed area. 

As indicated in Table C92, all sources combined con- 
tribute about 360 pounds of phosphorus annually to 
Pell Lake. The major source of phosphorus in the lake 
watershed is septic tank systems. Also as indicated in 

Table C.91 

GEOMORPHOLOGICAL A N D  WATER QUALITY 
CHARACTERISTICS OF PELL LAKE 

Table C-92, land uses and phosphorus loads in the water- 
shed are not expected to change significantly under 
planned year 2000 land cover conditions. The estimated 
total phosphorus concentration during spring overturn 
under existing and anticipated year 2000 conditions, as 
estimated from phosphorus loading and lake and drainage 
basin characteristics, is 0.04 milligram per liter (mgll). 
The Commission recommends a level of 0.02 mg/l or less 
of total phosphorus for a recreational use and warmwater 
fishery and aquatic life classification. Existing and mtici- 
pated year 2000 pollutant loadings may he expected to 
result in total phosphorus concentrations in Pell Lake 
which exceed the recommended level for recreational 
use and for the maintenance of a wannwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to reduce the nonpoint source pollution loading 
on the lake was made, and a set of recommended mea- 
sures was identified. These measures are set forth in Table 
C93, along with the associated costs and anticipated 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary Watersheda . . . . .  

General Existing Water Quality 
Conditions: 

Map C-31 

Description 

86 acres 

1.01 1 acres 
1.8 miles 

13 feet 
3.6 feet 
314 acrefeet 

2,142 persons 

Occasional algae blooms; 
excessive macrophyte 
growth; fish winterkillr; 
high nutrient 
COnCentrationS 

> 

PLANNED L A N D  COVER DEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE 

AREA OF PELL LAKE: 2000 

LEGEND 

EBNC.6 SUBBA5,N BOUNDARY 
AN0  OESteNAT~oN 

---C D19ECT T R i s Y i i i R I  
DRAINAGE Ai iEi i  - POiNT OF SUeBrlSIN 
OISCUILROE 

n ::::~::i::e"e"::o," 
0 """A' 'A"" "0"'" 

Pell Lake has a direct tributary drainage ares of about 1.011 acrsr. About 
481 acres, or 48 percent of the drainage area, are planned to be in rural land 
cover. and 530 acres, or 52 percent, to be in urban land cover. &er the 

I 
planning period none of the direct tributary watershed area is expected to 
bB converted to urban land cover. It i s  estimated that a 50 percent reduction 
in nonpoint source pollutant runoff will be required in the drainage ares 
to ~rotect  the Water quality of the lake. This can be achieved through 
a combinstian of minimum and additional rural land rnanaaement Drac- 

I 
tice~-incl~dinp esp~cially the proper management of agricultural cropping a The population of the direct tributary watershed is estimated 
praCfi CBs?Bn management praerieel-including orope, 

by assuming an average of 3.W persons par dwelling unit as S B P ~ ~ C  tank system management based on a nite-by-rite inspection and 
counted on 1" = 4OO'scale aerial photos. maintenance program. 

Source: SEWRPC. Source: SEWRPC 



Table C-92 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 

1 PELL LAKE: 1975 and 2000 

I 
i 

1 

i 
I 

l a Aw~,.. mnpoat  roune contm1. 

I Includes only choe syrremr on roils havng revere or very revere 18mtrafionr for disposal of  septic rank effluent 

Source' SEWRPC. 

effectiveness. Measures to  control the phosphorus contri- 
bution include: improved septic tank management, mea- 
sures to reduce pollutant runoff from rural lands by 50 
percent, and low-cost measures to reduce pollutant 
runoff from urban lands. 

If nutrient loadings to  the lake are reduced by the actions 
noted above, the sediments which have been deposited on 
the lake bottom may provide a suitable bottom substrate 
and nutrient source for excessive macrophyte growth in 
some local areas and may release nutrients to  the water 
body. If this problem is confirmed through further local 
study, the application of lake restoration or rehabilitation 
procedures should be considered, in addition to the above 
point and nonpoint source controls. Alternative restora- 
tion measures as set forth in Table C-93 may include 
sediment covering, aeration, and nutrient inactivation. 
Dredging the lake could reduce macrophyte growth 
through nutrient removal and deepening. The feasibility 
of these measures would have to be assessed in a prelimi- 
nary engineering study. Additional management mea- 
sures, such as weed harvesting, may be used to control 

Table C-93 

WATER QUALITY MANAGEMENT MEASURES FOR PELL LAKE IN WALWORTH COUNTY 

a The proper maintenance and replacement o f  the remaining septic tank systems is recommended t o  help improve the water quality o f  Pell Lake. However, because septic tank systems manage- 
ment is an existing function necessary for the Preservation o f  public health and the maintenance of  drinking water supplies, this cost is no r  included i n  the water quality managementplan. 
The estimated expenditures for septic system management in the Pell Lake drainage basin include a capital cost over the period o f  1975-2000 of  $243,000, an average annual operation and 
maintenance cosr o f  $398,200, anda total 50-year present worth cost of$870.000. 

Management Measure 

Septic Tank System 
~ a n a g e m e n t ~  

Rural Conse r~ t i on  
practicesb 

Low Cost Urban Land 
Management Practices 

Total 

Rural landmanagementpract~ces necessary to ach~eve a 50percent reduct~on ,n rural dtffuse source pollutant loads 

Cost estimated t o  harvest macrophytes from the 45acres o f  Pell Lake wbject to excessive macrophyte g r o w .  

Cost estimated to aerate 3 0  acres o f  the lake. 

The cosr for nutrient inactivation is for treating the entire lake with alum. 

Estimated Cost 
1980-2000 

Macrophyte 41,900 5,900 31,300 93,000 124,300 2.000 5,900 7,900 Control excessive macrophyte Minimal additional 
~arvesting' growth; aesthetic enhance- reduction 

ment; improve recreational 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, o r  other suitable material. 

Cost estimated to dredge lake t o  an average depth o f  15 feet Existing average depth is 3.6 feet. 

Total 
Capital 

- 

5 4,900 

- 

4,900 

 erat ti on^ 

Nutrient 
lnactivatione 

Sediment coveringfeh 

Klredginggeh 

The costs for sediment covering and dredging vary widely depending on such factors as lake sire and depth, type of bottom substrate, and amount of material to be filled o r  dredged. 

Sdurce: SEWRPC. 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  Lake 
(percent) 

50 

Annual 
Operation and 
Maintenance 

- 

$ 1.700 

900 

2,600 

Anticipated Effectiveness 

Reduce nutrient concentra- 
tions; prevent the stimula- 
t ion of excessive macro- 
phyte and algae growth; 
improve recreational use 
potential 

Economic Analysis 

6,000 

8,600 

172,000 

1,580,100 

Present Worth: 1975-2025 

200 

- 

- 

- 

Capital 

- 

5 3,700 

- 

3,700 

Equivalent Annual: 1975-2025 

4,500 

6,400 

128,500 

'1,181,800 

Total 

- 

5 1,500 

1,400 

2,900 

Operation and 
Maintenance 

- 

5 20,500 

22,000 

42,500 

Capital 

- 

5 200 

- 

200 

Total 

- 

5 24,200 

22,000 

46,200 

Operation end 
Maintenance 

- 

5 1,300 

1,400 

2,700 

2,800 

- 

- 

- 

7,300 

6,400 

128,500 

1,181,800 

300 

400 

8,200 

75,000 

200 

- 

- 

- 

500 

400 

8,200 

75,000 

Prevent anaerobic conditions 
(lack of oxygen) in the 
hypolimnion 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; remove 
nutrients from water body 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; reduce 
suitable plant substrate 

Deepen lake; reduce macro- 
phyte growth 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 



the macrophyte growth which may interfere with the 
recreational use of the lake. It should be emphasized, 
however, that the long-term maintenance of water quality 
in Pell Lake requires that the recommended level of 
nutrient input reductions be achieved. 

The application of the above listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Pell Lake would entail a total capital cost of about 
$4,900, and an average annual operation and mainte- 
nance cost of about $2,600. The total 50-year present 
worth cost of these nonpoint source control measures is 
$46,200, with an equivalent annual cost of $2,900. If, in 
addition, rehabilitation techniques are found necessary, 
the capital cost of these alternatives would range from 
$6,000 for aeration to $1,580,100 for dredging. The 
total present worth costs of these lake rehabilitation 
techniques would range from $6,400 for nutrient inacti- 
vation to $1,181,800 for dredging. 

Peters Lake 
Peters Lake is a 64-acre lake located in the Town of Troy 
in Walworth County. Certain geomorphological charac- 
teristics of Peters Lake are set forth in Table C-94, 
together with the approximate 1975 population of the 
direct tributary watershed and a brief description of lake 
water quality conditions. Map (2-32 presents a graphic 
summary of the proposed year 2000 land cover in the 
lake watershed. As shown on Map (2-32, none of the 
urban land in the tributary watershed area is proposed to 

Table C-94 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF PETERS LAKE 

be served by sanitary sewers by the year 2000. As of 
1975, an estimated 51 privately owned onsite sewage 
disposal systems-all located in areas covered by soils 

I 
having severe or very severe limitations for the use of 
such systems-were in operation. I 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

As indicated in Table C-95, all sources combined con- 
tribute about 761 pounds of phosphorus annually to 
Peters Lake. The major sources of phosphorus in the 
lake watershed are septic systems and runoff from live- 
stock operations. Also, as indicated in Table C-95, the 

I 
existing land uses are not expected to change signifi- 
cantly under planned year 2000 land cover conditions. 
Therefore, unless reduced by the implementation of 
nonpoint source control measures, phosphorus loadings 

I 
from septic systems and livestock runoff may be 
expected to continue to be the primary sources of phos- 
phorus to the lake under anticipated year 2000 condi- 
tions. The estimated total phosphorus concentration 

I 
during spring overturn under existing and anticipated 
year 2000 conditions, as estimated from phosphorus 
loadings and lake and drainage basin characteristics, 

I 

* 

Description 

64 acres 

1,295 acres 
1.51 miles 

8 feet 
3 feet 
21 5 acre-feet 

174 persons 

Occasional algae blooms; 
high nutrient concentra- 
tions; oxygen depletion 
producing winter fishkills 
nearly every year 

Map C-32 

PLANNED LAND COVER DEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE 

AREA OF PETERS LAKE: 2000 

0 
NOTE 

LEGEND 

SUBBASIN BOUNDARY 
AND DESIGNATION 

DlRECT TRIBUTARY 
DRAINAGE AREA 

UNSEWERED URBAN 
DEVELOPMENT 2 0 0 0  

RURAL LAND COVER 

P E T E R S  LAKE IS  AN 
I N T E R N A L L Y  DRAINED 
L A K E  AND HAS NO 
O U T L E T  

Peters Lake has a direct tributary drainage area of about 1,295 acres. About 
1,208 acres, or 93 percent of the drainage area, are planned to be in rural 
land cover, and 87 acres, or 7 percent, to be in urban land cover. Over the 
planning period none of the direct tributary watershed area is expected to 
be converted to urban land cover. I t  is estimated that a 75 percent reduction 
in nonpoint source pollutant runoff will be required in the drainage area 
to protect the water quality of the lake. This can be achieved through 
a combination of minimum rural land management practices-including 
especially the proper management of livestock wastes-and minimum urban 

a The population of the direct tributary watershed is estimated management practices-including proper septic tank system management 

by assuming an average of 3.42 persons per dwelling unit as based on a site-by-site inspection and maintenance program. 

counted on 1 " -- 400' scale aerial photos. 

Source: SEWRPC. Source: SEWRPC. 



1 Table C95 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
PETERS LAKE: 1975 and 2000 

a Assumes no nonpornf rource confml. 
tncludes only rhore systems on roils having revere or vwy severe llmitationr for dlrposalof sepric rank effluent 

Source- SEWRPC. 

is 0.08 milligram per liter (mg/l). The Commission 
recommends a level of 0.0E mg/l or less of total phos- 
phorus for the prevention of excessive aquatic plant 
growth and maintenance of a warmwater fishery and 
recreational use classification. Existing and anticipated 
year 2000 pollutant loadings result in total phosphorus 
concentrations in Peters Lake which slightly exceed the 
recommended level for recaeational use and for the main- 
tenance of a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV  of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in Table 
C-96, along with the associated costs and anticipated 
effectiveness. Measures to control livestock contributions 
appear to be the most cost-effective way to substantially 
reduce phosphorus loadings to the lake. Other needed 
measures include: improved septic tank management, 
minimum measures to  reduce pollutant runoff from rural 

Table C-96 

WATER QUALITY MANAGEMENT MEASURES FOR PETERS LAKE IN WALWORTH COUNTY 

a The proper maintenance and replacement o f  the remaining septic tank systems is recommended to  help improve the water quality o f  Peters ~ a k e .  However, because septic tank systems manage- 
ment is an existing function necessary fo r  the preservation o f  public health and the maintenance o f  drinking water supplies, this water quality managementplan. 
The estimated expenditures for septic system management in the Peters Lake drainage basin include a capital cost over the period an average annual operation and 
maintenance cost o f  $2,000. and a total 50-year present worth cost o f  $200,200. 

Management Measure 
pp 

Septic Tank System 
Managementa 

Livestock Waste 
Control 

Minimum Rural Conrer- 
vation Practices 

Low Cost Urban Land 
Management Practices 

Total 
Macrophyte 

~ a r v e s t i n g ~  

AerationC 

Nutrient 
lnactivationd 

Sediment coveringe,g 

~redg ing~eg 

Cost esttmafed to  harvest macrophytes from the 50 acres o f  Peters Lake sublect to  excesstve macrophyte growth. 

Cost estimated to  aerate 30 acres o f  the lake. 

The cost for nutrient inactivation is for treating the entire lake wi th  alum. 

Cost estimand to  cover the entire lake bottom with sand, clay, plastic, or other suitable material 

Cost esttmated t o  dredge lake to  an average depth o f  1 5  feet ExlsNng average depth 1s 3 0 feet. 

Cumulative 
Reduction in 

External Annual 

Load t o  Lake 

Estimated Cost 
1980-2000 Economic 

Total Operation and Operation and 

The costs o f  sediment covering and dredging vary widely depending on such factors as lake sire and depth, type o f  bot tom substrate, and amount o f  material to  be dredged or filled. 
Source: SEWRPC. 

Analysis 

Anticipated Effectiveness 
- 

Reduce nutrient concentra- 
tions; prevent the stimula- 
t ion  of excessive macro- 
phyte and algae growth; 
improve recreational use 
potential 

Control excessive macrophyte 
growth; aesthetic enhance- 
ment; improve recreational 
use potential 

Prevent anaerobic conditions 
(lack of oxygen) in the 
hypolimnion 

Accelerate lake improvement; 
prevent release of nutrients 
f rom sediment; remove 
nutrients f rom water body 

Accelerate lake improvement; 
prevent release of nutrients 
f rom sediment; reduce 
suitable plant substrate 

Deepen lake; reduce macro- 
phyte growth 

Capital 

- 

$ 5,700 

200 

Minimal 

5,900 
46,600 

6,000 

6,400 

128,000 

1,238,800 

Equivalent 

Capital 
----- 

- 

$ 300 

el00 

Minimal 

400 
2,200 

300 

300 

6.100 

58,700 

80 
Minimal additional 

reduction 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 

- 

$ 500 

2,100 

100 

2,700 
6,500 

200 

- 

- 

- 

Annual: 

Operation and 
Maintenance 

- 

$ 400 

1,600 

100 

2,100 
6,500 

200 

- 

- 

- 

1975-2025 

Total 

- 

$ 700 

1,700 

100 

2,500 
8,700 

500 

300 

6,100 

58.700 

- 

$ 4,300 

200 

Minimal 

4,600 
34800 

4.500 

4,800 

95,700 

925,700 

- 

$ 5,700 

25800 

2,100 

33,600 
102.500 

3.200 

- 

- 

- 

otal 

- 

$ 10.000 

26,000 

2,100 

38,100 
137,300 

7,700 

4,800 

95,700 

925,700 



lands through the implementation of basic soil conser- 
vation practices, and low-cost measures to reduce pol- 
lutant runoff from urban lands. 

If nutrient loadings to  the lake are reduced by the actions 
noted above, the sediments which have been deposited on 
the lake bottom may continue to  provide a suitable 
bottom substrate and nutrient source for excessive mac- 
rophyte growth and may release nutrients to the water 
body, resulting in continued poor water quality. If this 
problem is confirmed through further study, the appli- 
cation of lake restoration or rehabilitation procedures 
should be considered, in addition to  the above-mentioned 
nonpoint source controls. Alternative restoration mea- 
sures as set forth in Table C-96 would include dredging, 
aeration, sediment covering, and nutrient inactivation. 
The feasibility of these measues would have to be 
assessed in more detailed preliminary engineering studies. 
Additional management measures, such as macrophyte 
harvesting, may be used to control the macrophyte 
growth which may interfere with the recreational use 
of the lake. It should be emphasized that the long-term 
maintenance of water quality in Peters Lake, however, 
requires that the recommended level of nutrient input 
reductions be achieved. 

The application of the above listed nonpoint source 
pollution control measures to control the nutrient input 
to Peters Lake would entail a total capital cost over the 
1980-2000 plan design period of $5,900, and an average 
annual operation and maintenance cost of $2,700. The 
total 50-year present worth cost of these nonpoint source 

Table C-97 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF PEWAUKEE LAKE 

a The population of the direct tributary watershed is estimated 
bv assuming an average of 3.68 persons per dwelling unit as 
counted on l"= 400'scale aerial photos. 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

control measures, useful in comparing the long-term costs 
of alternative control measures, is $38,100, with an 
equivalent annual cost of $2,300. If, in addition, reha- 
bilitation techniques are found necessary, the capital 
costs of these alternatives would range from $6,000 for 
aeration to $1,238,800 for dredging. The total present 
worth costs of these lake rehabilitation techniques would 
range from $4,800 for nutrient inactivation to  $925,700 
for dredging. 

Description 

2,493 acres 

14,819 acres 
13.7 miles 

45.0 feet 
10.0 feet 
24,930 acre-feet 

9,314 persons 

Occasional algae blooms; 
nuisance macrophyte 
growth; high nutrient con- 
centrations; lack of oxygen 
in the hypolimnion 

Pewaukee Lake 
Pewaukee Lake is a 2,493-acre lake located in the Town 
of Delafield and Pewaukee in Waukesha County. The lake 
drains to  the Pewaukee River. Certain geomorphological 
characteristics of Pewaukee Lake are set forth in Table 
G97, together with the approximate 1975 population of 
the direct tributary watershed and a brief description of 
lake water quality 'conditions. Map C-33 presents a 
graphic summary of the proposed year 2000 land cover in 
the lake watershed. As shown on Map C-33, a portion of 
the existing urban land in the tributary watershed area is 
proposed to be served by sanitary sewers by the year 
2000.9, lo AS of 1975, an estimated 2,065 privately 
owned onsite sewage disposal systems-826 of which 
were located in areas covered by soils having severe or 
very severe limitations for the use of such systems-were 
in operation in the lake watershed area. In addition, the 
studies associated with the installation of sanitary sewers 
during the period 1975-1978 indicated that up to 40 
percent of the septic tanks provided virtually no soil 
filtration capability because of improper location, installa- 
tion, and operation and maintenance. 

Table C-98 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
PEWAUKEE LAKE: 1975 and 2000 

a Asumer pronson of san,farv sewer service as recommended n, me poinf source pallotion absfwnenf plan element; 
asumer "0 mnpoint soorre confml. 

Includes only chose systems on rails havng revere or vwy revere limrramnr for drwarrl of sepric rank effloenf 

Source SEWRPC 

Sourceof Phorpharur 

. . . . . . . .  Urban Land Cover lacrerl 
Land under Development-Conitrucffon 

A C ~ I Y I ~ I ~ S  lacresl 
Onrlfe Sewage D8rporal Septrc 

. . . . . . . . . . . . . .  Tank ~ v r r e m r ~  
Rural Land Cover lacred . . .  
L8vertock Operatlonr lanlmal unltr) . . . . .  
AtmorpherlcConrr#but~on [acres of 

iecevng surface water) . . . . . . . . . . .  
Total  

gSee separately published SEWRPC Community 
Assistance Planning Report on Water Quality Manage- 
ment for Pewaukee Lake, Waukesha County for a more 
detailed discussion o f  the findings and recommendations 
of the detailed field study. 

1°Report on  Pewaukee Lake, National Eutrophication 
Survey, U S .  Environmental Protection Agnency, 

Ex~rt~ng 1975 

Number 
~~~~~~ 

4.380 

141 

826 
10,298 

1.488 

2,493 

- 

Anticmated 2000' 

Number 

6.528 

141 

278 
8.150 
1.468 

2.493 

- 

Total 
Loading 
[pounds 

per year) 

2,808 

3,094 

2.391 
1,677 
4.797 

611 

15.378 

Percent 
Dirtrlbutian 

18.3 

20.1 

15.5 
1 0 9  
31.2 

4 0 

100.0 

Total  
Loading 
lpoundr Percent 
per year) Dirtrlbution 

4.268 

3,094 

804 
1.316 
4.797 

611 

14.890 

28.7 

20.8 

5 4 
8 8 

32 2 

4.1 

100.0 



As indicated in Table G98, all sources combined con- 
tribute an estimated 15,400 pounds of phosphorus 
annually to Pewaukee Lake during an average year of 
precipitation. These pollutant loads were estimated based 
on data developed during detailed field studies-con- 
ducted during a period of below average precipitation- 
interpreted against pollutant source loading estimates 
for the lake watershed for average or typical year 
conditions. Also, as indicated in Table C-98, urban land 
uses in the watershed are expected to increase by about 
50 percent under planned year 2000 land cover condi- 

tions. However, phosphorus loadings are expected to 
decrease to about 14,900 pounds per year as a result of 
the provision of sanitary sewers. The observed total 
phosphorus concentration during study year 1976 spring 
overturn was 0.04 milligram per liter (mgll), which is 
representative of a dry year condition. The water quality 
simulation analyses indicated that, during a year of 
average precipitation, the spring phosphorus concen- 
tration would approximate 0.09 mg/l under both existing 
and anticipated year 2000 conditions. The Commission 
recommends a level of 0.02 mg/l or less of total phos- 

Map C-33 

PLANNED LAND COVER DEVELOPMENT IN THE DIRECT TRIBUTARY DRAINAGE AREA OF PEWAUKEE LAKE: 2000 

LEGEND 

WATERSHED BOUNDARY 

SUBBASIN BOUNDARY 
AND DESIGNATION 

DIRECT TRIBUTARY 
DRAINAGE AREA 

POINT OF SUBBASIN 
DISCHARGE 

SEWERED URBAN 
DEVELOPMENT 2 0 0 0  

UNSEWERED URBAN 
DEVELOPMENT 2 0 0 0  

RURAL LAND COVER 

Pewaukee Lake has a direct tributary drainage area of about 14,819 acres. About 8,150 acres, or 56 percent of the drainage area, are planned to be in rural land 
cover, and 699'9 acres, or 44 percent, to  be in urban lend cover. Over the planning period an awregqe cf Blboor 141 acres may k expected to be converted annually 
to  urban land cover. It is estimated that a 75 percent reduction in nonpoint source poltutant runoff will be required in the drainage wee ta protect the water quality 
of the lake. This can be achieved through a combination of minimum and additional rural lend r n e m g m t  practices-including eepeoi~Ily the proper management 
of livestock wastes--and urban management practices-including lowcost urban practices, construction erosion controls, proper septic tank system management 
based on a site-by-site inspection and maintenance program, and additional urban practices. 

Source: SEWRPC. 



phorus for the prevention of excessive aquatic plant 
growth and the maintenance of a warmwater fishery 
and recreational use classification. Existing and antici- 
pated year 2000 pollutant loadings may be expectedto 
result in total phosphorus concentrations in Pewaukee 
Lake which exceed the recommended level for recrea- 
tional use and for the maintenance of a warm- 
water fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to  reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in 
Table C-99, along with the associated costs and antici- 
pated effectiveness. Measures to  control livestock con- 
tributions appear to  be the most cost-effective way to 

Table C 

substantially reduce phosphorus loadings to  the lake. 
Other needed measures include: the extension of sanitary 
sewer service, improved septic system tank management, 
measures to reduce pollutant runoff from rural lands by 
75 percent, low-cost measures to  reduce pollutant runoff 
from urban lands, measures to reduce pollutant runoff 
from urban lands by 50 percent, and construction erosion 
control practices. 

Once nutrient loadings to the lake are reduced by the 
actions noted above, the sediments which have been 
deposited on the lake bottom will continue to  provide 
a suitable bottom substrate and nutrient source for exces- 
sive macrophyte growth in some local areas and may 
release nutrients to the water body. When this problem 
is confirmed through further local study, the specific 
lake restoration or rehabilitation procedures which are 
appropriate should be identified for application after 
implementation of above-mentioned point and nonpoint 

-99 

WATER QUALITY MANAGEMENT MEASURES FOR PEWAUKEE LAKE IN WAUKESHA COUNTY 

ManagementMeasure 

San~tary Sewer 
servicesb 

Septic Tank System 
ManagementC 

Livestock Waste 

Management Practices 1 I 1 I I I 1 I 
Addltlonal Urban Land 1 187,200 1 95,800 1 133,100 1 1.124.000 1 1257 100' 8.400 1 71 300 1 79 ROO 

Control 
Rural Conservation 

practicesd 
Construction Erosion 

Control Practicese 
Low Cost Urban Land 

Estimated Cost 
1980-2000 

- 

$ 247,500 

- 

Total 
Capital 

- 

1,102,800 

6,514,200 

Minimal 

Harvesting9 

Water Level 

a The cumulative Percent reduction i n  phosphorus loadings is i n  addition t o  sanitary sewer service, as recommended in the po in t  source element for the Upper Fox River subregionalarea. 

Economic Analysis 

Average 
Operation and 
Maintenance 

- 

- 

$ 19,000 

Management 
Nutrient 

lnactivationh 

Sanitary sewerage system Costs for treatment facilities and major trunk sewers are included under the po in t  source alternative plan elements for the Upper Fox River subregional area. Local 
hook-up and operation and maintenance costs, which are no t  primarily dependent on surface water quality, are nor  presented above. The estimated expenditures for local hook-up operation 
and maintenance i n  the Pewaukee Lake drainage basin include a capital cost over the period o f  1975-2000 of  $1 1.532.000, an average annual operation and maintenance costof$100,500, 
anda total 50-yearpresent worth cost o f  $8,044,900. 

AnticipatedEffectivenesr 

Protect public health and 
drinking water supplies; 
reduce nutrient concen- 

143.600 

56,400 

8,900 

Minimal 

The proper maintenance and replacement o f  the remaining septic tank systems is recommended to help improve the water quality o f  Pewaukee Lake. However, because septic tank systems 
management is an existing function necessary for the preservation o f  public health and the maintenance of  drinking water supplies, thiscost is no t  includedin the water quality management 
plan. The estimated expenditures for septic system management i n  the Pewaukee Lake drainage basin include a capital cost over the period o f  7975-2000 of  $1,25l,OW, an average annual 
operation and maintenance cost of $25,600, and a total 50-year present worth cost of $1,572,100. 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  ~ a k e ~  
(percent) 

- 

Present Worth: 1975-2025 

- 

$ 185,100 

Rural land management practices necessary to achieve a 75percent reduction i n  rural diffuse source pol lutant loads. Include minimum rural non po in t  source controls. 

Cost estimated to control erosion from the estimated 741 acres of landestimated to be annually undergoing construction activity i n  the lake watershed. 

Capital 

- 

Equivalent Annual: 1975-2025 

928,600 

4,889,300 

Minimal 

Minimal 

57,300 
t o  

249,300 

Urban land management practices necessary to achieve a 50percent reduction i n  urban diffuse source pol lutant loads. 

Capital 

- 

- 

$ 223,300 

- 

Cost estimated to harvest macrophytes from the 750 acres o f  Pewaukee Lake subject to excessive macrophyte growth. 

The lower cost for nutrient inactivation is for treating only the hypolimnetic area with alum; the higher cost is for treating the entire lake with alum. 

Source: SEWRPC. 

Operatlot? and 
Maintenance 

- 

722,800 

889,000 

132,000 

Minlmal 

42,800 
t o  

186,300 

Total 

- 

Operation and 
Maintenance 

- 

- 

$ 408,400 

Total 

- 

1,651,400 

5,778,300 

132,000 

growth; aesthetic enhance- 
ment; improve recreational 
use potential 

Minimize shore erosin con- 

' 

- 
2,700 

to  
11.800 

- 

$ 11.800 

reduction 

No additional 
solidation o f  sediment 

Accelerate lake Improvement; 
prevent release of nutrients 
from sediment; remove 
nutrients from water body. 

186,300 

58.900 

310,200 

Minimal 

reduction 
No additional 

reduction - 

- 

$ 14.200 

2,700 
to  

11,800 

45,900 

56.400 

8.430 

- 

$ 26.000 

trations 
Reduce nutrient concentra- 

ttons; prevent the stimula- 
t ion of excessive macro- 

104,800 

366,600 

8,400 

phyte and algae growth; 
improve recreational use 
potential 

75 



source controls. In addition to continued weed harvesting 
and fish harvesting (namely, fishing activity), alternative 
restoration measures as set forth in Table C-99 may 
include water level management and nutrient inactiva- 
tion. Chemical treatment t o  control algae can be used 
if necessary, but only as a temporary solution to the 
problem. The feasibility of these measures would have 
to be assessed based on further study. It should be 
emphasized, however, that the long-term maintenance 
of water quality in Pewaukee Lake requires that 
the recommended level of nutrient input reductions 
be achieved. 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient 
inputs to Pewaukee Lake would entail a total capital 
cost of about $8,051,700, and an average annual opera- 
tion and maintenance cost of about $323,700. The total 
50-year present worth cost of these nonpoint source 
control measures is $9,227,200, with an equivalent 
annual cost of $585,600. If, in addition, rehabilitation 
techniques are found necessary, the capital cost of these 
alternatives would be minimal for water level manage- 
ment to  $249,300 for nutrient inactivation. The total 
present worth costs of lake rehabilitation techniques 
would be minimal for water level management to 
$186,300 for nutrient inactivation. 

Pleasant Lake 
Pleasant Lake is a 154-acre lake located in the Town of 
LaGrange in Walworth County. The lake is internally 
drained. Certain geomorphological characteristics of 
Pleasant Lake are set forth in Table C-100, together with 
the approximate 1975 population of the direct tributary 
watershed and a brief description of lake water quality 
conditions. Map C-34 presents a graphic summary of the 
proposed year 2000 land cover in the lake watershed. As 
shown on Map C-34 none of the existing urban land in 
the tributary watershed area is proposed to be served by 
sanitary sewers by the year 2000. As of 1975, an esti- 
mated 53 privately owned onsite sewage disposal sys- 
t e m s 4 4  of which were located in areas covered by soils 
having severe or very severe limitations for the use of 
such systems-were in operation in the lake water- 
shed area. 

As indicated in Table C-101, all sources combined con- 
tribute about 300 pounds of phosphorus annually to 
Pleasant Lake. The major source of phosphorus in the 
lake watershed is septic tank systems. Also, as indicated 
in Table C-101, land uses and phosphorus loads in the 
watershed are not expected to change significantly under 
planned year 2000 land use conditions. The estimated 
total phosphorus concentration during spring overturn 
under existing and anticipated year 2000 conditions, as 
estimated from phosphorus loadings and lake and 
drainage basin characteristics, is 0.02 milligram per liter 
(mg/l). The Commission recommends a level of 0.02 
mg/l or less of total phosphorus for the prevention of 
excessive aquatic plant growth and the maintenance of 
warmwater fishery and recreational use classification. 
Existing and anticipated year 2000 pollutant loadings 
may be expected to  result in total phosphorus concen- 

trations in Pleasant Lake equal to the recommended 
level for recreational use and for the maintenance of 
a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to  reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in Table 

Table C-100 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF  PLEASANT LAKE 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.13 persons per dwelling unit as 
counted on I"= 400'scale aerial photos. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean . . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

Source: SEWRPC. 

Description 

154 acres 

1,216 acres 
2.70 miles 

29 feet 
12.5 feet 
1,910 acre-feet 

166 persons 

Lake water quality is general- 
ly good, though oxygen 
levels in the hypolimnion 
are occasionally low 

Table G I 0 1  

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS T O  
PLEASANT LAKE: 1975 and 2000 

1 Urban Land Cover lacrerl . . . . . . . . . . . . .  1 2 W  14 4.4 200 14 4.4 1 
Land under Developmenf-Conrfruction 

Source of Pharphorur 

Onrlte Sewage Dlrporal Sepfsc 
Tank ~ y s t e m f ~  . . . . . . . . . . . . . . . .  

a L d  c o v e  I . . . . . . .  1 0  1 0  ":: I 

a Assumes no nonoornf source confral. 

Includes only rhore ryrremson mils having severe or vwy revere limitations for diwosalaf reptic tank effluen~ 

Source- SEWRPC 

Ex#*#ng 1975 

Airnarpher~c Contr8butlon lacrer of 
recelvlng surface wafer) 

Number 

Anticipated 20Wa 

Number 

Total 1 - 1 318 1 1000 1 - 1 318 1 lW.O 

154 

Total 
Loading 
lpounds 
per year1 

Percent 
Dlstr8bution 

Total 
Loading 
Ipound$ 
per year) 

77 

Percent 
Dirtribution 

24.2 154 77 24.2 



Map C-34 
PLANNED LAND COVER DEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE 

AREA OF PLEASANT LAKE: 2000 

. .  . . LEGEND 
HNC.Z 5UsBAPIN BOUNDARY 

A M 0  OES,ONAT,OM 

,--, RURAL LAND COVER 

Pleasant L a b  has a direct tributary drainage area of about 1.216 acres. 
A b u t  1.016 acrer. or 84 percent of the drainage area. are planned to be in 
rural land cover, and 200 acrer, or 16 percent. to be in urban land cover. 
Over the planning period none of the direct tributary watershed area is 
expected to ba converted to urban land cover. I t  is estimated that no reduc- 
tion in nonpoint source pollutant runoff will be required in the drainage area 
to protect rhe water quaiin/ of the lake. To provide minimum water quality 
control, s combination of minimum rural land management practicer- 
including BIpBcially the proper management of livestock waster-and 
minimum urban management practices-including lowsort urban practicer. 
COnPtruCtion erosion controls, and proper septic tank ryetem management 
barsd on a rite-by.site inspection and maintenance program--rhould be 
implemented in the lake drainape area. 

Source: SEWRPC. 

C102, along with the associated costs and anticipated 
effectiveness. Measures to control the phosphorus con- 
tribution include: improved septic tank management, 
minimum measures to reduce pollutant runoff from rural 
lands through the implementation of basic soil conser- 
vation practices, and low-cost measures to reduce 
pollutant runoff from urban lands. 

Although the existing available water quality data do not 
indicate a need for in-lake treatment, the sediments 
which have been previously deposited on the lake bottom, 
particularly in the bay, may provide a suitable bottom 
substrate and nutrient source for excessive macrophyte 
growth in some local areas and may release nutrients to 
the water body. If this problem is confirmed through 
further local study, the application of lake restoration or 
rehabilitation procedures should be considered, in addi- 
tion to the abovementioned point and nonpoint source 
controls. Alternative restoration measures, as set forth in 
Table (2-102, may include nutrient inactivation hypo- 
limnetic aeration, and localized dredging. The feasibility 
of these measures would have to be assessed in a prelimi- 
nary engineering study. Additional management mea- 
sures, such as macrophyte harvesting, may be used to 
control the macrophyte growth which may interfere with 

the recreational use of the lake. It should be emphasized, 
however, that the long-term maintenance of water 
quality in lakes requires that the recommended level of I 
nutrient input reductions be achieved. 

The application of the above listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Pleasant Lake would entail a total capital cost of about 
$200 and an average annual operation and maintenance 
cost of about $2,100. The total 50-year present worth 
cost of these nonpoint source control measures is $3,800, 
with an equivalent annual cost of $2,000. If, in addition, 
rehabilitation techniques are found necessary, the capital 
cost of these nonuoint source control measures is $26.300. 
with an equivalent annual cost of $1,800. If, in addition; 
present worth costs of lake rehabilitation techniques 
would be $9,000 for hypolimnetic aeration to $464,100 
for dredging. 

Potter Lake 
Potter Lake is a 162-acre lake located in the Town of 
East Troy in Walworth County. The lake drains to Honey 
Creek via an intermittently flowing ditch. Certain geo- 
morphological characteristics of potter Lake are set forth 
in Table G I 0 3  together with the approximate 1975 
population of the direct tributary watershed and a brief 
description of lake water quality conditions. Map C-35 
presents a graphic summary of the proposed year 2000 
land cover in the lake watershed. As shown on Map C35,  
all of the urban land in the tributary watershed area 
is proposed to  be served by sanitary sewers by the year 
2000. As of 1975, an estimated 239 privately owned 
onsite sewage disposal systems-47 of which were located 
in areas covered by soils having severe or very severe 
limitations for the use of such systems-were in operation 
in the lake watershed area. 

As indicated in Table C104, all sources combined con- 
tribute about 300 pounds of phosphorus annually to 
Potter Lake. The major source of phosphorus in the lake 
watershed is septic tank systems. Also as indicated in 
Table G104, urban land uses in the watershed are 
expected to increase by about 60 percent under planned 
year 2000 land cover conditions, with annual total phos- 
phorus loadings to the lake expected to increase to about 
500 pounds due to increased urban development. 
Loadings from the construction activities needed for the 
development of urban land are expeded to be the 
primary source of phosphorus to the lake under antici- 
pated year 2000 conditions. The estimated total phos- 
phorus concentrations during spring overturn under 
existing and anticipated year 2000 conditions, as esti- 
mated from phosphorus loadings and lake and drainage 
basin characteristics, are 0.02 milligram per liter (mg/l) 
and 0.04 mg/l, respectively. The Commission recom- 
mends a level of 0.02 mgp or less of total phosphorus for 
the prevention of excessive aquatic plant growth and the 
maintenance of a warmwater fishery and recreational use 
classification. Existing and anticipated year 2000 pol- 
lutant loadings may be expected to  result in total phos 
phorus concentrations in Potter Lake which meet and, 
exceed the recommended level for recreational use and 
for the maintenance of a warmwater fishery, respectively. 



Table C-102 

WATER QUALITY MANAGEMENT MEASURES FOR PLEASANT LAKE I N  WALWORTH COUNTY 

tion of excessive macro- 
phyte and algae growth; 
improve recreational 

a The proper maintenance and replacement of  the remaining septic tank systems is recommended to help improve the water quality of  Pleasant Lake. However, because Septic tank Systems 
management is an existing function necessary for the preservation of public health and the maintenance of drinking water supplies, thiscost is not includedin the water quality management 
plan. The estimated expenditures for septic system management in the Pleasant Lake drainage basin include a capital cost over the period of  1975.2000 of  $198,000, an average annual Opera- 
tion andmaintenance cost of $2,100, anda total 50-yearpresent worth cost of $181,700. 

Cost estimated to harvest macrophytes from the 15 acres of Pleasant Lake subject to excessive macrophyte growth. 

Cost estimated to aerate the entire hypolimnion of the lake. 

The cost for nutrient inactivation is for treating the entire lake with alum. 

Cost estimated to dredge lake to an average depth of 15 feet. Existing average depth is 12.5 feet. 

The costs for dredging vary widely depending on such factors as lake sire and depth, type of bottom substrate, andamount of material to be dredged. 

Source: SEWRPC. 

Table C-103 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF POTTER LAKE 

I Characteristic I Description I 
Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

. . . . . . . . . . .  Maximum 
Mean . . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

162 acres 

380 acres 
2.2 miles 

26 feet 
8 feet 
1,296 acre-feet 

81 7 persons 

General Existing Water Quality 
Conditions: Occasional algae blooms; 

macrophyte growth; low 
oxygen concentrations in 
the hypolimnion 

a The population of the direct tributary watershed is estimated 
by assuming an average of  3.42 persons per dwelling unit as 
counted on I"= 400'scale aerial photos. 

Source: SEWRPC. 

Table G I 0 4  

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
POTTER LAKE: 1975 and 2000 

. . . . . .  Urban Land cover lacrerl 
Land under Development-Conrtrucfan 

Acfiwtles lacrerl . . . . .  
Onrlte Sewage Dlsporal Septic 

Tank systemsb . . . .  . . .  4 0  9 
Rural Land Caver lacrerl . . .  147 

. . . . . .  Livestock Operat~onr (animal unltrl 
Atmorpherlc Contribution lacrer of 

. . . . . . . . . . .  receiving surface water) 162 15.5 

Total 

a Arromes prov,smn of ranrfary rewe, service .s recommended in the pa,nf mume pollution abatement plan element; 
aswmesno nonpo,nt murce confml. 

b Includes oniy rhos systems on sorishawng evere or vwy severe limitations for disposai of septic rank effluent 

Source: SEWRPC 

- 

Source of Phorphorur 

Anticlp~ied 2000' Ex#rt#ng 1975 

Percent 
D#rrr#butlon 1 Number 

Total 
Loading 
(pounds 
peryear) 

Percent 
D#rfribur#on Number 

Total 
Loadrny 
[pounds 
peryearl 



Map C-35 

PLANNED LAND COVER DEVELOPMENT 
IN THE DIRECTTRIBUTARY DRAINAGE 

AREA OF POTTER LAKE: 2000 

Potter Lake has a direct tributary drainage area of about 380 acrer. None 
of the land In the drainage ores ir planned to be in rural land cover,wlth the 
entire drainage area expected to be in urban land cover. Over the planning 
ueriod an average of about eight acres may be expected to be converted 
annuslly to urban land cover. I t  i s  estimated that a 50 percent reduction 
in nonpoint source uollutant runoff will be required in the drainage ares 
to protect the Water quality of the lake. This can be achieved through 
minimum urban management practicer-including low-cart urban practices 
and conrtructlon erosion controlr. 

Source: SEWRPC, 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. 
An evaluation of these measures, applied in alternative 
combinations to reduce the nonpoint source pollution 
loading on the lake, was made and a set of recommended 
measures was identified. These measures are set forth in 
Table C105, along with the associated costs and antici- 
pated effectiveness. Measures to control phosphorus 
contribution include: the provision of sanitary sewer 
service, low-cost measures to reduce pollutant 
runoff from urban lands, and construction erosion 
control practices. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may provide a suitable bottom 
substrate and nutrient source for excessive macrophyte 
growth in some local areas and may release nutrients t o  
the water body. If this problem is confirmed through 
further local study, the application of lake restoration or 
rehabilitation procedures should be considered, in addi- 
tion to the abovementioned point and nonpoint source 
controls. Alternative restoration measures as set forth in 
Table 6 1 0 5  may include sediment covering, hypo- 
limnetic aeration, nutrient inactivation, or dredging. The 
feasibility of these measures would have to be assessed in 

a preliminary engineering study. Additional management 
measures, such as weed harvesting, may he used to 
control the macrophyte growth which may interfere with 
the recreational use of the lake. It should be emphasized, 
however, that the long-term maintenance of water quality 
in Potter Lake requires that the recommended level of 
pollutant input reductions be achieved. 

The application of the above listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Potter Lake would entail a total capital cost of about 
$369,600, and an average annual operation and mainte- 
nance cost of about $3,700. The total 50-year present 
worth cost of these nonpoint source control measures is 
$335,100 with an equivalent annual cost of $21,300. If, 
in addition, rehabilitation techniques are found neces- 
sary, the capital cost of these alternatives would range 
from $900 for nutrient inactivation t o  $1,829,100 for 
dredging. The total present worth costs of lake rehabilita- 
tion techniques would range from $700 for nutrient 
inactivation to $1,366,400 for dredging. 

Powers Lake 
Powers Lake is a 459-acre lake located in the Towns of 
Randall and Bloomfield in Kenosha and Walworth 
Counties, respectively. The lake drains to the East Branch 
of Nippersink Creek. Certain geomorphological charac- 
teristics of Powers Lake are set forth in Table C106, 
together with approximate 1975 population of the direct 
tributary watershed and a brief description of lake water 
quality conditions. Map C-36 presents a graphic summary 
of the proposed year 2000 land cover in the lake water- 
shed. As shown on Map C-36, none of the urban land in 
the tributary watershed area is proposed to be served by 
sanitary sewers by the year 2000. As of 1975, an esti- 
mated 596 privately owned onsite sewage disposal sys- 
t e rn s109  of which were located in areas covered by 
soils having severe or very severe limitations for the 
use of such systems-weer in operation in the lake 
watershed area. 

As indicated in Table C107, all sources combined con- 
tribute about 2,000 pounds of phosphorus annually t o  
Powers Lake. The major source of phosphorus in the 
lake watershed is runoff from livestock operations. Also, 
as indicated in Table G107, the existing land uses are 
not expected to change significantly under planned year 
2000 land cover conditions. Therefore, unless reduced by 
the implementation of nonpoint source control measures, 
phosphorus loadings from livestock operations may he 
expected to continue to be the primary sources of phos 
phorus to the lake under anticipated year 2000 condi- 
tions. The estimated total phosphorus concentration 
during spring overturn under existing and anticipated 
year 2000 conditions, as estimated from phosphorus 
loadings and lake and drainage basin characteristics, is 
0.05 milligram per liter (mgjl). The Commission recom- 
mends a level of 0.02 mg/l or less of total phosphorus 
for the prevention of excessive aquatic plant growth and 
the maintenance of a warmwater fishery and recreational 
use classification. Existing and anticipated year 2000 
pollutant loadings may be expected t o  result in total 



Table C-105 

WATER QUALITY MANAGEMENT MEASURES FOR POTTER LAKE IN WALWORTH COUNTY 

Management Measure 

Sanitary Sewer 
serviceb 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  ~ a k e ~  
(percent) 

Estimated Cost 
1980-2000 

I I I I I I 1 I I potential I 
Macrophyte I 14,0001 2,000 1 10,500 31.500 1 42.0001 700 1 2,000 1 2,700 1 Control excessive macrophyte I Minimal additional 

Total 
Capital 

- 

Construction Erosion 
Control PracticesC 

Low Cost Urban Land 
Management Practices 

Total 

I Harveninga I I I I I I I I growth; aesthetic enhance- reduction I ment; Improve recreational I 

Anticipated Effectiveness 

Protect public health and 
drinking water supplies; 
reduce nutrient concen- 

Economic Analysis 

Average Annual 
Operation and 
Maintenance 

- 

$ 369.600 

Minimal 

369,600 

Present Worth: 1975-2025 

I I I I I I I I 1 use potential I 

Equivalent Annual: 1975-2025 

Capital 

- 

$ 3,200 

500 

3,700 

Hypolimnetic 
 erat ti on^ 

Nutrient 
lnactivationf 

16,200 

a The cumulative percent reduction in phosphorus loadings is i n  addition t o  sanitary sewer service, as recommended i n  the po in t  source element for the Lower Fox River subregional area. 

Sanitary sewerwe system costs for treatment facilities and major trunk sewers are included under the po in t  source alternative plan elements for  the Lower Fox River subregionalarea. Local 
hook-up and operation and maintenance costs, which are n o t  primarily dependent on surface water quality, are not  presented above. The estimatedexpenditures for local hook-up and opera- 
t ion and maintenance i n  the Potter Lake drainage basin include a capital cost over the period o f  1975-2000 o f  $1,592,000, an average annual operation andmaintenance cost o f  $1 1,900, and 
a total b@yearpresenr worth cost of $1,080,200. 

Sediment 
coveringgVi 

IJredginghoi 

Cost estimated to control erosion from the estimated 8 acres o f  land estimated to be annually undergoing construction activity in the lake watershed. 

Cost estimated to harvest macrophytes from the laacres o f  Potter Lake subject to excessive macrophyte growth. 

Total 

- 

Operation and 
Maintenance 

- 

Capbtal 

- 

$ 277,400 

Minimal 

277,400 

700 
t o  

12,100 

Cost estimated to aerate the entire hypolimnion o f  the lake. 

Total 

- 

Operation and 
Maintenance 

- 

No additional 
reduction 

( ,800 

324,000 

1,829.100 

The lower cost for nutrient inactivation is for treating only the hypolimnetic area with alum; the higher cost is for treating the entire lake with aium. 

Cost estimated to cover the entire lake bottom with sand, clay. plastic, o r  other suitable material. 

$ 50,400 

7,300 

57,700 

- 

Cost estimated to dredge lake to an average depth o f  15 feet. Existing average depth is 8 feet. 

100 

- 

- 

The costs for sediment covering and dredging depend on such factors as lake size and depth, type o f  bottom substrate, andamount of material to be dredged o r  filled. 

Source: SEWRPC. 

700 
to  

12,100 

phosphorus concentrations in Powers Lake which exceed 
the recommended level for recreational use and for the 
maintenance of a warmwater fishery. 

$ 327,800 

7,300 

335,100 

1,300 

242,100 

1,366,900 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. 
An evaluation of these measures, applied in alternative 
combinations t o  reduce the nonpoint source pollution 
loading on the lake, was made and a set of recommended 
measures was identified. These measures are set forth in 
Table C108, along with the associated costs and antici- 
pated effectiveness. Measures to control livestock con- 
tributions appear to  be the most cost-effective way to  
substantially reduce phosphorus loadings to the lake. 
Other needed measures include: improved septic tank 
management, minimum measures to  reduce pollutant 

$ 3,200 

500 

3,700 

$ 17.600 

Minimal 

17,600 

<lo0 
to  

800 

runoff from rural lands through the implementation of 
basic soil conservation practices, and low-cost measures 
to reduce pollutant runoff from urban lands. 

1,600 

- 

- 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited on 
the lake bottom may provide a suitable bottom substrate 
and nutrient source for excessive macrophyte growth and 
release nutrients to  the water body. If this problem is 
confinned through further local study, the application of 
lake restoration or rehabilitation procedures should be 
considered, in addition to the above-mentioned nonpoint 
source controls. Alternative restoration measures as set 
forth in Table C-108 may include nutrient inactivation by 
the addition of alum and hypolimnetic aeration. The 
feasibility of these measures would have to  be assessed in 
a preliminary engineering study. It should be emphasized, 

$ 20,800 

500 

21,300 

- 

2,900 

242,100 

1,366,900 

trations 
Reduce nutrient concentra- 

tratfons; prevent the stimula- 
t ion o f  excessive macro- 
phyte and algae growth; 
improve recreational use 

< 100 
to  

800 

65 

100 

15,400 

86.700 

hypolimnion 1 
Accelerate lake improvement; 

prevent release of nutrients 
from sediment; remove 

100 

No additional 
reduction 

- 

- 

200 

15.400 

86,700 

Prevent anaerobic conditions 
(lack of oxygen) in the 

nutrients from water body 
Accelerate lake improvement; 

prevent release of  nutrients 
from sediment; reduce 
suitable plant substrate 

Deepen lake; reduce macro- 
phyte growth 

No additional 
reduction 

No additional 
reduction 



Table C-106 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF POWERS LAKE 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.31 persons per dwelling unit as 
counted on I"= 4W'scale aerial photos. 

Source; SEWRK. 

Characteristic 

. . . . . . . . . . . .  Surface Area 
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

. . . . .  Tributary watersheda 

General Existing Water Qualiq 
Conditions: 

Table C-107 

Description 

459 acres 

2,426 acres 
5.3 miles 

33 feet 
16.2 feet 
7,453 acre-feet 

1,973 persons 

Occasional algae blooms in 
bays; moderate nutrient 
concentrations; portions of 
hypolimnion void of dis- 
solved oxygen a t  times 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
POWERS LAKE: 1975 and 2000 

Map C-36 

PLANNED LAND COVER DEVELOPMENT 
IN  THE DIRECT TRIBUTARY DRAINAGE 

AREA OF POWERS LAKE: 2000 

LEGEND 

A ,  nussaslN eouNDaar nNo oss8awr8orr - OIeECT TRlSYTARI DRAINAOE &REP. 

+ PolNT OF SU88Al lN  DISCHAROE 

UNSEWEREY URBAN OEVELOPNENT 2- 

"-e",c SC#LC 0 """a' 'A"" "0"'" 

POWB~S Lake hasa direct tributary drainme area of about 2,426acmn. About 
1,933 acres, or 80 Psrsent of the drainage araa, are planned to be in rural 
land cover, and 493 acres. or 20 percent, to be in urban land cover. Over the 
olanning pr iad  none of the direct tributary watershed arm is expened to 
be converted to urban land cwer. It is estimated that a 60 persent ieductian 

in nanpoint source pollutant runoff will be required in the drainwe area 
to promct the water quality of the lake. This can be achieved through 
a combination of minimum rural land management practicer-indudino 
erpasialiy the proper management of livestock wanes--and minimum urban 
management practises-including proper -tic tank svatem managsmnf 
baaed an a rite-bv.rite inspection and maintenance prmram. 

Source: SEWRPC. 



Table C-108 

WATER QUALITY MANAGEMENT MEASURES FOR POWERS LAKE, KENOSHA AND WALWORTH COUNTIES 

a The proper maintenance and replacement o f  the remaining septic tank systems is recommended to help improve the water quality o f  Powers Lake. However, because septic tank systems manage- 
ment is an existing function necessary for  the preservation o f  public health and the maintenance o f  drinking water supplies, this cost is no t  included in the water quality management plan. The 
estimated expenditures for septic system management i n  the Powers Lake drainage basin include a capital cost over the period o f  1975-2000 of  $490,500, an average annual operation and 
maintenance cost o f  $79,000, and a total 50year present worth cost o f  $913,400. 

Cost estimated to aerate the entire hypolimnion o f  the lake. 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  Lake 
(percent) 

75 

No additional 
reduction 

No additional 
reduction 

Management Measure 

Septic Tank System 

Managements 
Livestock Waste 

Control 
Minimum Rural Con- 

servation Practices 
Low Con Urban Land 

Management Practices 
Total 

Hypolimnetic 
 erat ti on^ 

Nutrient 
InactivationC 

The cost for nutrient inactivation is for treating only the hypolimnetic area with alum. 

Source: SEWRPC. 

however, that the long-term maintenance of water quality Table C-109 
in Powers Lake requires that the recommended level of 
nutrient input reductions be achieved. GEOMORPHOLOGICAL AND WATER QUALITY 

CHARACTERISTICS OF SAYLESVILLE MILLPOND 
The application of the above listed nonpoint source 
pollution control measures to  control the nutrient inputs 
to Powers Lake would entail a total capital cost of about 
$16,100, and an average annual operation and mainte- 
nance cost of about $5,500. The total 50-year present 
worth cost of these nonpoint source control measures, 
useful in comparing the long-term costs of alternative 
control measures, is $81,000, with an equivalent annual 
cost of $5,200. If, in addition, rehabilitation techniques 
are found necessary, the capital cost of these alternatives 
would range from $19,300 for nutrient inactivation to 
$38,600 for hypolimnetic aeration. The total present 
worth costs of lake rehabilitation techniques would 
range from $14,400 for nutrient inactivation to  $44,600 

Anticipated Effectiveness 

Reduce nutrient concentra- 
tions: prevent the stimula- 
t ion of excessive macro- 
phyte and algae growth; 
improve recreational use 
potential 

Prevent anaerobic conditions 
(lack of oxygen) in the 
hypolimnion 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; remove 
nutrients from water body 

for hypolimnetic aeration. 

Estimated Cost 

Saylesville Millpond 
The Saylesviile Millpond is a 66-acre lake located in the 

Total 
Capital 

- 

$ 15,700 

400 

Minimal 

16,100 
38,600 

19,300 
to 

45,900 

Town of Genesee in Waukesha County. The pond is 
formed by a dam on Genesee Creek tributary to the Fox 
River. Certain geomorphological characteristics of the 
lake are set forth in Table C-109, together with the 
approximate 1975 population of the direct tributary 
watershed and a brief description of lake water quality 
conditions. Map (2-37 presents a graphic summary of the 
proposed year 2000 land cover in the lake watershed. As 
shown on Map C-37, a portion of the urban land in the a The population of the direct tributary watershed is estimated 

tributary watershed area is proposed to be served by by assuming an average of 3.62 persons per dwelling unit as 

sanitary sewers by the year 2000. As of 1975, an esti- counted on I " =  400'scale aerial photos. 

mated 324 privately owned onsite sewage disposal Source: SEWRPC. 

1980-2000 -- 
Average Annual 
Operation and 
Maintenance 

- 

$ 1,300 

3,400 

800 

5.500 
1,000 

- 

Economic 

Present Worth: 1975-2025 

Analysis 

Equivalent Annual: 1975-2025 

Capital 

- 

$ 11,700 

300 

' Minimal 

12,000 
28,800 

14,400 
to  

34,300 

Capital 

- 

$ 700 

< 100 

Minimal 

800 

1,800 

900 
to  

2,200 

Characteristic 

Surface Area . . . . . . . . . . . . 
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . . 
Shoreline . . . . . . . . . . . . . . 
D e p t h  

Maximum . . . . . . . . . . . 
Mean . . . . . . . . . . . . . . . 

Volume . . . . . . . . . . . . . . . 
1975 Population of Direct 

Tributary watersheda . . . . . 

General Existing Water Quality 
Conditions: 

Operation and 
Maintenance 

- 

------ 
$ 15,700 

41,300 

12,000 

69,000 
15,800 

- 

Description 

66 acres 

8,848 acres 
2.20 miles 

4.0 feet 
1.4 feet 
92.4 acre-feet 

1 , I  73 persons 

Little water quality data is 
available for the millpond, 
although macrophyte 
growth has been docu- 
mented in the upper 
reaches of the pond. High 
levels of turbidity probably 
occur in the millpond 

Operation and 
Maintenance 

- 

$ 1,000 

2,600 

800 

4,400 
1,000 

- 

Total 

- 

$ 27,400 

41,600 

12,000 

81,000 
44,600 

14,400 
to  

34,300 

Total 

- 

- 
$ 1.700 

2,700 

800 

5,200 
2,800 

900 
to  

2,200 



Map C-37 

PLANNED LAND COVER DEVELOPMENT I N  THE DIRECT TRIBUTARY DRAINAGE AREA OF SAYLESVILLE MILLPOND: 2000 

LEGEND 
-7 SUBBASIN WNDARY 

AND DESIGNATION - DIRECT TRIBUTARY 
DRAINAGE AREA 

+ POINT OF SUBBASIN 
DISCHARGE 

SEWERED URBAN 
DEVELOPMENT 2000 

LiNSEWERED URBAN 
DEVELOPMENT 2000 

0 RURAL LAND COVER 

Saylesville Millpond has a direct tributary drainage area of about 8,848 acres. About 7,713 acres, or 87 percent of the drainage area, are planned to be in rural land 
cover, and 1,135 acres, or 13 percent, to be in urban land cover. Over the planning period none of the direct tributary watershed area is expected to be converted to 
urban land cover. It is estimated that a 95 percent reduction in nonpoint source pollutant runoff will be required in the drainage area to protect the water quality 
of the lake. This can be achieved through a combination of minimum and additional rural land management practices-including especially the proper management 
of livestock wastes-and minimum urban management practices-including proper septic tank system management based on a site-bysite inspection and mainte- 
nance program. 

Source: SEWRPC. 

systems114 of which were located in areas covered by in the lake watershed is livestock operations. An addi- 
soils having severe or very severe limitations for the use tional 2,900 pounds of phosphorus is annually contri- 
of such systemswere in operation in the lake buted through discharges from Genesee Creek. Urban 
watershed area. land uses in the watershed are expected to increase 

slightly under planned year 2000 land cover conditions. 
As indicated in Table G110, all direct sources combined The annual phosphorus load from Genesee Creek is 
contribute about 22,200 pounds of phosphorus annually expected to be reduced through basic nonpoint source 
to Saylesville Millpond. The major source of phosphorus controls to about 1,000 pounds by the year 2000. The 



Table C l l O  

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
SAYLESVILLE MILLPOND: 1975 and 2000 

Urban Land Cover lacrosl . . . . . 
Land under Development-Conrtructlon 

Act#v#t#er laererl . . . . . . . . . . . . 
Onrite Sewage D~rparal Septic 

 ant systemsb 

Atmosphenc Contr~but8on (acres of 
receiving surface water) . . . . . . . . 

Tots1 

estimated total phosphorus concentrations during spring 
under existing and anticipated year 2000 conditions, as 
estimated from phosphorus loadings and lake and 
drainage basin characteristics, are 0.75 milligram per liter 
(mg/l) and 0.71 mg/l, respectively. The Commission 
recommends a level of 0.02 mg/l or less of total phos- 
phorus for the prevention of excessive aquatic macro- 
phyte growth and maintenance of a warmwater fishery 
and recreational use classification. Existing and antici- 
pated year 2000 pollutant loadings may be expected to 
result in total phosphorus concentrations in the Sayles- 
ville Millpond which exceed the recommended level for 
recreational use and for the maintenance of a warm- 
water fishery. 

S~urceofPhorohoru$ 

a Assumes pmvis~on of sanitary sewer swim as re.zommended in the po,nf rource ~oNurion abafemenf pian elemmc The measures available for controlling nonpoint source 
assumes no nomalnf murce confml 

Includes on/y rho= systems on roils h a w g  revere or very eve,e lmitaoonr for diwosrl o f  S~PC;C rank effluent pollution, along with attendant costs, are discussed in the 
Does nor rnclude rhe 7975 errrmared phowho,us load of 2,900 poundsper yearor the yeer 2000 ant~cipatedphowhorur 
load of 7.000poond9per year canfihufed by rhe upstream portion of Genesee Cree* 

introductory sections of Chapter IV of this volume. An 
SOU,C~ S ~ W R P C  evaluation of these measures, applied in alternative com- 

Antierpated 2000" 

binations to reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended 
measures was identified. These measures are set forth in 
Table C-111, along with the associated costs and antici- 
pated effectiveness. Measures to control livestock con- 
tributions appear to be the most cost-effective way to 
substantially reduce phosphorus loadings to the lake. 
Other needed measures include: improved septic tank 
management, construction erosion control practices, 

Number 

Extllng 1975 

Table C-1 I I 

Number 

WATER QUALITY MANAGEMENT MEASURES FOR SAYLESVILLE MILLPOND IN WAUKESHA COUNTY 

Total 
Load,% 
(pounds 
per year) 

Percent 
Dlctrlbution 

Total 
Loading 

(pounds 
per year1 

a The Pmper maintenance and replacement o f  the remaining septic tank systems is recommended to help improve the water quality o f  the Saylesville Mil lpond However, because septic tank 
Systems management is an existing function necessary for the preservation o f  public health and the maintenance o f  drirking water supplies, this cost is nor included i n  the water quality man- 
agement plan. The estimated expenditures for septic system management i n  the Saylesville Mil lpond drainage basin include a capital cost over the period o f  1975-2000 o f  $451,000, an average 
annual operation arndmaintenance cost o f  $10,700, anda total 50-yearpresent worth cost o f  $617,000. 

Rural land management practice necessary to achieve a 50percent reduction i n  rural nonpoint source pol lutant loads. 

Cost estimated to harvest mscrophytes from the 70x res  o f  Saylesville Mil lpond subject t o  excessive macrophyte growth. 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, o r  other suitable material. 

Cost estimated to dredge lake to an average depth o f  75 feet. Existing average depth is 14 feet. 

The costs o f  sediment covering and dredging vary widely depending on such factors as lake size and depth, type o f  bottom substrate, and amount o f  material required to be dredged o r  filled. 

Source: SEWRPC. 

Percent 
Drrfr8bution 

Anticipated Effectiveness 

Reduce nutrient concentra- 
tions; prevent the stimula- 
t ion of excessive macro- 
phyte and algae growth; 
improve recreational use 
potential 

Control excessive macrophyte 
growth; aesthetic enhance- 
ment; improve recreational 
use potential 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; reduce 
suitable plant substrate 

Deepen lake; reduce macro- 
phyte growth 

Management Measure 

Septic Tank System 
Managementa 

Livestock Waste 
Control 

Rural Conservation 
practicesb 

Construction Erosion 
Control Practices 

Low Cost Urban Land 
Management Practices 

Total 
Macrophvte 

~arvesting' 

Sediment 
covzringdnf 

CIredgingeSf 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  take 
(percent) 

95 

Minimal additional 
reduction 

No additional 
reduction 

No additional 
reduction 

Estimated Cost 
Economic 

Total 
Capital 

- 

$ 274,200 

78.700 

814,000 

- 

1.1 66,900 
9,300 

132,000 

1,447,800 

Analysis 

Present 

Capital 

- 

$ 205,100 

58,M)O 

61 1.000 

- 

874,700 
7,000 

98,600 

1,081,200 

1980-2000 

Average Annual 
Operation and 
Maintenance 

- 

5 23,300 

27,OM) 

7,400 

1800 

59.500 
1,300 

- 

- 

Equivalent 

Capital 

- 

5 13,000 

3.700 

38,800 

- 

55,500 
400 

6,300 

68,600 

Worth: 1975-2025 

Operation and 
Maintenance 

- 

$ 275,100 

329,400 

116,600 

27,700 

748,800 
20,500 

- 

- 

Annual: 

Operation and 
Maintenance 

- 

$ 17,400 

20,800 

7.400 

1,700 

46,400 
1.300 

- 

- 

Total 

- 

$ 480,200 

388,000 

727,600 

27,700 

1,623.500 
27,500 

98,600 

1,081,200 

1975-2025 

Total 

- 

$ 30.400 

24,500 

46,200 

1.700 

101,900 
1,700 

6,300 

68,600 



measures t o  reduce pollutant runoff from rural lands by 
50 percent, and low-cost measures t o  reduce pollutant 
runoff from urban lands. 

If nutrient loadings to  the lake are reduced by the actions 
noted above, the sediments which have been deposited on 
the lake bottom may provide a suitable bottom substrate 
and nutrient source for excessive macrophyte growth in 
some local areas and may release nutrients to the water 
body. If this problem is confirmed through further local 
study, the application of lake restoration or rehabilitation 
procedures should be considered, in addition to the 
abovementioned point and nonpoint source controls. 
Alternative restoration measures as set forth in Table 
C-111 may include sediment covering and dredging. The 
feasibility of these measures would have to be assessed 
in a preliminary engineering study. Additional manage- 
ment measures, such as weed harvesting, may be used to  
control the macrophyte growth which may interfere with 
the recreational use of the lake. It should be emphasized, 
however, that the long-term maintenance of water 
quality in Saylesville Millpond requires that the recom- 
mended level of nutrient input reductions be achieved. 

The application of the above listed nonpoint source 
pollution control management measures to  control the 
nutrient inputs to  Saylesville Millpond would entail 
a total capital cost of about $1,166,900, and an average 
annual o~eration and maintenance cost of about $59.500. 
The tot; 50-year present worth cost of these ionpoint 
source control measures is $1,623,500, with an equiva- 
lent annual cost of $101,900. If, in addition, rehabilita- 
tion techniques are found necessary, the capital cost of 
these alternatives would range from $132,000 for sedi- 
ment covering to  $1,447,800 for dredging. The total 
present worth costs of lake rehabilitation techniques 
would range from $98,600 for sediment covering to 
$1,081,200 for dredging. 

Silver Lake 
Silver Lake is a 464-acre lake located in the Town of 
Salem in Kenosha County. The lake drains to  the Fox 
River. Certain geomorphological characteristics of Silver 
Lake are set forth in Table G112, together with the 
approximate 1975 population of the direct tributary 
watershed and a brief description of lake water quality 
conditions. Map G38 presents a graphic summary of the 
proposed year 2000 land cover in the lake watershed. 
As shown on Map C-38 all significant urban land areas in 
the tributary watershed area are proposed to be served by 
sanitary sewers by the year 2000. As of 1975, an esti- 
mated 249 privately owned onsite sewage disposal 
systems64 of which were located in areas covered by 
soils having severe or very severe limitations for the 
use of such systemswere in operation in the lake 
watershed area. 

As indicated in Table (2-113, all sources combined con- 
tribute about 2,300 pounds of phosphorus annually t o  
Silver Lake. The major sources of phosphorus in the 
lake watershed are livestock operations and runoff from 
construction sites. Also as indicated in Table C-113, the 

existing urban land uses are expected to  increase by 
about 12 percent under planned year 2000 land cover 
conditions. Unless reduced by the implementation of 
control measures, phosphorus loadings from livestock 
operations and construction activities may be expected 
to  continue to be the primary sources of phosphorus to 
the lake under anticipated year 2000 conditions. The 
estimated total phosphorus concentration during spring 
overturn under existing and anticipated year 2000 con- 
ditions, as estimated from phosphorus loadings and lake 

Table C-112 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF SILVER LAKE, KENOSHA COUNTY 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.31 persons per dwelling unit as 
counted on I"= 400'scale aerial photos. 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean . . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

Table GI  13 

Description 

464 acres 

3,191 acres 
4.10 miles 

44 feet 
10 feet 
4,819 acre-feet 

1,238 persons 

Occasional algae blooms; 
excessive macrophyte 
growth 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
SILVER LAKE, KENOSHA COUNTY 

Urban Land Cover (acres). 

Activities lacrerl . . . . .  

. . . . . . . . . . . . . .  
Rural Land Cover lacred . . . . . .  
Livertack Operations [animal vnifrl . 
Atmo~pheric Contr#but#on lscrer of 

* Assumes pmvirion of ranitaw sewer service ar recommended in rhe point source pollution abatement plan eiemmt- 
a w m f f  no nonpoinf roune mnfml. 

includes only thore s y m s  on roils having s e e  or very seven llmltafiom for dipoasl of rsptlc rank efflunt. 

Soune: SEWRPC. 

Existing 1975 Antlc~pared 2000a 

Loading 
[pounds Percent lpovnds Percent 

Source of Phosphorus Number per year1 Dirtr~bution Number per year) Drsfribution 



Map C-38 

PLANNEDLANDCOVERDEVELOPMENT 
IN THE DIRECT TRIBUTARY DRAINAGE AREA 

OF SILVER LAKE, KENOSHA COUNTY: 2000 

LEGEND ... " WATERIHW B W N M R "  

ir.19 fYBBU1N BOUND-" AND O L I l O N A i l O N  - DIRECT T R I B Y I A W  ORAlKAGE ARE* 

-+ POlNI OF 5VBaASIN DISCHM.3E 

SRVERED "PIBAN OWELOPWENT ? O W  

Silver Lake ha$ s direst tributacq drsinsgs area of about 3.191 acres. About 
2,663 acrer, or 83 percent of the drainme area. are planned to bs in rural 
land cover. and 528 sersa, or 16 percent. to be in u r b n  land cover. Over the 
planning period an average of about 10 acres may be expected to be 
converted annually to urban land cover. I t  is  estimated that a 60 percent 
reduction in nonpoint pourse pollutant runoff will be required in the 
drainage area to protect the water quaiin of the lake. This can beachieved 
through a combination of minimum lurai land management pracfice~- 
including sspeciaily the prooer management d livertock water--and 
minimum urban management practicer-including law.cost urban prsetieer, 
Construction erosion c0ntro1s, and propdr septic tank system management 
based on a sits.by-site inspenion and rnaintenanse program. 

Source: SEWRPC. 

and drainage basin characteristics, is 0.05 milligram per 
liter (mgll). The Commission recommends a level of 0.02 
mgfl or  less of total phosphorus for the prevention of 
excessive aquatic plant growth and the maintenance of 
a warmwater fishery and recreational use classification. 
Existing and anticipated year 2000 pollutant loadings 
may be expected t o  result in total phosphorus concen- 
trations in Silver Lake which exceed the recommended 
level for recreational use and for the maintenance of 
a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, &e discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to reduce the nonpoiiisource pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in Table 
C-114, along with the associated costs and anticipated 
effectiveness. Measures to control livestock contributions 
appear to be the most cost-effective way to substantially 
reduce phosphorus loadings to the lake. Other needed 
measures include: the extension of sanitary sewer service, 
improved septic tank management, minimum measures to 
reduce pollutant runoff from rural lands through the 
implementation of basic soil conservation practices, 
low-cost measures to reduce pollutant runoff from urban 
lands, and construction erosion control practices. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited on 
the lake bottom may continue to provide a suitable 
bottom substrate and nutrient source for macrophyte 
growth and may release nutrients to the water body, 
resulting in continued poor water quality. If this problem 
is confinned through further local study, the application 
of lake restoration or rehabilitation procedures should 
be considered, in addition to the above-mentioned 
nonpoint source controls. Alternative restoration mea- 
sures as set forth in Table C-114 may include dredging, 
hypolimnetic aeration, sediment covering, and nutrient 
inactivation. The feasibility of these measures would have 
to be assessed in a preliminary engineering study. Addi- 
tional management measures, such as weed harvesting, 
may be used to control the macrophyte growth which 
may interfere with the recreational use of the lake. I t  
should be emphasized, however, that the long-tenn main- 
tenance of water quality in Silver Lake requires that 
the recommended level of nutrient input reductions 
be achieved. 

The application of the above listed nonpoint source 
~ollution control measures to control the nutrient i n ~ u t s  

Silver Lake would entail a total capital cost of about 
$451,200, and an average annual operation and main- 
tenance cost of about $10,300. The total 50-year present 
worth cost of these nonpoint source control measures, 
useful in comparing the long-term costs of alternative 
control measures, is $479,400, with an equivalent annual 
cost of $30,500. If, in addition, rehabilitation techniques 
are found necessary, the capital cost of these alternatives 
would range from $7,900 for nutrient inactivation to 



Table C-114 

WATER QUALITY MANAGEMENT MEASURES FOR SILVER LAKE IN KENOSHA COUNTY 

Management Measure 

Sanitary Sewer 
serviceb 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Estimated Cost 
1980-2000 

] 
Total 

Capital 
Operat~on and 
Majntenance L 

Economic Analysis 

1 operation a m  1 
Capital Maintenance Total 

Present Wor th :  1975-2025 

Operation and 

Equivalent Annual: 1975-2025 

Load t o  ~a kea 
Anticipated Effectiveness (percent) 

drinking water supplies: 
reduce nutrient concen- 

Septic Tank System 
Management 

Livestock Waste 
Control 

Minimum Rural Con- 
servation Practices 

Construction Erosion 
Control practlcesd 

Low Cost Urban Land 

Minimal additional 
reduction 

Management Practices 
Total 

Macrophyte 
~ a r v e s t i n ~ ~  

- 

$ 11,700 

600 

438,900 

- 

451,200 
55,900 

Hypolimnetic 
 erat ti on^ 

- 

$ 1,000 

4,800 

3,800 

700 

Sediment 
coveringh*; 

a The cumulative percent reduction in  phosphorus loadings is in addition t o  sanitary sewer service, as recommendedin the point source element fo r  the Lower Fox River subregional area. 

10,300 
7,800 

15,800 

I3redgingi,j 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the po in t  source alternative plan elements for the Lower Fox River subregional area. The 
estimated expenditures for local h o o k u p  and operation and maintenance in the Silver Lake drainage basin include a capital cost over the period o f  1975-2000 of $252,000, an average annual 
operation andmaintenance cost o f  $5,600, and a total 50-yearpresent worth cost o f  $230,100. 

- 

$ 8,800 

400 

329,400 

- 

5 ,900 

34,700 

928,000 

The proper maintenance and replacement o f  the remaining septic tank systems is recommended to  help improve the water quality o f  Silver Lake. However, because septic tank systems manage- 
ment is an existing function necessary for the preservation o f  public health and the maintenance o f  drinking water supplies, this cost is not included in  the water quality management Plan. 
The estimated expenditures for septic system management in  the Silver Lake drainage basin include a capital cost over the period o f  1975-2000 of  $90,000, an average annual operation and 
maintenance cost o f  $1,500, anda total 50-year present worth cost o f  $100,400. 

Cost estimated to  control erosion from the estimated 9.5acres o f  landestimated to  be annually undergoing construction activity in  the lakc watershed. 

338,600 
41,803 

400 

1,076,500 

Cost estimated t o  harvest macrophytes from the 60 acres o f  Silver Lake subject to  excessive macrophyte growth 

- 

$ 11,700 

58,200 

59,900 

11,000 

5,900 
t o  

34,700 

- 

Cost estimated to  aerate the entire hypolimnion o f  the lake. 

The lower cost for nutrient inactivation is for treating only the hypolimnetic area wi th  alum; the higher cost is for treating the entire lake with alum 

140800 
12,300 

1 1,800 

- 

Cost estimated to  cover the entire lake bottom wi th  sand, clay, plastic, o r  other suitable material. 

- 

$ 20,500 

58,600 

389,300 

1 1  ,Ow 

400 
t o  

2,200 

693,500 

Cost estimated to  dredge lake to  an average depth o f  15 feet. Existing average depth is 10 feet. 

The costs for sediment covering and dredging vary widely depending on such factors as lake sire and depth, type o f  bottom substrate, and amount o f  material to  be filled or dredged. 

Source: SEWRPC. 

479,400 
54,100 

6,300 

804,500 

$1,076,500 for dredging. The total present worth costs 

- 

$ 600 

<lo0 

20,900 

- 

- 

- 

of lake rehabilitation techniques would range from 
$5,900 for nutrient inactivation $804,500 for dredging. 

21,800 
2,700 

18,100 

- 

Silver Lake 
Silver Lake is an 84-acre lake located in the Town of 
Sugar Creek in Walworth County. The lake is a shallow, 
internally drained depression. Certain geomorphological 
characteristics of Silver Lake are set forth in Table 
G115, together with the approximate 197 5 population 
of the direct tributary watershed and a brief description 
of lake water quality conditions. Map C-39 presents 
a graphic summary of the proposed year 2000 land cover 
in the lake watershed. As shown on Map C-39, none of 

- 

$ 700 

3,700 

3,800 

700 

growth; aesthetic enhance- 
ment; Improve recreational 

400 
t o  

2,200 

693,500 

the existing urban land in the tributary watershed area is 
proposed to be served by sanitary sewers by the year 
2000. As of 1975, an estimated 79 privately owned 
onsite sewage disposal systems-10 of which were located 
in areas covered by soils having severe or very severe 
limitations for the use of such systems-were in operation 
in the lake watershed area. 

700 

804,500 

As indicated in Table C-116, all sources combined con- 
tribute about 120 pounds of phosphorus annually to 
Silver Lake. The major source of phosphorus in the lake 
watershed is direct atmospheric deposition on the lake 
surface. Also, as indicated in Table C-116, land uses and 
phosphorus loads in the watershed are not expected to  

1 
- 

$ 1,300 

Accelerate lake improvement: 
prevent release of nutr~ents 
f rom sediment; remove 

44,000 

trations 
Reduce nutrient concentra- 

trions; prevent the stimula- 
t ion  of excessive macro- 
phyte and algae growth: 

400 

No additional 
reduction 

51,000 

~mprove recreational use 
3'800 1 potential 
24,700 

700 

- 

1,100 

- 

44,000 

use potential 
Prevent anaerobic conditions 

(lack of oxygen) in the 
hypolimnion 

51,000 

No additional 
reduction 

nutrients f rom water body 
Accelerate lake improvement: 

prevent release of nutrients 
f rom sediment; reduce 

No additional 
reduction 

suitable plant substrate 
Deepen lake; reduce macro- 

phyte growth 

No additional 
reduction 



Table C-115 Table GI 16 

GEOMORPHOLOGICAL A N D  WATER QUALITY 
CHARACTERISTICS O F  SILVER LAYE, WALWORTH COUNTY 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.23 persons per dwelling unit as 
counted on I"=  400'scale aerial photos. 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean . . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population o f  Direct 

Tributary Watersheda . . . . .  

General Existing Water Quality 
Conditions: 

Map C-39 

Description 

84 acres 

270 acres 
1.5 miles 

3.0 feet 
2.8 feet 
21 1 acre-feet 

255 persons 

Occasional algae blooms; 
locally excessive macro- 
phyte growth; frequent 
fish winterkill; f lucfuat~ng 
water surface elevation 
affects water use 

PLANNEDLANDCOVERDEVELOPMENTINTHE 
DIRECT TRIBUTARY DRAINAGE AREA OF 
SILVER LAKE, WALWORTH COUNTY: 2000 

\ h /  LEGEND 
5YBailslN B U U N M O "  
AND DESIGNATION 

0,RSCT ?R,e"ran" 
DRAINAOE AREA 

"NEEWERED 
DEVELOPMENT 2000 

RURAL LAND COVER 

SILVER LAKE 18 AN 
INTERNALLY DEAlNED 
LAKE AND HA3 NO 
OUTLET 

Silver Lake ha$ a direct tributary drainage area of about 270 sere*. About 
162 acres, or 60 percent of the drainage area. are planned to be in rural land 
mwr, and 108 acres, or 40 wrcent. to be in urban lend cover. Over the 
planning period none of the direct tributary watershed area i s  expected to be 
mnvened to urban land saver. It i s  estimated that no reduction in nonpoint 
~ U ~ C B  pollutant runoff will be required in the drainage area to protect the 
wter  quality of the lake. To provide minimum water quality control, 
a combination of minimum rural land management practices-including 
BIPeCially the proper management of agricultural cropping practices-and 
minimum urban management praeticsr-including proper mptic tank oyrtem 
managemen? bared on a rite-bysite inspection and maintenence progrsm- 
should be implemented in the lake drainage area. 

Sourre: SEWRPC. 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
SILVER LAKE, WALWORTH COUNTY: 1975 and 2000 

change significantly under planned year 2000 land cover 
conditions. Estimated total phosphorus concentration 
during spring overturn under existing and anticipated 
year 2000 conditions, as estimated from phosphorus 
loadings and lake and drainage basin characteristics, is 
0.02 milligram per liter (mgil). The Commission recom- 
mends a level of 0.02 mg/l or  less of total phosphorus for 
the prevention of excessive aquatic plant growth and the 
maintenance of a warmwater fishery and recreational 
use classification. Existing and anticipated year 2000 
pollutant loadings may be expected to result in total 
phosphorus concentrations in Silver Lake which meet 
the recommended level for recreational use and for the 
maintenance of a warmwater fishery. The implementa- 
tion of minimum nonpoint source control measures are 
recommended,  however,  to maintain recreational 
use potential and encourage a more diversified 
aquatic community. 

The measures available for controKing nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative 
combinations to reduce the nonpoint source pollution 
loading on the lake, was made and a set of recommended 
measures was identified. These measures are set forth 
in Table C-117, along with the associated costs and antici- 
pated effectiveness. Other needed measures include: 
improved septic tank management, minimum measures to 
reduce pollutant runoff from rural lands through the 
implementation of basic soil conservation practices, and 
low-cost measures to reduce pollutant runoff from 
urban lands. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited on 
the lake bottom may provide a suitable bottom substrate 
and nutrient source for excessive macrophyte growth. 
The application of lake restoration or rehabilitation tech- 
niques such as sediment covering, aeration, or dredging 
would enhance the lakes recreational use and fishery. 
However, the feasibility of these measures would have 
to be assessed in a preliminary engineering study. It 
should be emphasized, however, that the long-term 



Table C-117 

WATER QUALITY MANAGEMENT MEASURES FOR SILVER LAKE IN WALWORTH COUNTY 

a The proper maintenance and replacement o f  the remaining septic tank systems is recommended to help improve the water quality o f  Silver Lake.. However, because septic tank systems manage- 
ment is an existing function necessary for the preservation o f  publ ic health and the maintenance o f  drinking water supplies, this cost is not  included i n  the water quality management plan. 
The estimated expenditures for septic system management i n  the Silver Lake drainage basin include a capital cost over the period o f  1975-2000of $45,000, an average annual operation and 
maintenance cost o f  $2,500, anda total 50-yearpresent worth cost o f  $108,100. 

Cost estimated to aerate 20  acres o f  the lake. 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, o r  other suitable material. 

Cost estimated to dredge lake to an average depth o f  15 feet. Existing average depth is 2.8 feet. 

The costs for sediment covering anddredging vary widely depending on such factors as lake size and depth, type o f  bottom substrate, and amount o f  material to be dredged o r  filled. 

Source: SEWRPC. 

maintenance of water quality in Silver Lake requires that 
the recommended level of nutrient input reductions 
be achieved. 

Management Measure 

Septic Tank System 
~ a n a g e m e n t ~  

Minimum Rural Con- 
servation Practices 

Low Cost Urban Land 
Management Practices 

Total 
 erat ti on^ 

Sediment 
coveringC? 

13redgingdse 

The application of the above listed nonpoint pollution 
control measures to control the nutrient inputs would 
entail a total capital cost of about $100, and an average 
annual operation and maintenance cost of about $800. 
The total 50-year present worth cost of these nonpoint 
source control measures is $9,600, with an equivalent 
annual cost of $600. If, in addition, rehabilitation tech- 
niques are fond necessary, the capital cost of these alter- 
natives would range from $4,000 for aeration to  
$1,653,000 for dredging. The total present worth costs 
of the lake rehabilitation techniques would range from 
$4,600 for aeration to $1,235,300 for dredging. 

Anticipated Effectiveness 

Reduce nutrient concentra- 
tions; prevent the stimula- 
t ion of excessive macro- 
phyte and algae growth; 
improve recreational use 
potential 

Prevent anaerobic conditions 
(lack of oxygen) in the 
hypolimnion 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; reduce 
suitable plant substrate 

Deepen lake; reduce macro- 
phyte growth 

Spring Lake 
Spring Lake is a 105-acre lake located in the Town of 

Cumulative 
Reduction i n  

External Annual 
Phosphorus 

Load t o  Lake 
(percent) 

30 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 

Mukwonago in Waukesha County. The lake drains to  
Genesee Creek. Certain geomorphological characteristics 
of Spring Lake are set forth in Table C-118, together 
with the approximate 1975 population of the direct 
tributary watershed and a brief description of lake water 
quality conditions. Map C-40 presents a graphic summary 
of the proposed year 2000 land cover in the lake water- 

Estimated Cost 
1980-2000 

shed. As shown on Map (3-40, a portion of the urban 
land in the tributary watershed area is proposed to be 
served by sanitary sewers by the year 2000. As of 1975, 
an estimated 119 privately owned onsite sewage disposal 
systems-21 of which were located in areas covered by 
soils having severe or very severe limitations for the 
use of such systems-were in operation in the lake 
watershed area. 

Total 
Capital 

- 

$ <I00 

- 

100 
4.000 

1 68.000 

1,653,000 

As indicated in Table C-119, all sources combined con- 
tribute about 2,900 pounds of phosphorus annually to  
Spring Lake. The major source of phosphorus in the 
lake watershed is livestock operations. Also as indicated 
in Table C-119, urban land uses and phosphorus loads in 
the watershed are expected to  increase slightly under 
planned year 2000 land cover conditions. The estimated 
total phosphorus concentration during spring overturn 
under existing and anticipated year 2000 conditions, as 
estimated from phosphorus loadings and lake and 
drainage basin characteristics, is 0.05 milligram per liter 
(mgll) and .06 mgll, respectively. The Commission recom- 
mends a level of 0.02 mg/l or less of total phosphorus 
for the prevention of excessive aquatic plant growth and 
the maintenance of a warmwater fishery and recreational 
use classification. Existing and anticipated year 2000 
pollutant loadings may be expected to  result in total 

Average Annual 
Operation and 
Maintenance 

- 

$ 600 

200 

800 
100 

- 

- 

Economic 

Present Worth: 1975-2025 

Analysis 

Equivalent Annual: 1975-2025 

Capital 

- 
$ < 100 

- 

100 
3,000 

125,500 

1,235,300 

Total 

- 

$ 800 ' 

200 

1.000 
300 

8,000 

78,400 

Capital 

- 

5 400 

- 

400 
200 

8,000 

78,400 

Operation and 
Maintenance 

- 

$ 6,900 

2,600 

9,500 
1,600 

- 

- 

Operation and 
Maintenance 

- 

$ 400 

200 

600 
100 

- 

- 

Total 

- 

$ 7,000 

2,600 

9,600 
4.600 

125,500 

1,235,300 



Table C-118 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF SPRING LAKE 

Description 

I 
S u r f a c e  A r e a  . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
D e p t h  

Maximum . . . . . . . . . . .  
Mean . . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

105 acres 

3,096 acres 
2.2 miles 

22 feet  
5 feet 
553 a c r e - f e e t  

436 persons 

General Existing Water Quality 
Conditions: Good water quality; dis- 

solved oxygen occasional- 
ly low in the hypolimnion; 
significant macrophyte 

1 I growth in the north bay I 
I 1 area I 

Table GI19 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
SPRING LAKE: 1975 and 2000 

a Assumes no nonpomt source confml. 

Includer only those systems on sods hanng revere or very revere 1,mifamns for drsposal of ~epf ic  rankeffluent 

Source SEWRPC 

Source of Phosphorus 

Urban Land Cover iacrerl . . . . . . . . . . . .  
Land under Development-Conrtrucffff 

Activitler lacreri 
O n s ~ e  Sewage Drrpoial Septlc 

Tank ~ y i t e m r ~  . . . . . . .  
Rural Land Cover (acres1 . . .  
Llvertock Opeiat$onr (anrmal units1 . . 
Atmoipherlc Confrlbuf,on (acres of 

recelvlnq surface wafer) . . . .  

a The populatior~ of the direct tributary watershed is estimated 
by assuming an average o f  3.66 persons per dwelling unit as 
counted on 1":- 400'scale aerial photos. 

Source: SEWRPC. 
Table C-120 

WATER ClUALlTY MANAGEMENT MEASURES FOR SPRING LAKE IN WAUKESHA COUNTY 

Exmting 1975 

a The Proper maintenance and replacement o f  the remaining septic tank systems is recommended to help improve the water quality o f  Spring Lake. However, because septic tank systems man- 
agement is an existing functkn necessary for the preservation o f  public health and the maintenance o f  drinking water supplies, this cost is no t  included in the water quality management plan. 
The estimated expenditures for septic system management i n  the Spring Lake drainage basin include a capital cost over the period o f  1975-2000 o f  $94,500, an average annual operation and 
maintenance cost of:t3,800, anda total 50-yearpresent worth cost of$180,200. 

Cost estimated to harvest macrophytes from the 35acres o f  Spring Lake subject t o  excessive macrophyte growth. 

Cost estimated to aerate the entire hypolimnion o f  the lake. 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, o r  other suitable material. 

Cost estimated to dredge lake to an average depth o f  15 feet. Existing average depth is 5 feet. 

The costs for sedimetit covering and dredging vary widely, depending on such factors as lake size and depth, type o f  bottom substrate, and amount o f  material to be dredged o r  filled. 

Source: SEWRPC. 

483 

Number 

319 

21 
2,777 
382 

105 

Anticlpafed 2000' 

Management Measure 

Septic Tank System 
~anagemenr~  

Livestock Waste 
Control 

Minimum Rural Con- 
servation Practices 

Construction Erosion 
Control Practices 

Low Can Urban Land 
Management Practices 

Total 
Macropnyt~ 

~ a r v e s t i n g ~  

Number 

471 

8 

21 
2 617 
382 

105 

Total 
Loading 
(pounds 
per year) 

35 

61 
271 

2.521 

52 

Percent 
Dirtr#but,on 

1.2 

2 1 
9 2  
85 7 

1.8 

Total 
Loading 
(pounds 
per year) 

53 

360 

61 
260 

2.521 

52 

Estimated Cost 

Percent 
D#rfr#bution 

1 6 

108 

1.6 
6 0  
76.2 

1.6 

Total 
Capital 

- 

$ 33,600 

600 

I 

' 352,000 
1, 

Minimal 

386.200 
32.600 

1980-2000 

Average Annual 
Operation and 
Maintenance 

- 

$ 2,900 

4,900 

3,000 

500 

11,300 
4,600 

<I00 

- 

- 

Hypolimnetic 
  era ti on' 

Sediment 
coveringdef 

I3redgingef 

Anticipated Effectiveness 

Reduce nutrient concentra- 
tions; prevent the stimula- 
t ion of excessive macro- 
phyte and algae growth; 
improve recreational use 
potential, protect public 
health and drinking water 
supplies 

Control excessive macrophyte 
growth;aesthetic enhsnce- 
ment; improve recreational 

Economic 

800 

210,000 

1,693,700 

Cumulative 
Reduction i n  

External Annual 
Phosphorus 

Load t o  Lake 
(percent) 

80 

Minimal additional 
reduction 

use potential 
Prevent anaerobic conditions 

(lack of oxygen) in the 
hypolimnion 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; reduce 
suitable plant substrate 

Deepen lake; reduce macro- 
phyte growth 

Analysis 

Present 

Capital 

- 

$ 25,100 

400 

264,200 

~ i n G a l  

289,700 
24,400 

600 

156900 

1,265,700 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 

Equivalent 

Capital 

- 

$ 1,600 

< 100 

16,800 

Minimal 

18.500 
1,500 

<lo0 

10,000 

80,300 

Worth: 1975-2025 

Operation and 
Maintenance 

- 

5 33,700 

59,300 

47,300 

7,800 

148,100 
71,700 

< 100 

- 

- 

Annual: 

Operation and 
Maintenance 

- 

$ 2,100 

3,800 

3,000 

500 

9,400 
4,600 

4100 

- 

- 

Total 

- 

5 58,800 

59,700 

31 1,500 

7,800 

437,800 
96,100 

700 

158,900 

1,265,700 

1975-2025 

Total 

- 

$ 3,700 

3.900 

19,800 

500 

34,300 
6,100 

200 

10,000 

80,300 



Map C4O 

PLANNED LAND COVER DEVELOPMENT 
IN THE DIRECT TRIVUTARY DRAINAGE 

AREA OF SPRING LAKE: 2000 

LEGEND 
- - IUsBaSIN BDUNDilR" 

AND DESIONATION - n,REcT TR,a"TARY 
rnR*,WAGS *RCA 

-+ POlNT OF SUBBASIN 
DISCHARGE 

m z ~ ~ z \ ~ ~ ~ a ~ o o o  

m B::?:E:N,"R,",*:o 
0 """a' '""0 "WE" 

Spring Lake hsr s direct tributary drainage area of about 3,096 acres. About 
2.777 acres, or 90 percent of the drainage area, are planned to be in rural 
land cover, and 319 acres, or 10 mrcent, to be in urban land cover. Over the 
planning period none of the direct tributary watershed area ir expected to 
be converted to urban land cover. 11 is estimated that a 60 percent reduction 
in nonpoinf source pollutant runoff will be required in the diainage area 
to protect the water quality of the lake. This can be achieved through 
a combination of minimum rural land manmemsnt practicer-including 
especially the proper management of livestock wastes-and minimum urban 
management practicer-including proper septic tank system management 
based on a site.b~site inspection and maintenance program. 

Source: SEWRPC. 

phosphorus concentrations in Spring Lake which exceed 
recommended level for recreational use and for the 
maintenance of a warmwater fishery. I 
The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. I 
An evaluation of these measures, applied in alternative 
combinations to reduce the nonpoint source pollution 
loading on the lake, was made and a set of recommended 1 
measures identified. These measures are set forth in 
Table G120, along with the associated costs and antici- 
pated effectiveness. Measures to control livestock opera- 
tion contributions appear to be the most effective way to 
substantially reduce phosphorus loadings to the lake. 
Other needed measures include: improved septic tank 
management, minimum measures to reduce pollutant 

I 

runoff from rural lands through the implementation of I 
basic conservation practices, low-cost measures to reduce 
pollutant runoff from urban lands, and concentration 
erosion control practices. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may provide a suitable bottom 
substrate and nutrient source for excessive macrophyte 
growth in some local areas and may release nutrients 
to the water body. If this problem is confirmed through 
further local study, the application of lake restoration or 
rehabilitation procedures should be considered, in addi- 
tion to the above-mentioned nonpoint source controls. 
Alternative restoration measures as set forth in Table 
C-120 may include sediment covering, hypolinetic 
aeration, and dredging. The feasibility of these measures 
would have to he assessed in a preliminary engineering 
study. Additional management measures such as weed 
harvesting may be used to control the macrophyte 
growth which may interfere with the recreational use of 
the lake. It should be emphasized, however, that the 
long-term maintenance of water quality in Spring Lake 
requires that the recommended level of nutrient input 
reductions be achieved. 

The application of the above - listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Spring Lake would entail a total capital cost of about 
$386,200 and an average annual operation and mainte- 
nance cost of about $11,300. The total 50-year present 
worth cost of these source control measures is $437,800, 
with an equivalent annual cost of $34,300. If in addition, 
rehabilitation techniques are found necessary, the capital 
cost of these alternatives would range from $800 for 
hypolimnetic aeration to $1,693,700 for dredging. The 
total present worth costs of these lake rehabilitation tech- 
niques would range from $700 for hypolimnetic aeration 
to $1,265,700 for dredging. 

Upper and Lower Phantom Lakes 
The Phantom Lakes are two interconnected lakes, Upper 
Phantom Lake and Lower Phantom Lake, with a com- 
bined surface area of 540 acres. They are located in the 
Town of Mukwonago in Waukesha County. The lakes are 
fed by and drain to the Mukwonago River. Certain geo- 
morphological characteristics of the Phantom Lakes are 



Table C-121 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHAR,ACTERISTICS OF UPPER AND LOWER 

PHANTOM LAKES 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean . . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Populatic~n of Direct 

Tributary watersheda . . . . .  

Description 

540 acres 

20,178 acres 
3.91 miles 

29 feet 
5.1 feet 
2,750 acre-feet 

4,422 persons 

General Existing Water Quality 
Conditions: Occasional algae blooms; 

excessive macrophyte 
growth; high nutrient 
concentrations 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.66 persons per dwelling unit as 
counted on 1" = 400' scale aerial photos. 

Source: SEWRPC 

Table C-122 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
UPPER AND LOWER PHANTOM LAKES: 1975 and 2000 

Exsting 1975 

set forth in Table C-121, together with the approximate 
1975 population of the direct tributary watershed and 
a brief description of lake water quality conditions. Map 
G41  presents a graphic summary of the proposed year 
2000 land cover in the watershed. As shown on Map C-41 
a portion of the urban land in the tributary watershed 
area is proposed to be served by sanitary sewers by the 
year 2000. As of 1975, an estimated 733 privately owned 
onsite sewage disposal systems-424 located in areas 
covered by soils having severe or very severe limitations 
for the use of such systems-were in operation in the 
lake watershed area. 

Anticipated 2000a 

Urban Land Cover lacrerl . . . . . . . . . . . .  
Land under Development-Conrtrucfiii 

Ambv~t~es 1xre.I . . . . . . . . . . . . . . . .  
On3ite Sewage Dirparal Septc 

Tank Systemsb . . . . . . . . . . . . . . . . . .  
Rural Land Cover laerer) . . . . . . . . . . . . .  
Livestock Operat8onr lanlmal units1 . . . . . .  
Atmospheric Contribution lacrer of 

receiving surfxe water) . . . . . . . . . . .  

As indicated in Table (3-122, all direct sources combined 
contribute about 17,100 pounds of phosphorus annually 
to  the Phantom Lakes. The major source of phosphorus 
in the lake watershed is livestock operations. An addi- 
tional 2,000 pounds of phosphorus is contributed from 
the Mukwonago River to  the Phantom Lakes. As indi- 
cated in Table C-122, urban land uses in the watershed 
are expected to  increase by about 20 percent under 
planned year 2000 land cover conditions. Annual direct 
total phosphorus loadings to the lakes, however, may be 
expected to  be reduced t o  about 16,700 pounds as 
a result of the extension of the sanitary sewer service 
area, thereby eliminating malfunctioning septic tank sys- 
tems. The phosphorus load from the Mukwonago River 
is expected to  be reduced to about 400 pounds as a result 
of recommended pollution controls for those lakes. 
Loadings from livestock operations are expected to  
continue to  be the primary source of phosphorus to the 
lake under anticipated year 2000 conditions. 

The estimated total phosphorus concentrations during 
spring overturn under existing and anticipated year 2000 
conditions, as estimated from phosphorus loadings and 
lake and drainage basin characteristics, are 0.07 milligram 
per liter (mg/l) and 0.06 mgp, respectively. The Commis- 
sion recommends a level of 0.02 mg/l or less of total 
phosphorus for the prevention of excessive aquatic plant 
growth and the maintenance of a warmwater fishery and 
recreational use classification. Existing and anticipated 
year 2000 pollutant loadings may be expected to  result 
in total phosphorus concentrations in the Phantom Lakes 
which exceed the recommended level for recreational 
use and for the maintenance of a warmwater fishery. 

a Awmes pmvision of sanirmy sewer serwce ar recommended m the point roorce pollorion aberemmr plan eiemmc 
assumes m mnpoint rource confml. 

Includes only chose systemson roils havtng severe or vwy sevwe limirarionr for disposal of septic tank effluent 

Don nor include fhe estimateo'~hosphwus load of 2,WDpwnds~eryear as the yearZW0anr,cr@afedphosphorus load of 
4Wpounhpwyearconfribbnd fmm me Mvkwarsgo River 

Source: SEWRPC. 

Number 

3,316 

32 

424 
16,830 
1.444 

540 

- 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to  reduce the nonpoint source pollution loading 
to the lake, was made and a set of recommended mea- 
sures identified. These measures are set forth in Table 
G123, along with the associated costs and anticipated 
effectiveness. Measures to control livestock contributions 
appear to be the most cost-effective way to substantially 
reduce phosphorus loadings to  the lake. Other needed 
measures include: the provision of sanitary sewer service, 
improved septic system management, minimum measures 
to reduce pollutant runoff from rural lands through the 

Total 
Laadlng 
lpoundr 
per year1 

787 

1.459 

1,228 
3.840 
9.530 

270 

17,1MC 

Percent 
D#tfr#bution 

4.6 

8.5 

7.2 
22.4 
55.7 

1.6 

100.0 

Number 

3.969 

32 

3M) 
16.179 

1.444 

540 

- 

Tofal 
Loading 
lpaundr 

per year) 

842 

1.459 

869 
3.756 
9.530 

270 

16,726C 

Percent 
Dirtr8butlon 

5.0 

8 7 

5 2  
22 5 
57 0 

1.6 

100.0 





Table C-123 

WATER QlJALlTY MANAGEMENT MEASURES FOR UPPER AND LOWER PHANTOM LAKES IN WAUKESHA COUNTY 

a The cumulative percent reduction in phosphorus loadings Is in addition to  sanitary sewer service, as recommended in the point source element for the Lower Fox River subregional area. 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the pomt  source alternative plan elements for the Lower Fox River subregional area Local 
hook up and operation and maintenance costs, which are not  primarily dependent on surface water quality, are not presented above. The estimated expenditures for local hook-UP and Opere 
t ion and maintenance ir, the Phantom Lakes drainage basin include a capital cost over the period o f  1975-2000 o f  $2,808,000, an average annual operation and maintenance Cost o f  $35.300, 
and a total 50year prestnt worth cost o f  $2,729,900. 

I The proper maintenance and replacement o f  the remaining septic tank systems is recommended to  help improve the water quality o f  Upper and Lower Phantom Lakes However. because septic 
tank systems management is En existing function necessary for the preservation o f  public health and the maintenance o f  drinking water supplies, this cost is not included in  the Water ~ a l i t y  
management plan. The tsstimated expenditures for septic system management in  the Phantom Lakes drainage basin include a capital cost over the period of 1975-2000 o f  $675,000, an average 
annual operation andmaintenance cost o f  $27,000, and a total 50year present worth cost o f  $931,800. 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  ~ a k e ~  
(percent) 

- 

70 

Minimal additional 
reduction 

- 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 

Management Measure 

Sanitary Sewer 
serviceb 

Septic Tank System 
ManagementC 

Livestock Waste 
Control 

Minimum Rural Con- 
servation Practices 

Construction Erosion 
Control practicesd 

Low Cost Urban Land 
Management Practices 

Total 
Macrophyte 

Harvestlnge 

Hypolimnetic 
 erat ti on^ 

Nutrient 
lnactivationg 

Sediment coveringh,j 

Dredgingi,; 

Cost estimated to  r o n t m l  erosion from the estimated 3 2  acres of landestimated to  be annually undergoing construction activity in  the lake watershed 

Cost estimated to  harvest macrophytes from the 325 acres o f  the Phantom Lakes subject to  excessive macrophyte growth. 

1 Cost estimated to  aerate the entire hypolimnion o f  the lake. 

The cost for nutrient inactivation is for treating entire lake with alum. 

Estimated Cost 

Cost estimated to  cover the entire lake bottom with sand, clay, plastic, or other suitable material. 

Cost estimated to  dredge lake to  an average depth o f  15 feet. Existing average depth is 5. 1 feet 

Total 
Capital 

- 

- 

$ 174,600 

3,500 

1,478,400 

- 

1,656,500 
302900 

2,600 

54,000 

l *080,000 

8,623.000 

' The costs for sediment covering and dredging vary widely depending on such factors as lake size and depth, the type o f  bottom substrate, and amount o f  material t o  be dredged or filled. 

Source: SEWRPC. 

Anticipated Effectiveness 

Protect public health and 
drinking water supplies: 
reduce nutrient concen- 
trations 

Reducenutrientconcentra- 
tions; prevent the stimula- 
t ion of excessive macro- 
phyte and algae growth; 
improve recreational use 
potential 

Control excessive macrophyte 
growth; aesthetic enhance- 
ment; improve recreational 
use potential 

Prevent anaerobic conditions 
(lack of oxygen1 in the 
hypolimnion 

Accelerate lake improvement; 
, prevent release of nutrients 

from sediment: remove 
nutrients f rom water body 

Accelerate lake improvement: 
prevent release of nutrients 
f rom sediment, reduce 
suitable plant substrate 

Deepen lake: reduce macro- 
phyte growth 

1980-2000 

Average Annual 
Operation and 
Maintenance 

- 

- 

$ 14,000 

30,300 

12,800 

4,600 

61,700 
42,300 

100 

- 

- 

- 

implementation of basic soil conservation practices, emphasized, however, that the long-term maintenance of 
low-cost measures to reduce pollutant runoff from urban water quality in the Phantom Lakes requires that 
lands, and construction erosion control practices. the recommended level of nutrient input reductions 

be achieved. 

Economic 

If nutrient loadings to  the lake are reduced by the actions 
noted above, the sediments which have been deposited The application of the above listed nonpoint source 
on the lake bottom may provide a suitable bottom pollution control measures to  control the nutrient inputs 
substrate and nutrient source for excessive macrophyte to the Phantom Lakes would entail a total capital cost 

Analysis 

Present 

Capital 

- 

- 

$ 130,600 

21,000 

1,109,600 

1,261,200 
226,400 

1,900 

40,400 

807,100 

6,444,000 

growth in some local areas and may release nutrients to  of about $1,656,500 and an average annual operation 
1 the water body. If this problem is confirmed through and maintenance cost of about $61,700. The total 

further local study, the application of lake restoration 
or rehabilitation procedures should be considered, in 
addition to  the above-mentioned point and nonpoint 
source controls. Alternative restoration measures as set 
forth in Table C-123 may include dredging, sediment 
covering, hypo1:imnetic aeration, and nutrient inactiva- 
tion. The feasibility of these measures would have to be 
assessed in a preliminary engineering study. It should be 

1975-2025 

Total 

- 

- 

$ 18,800 

23,500 

83,200 

4,400 

129,900 
56,700 

200 

2,600 

51,200 

408,800 

Worth: 1975-2025 

Operation and 
Maintenance 

- 

- 

$ 165,000 

369,600 

201,800 

68,600 

805,000 
666,700 

2,000 

- 

- 

- 

Equivalent 

Capital 

- 

- 

$ 8,300 

< 100 

70.400 1 

- 

78,800 
14,400 

100 

2,600 

51,200 

408,800 

50-year present worth cost of these source control mea- 
sures is $2,066,200, with an equivalent annual cost 
of $130,000. If, in addition, rehabilitation techniques 
are found necessary, the capital cost of these alternatives 
would range from $2,600 for hypolimnetic aeration to  
$8,623,000 for dredging. The total present worth costs of 
lake rehabilitation techniques would range from $3,900 
for hypolimnetic aeration t o  $6,444,000 for dredging. 

Total 

- 

- 

$ 295.600 

390,600 

1.31 1,400 

68,600 

2,066,200 
893,100 

3,900 

40,400 

807,100 

6,444,000 

Annual: 

Operation and 
Maintenance 

- 

- 

$ 10,500 

23,400 

12,800 

4,400 

51,100 
42,300 

100 

- 

- 

- 



Voltz Lake 
Voltz Lake is a 52-acre lake located in the Town of 
Salem in Kenosha County. The lake drains to the Fox 
River via Trevor Creek. Certain geomorphological charac- 
teristics of Voltz Lake are set forth in Table C-124, 
together with the approximate 1975 population of the 
direct tributary watershed and a brief description of lake 
water quality conditions. Map G42 presents a graphic 
summary of the proposed year 2000 land cover in the 
lake watershed. As shown on Map C-42, all significant 
urban land areas in the tributary watershed area are pro- 
posed to be served by sanitary sewers by the year 2000. 
As of 1975, an estimated 34 privately owned onsite 
sewage disposal systems-33 of which were located in 
areas covered by soils having severe or very severe limita- 
tions for the use of such systems-were in operation in 
the lake watershed area. 

As indicated in Table (3-125, all sources combined con- 
tribute about 170 pounds of phosphorus annually to  
Voltz Lake. The major source of phosphorus in the lake 
watershed is septic tank systems. Also as indicated in 
Table C-125, under planned year 2000 land cover con- 
ditions, urban land uses in the watershed would increase 
by nearly four times, and sanitary sewer service would 
be provided. Increased urban land and construction 
activity runoff will result in the annual total phosphorus 
load increasing to  about 265 pounds by 2000. The esti- 
mated total phosphorus concentrations during spring 
overturn under existing and anticipated year 2000 condi- 
tions, as estimated from phosphorus loadings and lake and 
drainage basin characteristics, are 0.04 milligram per liter 
(mg/l) and 0.06 mg/l, respectively. The Commission 
recommends a level of 0.02 mg/l or less of total phos- 
phorus for the prevention of excessive aquatic plant 
growth and the maintenance of a warmwater fishery 
and recreational use classification. Existing and antici- 
pated year 2000 pollutant loadings may be expected to 
result in total phosphorus concentrations in Voltz Lake 
which exceed the recommended level for recreational use 
and for the maintenance of a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in Table 
(3-126, along with the associated costs and anticipated 
effectiveness. Measures to control phosphorus contri- 
bution include: the provision of sanitary sewer service, 
minimum measures to  reduce pollutant runoff from rural 
lands through the implementation of basic soil conser- 
vation practices, low-cost measures to reduce pollutant 
runoff from urban lands, and construction erosion 
control practices. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited on 
the lake bottom may continue to  provide a suitable 
bottom substrate and nutrient source for excessive mac- 
rophyte growth and may release nutrients to  the water 

body, resulting in continued poor water quality. If this 
problem is confirmed through further local study, the 
application of lake restoration or rehabilitation pro- 
cedures should be considered, in addition to  the above- 
mentioned point and nonpoint source controls. 
Alternative restoration measures as set forth in Table 
C-126 may include dredging, sediment covering, hypo- 
limnetic aeration, and nutrient inactivation. The feasi- 
bility of these measures would have to  be assessed in 

Table C-124 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF VOLTZ LAKE 

a The population of the direct tributary watershed is estimated 

by assuming an average of 3.31 persons per dwelling unit as 
counted on 1" = 400'scale aerial photos. 

Characteristic 

. . . . . . . . . . . .  Surface Area 
Direct Tributary Drainage 

. . . . . . . . . . . . . . . .  Area 
. . . . . . . . . . . . . .  Shoreline 

Depth 
. . . . . . . . . . .  Maximum 

. . . . . . . . . . . . . . .  Mean 

. . . . . . . . . . . . . . .  Volume 
1975 Population of Direct 

. . . . .  Tributary watersheda 

General Existing Water Quality 
Conditions: 

Source: SEWRPC. 

Description 

52 acres 

257 acres 
2.3 miles 

24 feet 
7 feet 
362 acre-feet 

113 persons 

Excessive macrophyte 
growth; frequent fish win- 
terkill; high nutrient con- 
centrations; anaerobic con- 
ditions in hypolimnion dur- 
ing summer stratification 

Table C-125 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
VOLTZ LAKE: 1975 and 2000 

Source of Phorphorur 

Urban Land Cover lacrerl . . . . . . . . . . . . .  
Land under Development-Construction 

Am~vtt~es lacred . . . . . . . . . . . . . . . .  
Onsfe Sewage D8rparal Septic 

Tank syrtemrb . . . . . . . . . . . . . . .  
Rural Land Cover lacrer) . . . . . . . . . . .  
L~vertock Operat8onr lanlmal u n ~ t l l  . . .  
Afrnospher8~ Cootr~buf8on lacrer of 

recerv8ngrurface water) . . . .  

Total 

a Assumes p m v o n  o f  sanitary rewer sewm as recommended In the pamf mvrce pollut,on abafwnenf plan el em en^ 
assumes "0 nonpoint source concm1. 

locluderanly thore systems on soils havmg revere or very severe /,mitations for diqoull of reptic tank effluent. 

Source. SEWRPC. 



Map C-42 

PLANNED LAND COVER DEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE 

AREA OF VOLTZ LAKE: 2000 
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Voltz Lake hae s direct tributary drainage ares of about 257 acres. About 
129 acrer. or 50 psrcenf of the drainage area, are planned to be in rural land 
cover, and 128 acrer, or 50 percent. to be in urban land cover. Over the 
planning period an average of about four acres may be expected to be 
Converted annually to urbsn land cover. I t  ir ertimated that s 70 percent 
reduetion in nonpoint source Pollutant runoff will be required in the 
drainage area to protect the water quality of the lake. This can be achieved 
through a combination of minimum rural land management pracficer- 
including erpeeiallv the Proper management of agricultural cropping 
~ r a ~ t i c e ~ - - ~ n d  minimum urban management pracficer-including lowsort 
urban practicer and construction erosion controls. 

Soorce: SEWRPC. 

a preliminary engineering study. Additional management 
measures, such as weed harvesting, may be used to 
control the macrophyte growth which may interfere with 
the recreational use of the lake. It should be emphasized, 
however, that the long-term maintenance of water quality 
in Voltz Lake requires that the recommended level of 
nutrient input reductions be achieved. 

The application of the above listed nonpoint source 
pollution control measures to control nutrient inputs 
to Voltz Lake would entail a total capital cost of about 
$203,400, and an average annual operation and mainte 
nance cost of about $2,200. The total 50-year present 
worth cost of these nonpoint source control measures is 
$186,000, with an equivalent annual cost of $11,900. 
If, in addition, rehabilitation techniques are found neces- 
sary, the capital cost of these alternatives would range 
from $300 for nutrient inactivation to  $671,000 for 
dredging. The total present worth costs of the lake 
rehabilitation techniques would range from $200 for 
nutrient inactivation to  $601,400 for dredging. 

Lake Wandawega 
Lake Wandawega is a 119-acre lake located in the Town 
of Swar Creek in Walworth Countv. The lake is inter- ~~ ~~~ -~~ ~~ ~ 

nally drained. Certain geomorphological characteristics of 
Lake Wandawega are set forth in Table C-127, together 
with the approximate 1975 population of the direct 
tributary watershed and a brief description of lake water 
quality conditions.' ' Map G43 presents a graphic sum- 
mary of the proposed year 2000 land cover in the lake 
watershed. As shown on Map G43, none of the existing 
urban land in the tributary watershed area is proposed 
to be served by sanitary sewers by the year 2000. As of 
1975, an estimated 164 privately owned onsite sewage 
disposal systems77 of which were located in areas 
covered by soils having severe or very severe limitations 
for the use of such systemswere in operation in the 
lake watershed area. 

As indicated in Table G128, all sources combined con- 
tribute about 400 pounds of phosphorus annually to 
Lake Wandawega during an average year of precipita- 
tion. The major source of phosphorus in the lake water- 
shed is malfunctioning septic tank systems. These 
pollutant loads were estimated based on data developed 
during detailed field studiesconducted during a period 
of helow average precipitation-interpreted against 
general pollutant source loading estimates for the lake 
watershed for average or typical year conditions., Also 
as indicated in Table G128, land uses and phosphorus 
loads in the watershed are not expected to  change signifi- 
cantly under planned year 2000 land cover conditions. 
The observed total phosphorus concentration during 
study year 1976 spring overturn was 0.03 milligram per 
liter (mgll), which is representative of a dry year con- 
dition. The water quality simulation analyses also 
indicated, during a year of average precipitation a spring 
concentration of phosphorus of 0.03 mgp would be 
expected, and this same concentration is anticipated 
under year 2000 conditions. The Commission recom- 
mends a level of 0.02 mg/l or less of total phosphorus for 
the prevention of excessive plant growth and the mainte- 
nance of a wannwater fishery and recreational use 
classification. Existing and anticipated year 2000 pol- 
lutant loadings may be expected to result in total 
phosphorus concentrations in Lake Wandawega which 
exceed the recommended level for recreational use and 
for the maintenance of a wannwater fishery. 

"See separately published SEWRPC Community 
Assistance Planning Report on Water Quulity Manuge- 
ment for Wandawega Lake, Walworth County, for a more 
detailed discussion of the findings and recommendations 
of the detailed field study. 



Table C-126 

WATER QUALITY MANAGEMENT MEASURES FOR VOLTZ LAKE IN KENOSHA COUNTY 

t ion of excessive macro- 
phyte and algae growth; 
improve recreational use 

a The cumulative percent reduction in phosphorus loadings is in addition to  sanitary sewer service, as recommended in the point source element for the Lower Fox River subregional awa. 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the point source alternatwe plan elements for the Lower Fox River subregional area. Local 
hook-up and operation and maintenance costs, which are not primarily dependent on surface water quality, are not presented above. The estimated expenditures for local hook-up and opera- 
tion and maintenance in the Voltz Lake drainage basin include a capital cost over the period o f  7975.2000 o f  $476,000, an average annual operation andmaintenance cost o f  $3,600, anda 
total 50year present worth cost o f  $323,000. 

Cost estimated to  control erosion from the estimated 4.4 acres o f  landestimated to be annually undergoing construction activity in the lake watershed. 

Cost estimated to  harvest macrophytes from the 25 acres o f  Voltr Lake subject to  excessive macrophyte growth. 

Cost estimated to  aerate the entire hypolimnion o f  the lake. 

The lower cost for nutrient inactivation is for treating only the hypolimnetic area with alum; the higher cost is for treating the entire lake with alum. 

Cost estimated to  cover the entire lake bottom with sand, clay, plastic, or other suitable material 

Cost estimated to  dredge lake to  an average depth o f  15 feet. Existing average depth is 7.0 feet. 

The costs o f  sediment covering and dredging vary widely depending on such factors as lake sire and depth, type o f  bottom substrate, and amount o f  material to  be dredged or filled. 

Source: SEWRPC. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in Table 
C-129, along with the associated costs and anticipated 
effectiveness. Measures to  control septic tank contribu- 
tions appear to be the most effective way to  substantially 
reduce phosphorus loadings to the lake. Other needed 
measures include: minimum measures to reduce pollutant 
runoff from rural lands through the implementation of 
basic soil conservation practices and low-cost measures 
to reduce pollutant runoff from urban lands. 

Once nutrient loadings to  the lake are reduced by the 
actions noted above, the sediments which have been 
deposited on the lake bottom will continue to  provide 
a suitable bottom substrate and nutrient source for exces- 
sive macrophyte growth in the shallow waters of Lake 
Wandawega. When this problem is confirmed through 
further local study, the specific lake restoration or 
rehabilitation procedures which are appropriate should 
be identified for application, after implementation of 
the above-mentioned point and nonpoint source controls. 
Alternative restoration measures as set forth in Table 
(3-129 may include sediment covering, aeration, or 
dredging. The feasibility of these measures would have 
to  be assessed in a preliminary engineering study. Addi- 
tional management measures such as weed harvesting may 



Table C-127 Table C-128 

GEOMORPHOLOGICAL AND WATER QUALITY ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADSTO 
CHARACTERISTICS OF LAKE WANDAWEGA LAKE WANDAWEGA: 1975 and 2000 

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

. . . . .  Tributary watersheda 

Charactjeristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

. . . . . . . . . . .  Maximum 
Mean. . . . . . . . . . . . . . .  

General Existing Water Quality 
Conditions: 

Description 

119 acres 

910 acres 
2.25 miles 

8 feet 
4 feet 
476 acre-feet 

530 persons 

Occasional algae blooms; 
dense macrophyte growth; 
frequent fish winterkill 

a Asumes no nonpoinr source contml. 

lncluderonh those systems on soils having revwe or very pevere iimitat,onr for divosalof reptic rank affluent 

Soorcs- SEWRPC. 

a The population of the direct tributary watershed is estimated 

by assuming an average of 3.23 persons per dwelling unit as 
counted on 1" = 400'scale aerial photos. 

Source: SE WRPC. 

Table C-129 

VVATER QUALITY MANAGEMENT MEASURES FOR LAKE WANDAWEGA I N  WALWORTH COUNTY 

a The proper maintenance and replacement of the remaining septic tank systems is recommended to  help improve the water qualify of Lake Wandawega. However, because septic tank systems 
management is an ex~st ing function necessary for the preservation o f  public health and the maintenance o f  drinking water supplies, thiscost i s n o t  included in the water q ~ a l i t y  managment 
plan. The estimated s~xpenditures for septic system management in  the Lake Wandawega drainage basin include a capital cost over the period o f  1975-2000 o f  $346,500, an average annual 
operation and maintenance cost of $5,700, and a total 50year present worth cost o f  $389,000. 

Cost estimated to  harvest macrophytes from the 6 0  acres o f  Lake Wandawega subject to  excessive macrophyte growth. 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  Lake 
(percent) 

50 

Minimal additional 
reduction 

No additional 
reduction 

No additional 
reduction 

Cost to  aerate 2 0  acres o f  the lake 

Anticipated Effectiveness 

Reduce nutrient concentra- 
tions; prevent the stimula- 
t ion of excessive macro- 
phyte and algae growth; 
improve recreational use 

potential 

Control excessive macrophyte 
growth; aesthetic enhance- 
ment; improve recreational 
use potential 

Prevent anaerobic conditions 
(lack of oxygen) in the 
hypolimnion 

Accelerate lake improvement; 
prevent release of nutrients 
f rom sediment; reduce 

Management Measure 

Septic Tank System 
~ a n a g e m e n t ~  

Minimum Rural Con- 
sewation Practices 

Low Cost Urban Land 
Management Practices 

Total 
Macrophyte 

t4arvestingb 

 erat ti on' 

Sediment 
coveringdrf 

Cost estimated to cov,?r the entire lake bottom wi th  sand, clay, plastic, o r  other suitable material. 

~ r e d g i n g ~ . ~  

Cost estimated t o  d r e d p  lake to  an average depth of 1 5  feet. Existing average depth is 4 feet. Actual costs may be higher depending upon lake physiography. 

The cost for sediment covering and dredging vary widely depending on such factors as lake sire and depth, type o f  bottom substrate, and amount of material t o  be dredged or filled 

Source: SEWRPC. 

Estimated Cost 

Total 
Capital 

- 

5 100 

- 

100 
55,900 

4,000 

238,000 

- 

1980-2000 

Average Annual 
Operation and 
Maintenance 

- 

$ 1,100 

500 

1,600 
7,800 

100 

- 

1,577,900 

Economic 

phyte growth reduction 

Analysis 

100.100 - 2.1 11,400 
---- 

- 

Total 

- 

$ 13,500 

6,900 

20,400 
164,700 

4,600 

177,900 

Present 

Capital 

- 

$ 100 

- 

100 
41.800 

3,000 

177,900 

1975-2025 

Total 

- 

5 1,000 

500 

1.500 
10,400 

300 

11,300 

Equivalent 

Capital 

- 

5 <I00 

<I00 

200 
2,600 

200 

11,300 

Worth: 1975-2025 

Operation and 
Maintenance 

- 

$ 13,400 

6,900 

20,300 
122.900 

1,600 

- 

- 

Annual: 

Operation and 
Maintenance 

- 

5 900 

400 

1,300 
7.800 

100 

- 

- 
1,577,900 



Map C-43 

PLANNED LAND COVER DEVELOPMENT 
IN THE DIRECT TRIBUTARY DRAINAGE 

AREA OF LAKE WANDAWEGA 

LEGEND 
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Lake Wandawega has a direct tributary drainage area of about 910 acrer. 
About 628 aersr. or 69 percent of the drainage srsa. are planned to be 
in rural land cwer, and 282 acrer. or 31 percent. to be in urban land 
cover. Over th8 planning period none of the direct tributary watershed 
area is expected to be convened to urban land cover. I t  is estimated that 
B 33 percent reduction in nonpoint source pollutant runoff will be required 
in the drainage ares to protect the water quality of the lake. Thir can be 
achieved through a combination of minimum rural land management prac- 
tices- including e~pecially the propar management of agricultural cropping 
~ ) r a c t i ~ ~ s - - ~ n d  minimum urban management practicee-including lowcorr 
urban practicer and proper reptic tank ryrtam management bared on a rite- 
by+ite inspection and maintenance program. 

Source: SEWRPC. 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient inputs I 
to Lake Wandawega would entail a total capital cost of 
about $100, and an average annual operation and main- 
tenance cost of about $1,600. The total 50-year present 
worth cost of these nonpoint source control measures is 
$20,400, with an equivalent annual cost of $1,500. If, 
in addition, rehabilitation techniques are found neces- 
sary, the capital cost of these alternatives would range 1 
from $4,000 for aeration to $2,111,400 for dredging. 
The total present worth costs of these lake rehabilitation 
techniques would range from $4,600 for aeration t o  
$1,577,900 for dredging. 

Waterford Inipoundmcnc-Buena Lake and Tichigan Lake 
The Waterford Imuoundmmr-Bucna Lake and Tichican 
Lake complex located on the Fox River is a 1,374 irreegu- 
larly-shaped body of water located in the Town of Water- 
ford, Racine County. For the areawide analysis of lake 
water quality management, this complex set of basins was 
evaluated as a single unit, including the section of the 
Fox River mainstrean-upstream from the Tichigan 
Lake outlet-locally referred to as the "wide spread." 
Certain geomorpbological characteristics of the Waterford 
Impoundment are set forth in Table (2.130, together with 
the approximate 1975 population of the direct tributary 
watershed and a brief description of lake water quality 
conditions.12 Map C-44 presents a graphic summary of 
the proposed year 2000 land cover in the Buena-Tichigan 
Lake watershed. As shown on Map C44,  the portion of 
urban land within the Village of Waterford is t o  be served 
by sanitary sewers by the year 2000. As of 1975, an esti- 
mated 1,018 privately owned onsite sewage disposal 
systems-513 of which were located in areas covered by 
soils having severe or very severe limitations for the use 
of such system-ere in operation in the lake water- 
shed area. 

As indicated in Table C-131, all sources combined contri- 
bute about 14,500 pounds of phosphorus annually to the 
Waterford Impoundment. The major direct tributary 
source of phosphorus in the lake watershed is livestock 
operations. However, the mainstream of the Fox River 
is also tributary to the Waterford Impoundment and over 
84,000 pounds of phosphorus are annually contributed 
from tributary land uses in the upper portions of the Fox 
River watershed. Because of the large tributary drainage 
area and the relatively shallow depth coupled with large 
volumes of incoming water from the upstream tributary 
area, the Bueua Lake portion of the Impoundment has 
a very short flushing time, and transports a major portion 
of these pollutants through the lake. This phenomenon 

be used t o  control the macrophyte growth which may 
interfere with the recreational use of the lake. Chemical 
treatment to control algae can be used if necessary, but 
only as a temporary solution to the problem. It should 
be emphasized, however, that the long-term maintenance - 
of water quality in Lake Wandawega requires that the 
recommended level of nutrient input reductions l2Report on Tichigan Lake, National Eutrophication 
be achieved. Suruey, US.  Environmental Protection Agency, 1975. 



1 Table C-130 

GEOMOFLPHOLOGICAL AND GENERAL WATER 
CHARACTEI3ISTICS OF WATERFORD IMPOUNDMENT 

(BUENA-TICHIGAN LAKE COMPLEX) 

I Charac-teristic I Description I 
Surface Area . . . . . . . . . . . . 
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . . 
Shoreline . . . . . . . . . . . . . . 
Depth 

(Tichigan Lake) 
Maximum . . . . . . . . . . . 
(Buena Lake) 
Maximum .. . . . . . . . . . . 
Mean . . . . . . . . . . . . . . . 

Volume . . . . . . . . . . . . . . . 
1975 Populatiorl of Direct 

Tributary wat#ersheda . . . . . 

1,374 acres 

14,375 acres 
28 miles 

63 feet 

8 feet 
6 feet 
8,244 acre-feet 

4,289 persons 

General Existing Water Quality 
Conditions: Frequent blue-green algae 

blooms; frequent fish win- 
terkill; high nutrient con- 
centrations. Extreme turbi- 
dity which limits rooted 
aquatic plant growth and a 
desirable fishery. Because 
of the high flushing rate the 
water quality within Buena 
Lake is  more characteristic 
of the Fox River main 
stream 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.60 persons per dwelling unit as 
counted on 1" == 400'scale aerial photos. 

Source: SEWRPC. 

Table G I 3 1  

ESTIMATED DIFIECT TRIBUTARY PHOSPHORUS LOADS TO 
THE WATERFORD IMPOUNDMENT: 1975 and 2000 

Source of Phorpharur 

a A ~ ~ l m e s  P~OV,S,O~ o f  ~an,fa~l sewer service as recommendad NI ?he parnt source poliofion abatement p l m  element; 
a ~ m e s  no oonpoinf sDvrce conno1. 

lncluder only those s y s r m  on soils having severe or very sevwe l,mifar,oor for diwosal o f  septic rank effluent 

Doer not include the 1975 ertmatedphogohorur load of  84.0Wpoundrper year, or the year ZOWanticrpstedphowhorosrus 
load of 49.0Wpoondspr year cclnwibumd by the large upstream porson of the upper Fox River watershed. 

Source: SEWRPC. 

is not expected to occur within Tichigan Lake due to  
its depth and location, outside the hydraulic flowing 
channel of the Fox River mainstream. The following 
discussion, however, applies to the two lakes as a single 
system, since an assessment of the rates and extent of 
mixing between the two lake basins is a complex study 
requiring field work beyond the scope of this areawide 
water quality study. As further indicated in Table (3-131 
the extent of urban land uses in the watershed is 
expected to  increase by about 73 percent under planned 
year 2000 land cover conditions, with annual total phos- 
phorus loadings to  the lake expected to  be reduced to 
about 13,500 pounds. The year 2000 conditions rep- 
resent a 50 percent reduction in phosphorus loads to  the 
Impoundment from the Upper Fox River watershed as 
a result of the extension of sanitary sewer service to  most 
of the direct tributary area and diffuse source controls. 
The extension of sanitary sewer service to the direct 
tributary area will eliminate all but about 250 septic 
systems by the year 2000. Loadings from livestock 
operation are expected to  continue to  be the primary 
source of phosphorus to the lake under anticipated year 
2000 conditions. The upstream phosphorus load to the 
impoundment under year 2000 conditions is estimated t o  
be reduced to 49,000 pounds per year. The estimated 
total phosphorus concentrations during spring overturn 
under existing and anticipated year 2000 conditions, as 
estimated from stream inflow and direct drainage-phos- 
phorus loadings and lake and drainage basin charac- 
teristics, are 0.08 milligram per liter (mg/l) and 0.05 
mg/l, respectively. The Commission recommends a level 
of 0.02 mg/l or less of total phosphorus for the preven- 
tion of excessive aquatic plant growth and for the main- 
tenance of a warmwater fishery and recreational use 
classification. Existing and anticipated year 2000 pol- 
lutant loadings may be expected to result in total 
phosphorus concentrations in the Waterford Impound- 
ment which appreciably exceed the recommended level 
for recreational use and for the maintenance of 
a warmwater fishery. In recognizing the large drainage 
area, short flushing time, high phosphorus loading, and 
physical characteristics of the Buena Lake basin, Buena 
Lake cannot realistically be expected to  achieve a water 
quality suitable for a productive warmwater fishery and 
recreational use classification. Therefore, it is recom- 
mended that the lake be classified as a limited recreation, 
warmwater fishery lake. Diffuse nonpoint source control 
measures should be implemented, however, to  reduce the 
turbidity of Buena Lake in order to  support a greater 
diversity and abundance of aquatic life-as required by 
desirable plant and fish species-and to improve the 
aesthetic condition of the Buena-Tichigan Impound- 
ment. This should allow limited recreational use and 
warmwater fishery water use objectives to  be met. How- 
ever, given the current condition of Buena Lake and the 
expected limited effectiveness of existing nonpoint 
source controls in this instance, expensive nonpoint 
source control measures are probably not warranted. In 
comparison, Tichigan Lake--given its greater maximum 
depth of 63 feet, slower exchange (flushing) time, and 
other unique hydrologic characteristics-should be main- 
tained in the warmwater fishery and full recreational 



Map C-44 

PLANNED LAND COVER DEVELOPMENT I N  THE DIRECT TRIBUTARY 
DRAINAGE AREA OF THE WATERFORD IMPOUNDMENT: 2000 

LEGEND 

MF-IJ SUBBASIN BOUNDARY 
AND DESIGNATION - DIRECT TRIBUTARY 
DRAINAGE AREA 

-+ POINT DISCHARGE OF SUBBASIN 

0 RURAL LAND COVER 

The Waterford lmpoundment has a direct tributary drainage area of about 14,375 acres. About 12,219 acres, or 85 percent of the drainage area, are planned to 
be in rural land cover, and 2,156 acres, or 15 percent, t o  be in urban land cover. Over the planning period an average of about 36 acres may be expected to be 
converted annually to  urban land cover. A combination of minimum rural land management practices-including especially the proper management of livestock 
wastes-end minimum urban management practices-including low-cost urban practices, construction erosion controls, and proper septic tank system management 
based on a site-by-site inspection and maintenance program-should be implemented in the lake drainage area to prevent further degradation of the Waterford 
lmpoundment and to provide for full recreational use in the Tichigan Lake basin. 

Source: SEWRPC. 

water use classification. A thorough study is currently 
underway on Tichigan Lake to determine the hydraulic 
and hydrologic characteristics of the basin. This study 
should also assess the need for and feasibility of con- 
structing a barrier of some form at the outlet to reduce 
the effect of the Fox River mainstream on the water 
quality of Tichigan Lake. Once a barrier is constructed- 
if one is found feasible--lake rehabilitation techniques 
could be undertaken, if needed. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. 
An evaluation of these measures, applied in alternative 
combinations to reduce the nonpoint source pollution 
loading on the lake, was made and a set of recommended 
measures was identified. These measures are set forth in 
Table C-132, along with the associated costs and antici- 
pated effectiveness. Measures to control livestock con- 



Table C-132 

WATER QUALITY MANAGEMENT MEASURES FOR THE WATERFORD 
lMP0,UNDMENT (BUENA-TICHIGAN LAKES) IN RACINE COUNTY 

a The cumulative percent reduction in phosphorus loadings is in addition to sanitary sewer service, as recommended in the point source element for the Lower Fox River subregional area. 

Management Measurt 

Sanitary Sewer 
serviceb 

Septic Tank System 
~anagement' 

Livestock Waste 
Control phyte and algae growth; 

Minimum Rural Con- improve recreational use 
servation Practices 

Construction Erosion 
Control practicesd 

Low Cost Urban Land 
Management Practict 

Total 
Lake Drawdown 

(Buena Lake only) 
Hypolimnetic Aeratior 

(Tichigan Lake only11 (lack of oxygen) in the 

Sanitary swerage system costs for treatment facilities and major trunk sewers are included under the point source alternative plan elements for the Lower Fox River subregionalarea. Local 
hook-up and operation and maintenance costs, which are not primarily dependent on surface water quality, are not  presented above. The estimated expenditures for local hook-up and opera- 
tion and maintenarrce in the Buena-Tichigan Lakes drainage basin include a capital cost over the period o f  1975-2000 o f  $3,852,000, an average annual operation and maintenance cost of 
$33,700, and a total 50-yearpresent worth cost o f  $2,688,800. 

Nutrient lnactivationf 
(Tichigan Lake onlyil 

Sediment ~ o v e r i n g g , ~  
(Tichigan Lake only1 

The proper mainterrance and replacement of the remaining septic tank systems is recommended to  help improve the water quality o f  Buena-Tichigan Lakes However, because septic tank sys- 
tems management is an existing function necessary for the preservation o f  public health and the maintenance o f  drinking water supplies, this cost is nor included in the water quality manage- 
ment plan. The emmated expenditures for septic system management in the Buena-Tichigan Lakes drainage basin include a capital cost over the period of 1975-2000 o f  $369,000, an average 
annual operation and maintenance cost o f  $8,300, and a total 50-year present worth cost o f  $487,400. 

Cost estimated to  control erosion from the estimated 36acres o f  land estimated to  be annually undergoing construction activity in the lake watershed. 

3.1 00 
t o  

39,100 

782,000 

Cost estimated to  aerate the entire hypolimnion o f  the lake 

The lower cost for rlutrient inactivation is for treating only the hypolimnetic area with alum; the higher cost is for treating the entire lake with alum. 

- 

- 

Cost estimated to  cover the entire lake bottom with sand, clay, plastic, or  other suitable material. 

Actual coats may vary depending on lake depth. sediment type. amount o f  material to be filled, and other factors. 

Source: SEWRPC. 

2,300 
t o  

29,200 

584,400 

tributions appear t o  be the most cost-effective way to 
substantially reduce phosphorus loadings to  the lake. 
Other needed :measures include: the provision of sanitary 
sewer service, improved septic tank management, 
minimum mealsures t o  reduce pollutant runoff from rural 
lands through the implementation of basic soil conser- 
vation practices, low-cost measures to  reduce pollutant 
runoff from urban lands, and construction erosion 
control practices. 

The consideration of most lake restoration or rehabilita- 
tion  procedure!^ at this time should be with caution since 
problems wou1.d probably reoccur rapidly. However, lake 
drawdown, with subsequent fish restocking and bottom 
sediment removal or consolidation, would provide some 
measure of temporary water quality improvement. The 

- 

- 

implementation of hypolimnetic aeration, nutrient 
inactivation, and/or sediment covering for Tichigan Lake 
may be feasible as determined by the ongoing one-year 
lake study. 

The application of the above-listed nonpoint source 
pollution control measures to  control the nutrient inputs 
to Buena-Tichigan Lakes would entail a total capital cost 
of about $2,200,100, and an average annual operation 
and maintenance cost of about $53,000. The total 
50-year present worth cost of these source control mea- 
sures is $2,364,800 with an equivalent annual cost of 
$133,800. If, in addition, rehabilitation techniques are 
found necessary, the capital cost of these would range 
from minimal for lake drawdown to $782,000 for sedi- 
ment covering. The total present worth costs of these lake 

2,300 
t o  

29,200 

584,400 

100 
t o  

1,900 

37,100 

- 

- 

100 
t o  

1,900 

37,100 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; remove 
nutrients from water body 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; reduce 
suitable plant substrate 

No additional 
reduction 

No additional 
reduction 



rehabilitation techniques would range from minimal 
cost for lake drawdown to $584,400 for sedi- 
ment covering. 

Wauheesee Lake 
Waubeesee Lake is a 129-acre lake located in the Town 
of Norwav in Racine Countv. The lake drains to the 
Wind Lake Drainage Canal. Certain geomorphological 
characteristics of Waubeesee Lake are set forth in Table 
C133, together with the approximate 1975 population 
of the direct tributary watershed and a brief description 
of lake water quality conditions. Map C-45 presents 
a graphic summary of the proposed year 2000 land cover 
in the lake watershed. As shown on Map C45,  a large 
portion of the urban land in the direct tributary water- 
shed area is proposed to he served by sanitary sewers 
by the year 2000. As of 1975, estimated 243 privately 
owned onsite sewage disposal systems-219 of which 
were located in areas covered by soils having severe or 
very severe limitations for the use of such systems--were 
in operation in the lake watershed area. 

As indicated in Table C-134, all direct sources combined 
contribute about 1,400 pounds of phosphorus annually 
to Waubeesee Lake. The major direct tributary sources of 
phosphorus in the lake watershed are runoff from septic 
tank systems, although livestock operations, rural land 
runoff, and urban land runoff also contribute significant 
loads of phosphorus. In addition, 700 pounds of phos- 
phorus are estimated to be contributed annually to 
Waubeesee Lake from drainage from Kee Nong Go 
Mong Lake. Also, as indicated in Table C-134, urban land 
uses in the watershed are expected to increase by about 

Table C-133 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF WAUBEESEE LAKE 

a The population of the d i c t  tributary watershed is estimated 
by assuming an average of 3.60 persons per dwelling unit as 
counted on 1"= 400'scale aerial photos. 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary Watersheda . . . . .  

General Existing Water Quality 
Conditions: 

Map C-45 

Description 

129 acres 

553 acres 
3.1 miles 

73 feet 
19 feet 
2,450 acre-feet 

302 persons 

Moderate macrophyte growth; 
occasional lack of oxygen 
in the hypolimnion 

PLANNED LAND COVER DEVELOPMENT 
IN THE DIRECT TRIBUTARY DRAINAGE 

AREA OF WAUBEESEE LAKE: 2000 

LEGEND 
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Waubeesee Lake has a direct tributary drainage ares of about 553 acres. 
About 160 acres, or 29 percent of the drainage area, are planned to be 
in rural land cover, and 393 serer. or 71 Percent. to be in urban land cover. 
Over the planning period an average of about eight acres may be expected to 
be converted annually to urban land cover. I t  ir estimated that an 85 per- 
cent reduction in nonpoint source pollutant runoff will be res~ired in 
the drainage area to protect rhe water quality of the lake. Thir can be 
achieved through a combination of minimum and additional rural land 
management practicer-including erpecially ?he proper management of 
I ~ V B B ~ O C ~  waf te~ - -~nd  urban management practicer-including low.cort 
urban practices, cun~truction erosion COnt1016, proper septic tank system 
management bared on a ~ite-by-sits inspection and maintenance orogram. 
and additional urban practicer. 

Source: SEWRPC. 

Table C134  

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
WAUBEESEE LAKE: 1975 and 2000 



85 percent under planned year 2000 land cover condi- 
tions although direct annual total phosphorus loadings 
are expected to  remain about the same as under existing 
conditions. Li~vestock operations, septic tank systems, 
urban land stormwater runoff, and construction activi- 
ties are expect~ed to be the primary sources of phosphorus 
t o  the lake under anticipated year 2000 conditions if 
drainage from nonpoint source controls are not imple- 
mented. The phosphorus load contributed from Kee 
Nong Go Mong Lake is expected to be reduced to about 
200 pounds under year 2000 conditions. The estimated 
total phosphorus concentrations during spring overturn 
under existing: and anticipated year 2000 conditions, as 
estimated from total phosphorus loadings and lake and 
drainage basin characteristics, are 0.12 milligram per liter 
(mg/l) and 0.09 mg/l, respectively. The Commission 
recommends i l  level of 0.02 mg/l or less of total phos- 

phorus for the prevention of excessive aquatic plant 
growth and the maintenance of a warmwater fishery and 
recreational use classification. Existing and anticipated 
year 2000 pollutant loadings may be expected to  result 
in total phosphorus concentrations in Waubeesee Lake 
which exceed the recommended level for recreational 
use and for the maintenance of a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to  reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in Table 
C-135, along with the associated costs and anticipated 

Table C-135 

WATER QUALITY MANAGEMENT MEASURES FOR WAUBEESEE LAKE IN RACINE COUNTY 

Sanitary Sewer 
serviceb I - 

Management Measul-e 

Protect public health and - 
drinking water supplies; 
reduce nutrient concen- 

I - I I trations 
- 1 - 1  - 1 - 1 -  - I - I Reduce nutrient concentra- I 

Estimated Cost 
1980-2000 

Total 
Capital 

Livestock Wane $ 4,900 

2.500 
practicerd 

I Harvestingg I I I I I I I ment; improve recreational I growth, aesthetic enhance- 

Economic Analysis 

Awrage Annual 
Operation and 
Maintenance 

Additional Urban Larid 10,200 

387,200 
18 ,600 

Anticipated Effectiveness 

$ 400 

900 

3.200 

500 

hypolimnion 
Nutrient 1 4,700 1 1 3,500 1 1 3,5001 200 1 I 200 1 Accelerate lake improvement; 1 No additional 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  ~ a k e ~  
(percent) 

Present Worth: 1975-2025 

5.200 

10,200 
2.600 

I use potential I 

Equivalent Annual: 1975-2015 

C a ~ i t a l  

$ 3,700 

1 ,900 

277.400 

- 

a The cumulative percent reduction in phosphorus loadings is in addition to  sanitary sewer service, as recommended in  the point source element for the Lower Fox River subregional area. 

C a ~ i t a l  

7.800 

290,800 
13900 

No additional 
reduction 

lnactivationi 

Sediment 
coveringirk 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the po in t  source alternative plan elements for the Lower Fox River subregional area. Local 
hook-up and o ~ e r ~ s t i o n  and maintenance costs, which are not primarily dependent o n  surface water quality, are not  presented above. The estimated expenditures for local hook-up and opera- 
tion and maintenance in the Waubeesee Lake drainage basin include a capital cost over the period of 1975-2000 o f  $132,000, an average annual operation and maintenance cost of$1,000, 
and a total 50-year present worth cost o f  $89,600. 

Operation and 
Maintenance 

$ 4,300 

1,000 

50,400 

7 200 

The proper maintenance and replacement o f  the remaining septic tank systems is recommended to  help improve the water quality o f  Waubeesee Lake. However, because septic tank systems 
management is an existing function necessary for the preservation o f  public health and the maintenance o f  drinking water supplies, this cost is not  included in  the water quality management 
plan. The estimatf?d expenditures for septic system management in the Waubeesee Lake drainage basin include a capital cost over the period o f  1975-2000 o f  $463,500, an average annual 
operation and maintenance cost o f  $4.100, and a total 50-year present worth cost o f  $434,300. 

Rural land management practices necessary t o  achieve a 50percent reduction in rural diffuse source pollutant loads. 

Operation and 
Maintenance Total 

61.500 

125,000 
41,000 

700 400 Hypolimnetic 200 
 erat ti on^ 

t o  
12,900 

258,000 

Cost estimated to  control erosion from the estimated 8 acres o f  landestimated to  be annually undergoing construction activity In the lake watershed. 

Total 

$ 8.600 

2,900 

327.800 

7.200 

Urban land management practices necessary to achieve a 50percent reduction in urban diffuse source pollutant loads. 

Cost estimated to  harvest macrophytes from the 2 0  acres o f  Waubeesee Lake subject to  excessive macrophyte growth. 

Cost estimated to  aerate the entire hypolimnion o f  the lake. 

69,300 

415,800 
54.900 

1,100 7,000 

- 

- 

The lower cost for nutrient inactivation is for treating only the hypolimnetic area with alum; the higher cost is for treating the entire lake with alum. 

$ 200 

100 

17,600 

- 

Prevent anaerobic conditions 
(lack o f  oxygen) in the 

I Cost estimated to  cover the entire lake bottom with sand, clay, plastic, or other suitable material. 

500 

18,400 
900 

3,200 

t o  
9,600 

192,800 

The costs for sediment covering vary widely depending on such factors as lake size and depth, type of bottom substrate, and amount of material to  be filled. 

Source: SEWRPC. 

$ 300 

100 

3,200 

500 

10,200 

3,900 

- 

- 

$ 500 

200 

20,800 

500 

tions; prevent the stimula- 
t ion of excessive macro- 
phyte and algae growth; 
improve recreational use 
potential 

4.400 

t o  
9,600 

192,800 

85 

8,000 26,400 
2.600 3,500 

t o  
600 

12.200 

Control excessive macrophyte Minimal additional 

- 

- 

t o  
600 

12,200 

prevent release of nutrients 
f rom sediment; remove 
nutrients f rom water body 

reduction 

Accelerate lake improvemenr; 
prevent release of nutrients 
f rom sediment; reduce 
suitable plant substrate 

No additional 
reduction 



effectiveness. Measures to control livestock contributions 
appear to  be the most cost-effective way to substantially 
reduce phosphorus loadings to  the lake. Other needed 
measures include: the provision of sanitary sewer service, 
improved septic tank management, measures to reduce 
pollutant runoff from rural lands by 50 percent, low-cost 
measures to reduce pollutant runoff from urban lands, 
measures to  reduce pollutant runoff from urban lands by 
50 percent, and construction erosion control practices. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may continue to provide a suitable 
bottom substrate and nutrient source for excessive mac- 
rophyte growth and may release nutrients to  the water 
body, resulting in continued poor water quality. If this 
problem is confirmed through further local study, the 
application of lake restoration or rehabilitation pro- 
cedures should be considered, in addition to the above- 
mentioned nonpoint source controls. Alternative 
restoration measures as set forth in Table C-135 may 
include sediment covering and nutrient inactivation. The 
feasibility of these measures would have to  be assessed 
in a preliminary engineering study. Hypolimnetic aeration 
may also be a feasible method to eliminate anoxic condi- 
tions in the hypolimnion during summer stratification. 
Additional management measures, such as weed 
harvesting, may be used to control the macrophyte 
growth which may interfere with the recreational use 
of the lake. It should be emphasized, however, that the 
long-term maintenance of water quality in Waubeesee 
Lake requires that the recommended level of nutrient 
input reductions be achieved. 

The application of the above listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Waubeesee Lake would entail a total capital cost of 
about $387,200, and an average annual operation and 
maintenance cost of about $10,200. The total 50-year 
present worth cost of these diffuse source control mea- 
sures, useful in comparing the long-term costs of 
alternative control measures, is $415,800, with an 
equivalent annual cost of $26,400. If, in addition, 
rehabilitation techniques are found necessary, the capital 
cost of these alternatives would range from $4,700 for 
nutrient inactivation to $258,000 for sediment covering. 
The total present worth costs of lake rehabilitation tech- 
niques would range from $3,500 for nutrient inactivation 
to $192,800 for sediment covering. 

Wind Lake 
Wind Lake is a 936-acre lake located in the Town of 
Norway in Racine County. The lake drains to  the Wind 
Lake Drainage Canal. Certain geomorphological charac- 
teristics of Wind Lake are set forth in Table C-136, 
together with the approximate 1975 population of the 
direct tributary watershed and a brief description of 
lake water quality conditions. Map C-46 presents 
a graphic summary of the proposed year 2000 land 
cover in the lake watershed. As shown on Map C-46 
a large portion of the urban land in the tributary water- 
shed area is proposed to be sewed by sanitary sewers 
by the year 2000. As of 1975, an estimated 681 privately 

owned onsite sewage disposal systems--609 of which 
were located in areas covered by soils having severe or 
very severe limitations for the use of such systems-were 
in operation in the lake watershed area. 

As indicated in Table C-137, all tributary sources com- 
bined contribute about 20,900 pounds of phosphorus 
annually to  Wind Lake. The existing major direct tribu- 
tary phosphorus loadings to the lake are estimated t o  
originate from rural land runoff and runoff from live- 

Table C-136 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF WlND LAKE 

Direct Tributary Drainage 

General Existing Water Quality 
Blue-green algae blooms; ex- 

cessive macrophyte growth; 

a The population of the direct tributary watershed is estimated 
by assuming an average of  3.60 persons per dwelling unit as 
counted on 1 "= 400'scaIe aerial photos. 

Source: SEWRPC. 

Table C-137 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
WIND LAKE: 1975 and 2000 

Urban Land Cover (acres). . . . . . . . . . . . . 637 162 0.8 1.479 376 2.0 
Land under Development-Construction 1 A c t i v i t i e ~ 1 ~ r e s ~ . . .  . . . . . . .  - / - - I 71 3,195 1 17.0 1 

Source of Phorphorur 

Ontite Sewage Disposal Septic 
~ a n k  ~ y ~ t e m s ~  . . . . . . . . . . . . . . . . . . ( R u d  LandCoverlmes) . . . . . . . . . . . . ( 7 , z  ( 1;:;" ( ii ( " ( 8," 1 i! 1 

Livestock Operations (animal units) . . . . . . 5.689 5.689 

I Total I - I 20.895~ I 1w.0 I - I ia.a4ic I 100.0 I 

Exlrttng 1975 

Atmospheric Contribution (acres of 
receiving surface water) . . . . . . . . . . . . 

a Assvmes pmvrsion of sanltaw sewer remice as mommended in Me point source pollution sbammenr plan elemenf, 
awmes no nonpoimf murc8 eonfmI 

lncluderaniy tho= sysfems on miis hsving severe or very revwe limifsflons for dlrporal o f  sptic rank effluwrt. 

Does nor include Me 1975 enlmatedphogohorur load of 4,380poundrper yew, nor Me yeai2W0anticipaf.dphogohom1 
load of 4Wpoundsper ymr mnrribufed from the Big Muskego Lake. 

Source: SEWRPC. 

Number 

Anticrpated 2000' 

Number 

936 

Total 
Loading 
(pounds 
per year) 

Total 
Loading 

,bounds 
per year) 

Percent 
Distribution 

468 

Percent 
Disribution 

2.2 936 468 2.5 



Map C-46 

PLANNED LAND COVER DEVELOPMENT IN THE DIRECT TRIBUTARY DRAINAGE AREA OF WIND LAKE: ZOO0 

LEGEND ...... WTERUED BOYNEAR" 

T G T  BOYNOaW AND -MIITION - m m  TrnWTrn - W E  M E A  

4 POM CT m N  aPC- 

I -" - --'" - 
rn ---"'- 

Wind Lake hara direct tributary drainage area of about 8.381 acres. About 6.831 acres, or 82 percent of the drainage area, are planned to  ba in rural land cover, and 
1,550 acres, w 18 percent, t o  be i n  urban land saver. Over the planning period an average of about 71 aerer may beexpected t o  be converted annually to  urban 
land cover. I t  i s  estimated that an 85 percent reduction in nanpoint rouree pollutant runoff wlll be required in the drainsga area t o  protect the water quality of the 
lake. This can be achieved through a mmblnation of minimum and additional rural land management practicer-including enpseislly the DrODer management of 
IiveOto~k wastes--~nd urban management practicer-including low.cort urban practices. construction erosion mntrolr, proper peptic tank system management based 
on a site-bv-~its inspection and maintenance program, and additional urban practices. 

Souroe: SEWRPC. 



loadings expected to decrease to about 18,800 pounds as 
a result of the reduced rural land pollutant runoff loadings 
and the elimination of most malfunctioning septic tank 
systems through the provision of sanitary sewer service. 
Unless reduced by the implementation of nonpoint 
source control measures, phosphorus loadings from rural 
land runoff and livestock operations may be expected to  
continue to  be the primary sources of phosphorus to the 
lake under anticipated year 2000 conditions. In addition, 
the phosphorus load contributed to Wind Lake from 
drainage from Big Muskego Lake is expected to be 
reduced to 400 pounds per year under year 2000 condi- 
tions. The estimated total phosphorus concentrations 

during spring overturn under existing and anticipated 
year 2000 conditions, as estimated from phosphorus 
loadings and lake and drainage basin characteristics, are 
0.17 milligram per liter (mg/l) and 0.13 mg/l, respectively. 
The Commission recommends a level of 0.02 mg/l or less 
of total phosphorus for the maintenance of a warmwater 
fishery and recreational use classification. Existing and 
anticipated year 2000 pollutant loadings may be 
expected to result in total phosphorus concentrations 
in Wind Lake which exceed the phosphorus level esti- 
mated to be necessary to maintain water quality suitable 
for recreational use and for the maintenance of a warm- 
water fishery. 

Table (2-138 

WATER QUALITY MANAGEMENT MEASURES FOR WIND LAKE IN RACINE COUNTY 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  Lake 
ManasementMeasure 1 Capital I Maintenance Capital I Maintenance I Total I Capital I Maintenance I Total I AnticiPetedEffectiveness I (percent) I 

Estimated Cost 
1980-2000 

Sanitary Sewer 
serviceaZb 

Economic Analysis 

Total 

Protect public health and - 
drinking water supplies; 
reduce nutrient concen- 

Present Worth: 1975-2025 
Average Annual 
Operation and 

Equivalent Annual: 1975-2025 

phyte and algae growth; 
improve recreational use 

Harvesting 

, ment; improve recreational , 

Septic Tank System 
~ a n a g e m e n t ~  

Livestock Waste 

I Operation and I I Operation and I 

- 

$ 75.900 

Nutrient 
Inactlvationalg 

Sediment 
coveringh,j 

IJredgingi,j 

- 

$ 6500 

14,000 
t o  

93,600 

a The cumulative percent reduction in phosphorus loadings is in addition to  sanitary sewer service, as recommended in the point source element for the Lower Fox River subregional area. 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the point source alternative plan elements for the Lower Fox River subregionalarea. Local 
hook-up and operation and maintenance costs, which are not  primarily dependent on surface water quality, are not  presentedabove. The estimated expenditures for local hook-up and opera- 
tion and maintenance in the Wind Lake drainage basin include a capital cost over the period o f  1975-2000 o f  $5,960,000, an average annual operation and maintenance cost o f  $44,700, 
and a total 50-year presen r worth cost o f  $4,043,900. 

The proper maintenance and replacement of the remaining septic tank systems is recommended to help improve the water quality o f  Wind Lake. However, because septic tank systems man- 
agement is an existing function necessary for the preservation o f  public health and the maintenance o f  drinking water supplies, this cost is not  included in the water quality management 
plan. The estimated expenditures for septic system management in the Wind Lake drainage basin include a capital cost over the period o f  1975-2000 o f  $252,000, an average annual opera- 
tion and maintenance cost o f  $23,700, and a total 5Oiyear present worth cost o f  $261,800. 

Cost estimated to reduce rural diffuse source pollutant loads by 75percent. 

Oost estimated to  control erosion from the estimated 71  acres o f  land estimated to  be annually undergoing construction activity i n  the lake watershed 

Cost estimated to  harvest macrophytes from the 300 acres of Wind Lake subject to  excessive macrophyte growth. 

The lower cost for nutrient inactivation is for treating only the hypolimnetic area with alum; the higher cost is for treating the entire lake with alum. 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, or  other suitable material. 

Cost estimated to  dredge lake to an average depth of 15 feet. Existing average depth is 9.6 feet. 

j The cost for sediment covering vary widely depending on such factors as lake size and depth, type of bottom substrate, and amount of material to be filled or dredged 

Source: SEWRPC. 

1,872.400 

8.1 56,100 

- 

$ 56,700 

- 

- 

- 

- 

$ 76,100 

10,500 
t o  

69,900 

1,399,200 

6,095,000 

- 

$ 132,800 

- 

- 

- 

- 

$ 3 . W  

10,500 
t o  

69,900 

1,399,200 

6,095,000 

- 

$ 4,800 

700 
t o  

4,400 

88,800 

386,700 

- 

$ 8,400 

- 

trations 
Reduce nutrient concentra- 

tions; prevent the stimula- 
t ion of excessive macro- 

- 

- 

700 
t o  

4,400 

88,800 

386,700 

use potential 
Accelerate lake improvement; 

prevent releare of nutrients 
f rom sediment; remove 

No additional 
reduction 

nutrients f rom water body 
Accelerate lake improvement; 

prevent release of nutrients 
f rom sediment; reduce 
suitable plant substrate 

Deepen lake; reduce macro- 
phyte growth 

No additional 
reduction 

No additional 
reduction 



The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to  reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in Table 
C-138, along with the associated costs and anticipated 
effectiveness. Mleasures to  control livestock contributions 
appear to  be the most cost-effective way to  substantially 
reduce phosphorus loadings to  the lake. Other needed 
measures includle: the provision of sanitary sewer service, 
improved septic: tank management, minimum and addi- 
tional measures to  reduce pollutant runoff from rural 
lands by 75 percent measures to  reduce pollutant runoff 
from urban lands by 50 percent, and construction erosion 
control practices. 

If nutrient loadings are reduced, the sediments which 
have been deposited on the lake bottom may continue 
to  provide a suitable bottom substrate and nutrient 
source for excessive macrophyte growth and may 
release nutrients to  the water body, resulting in con- 
tinued poor water quality. This is especially true of 
a large, relatively shallow lake, such as Wind Lake. If 
this problem is confirmed through further local study, 
the application of lake restoration or rehabilitation 
procedures should be considered, in addition to the 
above-mentioned nonpoint source controls. Appropriate 
restoration measures may include limited dredging, 
sediment covering, and nutrient inactivation. The feasi- 
bility of these measures would have t o  be assessed in 
a preliminary enginqering study. Additional management 
measures, such as weed harvesting, may be used to 
control the macrophyte growth which may interfere with 
the recreational use of the lake. It should be emphasized, 
however, that the long-term maintenance of water quality 
in Wind Lake requires that the recommended level of 
nutrient input reductions be achieved. 

The application of the above listed nonpoint source mea- 
sures t o  control nutrient inputs to Wind Lake would 
entail a total capital cost of about $4,389,000 and an 
average annual operation and maintenance cost of about 
$188,100. The total 50-year present worth cost of these 
control measures, useful in comparing the long-term costs 
of alternative c:ontrol measures, is $4,848,000, with an 
equivalent annual cost of $307,500. The estimated 
capital cost of inland lake rehabilitation measures could 
be expected to range from $14,000 for nutrient inactiva- 
tion to $8,156,100 for dredging. 

MILWAUKEE IRIVER WATERSHED LAKES 

Barton Pond 
Barton Pond is a 67-acre lake located in the City of West 
Bend in Washington County. The pond is an impound- 
ment of the mainstem of the Milwaukee River at West 
Bend. Certain ~~eomorphological characteristics of Barton 
Pond are set forth in Table C-139, together with the 
approximate 1975 population of the direct tributary 
watershed and a brief description of lake water quality 

conditions. Map C-47 presents a graphic summary of the 
proposed year 2000 land cover in the lake watershed. As 
shown on Map C-47 a portion of the existing urban land 
in the tributary watershed area is proposed to be served 
by sanitary sewers by the year 2000. As of 1975, an 
estimated 13  privately owned onsite sewage disposal 
systems-one located in an area covered by soils having 
severe or very severe limitations for the use of such 
systems-were in operation in the lake watershed area. 

As indicated in Table C-140, all sources combined con- 
tribute about 900 pounds of phosphorus annually to  
Barton Pond. The major source of phosphorus in the lake 
watershed is construction runoff. Additionally about 
11,400 pounds of phosphorus are contributed annually 
from the large upstream tributary area via the Milwaukee 
River. As indicated in Table C-140, the extent of urban 
land uses in the watershed is expected to  increase by 
about 250 percent under planned year 2000 land cover 
conditions, with annual total phosphorus loadings to  the 

Table GI39 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF BARTON POND 

a The population of the direct tributary watershed is estimated by 
assuming an average of 3.3 persons per dwelling unit as counted 
on 1" = 400' =ale aerial photos. 

Source: SEWRPC. 

* 
Characteristic 

. . . . . . . . . . .  Surface Area 
Direct Tributary Drainage 

. . . . . . . . . . . . . . .  Area 
. . . . . . . . . . . . .  Shoreline 

Depth 
. . . . . . . . . .  Maximum 

. . . . . . . . . . . . .  Mean. 
. . . . . . . . . . . . . .  Volume 

1975 Population of Direct 
. . . .  Tributary watersheda 

General Existing Water Quality 
Conditions: 

Description 

67 acres 

687 acres 
3.0 miles 

5 feet 
3 feet 
189 acre-feet 

655 persons 

Occasional algae blooms; 
potential for fishkills as a re- 
sult of oxygen deficits during 
the summer months; high 
nutrient concentrations 



Map C.47 

PLANNED LAND COVER DEVELOPMENT 
IN THE DIRECT TRIBUTARY DRAINAGE 

AREA OF BARTON POND: 2000 

Barton Pond has a direct tributary drainage arm of about 687 acrer.About 
172 acres, or 25 Percent of the drainage ares, are planned to be in rural land 
COYBI, and 515 acres, or 75 percent, to be in urban land cover. Over the 
Dimnin# period an average of about 17 acres may be expected to be eon- 
versed annually to urban land cover. It is ertimsted that no redunion in 
direct tributary nanpoint source pollutant runoff will be required in the 
drainage area to protect the water quality of the pond. However, to provide 
minimum water Quality control, a combination of minimum rural land 
managemant practicer-including especially the proper msnagemenr of 
agricultural cro~plng practices-and minimum urban management practices- 
including low-cost urban practices and construction erosion controls should 
be implemented. 

Source: SEWRPC. 

Table C-I40 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
BARTON POND: 1975 and 2000 

lake expected to increase slightly to about 965 pounds as 
a result of increased urban development. Loadings from 
the construction activities are expected to be the primary 
source of phosphorus to the lake under anticipated year 
2000 conditions. In addition, approximately 4,300 
pounds of phosphorus will be contributed annually 
following a 25 percent reduction of total phosphorus 
loadings by the implementation of various nonpoint 
source control measures and substantial point source 
reductions in the upstream watershed area The estimated 
total phorphorus concentrations during spring overturn 
under existima and anticipated year 2000 conditions, as 
estimated from pbosphbrus ioadings and lake A d  
drainage basin characteristics, are 0.05 milligram per liter 
(mg/l) and 0.02 mg~l, respectively. The Commission 
recommends a level of 0.02 mg/l or less of total phos- 
phorus for the prevention of excessive aquatic plant 
growth and the maintenance of a warmwater fishery and 
recreational use classification. Existing and anticipated 
year 2000 pollutant loadings may be expected to result 
in total phosphorus concentrations in Barton Pond which 
exceed, and meet, respectively, the recommended 
level for recreational use and for the maintenance of 
a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volunie. An 
evaluation of these measures. a ~ ~ l i e d  in alternative com- . .. 
binations to reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in 
Table C-141, along with the associated costs and antici- 
pated effectiveness. Measures to control phosphorus 
contributions include: the extension of sanitary sewer 
service, improved septic tank management, minimum 
measures to reduce pollutant runoff from rural lands 
throuch the im~lementation of basic soil conservation - 
practices, low-cost measures to reduce pollutant 
runoff from urban lands, and construction erosion 
control practices. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may provide a suitable bottom 
substrate and nutrient source for excessive macropbyte 
growth in some local areas and may release nutrients to 
the water body. If this problem is confirmed through 
further local study, the application of lake restoration 
and rehabilitation-procedures should be considered, in 
addition to the above-mentioned ooint and nonooint 
source controls. Alternative restoration measures as set 
forth in Table C141 may include lake aeration, dredging, 
and sediment covering. The feasibility of these measures 
would have to be assessed in a preliminary engineering 
study. It should be emphasized, however, that the 
long-term maintenance of water quality in Barton Pond 
requires that the recommended level of nutrient input 
reductions be achieved. 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient input 
to Barton Pond would entail a total capital cost of about 



Table C-141 

WATER QUALITY MANAGEMENT MEASURES FOR BARTON POND IN WASHINGTON COUNTY 

Estimated Cost 
Cumulative 

Economic Analysis Reduction in 
1980-2000 External Annual 

Present Worth: 1975-2025 Equivalent Annual: 1975-2025 
Phosphorus 

I Operatbon and 1 Operation and Load t o  ~ a k e ~  
Management Measure Capital Maintenance Capital Maintenance Total Capital Maintenance Total Anticipated Effectiveness (percent) 

- Protect public health and 

serviceb drinking water supplies; 
reduce nutrient concen- 
trations 

Minimum Rural Con- $ 100 $ 600 $ 100 $ 7,500 $ 7.600 $ 4100 $ 500 $ 600 Reduce nutrient concentra- 
tions; prevent the stimula- 

6.800 589.500 107,200 696,700 37,400 6,800 44,200 t ion of excessive macro- 
Control PracticesC phyte and algae growth; 

500 Minimal 8,000 8,000 Minimal 500 500 improve recreational use 
Management Practices I I 

. ..- - potential 
785 500 ~ 7 1 2 , 3 0 0  9,600 37,500 1 7,800 1 45,300 75 

Aeration 6.000 1 200 1 4.500 1 2.400 1 6.900 1 300 1 200 1 500 1 Prevent anaerobbc conditions 1 No additional 

1 1 . I  1 . I  ' 1 ' 1  1 1 1 (lack o f  oxygen) in the reduction 1 
hypolimnion 

Sediment 134,000 100.100 - 100,100 6,400 - 6,900 Accelerate lake improvement; No additional 
prevent release of nutrients reduction 
f rom sediment; reduce 
suitable plant substrate 

1,296.900 969,200 - 969,200 61.500 - 64,500 Deepen lake; reduce macro- No additional 
ohvte arowth reduction 

a The cumulative percent reduction in phosphorus loadings is in  addition to  sanitary sewer service, as recommended in the point source element for the Upper Milwaukee River subregional area. 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the point source alternative plan elements for the Upper Milwaukee River subregional area. 
Local hook-up and operation and maintenance costs, which are not  primarily dependent on surface water quality, are notpresentedabove. The estimatedexpenditures for  local hook-UP and 
operation and mainltenance in the Barton Pond drainage basin include a capital cost over the period o f  1975-2000 of $48,000, an average annual operation and maintenance Cost o f  $16.170. 
anda total 50-year~resent worth cost o f  $1 15,800. 

Cost estimated to  ca'ntrol erosion from the estimated 17 acres o f  land estimated to  be annuaNy undergoing construction activity in the lake watershed. 

Cost estimated t o  aerate 3 0  acres of the lake. 

Cost estimated to  ca'ver the entire lake bottom wi th  sand, clay, plastic. or other suitable material. 

' The cost of sediment covering and dredging projects wi l l  vary widely depending upon such factors as lake depth, size, type o f  material to be dredged or filled. 

Cost estimated to  dredge lake t o  an average depth o f  15 feet. Existing average depth is 3 feet. 

Source: SEWRPC. 

$785,500, and an average annual operation and mainte- 
nance cost o f  about $7,900. The total 50-year present 
worth cost o f  these nonpoint source control measures is 
$712,300, with an equivalent annual cost o f  $45,300. I f ,  
in addition, rehabilitation techniques are found neces- 
sary, the capital cost o f  these alternatives would range 
from $6,000 for lake aeration t o  $1,296,900 for 
dredging. The total present worth o f  these lake rehabili- 
tation techniques would range from $500 for aeration 
t o  $969,200 foir dredging. 

Cedar Lake 
Cedar Lake is a 932-acre lake located in the Towns o f  
Polk and West Bend in Washington County. The lake 
drains t o  the Milwaukee River via Cedar Creek and Little 
Cedar Lake. Certain geomorphological characteristics o f  
Cedar Lake are set forth in Table C-142, together with 
the approximate 1975 population o f  the direct tributary 
watershed and a brief description o f  lake water quality 
conditions. Map C-48 presents a graphic summary o f  the 
proposed year :ZOO0 land cover in the lake watershed. As 
shown on Map C-48, none o f  the existing urban land in 
the tributary watershed area is proposed t o  be served by  
sanitary sewers by the year 2000. As o f  1975, an esti- 

mated 593 privately owned onsite sewage disposal 
systems-336 located in areas covered by soils having 
severe or very severe limitations for the use o f  such 
systems-were in operation in the lake watershed area.13 

I3The provision o f  sanitary sewer service to the lake 
watershed was proposed in SEWRPC Planning Report 
No. 16, A Regional Sanitary Sewerage System Plan for 
Southeastern Wisconsin. However, field studies con- 
ducted by the Wisconsin De~artment of  Natural 
Resources indicated that sanitary sewer seruice is 
probably not required if proper septic tank system main- 
teance were assured. As presented in the point source 
element discussion in Chapter 4 o f  this Volume, sanitary 
sewer service is no longer recommended for the Cedar 
Lake watershed. 



Table GI42 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF CEDAR LAKE 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.41 persons per dwelling unit as 
counted on I" = 400' scale aerial photos. 

Characteristic 

Surface Area . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . .  
Mean. . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . .  

General Existing Water Quality 
Conditions: 

Source: SEWRPC. 

Description 

932 acres 

5,495 acres 
3.8 miles 

105 feet 
34feet 
31,983 acre-feet 

2,022 persons 

Occasional algae blooms; 
moderate macrophyte 
growth; low to moderate 
nutrient concentrations 

Table GI43 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
CEDAR LAKE: 1975 and 2000 

Map C-48 

PLANNED LAND COVER DEVELOPMENT 
IN THE DIRECT TRIBUTARY DRAINAGE 

AREA OF CEDAR LAKE: 2000 

L E G E N D  

...... WATERSHED BOUNDARY 

CL-2 SUBBASIN AND DESlGN.lTlON BOUNDllRY 

- DIRECT TRIBUTARY 
DRAINAGE AREA 

4 FOlNT OF SUBBASIN 
DISCHARGE 

0 RURAL LAND COVER 

Cedar Lake has a direct tributary drainage area of about 5,495 acres. About 
4,673 acres, or 85 percent of the drainage area, are planned to be in  rural 
land cover, and 822 acres, or 15 percent, to  be in urban land cover. Over the 
planning period none of the direct tributary watershed area is expected to be 
converted to urban land cover. It is estimated that no reduction in nonpoint 
source pollutant runoff will ba required in the drainage area to protect the 
water quality of the lake. To provide minimum water quality control, 
a combination of minimum rural land management practices-including 
especially the proper management of livestock wastes-and minimum urban 

a A S ~ S  no nonponr source conrioi management practices-including proper s6ptic tank system management 
i n e ~ u d e * ~ o ~ ~  rhos ryrtemr 00 solis hav,ng evere or very severe i,mirartonr for drsposalof m r c  tank efflvenr based on a site-by-site inspection and maintenance program-should be 
Include$ phovhorus loads from groundwetar The lake trudy conducted by the W o n s i n  Departmsn: of Nawral 

Reroorces reponed that groundware, phorpharvs loads whch mey be contributed from oacursl source$ land swfece 
implemented in the lake drainage area. 

reepage andooclynry~epe~~ "/smmr are h t g k  :hen the ob.spivaddir~rrepr~~syn~rnphospno~~~ loads m fhs lake 

source SEWRPC Source: SEWRPC. 

As indicated in Table C-143, based on Wisconsin Depart- 
ment of Natural Resources field study results, water 
quality simulation analyses, and phosphorus loading 
estimates, all direct tributary sources combined contri- 
bute about 1,500 pounds of phosphorus annually to 
Cedar Lake. The major source of phosphorus to the 
lake is septic tank systems. Urban land uses in the lake 
watershed are not expected to increase under planned 
year 2000 land cover conditions, and annual total phos- 

phorus loadings to the lake are expected to remain 
constant if pollutant controls are not implemented. While 
no significant construction activities should occur within 
the lake watershed through the year 2000, it must be 
recognized that if such activities do occur, the potential 
for excessive pollutant contributions to the lake from 
these activities exists and effective control measures 
should accordingly be implemented to avoid these exces- 
sive contributions. The estimated total phosphorus con- 



centration during spring overturn under both existing and 
anticipated year 2000 conditions, as estimated from 
Wisconsin Depeirtment of Natural Resources field study 
results, and water quality model simulation analyses and 
phosphorus loading estimates, is 0.02 milligram per liter 
(mgp). The Commission recommends a level of 0.02 
mgp or less of total phosphorus for the prevention of 
excessive aquatic plant growth and the maintenance of 
a warmwater fishery and recreational use classification. 
Existing and anticipated year 2000 pollutant loadings 
may be expected to  result in total phosphorus concen- 
trations in Cedar Lake which meet the recommended 
level for recreational use and for the maintenance of 
a warmwater fishery. 

The measures ;available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to red.uce the nonpoint source pollution loading 
on the lake, w,as made and a set of recommended mea- 
sures was identified. These measures are set forth in Table 
C-144, along with the associated costs and anticipated 
effectiveness. Measures to  control livestock contributions 
appear to be th~e most cost-effective way to substantially 
reduce phosphorus loadings to  the lake. Other recom- 

mended measures include: improved septic tank system 
management, minimum measures to  reduce pollutant 
runoff from rural lands through the implementation of 
basic soil conservation practices, and low-cost measures 
to  reduce pollutant runoff from urban lands. 

Once nutrient loadings to the lake are reduced by the 
actions noted above, the sediments which have been 
deposited on the lake bottom will continue to provide 
a suitable bottom substrate and nutrient source for 
excessive macrophyte growth in some local areas and 
may release nutrients to  the water body. As this problem 
is confirmed through further local study, the application 
of lake restoration or rehabilitation procedures should 
be considered, in addition to the above-mentioned point 
and nonpoint source controls. Alternative restoration 
measures as set forth in Table C-144 may include nutrient 
inactivation. The feasibility of this measure would have 
to be assessed in a preliminary engineering study. Addi- 
tional management measures, such as weed havesting, 
may be used t o  control the macrophyte growth which 
may interfere with the recreational use of the lake. It 
should be emphasized, however, that the long-term 
maintenance of water quality in Cedar Lake requires that 
the recommended level of nutrient input reductions 
be achieved. 

Table C-144 

WATER QUALITY MANAGEMENT MEASURES FOR CEDAR LAKE IN WASHINGTON COUNTY 

a The proper maintenance and replacement o f  the remaining septic tank systems is recommended to  help improve the water quality o f  Cedar Lake. However, because septic tank systems manage- 
ment Is an existing function necessary fo r  the preservation o f  public health and the maintenance o f  drinking water supplies, this cost is not  included in the water quality management plan. The 
estimated expenditures for septic system management in the Cedar Lake drainage basin include a capital cost over the period o f  79752000 o f  $229,500, an average annual operation and 
maintenance cost o f  $5.400, and a total 50-year present worth cost o f  $3 72,900. 

I f  adequate livestock waste control  is determined following a field inspection by  soil conservation specialists, the above-cited control costs may be substantially revised. 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  Lake 
(percent) 

40 

Management Measure 

Septic Tank System 
Managementa 

Livestock Waste 
controlb 

Minimum Rural Con- 
servation Practices 
and Streambank 

Cost estimated to  harlrest macrophytes from the 100 acres o f  Cedar Lake subject to  excessive macrophyte growth. 

Protection 
Low Cost Urban Land 

Management Practices 
Total 

Macrophyte 
HarvestingC 

Nutrient 
lnactivdtiond 

The lower cost fo r  nutrient inactivation is for treating only the hypolimnetic area with alum; the higher cost is for treating the entire lake wi th  alum. 

Source: SEWRPC. 

Anticipated Effectiveness 

Reduce nutrient concentra- 
tions; prevent the stimula- 
t ion of excessive macro- 
phyte and algae growth; 
improve recreational use 
potential; protect public 
health and drinking water 

Estimated Cost 
1980-2000 

Economic Analysis 

Total 
Capital 

$ 49,500 

1.000 

Average Annual 
Operation and 
Maintenance 

$ 4,200 

8.200 

Present Worth: 1975-2025 Equivalent Annual: 1975-2025 

Capital 

$ 37,000 

700 

Capital 

$ 2,300 

<lo0 

Operation and 
Maintenance 

5 49,600 

99,800 

Operation and 
Maintenance 

$ 3.100 

8,300 

Total 

5 86.600 

100,500 

Total 

$ 5,400 

6,400 



The application of the above-listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Cedar Lake would entail a total capital cost of about 
$50,500, and an average operation and maintenance cost 
of about $13,800. The total 50-year present worth cost 
of these nonpoint source control measures is $207,200, 
with an equivalent annual cost of $13,100. If, in addi- 
tion, rehabilitation techniques are found necessary, the 
cost of nutrient inactivation would range from $43,800 
to $93,200. The total present worth of nutrient inactiva- 
tion would range from $32,700 to $69,600 for nutrient 
inactivation. 

Green Lake 
Green Lake is a 71-acre lake located in the Town of 
Farmington in Washington County. Green Lake is drained 
by an unnamed tributary to  the North Branch of the 
Milwaukee River. Certain geomorphological characteris- 
tics of Green Lake are set forth in Table C-145, together 
with the approximate 1975 population of the direct 
tributary watershed and a brief description of lake water 
quality conditions. Map C-49 presents a graphic summary 
of the proposed year 2000 land cover in the lake water- 
shed. As shown on Map C-49 none of the urban land in 
the tributary watershed area is proposed to be served by 
sanitary sewers by year 2000. As of 1975, an estimated 
60 privately owned onsite sewage disposal systems-39 
of which were located in areas covered by soils having 
severe or very severe limitations for the use of such 
systemswere in operation in the lake watershed area. 
the lake watershed area. 

Table C145 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF GREEN LAKE 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.63 persons per dwelling unit as 
counted on I " =  400' scale aerial photos. 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direcf 

Tributary Watersheda . . . . .  

General Existing Water Quality 
Conditions: 

Map C.49 

Description 

71 acres 

505 acres 
1.8 miles 

37 feet 
17 feet 
1.195 acre-feet 

218 persons 

Moderate nutrient concen. 
tratians; frequent dissolved 
oxygen depletion in the 
hypolimnion 

PLANNED LAND COVER DEVELOPMENT 
IN THE DIRECT TRIBUTARY DRAINAGE 

AREA OF GREEN LAKE: 2000 

I 

1 I 

LEGEND 

mBBs SUBBASIN BOUNPARI 
AND ESIOWTW4 

Green Lske has a direct tributary drainage ares of about 505 acres. About 
358 acres. or 71 percent of the drainage area, are planned to be in rural land 
cover. and 147 acres, or 29 percent, to be in urban land cover. Over the 
planning period none of the direct tributary watenhed ares is expected to be 
converted to urben land mver. It is estimated that a 33 percent reduction 
in nanpoint source pollutant runoff will be required in the drainage area 
to protect the water quality of the lake. This can be achieved through 
B combination of minimum rural land management practices-including 
espe~ially the proper management of agricultural cropping practices-and 
minimum urban management praetieer-including proper septic tank system 
management bared an a rite.by-rite inspection and maintenance program. 

Swrce: SEWRPC. 

Table C146 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADSTO 
GREEN LAKE: 1975 and 2000 
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As indicated i n  Table G146, all sources combined con- 
tribute about 200 pounds of phosphorus annually to 
Green Lake. The major source of phosphorus in the lake 
watershed is septic tank systems. Also as indicated in 
Table (2-146, the existing land uses are not expected to  
change significantly under planned year 2000 land cover 
conditions. Therefore, unless reduced by the implementa- 
tion of nonpclint source control measures, phosphorus 
loadings from septic tank systems may be expected to 
continue t o  be the primary source of phosphorus to  the 
lake under anticipated year 2000 conditions. The esti- 
mated total phosphorus concentration during spring 
overturn unde:r existing and anticipated year 2000 con- 
ditions, as estimated from phosphorus loadings and lake 
and drainage basin characteristics, is 0.03 milligram per 
liter (mg/l). The Commission recommends a level of 0.02 
mgp or less of total phosphorus for the prevention of 
excessive aqua.tic plant growth and the maintenance of 
a warmwater :fishery and recreational use classification. 
Existing and anticipated year 2000 pollutant loadings 
may be expected to result in total phosphorus concen- 
trations in Green Lake which exceed the recommended 
level for recreational use and for maintenance of 
a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to  reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 

sures was identified. These measures are set forth in 
Table C-147, along with the associated costs and antici- 
pated effectiveness. Needed measures to  control phos- 
phorus contributions include: improved septic tank 
management, minimum measures to reduce pollutant 
runoff from rural lands through the implementation of 
basic soil conservation practices, and low-cost measures 
to reduce pollutant runoff from urban lands. 

If nutrient loadings to  the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may continue to  provide a suitable 
bottom substrate and nutrient source for excessive mac- 
rophyte growth and may release nutrients to  the water 
body, resulting in continued poor water quality. If this 
problem is confirmed through further local study, the 
application of lake restoration or rehabilitation pro- 
cedures should be considered, in addition to the above- 
mentioned nonpoint source controls. Alternative 
restoration measures as set forth in Table C-147 may 
include hypolimnetic aeration, sediment covering, and 
nutrient inactivation. The feasibility of these measures 
would have to  be assessed in a preliminary engineering 
study. It should be emphasized, however, that the 
long-term maintenance of water quality in Green Lake 
requires that the recommended level of nutrient input 
reductions be achieved. 

The application of the above listed nonpoint source 
pollution control measures to  control the nutrient inputs 
to  Green Lake would entail a total capital cost of about 

Table C-147 

WATER QUALITY MANAGEMENT MEASURES FOR GREEN LAKE IN WASHINGTON COUNTY 

a The proper maintenance and replacement of the remaining septic tank systems is recommended t o  help improve the water quality o f  Green Lake. However, because septic tank systemsrnanage- 
ment is an existing function necessary for the preservation o f  public health and the maintenance o f  drinking water supplies, this cost is n o t  included in the water quality management plan. The 
estimated expenditures for septic system management in the Green Lake drainage basin include a capital cost over the period o f  7975-2000 o f  $775,500, an average annual operation and 
maintenance cost of .kZ,ZOO, and a total 50-year present worth cost o f  $174.000. 

Cost estimated t o  aerate the entire hypolimnion o f  the lake. 

Management Measure 

Septic Tank System 
Managementa 

Minimum Rural Con- 
servation Practices 

Low Cost Urban Land 
Management Practices 

Total 
Hypolimnetic 

 erat ti on^ 

Nutrient 
InactivationC 

Sediment 
coveringdee 

The lower cost for nutrient inactivation is for treating only the hypolimnetic area wi th  alum; the higher cost is for treating the entire lake with alum. 

Cost estimated to  cover the entire lake bottom with sand, clay, plastic, o r  other suitable material. 

Cost o f  sediment covering will vary widely depending on such factors as lake depth, lake size, andamount of f i l l  required. 

Source: SEWRPC. 

Anticipated Effectiveness 

Reduce nutrient concentra- 
tions; prevent the stimula- 
t ion of excessive macro- 
phyte and algae growth; 
improve recreational use 
potential 

Prevent anaerobic conditions 
(lack of oxygen) in the 
hypolimnion 

Accelerate lake improvement; 
prevent release of nutrients 
f rom sediment; remove 
nutrients f rom water body 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; reduce 
suitable plant substrate 

Estimated Cost 
Cumulative 

Reduction in 
External Annual 

Phosphorus 
Load t o  Lake 

(percent) 

60 
No additional 

reduction 

No additional 
reduction 

No additional 
reduction 

- 

Total 
Capital 

- 

$ <I00 

Minimal 

100 
5.400 

2.700 
t o  

7.100 

142.000 

1980-2000 

Average 
Operation and 
Maintenance 

- 

$ 600 

200 

800 
100 

- 

- 

Economic 

Present 

Capital 

- 

$ 100 

Minimal 

100 
4,000 

2,000 
t o  

5,300 

106,100 

Analysis 

Equivalent 

Capital 

- 

$ el00 

Mlnimal 

100 
300 

100 
t o  
300 

6,700 

Worth: 1975-2025 

Operation and 
Maintenance 

- 

$ 6,800 

3,600 

10,400 
1,600 

- 

- 

Total 

- 

$ 6,900 

3,600 

10,500 
5,600 

2,000 
t o  

5,300 

106,100 

Annual: 

Operation and 
Maintenance 

- 

$ 400 

200 

600 
100 

- 

- 

1975-2025 

Total 

- 

$ 500' 

200 

700 
400 

100 
t o  
300 

6,700 



$100, with an average annual operation and maintenance 
cost of about $800. The total 50-year present worth cost 
of these nonpoint source control measures, useful in 
comparing the long-term costs of alternative control 
measures, is $10,500, with an equivalent annual cost of 
$700. If, in addition, rehabilitation techniques are found 
necessary, the capital cost of these alternatives would 
range from $2,700 for nutrient inactivation to $142,000 
for sediment covering. The total present worth of these 
rehabilitation measures would range from $2,000 for 
nutrient inactivation to  $106,100 for sediment covering. 

Little Cedar Lake 
Little Cedar Lake is a 246-acre lake located in the Town 
of West Bend in Washington County. The lake drains to 
the main branch of the Milwaukee River via Cedar Creek. 
Certain geomorphological characteristics of Little Cedar 
Lake are set forth in Table C-148, together with the 
approximate 1975 population of the direct tributary 
watershed and a brief description of lake water quality 
conditions. Map C-50 presents a graphic summary of the 
proposed year 2000 land cover in the lake watershed. As 
shown on Map (2-50, none of the existing urban land in 
the tributary watershed area is proposed to be served 
by sanitary sewers by the year 2000. As of 1975, an 
estimated 164 privately owned onsite sewage disposal 
systems54 located in areas covered by soils having 
severe or very severe limitations for the use of such 
systems-were in operation in the lake watershed area.14 

As indicated in Table C-149, based on Wisconsin Depart- 
ment of Natural Resources field study results, water 
quality simulation analyses, and phosphorus loading 
estimates, all direct tributary sources combined contri- 
bute about 450 pounds of phosphorus annually to  Little 
Cedar Lake. The major source of phosphorus in the lake 
watershed is septic systems. In addition, approximately 
440 pounds of phosphorus are contributed annually from 
the drainage from Cedar Lake. Urban land uses in the 
lake watershed are not expected to increase under 
planned year 2000 land cover conditions, and annual 
total phosphorus loadings to the lake are expected to  
remain at about 450 pounds from the direct tributary 
area. While no significant construction activities are 
planned to occur within the watershed through the 
year 2000, it must be recognized that if such activities 

14The provision o f  sanitary sewer service to the lake 
watershed was proposed in SEWRPC Planning Report 
No.  16, A Regional Sanitary Sewerage System Plan for 
Southeastern Wisconsin. However, field studies con- 
ducted by  the Wisconsin Department o f  Natural 
Resources have demonstrated that sanitary sewer 
service is probably not required if proper septic tank 
system maintenance is assured. As presented in the 
point source element discussion in Chapter 4 of this 
Volume sanitary sewer service is no longer recommended 
for the Little Cedar Lake watershed. 

Table GI48 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF LITTLE CEDAR LAKE 

a The population of the direct tributary watershed is estimated 

by assuming an average of 3.46 persons per dwelling unit as 
counted on I" = 400' scale aerial photos. 

Source: SEWRPC, 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

Table GI49 

Description 

246 acres 

1,718 acres 
4.35 miles 

56 feet 
13 feet 
3,153 acre-feet 

567 persons 

Occasional algae blooms; 
slight macrophyte growth; 
portions of hypolimnion 
void of oxygen during 
summer months; moderate 
nutrient concentrations 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
LITTLE CEDAR LAKE: 1975 anrk2000 

Source of Phosphorus 

Urban Land Cover (acres1 . . .  
Land under Development-conrtruction 

A~ilulf les IacreO . . 
Onvte Sewage D~woral Septic 

. . . . . . .  ~ a n k  synemib 
Rural Land Cover (acres) . . 
L8vrlt0ck Operations lanlmal unltrl 
Atrnosphei!~ Contr#buf#on (acres of 

recev,ng surface water1 . . .  

Number 
- 

313 

54 
1.405 

106 

246 

Total 
Loading 
lpoundi 

per year) 

Total 

percent 

a ASIumeS no oonpo~nf murce control 

Includes phomhoius loads from groundwater The lake study conducfed by the Wlrconrrn Department o f  Natural 
~ ~ m u r c e r  repomd thar groundwater phosphorus lo& whrch may be conrrrbufed from natural sources, land mrfrfe 
seepage. and ouflytng sepfrc sysfems, are hrgher than d r m f  septc sysem phomharur loads to the lske 

Does not rnclude the 1975 esc;mimafed phosphorus load of 440 pounds per year. or the year 2OWanf;c,patadphorphorur 
load of 230poundsper year, contnbufed by the outflow from Big Cedar ~ a k e .  

Source SEWRPC 



Map C-50 

PLANNED LAND COVER DEVELOPMENT 
IN THE DIRECT TRIBUTARY DRAINAGE 

AREA OF LITTLE CEDAR LAKE: 2000 

la F k A",\ LEGEND 

Little Cedar Lake has a direct tributary drainage area of about 1.718acrsr. 
About 1,405 acres. or 82 percent of the drainage area, ars planned to be in 
rural land cover, and 313 serer, or 18 Percent, to be in urban land cover. 
Over the planning period none of the direct tributary watershed area is 
expected to bB converted to urban land cover. I t  is estimated that no redue- 
tion in nonpaint source pollutant runoff will be required in the drainage area 
to protect the water quality of the lake. To provide minimum water quality 
control, s combination of minimum rural land management pracricer- 
including especially the ~ r o ~ e r  management of livestock wartea-and 
minimum urban management practicer-including proper septic tank system 
management bared on a rite-by-rite inspection and maintenance program- 
should be implemented in the lake drainage area. 

SDurcs: SEWRPC. 

occur, the potential for excessive pollutant contributions 
to the lake from these activities would exlst and effective 
control measures should accordingly be implemented. 
The estimated total phosphorus concentration during 
spring overturn under both existing and anticipated year 
2000 conditions, as estimated from water quality model 
simulation analyses, Wisconsin Department of Natural 
Resources field study results, and phosphorus loading 
estimates, is 0.02 milligram per liter (mgil). The Com- 
mission recommends a level of 0.02 mg/l or less of total 
phosphorus for the prevention of excessive aquatic plant 
growth and the maintenance of a warmwater fishery and 
recreational use classification. Existing and anticipated 
year 2000 pollutant loadings may be expected to result 
in total phosphorus concentrations in Little Cedar Lake 
which meet the recommended level for recreational use 
and for the maintenance of a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. 
An evaluation of these measures, applied in alternative 

combinations to reduce the nonpoint source pollution 
loading on the lake, was made and a set of recommended 
measures was identified. These measures are set forth in 
Tahle C-150, along with the associated costs and antici- 
pated effectiveness. Recommended measures include: 
improved septic tank system management, livestock 
waste control, minimum measures to reduce pollutant 
runoff from rural lands through the implementation of 
basic soil conservation practices, and low-cost measures 
to reduce pollutant runoff from urban lands. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may provide a suitable bottom 
substrate and nutrient source for excessive macrophyte 
growth in some local areas and may release nutrients to 
the water body. If this problem is confirmed through 
further local study, the application of lake restoration or 
rehabilitation procedures should be considered, in addi- 
tion to the above-mentioned point and nonpoint source 
controls. Alternative restoration measures as set forth in 
Table C150, may include dredging, sediment covering, 
hypolimnetic aeration, and nutrient inactivation. The 
feasibility of these measures would have to be assessed 
in a preliminary engineering study. It should be empha- 
sized, however, that the long-term maintenance of water 
quality in Little Cedar Lake requires that the recom- 
mended level of nutrient input reductions be achieved. 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Little Cedar Lake would entail a total capital cost of 
about $9,600, and an average annual operation and 
maintenance cost of about $3,800. The total 50-year 
present worth cost of these source control measures is 
$54,200, with an equivalent annual cost of $3,500. If, 
in addition, rehabilitation techniques are found neces- 
sary, the capital cost of these alternatives would range 
from $9,100 for nutrient inactivation to $793,600 for 
dredging. The total present worth of these rehabilitation 
measures would range from $6,800 for nutrient inactiva- 
tion to $593,100 for dredging. 

Lucas Lake 
Lucas Lake is a 78-acre lake located in the Town of West 
Bend in Washington County. The lake drains into the 
Milwaukee River via Silver Creek. Certain geomomho- 
logical characteristics of Lucas Lake are set fokh in Gble  
C151, together with the approximate 1975 population 
of the direct tributary watershed and a brief description 
of lake water quality conditions. Map C-51 presents 
a graphic summary of the proposed year 2000 land cover 
in the direct tributary lake watershed. As shown on Map 
C-51, all significant urban land areas in the watershed are 
proposed to be served by sanitary sewers by the year 
2000. In addition, as of 1975, an estimated 20 privately 
owned onsite sewage disposal systems14 of which were 
located in areas covered by soils having severe or very 
severe limitations for the use of such systems-were in 
operation in the direct tributary lake watershed area. 



Table C-150 

WATER QUALITY MANAGEMENT MEASURES FOR LITTLE CEDAR LAKE IN WASHINGTON COUNTY 

a The proper maintenance and replacement o f  the remaining septic tank systems is recommended to help improve the water quality o f  Lit t le Cedar Lake. However, because septic tank Systems 
management is an existing function necessary for the preservation o f  public health and the maintenance of  drinking water supplies, this cost is no t  included i n  the water quality management 
plan. The estimated expenditures for septic system management i n  the Lit t le Cedar Lake drainage basin include a capital cost over the period o f  7975-2000 of  $81,000, an average annual OP- 
eration and maintenance cost o f  $1,300, and a total 50-yearpresent worth cost o f  $90,600. 

t ion o f  excessive macro- 
phyte and algae growth; 
improve recreational use 

from sediment; reduce 

I I I I I I I I I suitable plant substrate I 

Cost estimated to aerate the entire hypolimnion o f  the lake 

The lower cost for nutrient inactivation is for treating only the hypolimnetic area with alum; the higher cost is for treating the entire lake with alum. 

~ r e d g i n g ~ , ~  

Cost estimated to cover the entire lake bottom with sand, clay, plastic, o r  other suitable material. 

Deepen lake; reduce macro- 
phyte growth 

The Costs for sediment covering and dredging may depend on such factors as lake size and depth, type o f  bottom substrate, and amount o f  material to be filled o r  dredged. 

No additional 
reduction 

793,600 

Cost estimated to dredge lake to an average depth o f  15 feet. Existing average depth is 13 feet 

Source: SEWRPC. 

As indicated in Table C-152, all direct tributary sources 
combined contribute about 140 pounds of phosphorus 
annually to  Lucas Lake. The major direct source of phos- 
phorus in the lake watershed is malfunctioning septic 
tank systems and runoff from rural land. In addition, 
approximately 100 pounds of phosphorus are contri- 
buted annually from the drainage from Silver Lake. 
Although the provision of sanitary sewer service is not 
recommended for Lucas Lake, it is recommended that 
a septic tank system management program be undertaken 
to locate and correct those systems which are malfunc- 
tioning. Also, as indicated in Table C152, the existing 
land uses are not expected to change significantly under 
planned year 2000 land cover conditions. Therefore, 
unless reduced by the implementation of nonpoint 
source control measures, phosphorus loadings from septic 
tank systems and rural land uses may be expected to  
continue to  be the primary sources of phosphorus to the 
lake under anticipated year 2000 conditions. The esti- 
mated total phosphorus concentrations during spring 
overturn under existing and anticipated year 2000 con- 
ditions, as estimated from phosphorus loadings and lake 

and drainage basin characteristics, are 0.03 milligram per 
liter (mg/l) and 0.02 mg/l, respectively. The Commission 
recommends a level of 0.02 mgfl or less of total phos- 
phorus for the prevention of excessive aquatic plant 
growth for the maintenance of a warmwater fishery and 
recreational use classification. Anticipated year 2000 
pollutant loadings may be expected t o  result in total 
phosphorus concentrations in Lucas Lake which meet 
the recommended level for the maintenance of 
a warmwater fishery. 

37,600 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to  reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in Table 
C-153, along with the associated costs and anticipated 
effectiveness. Measures to control phosphorus contribu- 
tions include: improved septic tank management; 
minimum measures to  reduce pollutant runoff from rural 

- - 

I 
593.100 - 593,100 37.600 



Table C151 

Map 51 
GEOMORPHOLOGICAL AND WATER QUALITY 

CHARACTERISTICS OF LUCAS LAKE PLANNED LAND COVER DEVELOPMENT I N  THE DIRECT 
TRIBUTARY DRAINAGE AREA OF LUCAS LAKE: 2000 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

LEGEND 
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LUCBI Lake has a direct tributary drainage area of about 484 acres. About 
394 acrer. or 81 percent of the drainage area, are planned to be in rural land 

a The population Of the direct tributary is estimated c m r ,  and 90 acrer, or 19 percent, to be in urban land cover. Over the 
by assuming an average of 3.46 persons per dwelling unit as planning period none of the direct tributary waferaed area ir expected to be 
counted on I"=  4W'scale aerial photos converted to urban land cover. I t  is estimated that no reduction in nonpoint 

SOUTCB pollutant runoff will be required in the drainage area to protect the 
ource: SEWRPC. water quality of the lake. To ~rovide minimum water quality control. a com- 

bination of minimum rural land management pracficea-including esoecially 
the proper management of agricultural cropping practicer-and minimum 
urban management practice$-including proper peptic tank nyrtem manage- 
ment bared on a rite-by-rite inspection and maintenance program-should be 
implemented in the lake drainage area. 

Source: SEWRPC. 

Description 

78 acres 

484 acres 
2.39 miles 

15 feet 
6 feet 
461 acre.feet 

69 persons 

Occasional algae blooms; 
moderate macrophyte 
growth; low to moderate 
nutrient mncentrationr 

Table GI52 

lands through the implementation of basic soil conserva- 
tion practices; and low-cost measures to reduce pollutant 
runoff from urban lands. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom mav continue to nrovide a suitable 
bottom substrate and nutrient source for excessive mac- 

'IRECT PHOSPHORuS rophyte growth and may release nutrients t o  the water 
LUCAS LAKE: 1975 and 2000 body, resulting in continued poor water quality. If this 

problem is confirmed through further local study, the 
,073 I mllc,r.I.d 1000- 
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TOM 

application of lake restoration and rehabilitation pro- 
cedures should be considered. in addition to the above- 

' a-mer n m m  ol vnnar aa arrr m a n m n d d  in sum, raltvmn dnmm? ib rmmi 
__jl-_h_nl__Dmn_I 

of the lake. It should be emphasized, however, that the 
rrr~mmn,msn,,mranslrn.dm~rrm.inrinm.irnj,~~.i~d~.irlnp:cr.n*rl,,~nr long-term maintenance of water quality in Lucas Lake 
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mentioned nonpoint source control.;. Alternative 
restoration measures as set forth in Table GI53 may 
include dredging, sediment covering, total aeration, and 
nutrient inactivation. The feasibility of these measures 
would have to be assessed in a preliminary engineering 
study. Additional management measures, such as weed 
harvesting, may be used to control the macrophyte 
growth which may interfere with the recreational use 



Table (2-153 

WATER QUALITY MANAGEMENT MEASURES FOR LUCAS LAKE IN WASHINGTON COUNTY 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  Lake 1 MenagementMeesure 1 Capltal I Maintenance I Capital 1 Maintenance 1 Total Cap~tal I Maintenance ( Total AnticipatedEffectiveness I (percent) 1 

Estimated Cost 
1980-2000 

tion of excessive macro- 
phyte end algae growth: 

recreational use 

Economic Analysis 

~ o t a l  

Minimal additional 
reduction 

Present Worth: 1975-2025 Average A n n u a l  
Operation and 

hypolimnion 
Nutrient 1 7,800 1 1 5,800 1 - 1 5.8'20 I 400 1 - 1 400 1 Accelerate lake improvement; / No additional - 

Equivalent Annual: 1975-2025 

a The proper maintenance and replacement o f  the remaining septic tank systems is recommended to  help improve the water quality o f  Lucas Lake. However, because septic tank systemsman- 
agement is an existing function necessary for the preservation o f  public health and the maintenance o f  drinking water supplies, this cost is not  included in the water quality management plan. 
The estimated expenditures for septic system management in the Lucas Lake drainage basin include a capital cost over the period o f  1975-2000 of $54,000, an average annual operation and 
maintenance cost o f  $600, and a total 50-year present worth cost o f  $51,100. 

Cost estimated to  harvest macrophytes from the 3 0  acres of Lucas Lake subject to excessive macrophyte growth. 

Cost estimated to aerate the 3 0  acres o f  the lake. 

The cost for nutrient inactivation is fo r  treating the entire lake wi th  alum. 

Cost estimated to  cover the entire lake bottom wi th  sand, clay, plastic, or other suitable material. 

The costs o f  sediment covering and dredging may be higher depending upon such factors as lake depth, lake size, characteristics o f  bottom substrate, etc. 

Cost estimated to  dredge lake to  an average depth o f  15 feet. Existing average depth is 6 feet. 

The reduction in the direct phosphorus load to Lucas Lake must be augmented b y  the implementation o f  minimum practices in  the upsweam drainage area of Silver Creek i f  the total lake load 
1s to be reduced to  acceptable levels. Therefore, the nonpoint source plan element must be implemented if Lucas Lake is to  meet the water quality criteria for recreation and warmwater fishery. 

I Operat~on and I 

lnactivationa 

Sediment 
coveringeVf 

~ r e d g i n g ~ ~  

Source: SEWRPC. 

I Operation and I 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Lucas Lake would entail a total capital cost of about 
$100, and an average annual operation and maintenance 
cost of about $800. The total 50-year present worth cost 
of these nonpoint source control measures, useful in 
comparing the long-term costs of alternative control 
measures, is $9,600, with an equivalent annual cost of 
$700. If, in addition, rehabilitation techniques are found 
necessary, the capital cost of these alternatives would 
range from $6,000 for total aeration to  $1,132,300 for 
dredging. The total present worth of these rehabilitation 
measures would range from $5,800 for nutrient inactiva- 
tion to  $846,200 for dredging. 

1 56,000 

1 .I 32,300 

Mud Lake 
Mud Lake is a 245-acre lake located in the Town of Sauk- 
ville in Ozaukee County. Mud Lake drains in a south- 
westerly direction into Lower Cedar Creek. 

Certain geomorphological characteristics of Mud Lake are 
set forth in Table C-154, together with the approximate 
1975 population of the direct tributary watershed and 
a brief description of lake water quality conditions. Map 
G52 presents a graphic summary of the proposed year 
2000 land cover in the lake watershed. As shown on Map 
G52, none of the urban land in the tributary watershed 
area is proposed to be served by sanitary sewers by the 
year 2000. As of 1975, an estimated 55 privately owned 
onsite sewage disposal systems-12 of which were located 
in areas covered by soils having severe or very severe 
limitations for the use of such systems-were in operation 

- 

- 

in the lake watershed area. 

As indicated in Table C-155, all sources combined con- 
tribute about 4,500 pounds of phosphorus annually to  
Mud Lake. The major source of phosphorus in the lake 
watershed is runoff from livestock operations. Also, as 
indicated in Table G155, the existing land uses are not 

116,600 

846,200 

- 

- 

116.600 

846,200 

7,400 

53.700 

- 

- 

7,400 

53,700 

prevent release of nutrients 
f rom sediment; remove 
nutrients f rom water body 

Accelerate lake improvement; 
prevent release of nutrients 
f rom sediment; reduce 
suitable plant substrate 

Deepen lake; reduce macro- 
phyte growth 

reduction 

No additional 
reduction 

No additional 
reduction 
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should be implemented, however, to maintain the current current use of Mud Lake and are therefore not 
predominately natural state of Mud Lake. This should recommended. 
allow limited recreational use and limited objectives 
fishery to be achieved. Given the current condition of 
the lake, expensive nonpoint source control measures The application of the above listed nonpoint source 
are probably not warranted. pollution control measures to control the nutrient inputs 

to Mud Lake would entail a total capital cost of about 
$52,100, and an average annual operation and mainte- 

The measures available for controlling nonpoint source nance cost of about $11,800. The total 50-year present 
pollution, along with attendant costs, are discussed in the worth cost of these nonpoint source control measures, 
introductory sections of Chapter IV o f  this volume. An useful in comparing the Iong-term costs of alternative 
evaluation of these measures, applied in alternative com- control measures, is $181,200, with an equivalent annual 
binations to reduce the nonpoint source pollution loading cost of $11,600. 
on the lake, was made and a set of recommended 
measures was identified. These measures are set forth in Silver Lake 
Table C-156, along with the associated costs and antici- Silver Lake is an ll&acre lake located in the Town of 
pated effectiveness. Measures to control livestock con- West Bend in Washington County. The lake drains to 
tributions appear to be the most cost-effective way to Silver Creek. Certain geomorphological characteristics 
substantially reduce phosphorus loadings to the lake. of Silver Lake are set forth in Table C-157, together 
Other needed measures include: improved septic tank with the approximate 1975 population of the direct 
management, minimum measures to reduce pollutant tributary watershed and a brief description of lake water 
runoff from rural lands through the implementation of quality conditions. Map C-53 presents a graphic summary 
basic soil conservation practices, and low-cost measures of the proposed year 2000 land cover in the lake water- 
to reduce pollutant runoff from urban lands. shed. As shown on Map C-53, none of the existing urban 

land in the tributary watershed area is proposed to be 
Because of Mud Lake's limited fishery and limited served by sanitary sewers by the year 2000. As of 1975, 
recreational use objective, the designation of the majority an estimated 136 privately owned onsite sewage disposal 
of the bog area as a Wildlife and Scientific Area by the systems110 located in areas covered by soils having 
Wisconsin Department of Natural Resources, and the severe or very severe limitations for the use of such 
extensive use and partial ownership of the area by The systemswere in operation in the lake watershed area.15 
University of Wisconsin-Milwaukee for a natural wildlife 
and ecological study area, the lake should be protected 15The provision o f  sanitary sewer service to  the lake 
in its natural eutrophic state. Therefore, only those watershed was proposed in SEWRPC Planning Report 
pollutant control measures that can be applied to the No. 16, l r  
human related pollution sources in the watershed land Southeastern Wisconsin. However, field studies con- 
area, i.e., livestock control, septic tank management, low ducted by the Wisconsin Department o f  Natural 
cost urban land management practices, and basic conser- Resources have demonstrated that sanitary sewer 
vation practices applied to the rural land acreage, should service is probably not required if proper septic tank 
be implemented. Any inland lake rehabilitation measures system maintenance is assured. As presented in the 
such as hypolimnetic aeration, nutrient inactivation, sedi- point source element discussion in Chapter 4 o f  this 
ment covering, or dredging are not consistent with the Volume, sanitary sewer service is no longer recommended 

for the Silver Lake watershed. 

Table C-156 

WATER QUALITY MANAGEMENT MEASURES FOR MUD LAKE IN OZAUKEE COUNTY 

Cumulative 
Reduction in 

External Annual 
Phosphorus i I Estimated Cost 

1980-2000 
Economic Analysis 

Capital 

- 

Present Worth: 1975-2025 

Managementa 
Livestock Waste 

Control 
Minimum Rural Con- 

servation Practices 
LOW Cost Urban Land 

a The proper maintenance and replacement of the remaining septic tank systems is recommended to help improve the water quality of Mud Lake. However, because septic tank systems man- 
agement is an existing function necessary for the preservation of public health and the maintenance of drinking water supplies, this cost is not included in the water quality management plan. 
The estimated expenditures for septic system management in the Mud Lake drainage basin include a capital cost over the period of 1975-2000 o f  $54,000, an average annual operation and 
maintenance cost of $1,800. anda total LiD-year present worth cost of $90,000. 

Source: SEWUPC. 

Equivalent Annual: 1975-2025 

Operation and 
Maintenance 

- 

Total 
... 

$ 51.300 

800 

Minimum 

85 

Total 

- 
1 

$ 4,400 

7,200 

200 

Capital 

- 
--- 

$ 38.400 

600 

Minimum 

Operation and 
Maintenance 

- 

$ 51,500 

87,700 

3,000 

Total 

- 

88,300 

3,000 

AnticipatedEffectiveness 

Reduce nutrient concentra- 

Load to Lake 
(percent) 

$ 

-100 

Minimum 

-- 
$ 3,300 

5,600 

200 

$ 5,700 

5,700 

200 

tions; prevent the stimula- 
tion of excessive macro- 
phyte and algae growth; 
improve recreational use 
potential 



Table G I 5 7  Map C-53 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF SILVER LAKE 

a The population of the direct tributary watershed is #stimated 
by assuming an average of 3.46 persons per dwelling unit as 
counted on I" = 4013'scale aerial photos. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

Source: SEWRPC. 

Description 

11 8 acres 

602 acres 
2.74 miles 

47 feet 
20 feet 
2.306 acre-feet 

471 persons 

Occasional algae blooms; 
low nutrient concen- 
trations; generally good 
water quality 

Table C-158 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
SILVER LPIKE: 1975 and 2000 

As indicated in Table C-158, based onWisconsin Depart- 
ment of Natural Resources field study results, water 
quality simulation analyses, and phosphorus loading esti- 
mates, all direct tributary sources combined contribute 
about 285 pounds of phosphorus annually to Silver Lake. 
The major source of phosphorus in the lake watershed 
is septic tank systems. Urban land uses in the lake water- 
shed are not expected to increase under planned year 
2000 land cover conditions, and annual total phosphorus 
loadings to the lake are expected to remain constant if 

PLANNED LAND COVER DEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE 

AREA OF SILVER LAKE: 2000 

LEGEND 

- .- SUBBASIN BOUNDARY M D  
S C W W  OLSteNAT-TlON - DIRECT IF1IBUT&RY 

DRAINAeE &REA - POlNT OF 5U8BASIN 
01SCHArlBE 

a RURaL L A N 0  COVER 

Silver Lake has a direct tributary drainage area of about 602 acres. About 
484 acres. or 80 percent of the drainage area, are planned to be in rural land 
cover, end 118 screr, or 20 percent, to be in urban land mver. Over the 
planning period none of the direct tributary watershed area is expscred to 
bB ~ m e r t e d  to urban land cover. I t  is estimated that a 33 percent reduction 
in nanpoinl source pollutant runoff will be required in the drainage ares 
to protest the mter quality of the lake. This can be achieved through 
a combination of minimum rural land management practimaineluding 
e~ecial ly  the proper management of livestock wastes and cropping 
practices-and minimum urban management pranims-including proper 
septic tank system management bared on a site-by-site inspection and 
maintenance prcgram. 

Source! SEWRPC. 

pollutant controls are not implemented. While no signi- 
ficant construction activities should occur within the lake 
watershed through the year 2000, it must be recognized 
that if such activities do occur, the potential for exces- 
sive pollutant contributions to the lake from these 
activities exists and effective control measures should 
accordingly be implemented to avoid these excessive 
contributions. The estimated total phosphorus concen- 
tration during spring overturn under both existing and 
anticipated year 2000 conditions, as estimated from 
Wisconsin Department of Natural Resources field study 
results, water quality model simulation analyses, and 
phosphoms loading estimates, is 0.03 milligram per liter 
(mgp). The Commission recomends a level of 0.02 mg~l  
or less of total phosphorus for the prevention of exces- 



sive aquatic plant growth and for the maintenance of 
a warmwater fishery and recreational use classification. 
Existing and anticipated year 2000 pollutant loadings 
may be expected to  result in a total phosphorus concen- 
tration in Silver Lake which slightly exceeds the recom- 
mended level for recreational use and for maintenance 
of a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to  reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in Table 
(2-159, along with the associated costs and anticipated 
effectiveness. Measures to control septic tank system 
contributions appear t o  be the most effective way to 
substantially reduce phosphorus loadings to the lake. 
Other recommended measures include: livestock waste 
management, minimum measures to  reduce pollutant 
runoff from rural lands through the implementation of 
basic soil conservation practices, and low-cost measures 
to reduce pollutant runoff from urban lands. 

If nutrient loadings to  the lake are reduced by the actions 
noted above, the sediments which have been deposited on 
the lake bottom may provide a suitable bottom substrate 
and nutrient source for excessive macrophyte growth in 
some local areas and may release nutrients to  the water 

body. If this problem is confirmed through further local 
study, the application of lake restoration or rehabilitation 
procedures should be considered, in addition to the 
above-mentioned nonpoint source controls. Alternative 
restoration measures as set forth in Table C-159 may 
include sediment covering aeration, and nutrient inactiva- 
tion. The feasibility of these measures would have t o  be 
assessed in a preliminary engineering study. It should be 
emphasized, however, that the long-term maintenance of 
water quality in Silver Lake requires that the recom- 
mended level of nutrient input reductions be achieved. 

The application of the above listed nonpoint source 
pollution control measures to control the nutrient inputs 
to  Silver Lake would entail a total capital cost of about 
$3,800, and an average annual operation and mainte- 
nance cost of about $1,400. The total 50-year present 
worth cost of these source control measures is $19,900 
with an equivalent annual cost of $1,400. If, in addition, 
rehabilitation techniques are found necessary, the capital 
costs of these alternatives would range from $6,600 for 
nutrient inactivation to  $236,000 for sediment covering. 
The total present worth of these rehabilitation measures 
ranges from $4,900 for nutrient inactivation t o  $176,400 
for dredging. 

Smith Lake 
Smith Lake is an 86-acre lake located in the 
Town of Barton in Washington County. Smith Lake 
drains t o  the west to  the mainstream of the Milwaukee 

Table C-159 

WATER QUALITY MANAGEMENT MEASURES FOR SILVER LAKE IN WASHINGTON COUNTY 

a The proper maintenance and replacement o f  the remaining septic tank systems is recommended to help improve the water quality o f  Silver Lake. However, because septic tank systems manage- 
ment is an existing function necessary for the Preservation o f  public health and the maintenance of  drinking water supplies, this cost is no t  included i n  the water quality managementplan. 
The estimated expenditures for septic system management i n  the Silver Lake drainage basin include a capital cost over the period o f  19752000 of  $495,000, an average annual operation and 
maintenance cost o f  $5,200, anda total SO-year present worth cost o f  $457,800. 

Management Measure 

Septic Tank System 
Managementa 

Livestock Waste 
Control 

Minimum Rural Con- 
servation Practices 

Low Cost Urban Land 
Management Practices 

Total 
Hypolimnetic 

 erat ti on^ 

Nutrient 
InactivationC 

Sediment 
coveringdZe 

Cost estimated to aerate the entire hypolimnion o f  the lake 

The lower cost for nutrient inactivation is for treating only the hypolimnetic area with alum; the higher cost is for treating the entire lake with alum. 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, o r  other suitable material. 

The costs o f  sediment covering wil l  vary widely depending upon such factors as lake size, lake depth, type o f  substrate being covered, and amount o f  f i l l  o r  material necessary. 

Source: SEWRPC. 

Estimated Cost 

Total 
Capital 

- 

$ 3.700 

100 

Minimum 

3,800 
13,200 

6,600 
t o  

11,800 

236,000 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  Lake 
(percent) 

30 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 

1980-2000 

Average Annual 
Operation and 
Maintenance 

- 

5 300 

900 

200 

1,400 
300 

- 

- 

Anticipated Effectiveness 

Reduce nutrient concentra- 
tlons; prevent the stimula- 
t ion o f  excessive macro- 
phyte and algae growth; 
improve recreational use 
potential 

Prevent anaerobic conditions 
(lack of oxygen) in the 
hypolimnion 

Accelerate lake improvement; 
prevent release of nutrients 
f rom sediment; remove 
nutrients from water body 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; reduce 
suitable plant substrate 

Economic 

Present 

Capital 

- 

5 2,800 

100 

Minimum 

2,900 
9,900 

4,900 
t o  

8,800 

176,400 

Analysis 

Equivalent 

Capital 

- 

5 200 

100 

Minimum 

300 
600 

300 
t o  
600 

11.200 

Worth: 1975-2025 

Operation and 
Maintenance 

- 

$ 3,700 

10,400 

2,900 

17,000 
4,700 

- 

- 

Total 

- 

5 6,500 

10,500 

2,900 

19,900 
14,600 

4,900 
t o  

8,800 

176,400 

Annual: 

Operation and 
Maintenance 

- 

5 200 

700 

200 

1 ,I 00 
300 

- 

- 

1975-2025 

Total 

- 

5 400 

800 

200 

1,400 
900 

300 
t o  
600 

11,200 



River via an unnamed intermittent tributary. Certain 
geomorphological characteristics of Smith Lake are set 
forth in Table C160, together with the approximate 
1975 population of the direct tributary watershed and 
a brief description of lake water quality conditions. Map 
C54 presents a graphic summary of the proposed year 
2000 land cover in the lake watershed utilized in the 
areawide water quality management plan. The delineated 
tributary drainage area should be refined in a more 
detailed local lake study. As shown on Map C-54, none 
of the urban land in the tributary watershed area is pro- 
posed to be served by sanitary sewers by the year 2000. 
As of 1975, an estimated 21 privately owned onsite 
sewage disposal systemmight of which were located 
in areas covered by soils having severe or very severe 
limitations for the use of such systems-were in opera- 
tion in the watershed area. 

As indicated in Table C-161, all sources comhined con- 
tribute about 1,200 pounds of phosphorus annually to 
Smith Lake. The major source of phosphorus in the lake 
watershed is runoff from livestock operations. Also as 
indicated in Table C161, the existing land uses are not 
expected to change significantly under planned year 2000 
land cover conditions. Therefore, unless reduced by the 
implementation of nonpoint source control measures, 
phosphorus loading from livestock operations may be 
expected to continue to be the primary sources of phos- 
phorus to the lake under anticipated year 2000 
conditions. The estimated total phosphorus concentra- 
tion during spring overturn under existing and anticipated 
year 2000 conditions, as estimated from phosphorus 

Table C160 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF SMITH LAKE 

a The population of the direct tributary watershed is estimated 
by assuming an average o f  3.46 persons per dwelling unit as 
counted on I " =  4 W  scale aerial photos 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

Map C-54 

Description 

86 acres 

545 acres 
1.8 miles 

5 feet 
3 feet 
252 acre-feet 

73 persons 

Occasional algae blooms; 
frequent fish winterkill; 
moderate nutrient 
concentrations 

PLANNED LAND COVER DEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE 

AREA OF SMITH LAKE: 2000 

LEGEND 

LB.l SYBBASIN BOYNDAR" 
AWO nEs,em7,aN - 0,8ECT T R # e " 7 A w  
O.u#MAeE AREA - W8NT O F  SUeeAstN 
OISCXARTE 

"""A' '""""""E" 
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Smith Lake has a direct tributary drainage area of about 545 acres. About 
523 acre*, or 96 percent of the drainage area. are planned to be in rural land 
cover, and 22 acres, or 4 percent, to be in urban land cover. Over the 
planning period none of the direct tributary watershed area is expected to be 
converted to urban land cover. I t  is entimated that a 90 Percent reduction 
in nonpoint source pollutant runoff will be required in the drainase area 
to protect the water quality of the lake. This can be achieved through 
a combination of minimum rural land management practicer-including 
espe~ is l l~  the proper management of livmtock warten-and minimum urban 
management prscdcen-including lawcost urben practices and proper 
sptie tank svntern management bred on a rite-byaite inawetion and 
maintenance program. 

Source: SEWRPC. 

Table C-161 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
SMITH LAKE: 1975 and ZOO0 

loadings and lake and drainage basin characteristics, is 
0.15 milligram per liter (mg/l). The Commission recom- 
mends a level of 0.02 mg/l or less of total phosphorus for 
the prevention of excessive aquatic plant growth and for 
the maintenance of a warmwater fishery and recreational 
use classification. Existing and anticipated year 2000 
pollutant loadings may be expected to  result in total 
phosphorus concentrations in Smith Lake which exceed 
the recommended level for recreational use and mainte- 
ance of a warmwater fishery. 



The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to  reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in Table 
C-162, along with the associated costs and anticipated 
effectiveness. Measures to  control livestock contributions 
appear to  be the most cost-effective way to  substantially 
reduce phosphorus loadings to the lake. Other needed 
measures include: improved septic tank management, 
minimum measures to reduce pollutant runoff from rural 
lands through the implementation of basic soil conserva- 
tion practices, and low-cost measures to reduce pollutant 
runoff from urban lands. 

If nutrient loadings to  the lake are reduced by the actions 
noted above, the sediments which have been deposited on 
the lake bottom may continue to provide a suitable 
bottom substrate and nutrient source for excessive mac- 
rophyte growth and may release nutrients to the water 
body, resulting in continued poor water quality. If this 

problem is confirmed through further local study, the 
application of lake restoration or rehabilitation proce- 
dures should be considered, in addition to  the above 
nonpoint source controls. Alternative restoration mea- 
sures as set forth in Table C-162 may include dredging, 
sediment covering, aeration, and nutrient inactivation. 
The feasibility of these measures would have to be asses- 
sed in a preliminary engineering study. Additional 
management measures, such as weed harvesting, may be 
used to  control the macrophyte growth which may inter- 
fere with the recreational use of the lake. It should be 
emphasized, however, that the long-term maintenance of 
water quality in Smith Lake requires that the recom- 
mended level of nutrient input reductions be achieved. 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient inputs 
to  Smith Lake would entail a total capital cost of about 
$14,300, and an average annual operation and mainte- 
nance cost of about $2,200. The total 50-year present 
worth cost of these nonpoint source control measures, 
useful in comparing the long-term costs of alternative 
control measures, is $36,600, with an equivalent annual 

Table C-162 

WATER QUALITY MANAGEMENT MEASURES FOR SMITH LAKE IN WASHINGTON COUNTY 

a The proper maintenance and replacement o f  the remaining septic tank systems is recommended to help improve the water quality o f  Smith Lake. However, because septic tank systems manage- 
ment is an existing function necessary for the preservation o f  publ ic health and the maintenance o f  drinking water supplies, this cost is no t  included i n  the water quality managementplan. 
The estimated expenditures for septic systlm management i n  the Smith Lake drainage basin include a capital cost over the period o f  1975-2000 of  $36,000, an average annual operation and 
maintenance cost o f  $700, and a total 50-yearpresent worth cost o f  $44,400. 

Cost estimated t o  harvest macrophytes from the 3 0  acres o f  Smith Lake subject to excessive macrophyte growth. 

Management Measure 

Septic Tank System 
~ a n a g e m e n t ~  

Livestock Waste 
Control 

Minimum Rural Con- 
servation Practices 

Low Cost Urban Land 
Management Practices 

Total 
Macrophyte 

~ a r v e s t i n g ~  

 erat ti on' 

Nutrient 
lnactivationd 

Sediment 
coveringef 

Cost estimated to aerate the entire lake. 

Anticipated Effectiveness 

Reduce nutrient concentra- 
tfons; prevent the stimula- 
tionofexcessivemacro- 
phyte and algae growth; 
improve recreational use 
potential 

Control excessive macrophyte 
growth; aesthetic enhance- 
ment; improve recreational 
use potential 

Prevent anaerobic conditions 
(lack of oxygen) in the 
hypolimnion 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment, remove 
nutrients from water body 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment, reduce 
suitable plant substrate 

Deepen lake; reduce macro- 

The cost for nutrient inactivation is for treating the entire lake with alum 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  Lake 
(percent) 

85 
Minimal additional 

reduction 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, o r  other suitable material. 

phyte growth reduction 

Estimated Cost 

The costs for dredging and sediment covering vary widely depending upon such factors as depth, size and type o f  bottom material, and the amount o f  material t o  be dredged o r  fllled. 

Cost estimated to dredge lake t o  an average depth o f  15 feet. Existing average depth is 3 feet. 

Source: SEWRPC. 

Total 
Capital 

- 

$ 14,200 

100 

Minimum 

14,300 
28,000 

17,200 

8.600 

172,000 

1.6M .M)O 

1980-2000 

Average 
Operation and 
Maintenance 

- 

$ 1,200 

900 

<I00 

2,200 
3,900 

400 

- 

- 

Economic Analysis 

Present 

Capital 

- 

$ 10,WO 

el00 

Minimum 

10,700 
20,900 

12,900 

6,400 

128,500 

1,244,000 

1975-2025 

Total 

- 

$ 2,600 

800 

<lo0 

3.500 
5.200 

1,200 

400 

8,200 

78,900 

Worth: 1975-2025 

Operation and 
Ma~ntenance 

- 

$ 14,200 

11.200 

500 

25,900 
61,500 

6,300 

- 

- 

-- 

Equivalent 

Capital 

- 

$ 1,700 

<lo0 

Minimum 

1.800 
1,300 

800 

400 

8,200 

78,900 

Total 

- 

$ 24,800 

11,300 

500 

36,600 
82,400 

19,200 

5,400 

128.500 

Dredgingf.Spp-p-p 1,244,000 

Annual: 

Operation and 
Maintenance 

- 

$ 900 

700 

<I00 

1,700 
3,900 

400 

- 

- 

- 



I cost of $3,500. If, in addition, rehabilitation techniques 
are found necessary, the capital costs of these alternatives 
would range from $8,600 for nutrient inactivation to 

I 
$1,664,600 for dredging. The total present worth of 
these rehabilitation measures would range from $6,400 
for nutrient inactivation to  $1,244,000 for dredging. 

I 
Spring Lake 
Sprina Lake is a 57-acre lake located in the  

I  own of Fredonia in Ozaukee County and the Town of 
Sherman in Sheboygan County. Spring Lake drains to 

I 
the north to Random Lake which eventually drains to the 
North Branch of the Milwaukee River via Silver Creek 
(Sheboygan County). Certain geomorphological charac- 
teristics of Spring Lake are set forth in Table C163, 

I together with the approximate 1975 population of the 
direct tributary watershed and a brief description of lake 
water quality conditions. Map C 5 5  presents a graphic 
summary of the proposed year 2000 land cover in the 

I lake watershed. As shown on Map C55, none of the 
urban land in the tributary watershed area is proposed 
to be served by sanitary sewers by the year 2000. As of 
1975, an estimated three privately owned onsite sewage 

I disposal systems-two of which were located in areas 
covered by soils having severe or very severe limitations 
for the use of such systems-were in operation in the lake 
watershed area. 

I 
1 As indicated in Table (2-164, all sources combined con- 

tribute about 50 pounds of phosphorus annually to 
Spring Lake. The major source of phosphorus in the 
lake watershed is runoff from rural land. Also as indi- 
cated in Table C164, the existing land uses are not 

Table G I 6 3  

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF SPRING LAKE 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.8 persons per dwelling unit as 
counted on I" = 4W'sa le  aerial photos. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary Watersheda . . . . .  

General Existing Water Quality 
Conditions: 

expected to  change significantly under planned year 2000 
land cover conditions. Therefore, unless reduced by the 
implementation of nonpoint source control measures, 
phosphorus loadings from atmospheric fallout and rural 
land runoff may be expected to continue to be the 
primary sources of phosphorus to the lake under antici- 
pated year 2000 conditions. The estimated total phos- 
phorus concentration during spring overturn under 
existing and anticipated year 2000 conditions, as 
estimated from phosphorus loadings and lake and 
drainage basin characteristics, is 0.01 milligram per liter 
(mgp). The Commission recommends a level of 0.02 
mgp or less of total phosphorus for the prevention of 
excessive aquatic plant growth and for the maintenance 

Map C-55 

PLANNEDLANDCOVERDEVELOPMENT 
IN THE DIRECT TRIBUTARY DRAINAGE 

AREA OF SPRING LAKE: 2000 

Description 

57 acres 

162 acres 
1.6 miles 

22 feet 
7 feet 
415 awe-feet 

11 persons 

Occasional algae blooms; 
low to moderate nutri- 
ent concentrations 

i 
+' -- 

- OlRECT TRIBUTARY 
DRAINAOE AREA 

l.Lx.\\'L\ 
4 POlNT OF SUBBilSiN 

,c-* 
DISCHARGE 
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Spring Lake has a direct tributary drainage area of about 162 acres. The 
entire drainage ares is planned to be in rural land cover. Over the planning 
period none of the direct tributary watershed area ir expected to be 
Converted to urban land cover. I t  ir estimated that no reduction in nonpoint 
source pollutant runoff will be required in the drainage ares to protect tho 
water quality of the lake. To provide minimum water quality control. 
minimum rural land management practicer and reptic system management 
should be implemented in the lake drainage area. 

Source: SEWRPC 

Table G I 6 4  

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
SPRING LAKE: 1975 and 2000 

Source: SEWRPC. 



of a warmwater fishery and recreational use classification. tion, and nutrient inactivation. The feasibility of these 
Existing and anticipated year 2000 pollutant loadings measures would have to be addressed in a preliminary 
may be expected to result in total phosphorus concen- engineering study. It should be emphasized, however, I 
trations in Spring Lake which are below the recom- that the long-term maintenance of water quality in 
mended level for recreational use and for the Spring Lake requires that the recommended level of 1 
maintenance of a warmwater fishery. nutrient input reductions be achieved. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to  reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in Table 
(2-165, along with the associated costs and anticipated 
effectiveness. Measures to control phosphorus contri- 
butions include: improved septic tank management and 
minimum measures to reduce pollutant runoff from 
rural lands through the implementation of basic soil 
conservation practices. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited on 
the lake bottom may continue to provide a suitable 
bottom substrate and nutrient source for excessive mac- 
rophyte growth and may release nutrients to  the water 
body. If this problem is confirmed through further local 
study, the application of lake restoration or rehabilitation 
procedures should be considered, in addition to the 
above-mentioned nonpoint source controls. Alternative 
restoration measures as set forth in Table C-165 may 
include dredging, sediment covering, hypolimnetic aera- 

The application of the above-listed nonpoint source 
pollution control measures to  control the nutrient inputs 
to Spring Lake would entail a total capital cost of less 1 
than $100, and an average annual operation and mainte- 
nance cost of about $300. The total 50-year present 
worth cost of these nonpoint source control measures, 
useful in comparing the long-term costs of alternative ~ 
control measures, is $3,600, with an equivalent annual 
cost of $300. If, in addition, rehabilitation techniques are 
found necessary, the capital cost of these alternatives 
would range from $2,000 for hypolimnetic aeration to ~ 
$735,500 for dredging. The total present worth costs of 
these lake rehabilitation measures would range from 
$2,400 for hypolimnetic aeration to $549,700 
for dredging. 1 
Lake Twelve 
Lake Twelve is a 53-acre lake located in the 
Town of Farmington in Washington County. Lake Twelve 
drains in a westward direction to the North Branch of 
the Milwaukee River. Certain geomorphological charac- 
teristics of Lake Twelve are set forth in Table C-166, 
together with the approximate 1975 population of the 
direct tributary watershed and a brief description of lake 
water quality conditions. Map C-56 presents a graphic 

Table C-165 

WATER QUALITY MANAGEMENT MEASURES FOR SPRING LAKE I N  OZAUKEE COUNTY I 

a Cost estimated to aerate the loacres o f  the hypolimnion o f  the lake. 

The cost for nutrient inactivation is for treating the entire lake with alum. 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, o r  other suitable material. 

ManagementMeasure 

Minimum Rural Con- 
servation Practices 

Total 

Hvpolimnetic 
Aerationa 

Nutrient 
lnactivationb 

Sediment 
 overi in^^,^ 

~ r e d g i n g ~ , ~  

The costs for dredging and sediment covering vary widely depending on such factors as lake size and depth, type o f  bottom substrate, and amount o f  material to be dredged o r  filled. 

Cart estimated ro  dredge lake to an average depth o f  15 feet. Existing average depth is 7 feet. 

Source: SEWRPC. 

Est~mated Cost 

Total 
Capital 

$ < 100 

< 100 

2,000 

5,700 

1 14,000 

735,500 

1980-2000 

Average Annual 
Operation and 
Maintenance 

$ 300 

300 

50 

- 

- 

- 

Econom~c Analysis 

AnticipatedEffectiveness 

Reduce nutrientconcentra- 
tions; prevent the stimula- 
t ion of excessive macro- 
phyte and algae growth; 
improve recreational use 
Potential 

Prevent anaerobic conditions 
(lack of oxygen) in the 
hypolimnion 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; remove 
nutrients from water body 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; reduce 
suitable plant substrate 

Deepen lake; reduce macro- 
phvte growth 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  Lake 
(percent) 

10 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 

Present Worth: 1975-2025 Equivalent 

Capital 

$ < 100 

< 100 

100 

300 

5,400 

34,900 

Capital 

$ < 100 

< 100 

1,500 

4,300 

85,200 

549,700 

Annual: 

Operation and 
Maintenance 

$ 200 

200 

100 

- 

- 

- 

Operation and 
Maintenance 

$ 3,500 

3.500 

800 

- 

- 

- 

1975-2025 

Total 

$ 300 

300 

200 

300 

5,400 

34.900 

Total 

$ 3,600 

3,600 

2,400 

4,300 

85,200 

549,700 



GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF LAKE TWELVE 

I a The population of the direct tributary watershed is estimated 
by assuming an average of 3.63 persons per dwelling unit as 
counted on 7 "  = 400'scale aerial photos. 

Source: SEWRPC. 

summary of the proposed year 2000 land cover in the 

I 
lake watershed. As shown on Map C-56, none of the 
urban land in the tributary watershed area is proposed 
to be served by sanitary sewers by the year 2000. As of 
1975, estimated 14 privately owned onsite sewage 

1 disposal systems-seven of which are located in areas 
covered by soils having severe and very severe limitations 
for the use of such systems-were in operation in the lake 
watershed area. 

1 As indicated in Table G167, all sources combined 
contribute about 175 pounds of phosphorus annually to 
Lake Twelve. The major source of phosphorus in the lake 

I watershed is runoff from rural and urban land. Also as 
indicated in Table G167, the existing land uses are not 
expected to change significantly under planned year 2000 
land cover conditions. Therefore, unless reduced by the 

I implementation of nonpoint source control measures, 
phosphorus loadings from rural and urban land uses may 
be expected to continue to be the primary source of 
phosphorus to the lake under anticipated year 2000 

I conditions. The estimated total phosphorus concen- 
tration during spring overturn under existing and antici- 
pated year 2000 conditions, as estimated from 

I 
phosphorus loadings and lake and drainage basin charac- 
teristics, is 0.04 milligram per liter (mg/l). The 
Commission recommends a level of 0.02 or less mgp of 
total phosphorus for the prevention of excessive aquatic 

I 
plant growth and for the maintenance of a warmwater 
fishery and recreational use classification. Existing and 
anticipated year 2000 pollutant loadings may be 
expected to result in total phosphorus concentrations in 

I Lake Twelve which exceed the recommended level for 
recreational use and for the maintenance of 
a warmwater fishery. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

PLANNED LAND COVER DEVELOPMENT 
IN THE DIRECT TRIBUTARY DRAINAGE 

AREA OF LAKE TWELVE: 2000 

Description 

53 acres 

348 acres 
1.3 miles 

20 feet 
7 feet 
341 acre-feet 

51 persons 
- 

Occasional algae blooms; 
moderate nutrient 
Concentrations 

I LEGEND 

SUB8*91N B O U W R I  I W O  
NaMT4B OE51GNATlON - OlRECT T918UiAel 

DRAlNAEE AREA - POlNT UF 5UBB1151N 
oISC*aeBE 

a 8:;:zawst"M 
a """A' 'A"" "0"'" 

- 

Lake Twelve has a direct tributary drainwe ares of about 348 acres. About 
164 acres, or 47 pemenf of the drainage area. are planned to be in rural land 
cover, and 184 acrer. or 53 percent, to be in urban land cover. Over the 
planning period none of the direct tributary watershed area is expected to 
be converted to urban land cover. I t  is estimated that a 50 percent reduction 
in nanpoint Eouree pollutant runoff will be required in the drainage area 
to protect the water quslify of the lake. This can be achieved through 
a combination of minimum and additional rural land manaJemsnt practicer- 
including ewecially the proper management of agricultural cropping 
practicer-and minimum urban management ~ractices-including lowcost 
urban practicer and proper septic tank system management based on 
B site-by-~ite inspection and maintenance program. 

Source: SFWRPC 

Table C-167 

The measures available for controlling nonpoint source 
pollution, together with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. 
An evaluation of these measures, applied in alternative 
combinations to reduce the nonpoint source pollution 
loading on the lake, was made and a set of recom- 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
LAKE TWELVE: 1975 and 2000 
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mended measures was identified. These measures are set 
forth in Table C-168, along with the associated costs and 
anticipated effectiveness. Measures to  control phosphorus 
contributions include: improved septic tank manage- 
ment, measures to  reduce pollutant runoff from rural 
lands by 75 percent, and low-cost measures to  reduce 
pollutant runoff from urban lands. 

If nutrient loadings to  the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may continue to  provide a suitable 
bottom substrate and nutrient source for excessive mac- 
rophyte growth and may release nutrients to  the water 
body, resulting in continued poor water quality. If this 
problem is confirmed through further local study, the 
application of lake restoration or rehabilitation proce- 
dures should be considered, in addition to  the above- 
mentioned nonpoint source controls. Alternative 
restoration measures as set forth in Table C-168 may 
include dredging, sediment covering, aeration, and 
nutrient inactivation. The feasibility of these measures 
would have to be assessed in a preliminary engineering 
study. It should be emphasized, however, that the 
long-term maintenance of water quality in Lake Twelve 
requires that the recommended level of nutrient input 
reductions be achieved. 

The application of the above-listed nonpoint source 
pollution control measures to  control the nutrient inputs 
to Lake Twelve would entail a total capital cost of about 
$19,500, and an average annual operation and mainte- 
nance cost of about $2,700. The total 50-year present 
worth cost of these nonpoint source control measures, 
useful in comparing the long-term costs of alternative 
control measures, is $31,900, with an equivalent annual 
cost of $2,000. If in addition, rehabilitation techniques 
are found necessary, the capital cost of these alternatives 
would range from $5,300 for nutrient inactivation to  
$598,400 for dredging. The total present worth for these 
lake rehabilitation measures would range from $4,000 for 
nutrient inactivation to  $447,200 for dredging. 

Wallace Lake 
Wallace Lake is a 52-acre lake located in the Town of 
Trenton in Washington County. The lake drains to  the 
North Branch of the Milwaukee River. Certain geo- 
morphological characteristics of Wallace Lake are set 
forth in Table C-169, together with the approximate 
1975 population of the direct tributary watershed and 
a brief description of lake water quality conditions. 
Map G57 presents a graphic summary of the proposed 
year 2000 land cover in the lake watershed. As shown 
on Map (2-57, all significant urban land areas 

Table C-168 

WATER QUAILITY MANAGEMENT MEASURES FOR LAKE TWELVE IN WASHINGTON COUNTY 

a The proper maintenance and replacement o f  the remaining septic tank systems is recommended to help improve the water quality o f  Lake Twelve. However, because septic tank systems man- 
agement is an existing function necessary for the preservation o f  publ ic health and the maintenance o f  drinking water supplies, this cost is nor included i n  the water quality management plan. 
The estimated expenditures for Septic system management i n  the Lake Twelve drainage basin include a capital cost over the period o f  1975-2000of $31,500, an average annual operation and 
maintenance cost o f  $500, anda total 50-yearpresent worth cost o f  $34,500. 

Rural land management practices necessary to achieve 75percent reduction i n  rural diffuse source pol lutant loads which include the costs for minimum rural land managementpractices. 

Cost estimated t o  aerate the entire lake. 

The cost for nutrient inactivation is for treating the entire lake with alum. 

Cost estimated to cover the entire lake bottom with sand. clay, plastic, o r  other suitable material. 

The costs for dredging andsediment covering vary widely depending on such factors as lake size and depth, type o f  bot tom substrate, and amount o f  material to be dredged o r  filled. 

Cost estimated to dredge lake to an average depth o f  15 feet Existing average depth is 7 feet. 

Source: SEWRPC. 

Management Measure 

Septic Tank System 
Managementa 

Rural Conservation 
practicesb 

Low Cost Urban Land 
Management Practices 

Total 
 erat ti on' 

Nutrient 
lnactivationd 

Sediment 
coveringeef 

~ r e d g i n g ~ , ~  

Estimated Cost 

Total 
Capital 

- 

$ 19.500 

Minimum 

19,500 
10,600 

5,300 

106,000 

598.400 

1980-2000 

Average Annual 
Operation and 
Maintenance 

- 

$ 2.500 

200 

2.700 
300 

- 

- 

- 

Economic Analysis 

Anticipated Effectiveness 

Reduce nutrient concentra- 
tions; prevent the stimula- 

Cumulative 
Reduction i n  

External Annual 
Phosphorus 

Load t o  Lake 
(percent) 

Present 

Capital 

- 

$ 16,400 

Minimum 

16.400 
7,900 

4.000 

79,200 

447,200 

Equivalent 

Capital 

- 

$ 1.000 

Minimum 

1,000 
500 

300 

5.000 

28,400 

Worth: 1975-2025 

Operation and 
Maintenance 

- 

$ 12.800 

2,700 

15,500 
4,700 

- 

- 

- 

t ion of excessive macro- 
phyte and algae grovvth: I 

Annual: 

Operation and 
Maintenance 

- 

$ 800 

200 

1,000 
300 

- 

- 

- 

Total 

- 

$ 29.200 

2,700 

31,900 
12,600 

4,000 

79,200 

447,200 

improve recreational use 
potential 

Prevent anaerobic conditions 
(lack of oxygen) in the 
hypolimnion 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; remove 
nutrients from water body 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment, reduce 
suitable plant substrate 

Deepen lake; reduce macro- 
phyte growth 

1975-2025 

Total 

- 

$ 1,800 

200 

2,000 
800 

300 

5,000 

28.400 

50 
No additional 

reduction 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 



Table C169 Map C-57 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF WALLACE LAKE 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.46 persons per dwelling unit as 
counted on I"=  4 W  scale aerial photos. 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean . . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary Watersheda . . . . .  

General Existing Water Quality 
Conditions: 

in the tributary watershed area are proposed to be served 
by sanitary sewers by the year 2000. As of 1975, an 
estimated 87 privately owned onsite sewage disposal 
systems-57 located in areas covered by soils having 
severe or very severe limitations for the use of such 
systems-were in operation in the lake watershed area. 

Description 

52 acres 

282 acres 
1.5 miles 

35 feet 
l l f e e t  
558 acre-feet 

300 persons 

Occasional algae blooms: 
moderate macrophyte 
growth; high nutrient con- 
centrations: hypolimnion 
void of oxygen at times 
during summer and severe 
winter months 

As indicated in Table G170, all sources combined con- 
tribute about 200 pounds of phosphorus annually to 
Wallace Lake. The major source of phosphorus in the lake 
watershed is malfunctioning septic tanks. Also, as 
indicated in Table C170, urban land uses in the water- 
shed are expected to increase by about 200 percent under 
planned year 2000 land cover conditions, with annual 
total phosphorus loadings to the lake expected to 
increase to  about 600 pounds as a result of urban 
development. Loadings from the construction activities 
are 'expected to  be the primary source of phosphorus to  
the lake under anticipated year 2000 conditions. The 
estimated total phosphorus concentrations during spring 
overturn under existing and anticipated year 2000 con- 
ditions, as estimated from phosphorus loadings and lake 
and drainage basin characteristics, are 0.05 milligram per 
liter (mg/l) and 0.13 mg/l, respectively. The Commission 
recommends a level of 0.02 mg/l or less of total pbos- 
phorus for the prevention of excessive aquatic plant 
growth and the maintenance of a warmwater fishery and 
recreational use classification. Existing and anticipated 
year 2000 pollutant loadings may be expected to result 

PLANNED LAND COVER DEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE 

AREA OF WALLACE LAKE: 2000 

LEGEND 

Se .P  SUBBASIN BOUNOARI 
&No DE51GNATlON 

A - OIRECT TRIBUI&R"  
DRAINAGE ARE* - -- 

4 POINT OF 9YsBASIN 
OIJCWARCE 

.- 1- I E....&m - 
6 

a RURAL LAND COVER 

Wallace Lake has s direct tributary drainage area of about 282 acre% None 
of the drainage area is planned to be in rural land mver. Over the planning 
period an average of about 10 acres may be expected to be convened 
annually to urban land mver. It is eotirnated that an 85 percent reduction 
in oonpoint source pollutant runoff will be required in the drainage area to 
protect the water quality of the lake. This can be achieved through a eorn- 
bination of minimum urban management practices-including low-ast 
urban pmetieep, mnrtrunion erosion controls, and proper septic tank ryr- 
tern management bared on a rite-byiite inrpenion and maintenance 
program. 

Source: SEWRPC. 

Table C-170 

ESTIMATED DIRECT TR IBUTARY PHOSPHORUS LOADS TO 
WALLACE LAKE: 1975 and 2000 

in total phosphorus concentrations in Wallace La" which 
exceed the recommended level for recreational me and 
for the maintenance of a wmwate r  fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. 
An evaluation of these measures, applied in alternative 
combinations to  reduce the nonpoint source pollution 
loading on the lake, was made and a set of recommended 



measures was identified. These measures are set forth in include dredging, sediment covering, hypolimnetic 
Table C-171, along with the associated costs and antici- aeration, and nutrient inactivation. The feasibility of 
pated effectiveness. Measures to  control phosphorus con- these measures would have to be assessed in a preliminary 
tributions include: the provision of sanitary sewer service, engineering study. It should be emphasized, however, 
improved septic tank management, low-cost measures to  that the long-term maintenance of water quality 
reduce pollutant runoff from urban lands, and construc- Wallace Lake requires that the recommended level of 
tion erosion control practices. nutrient input reductions be achieved. 

If nutrient loadings to  the lake are reduced by the actions 
noted above, the sediments which have been deposited on 
the lake bottom may provide a suitable bottom substrate 
and nutrient source for excessive macrophyte growth in 
some local areas and may release nutrients to the water 
body. If this problem is confirmed through further local 
study, the application of lake restoration and rehabilita- 
tion procedures should be considered, in addition to  the 
above point and nonpoint source controls. Alternative 
restoration measures as set forth in Table (3-171 may 

The application of the above-listed nonpoint source 
pollution control measures to  control the nutrient inputs 
to Wallace Lake would entail a total capital cost of about 
$462,000, and an average annual operation and mainte- 
nance cost of about $4,300. The total 50-year present 
worth cost of these nonpoint source control measures is 
$414,200, with an equivalent annual cost of $26,300. 
If, in addition, rehabilitation techniques are found neces- 
sary, the capital cost of these alternatives would range 
from $1,000 for nutrient inactivation to  $335,500 for 

Table C-171 

WATER QUALITY MANAGEMENT MEASURES FOR WALLACE LAKE IN WASHINGTON COUNTY 

Reduction in 

recreational use 

(lack of oxygen) in the 

a The cumulative percent reduction in phosphorus loadings is in addition to sanitary sewer service, as recommended in the point source element for the Upper Milwaukee River subregional area. 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the point source alternative plan elements for the Upper Milwaukee River subregional area. 
Local hook-up and operation and maintenance costs, which are not primarily dependent on surface water qualify, are notpresented above. The estlmatedexpendirures for local hook-up and 
operation and maintenance in the Wallace Lake drainage basin include a capital cost over the period of  19752000 of  $1,030,100, an average annual operation andmaintenance cost of  $7,700, 
and a total 50-year present worth cost of $698,900. 

The proper maintenance and replacement of  the remaining septic tank systems is recommended to help improve the water quality of  Wallace Lake. However, because septic tank systems 
management is an existing function necessary for the preservation of  public health and the maintenance of drinking water supplies, this cost is not includedin the water quality management 
plan. The estimated expenditures for septic system management in the Wallace Lake drainage basin include a capital cost over the period of 1975-2000 of  $157,500, an average annual opera- 
tion and maintenance cost of $1,500, and a total 50-year present worth cost of $738,400. 

Cost estimated to control erosion from the estimated 10 acres of land estimated to be annually undergoing construction activity in the lake watershed. 

Cost estimated to harvest macrophyres from the 20 acres of Wallace Lake subject to excessive macrophyte growth. 

Cost estimated to aerate the entire hypolimnion of the lake. 

The lower cost for nutrient inactivation is for treating only the hypolimnetic area with alum; the higher cost is for treating the entire lake with alum. 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, or other suitable material. 

Cost estimated to dredge lake to an average depth of 15 feet. Existing average depth is 11 feet. 

The costs of  dredging and sediment covering may vary widely depending upon such factors as lake size and depth. type of  bottom substrate, andamount of  material to be dredgedor filled. 

Source: SEWRPC. 



dredging. The total present worth costs of these lake Map C.58 
rehabilitation measures would range from $700 for 
nutrient inactivation to  $250,700. PLANNED LAND COVER DEVELOPMENT 

I N  THE DIRECT TRIBUTARY DRAINAGE 
West Bend Pond AREA OF WEST BEND POND: 2000 
West Bend Pond is a 67-acre lake located in the City of 
West Bend in Washington County. The lake is a single- 
basin impoundment of the mainstem of the Milwaukee 
River. Certain geomorphological characteristics of West 
Bend Pond are set forth in Table C-172, together with the 
approximate 1975 population of the direct tributary 
watershed and a brief description of lake water quality 
conditions. Map C-58 presents a graphic summary of the 
proposed year 2000 land cover in the lake watershed. As 
shown on Map C-58 are significant urban land areas in 
the tributary watershed area are proposed to be served by 
sanitary sewers by the year 2000. As of 1975, an esti- 
mated 11 privately owned onsite sewage disposal 
sy s t emnone  of which are located in areas covered by 
soils having severe or very severe limitations for the 
use of such systemswere in operation in the lake 
watershed area. 

As indicated in Table G173, all sources combined con- 
tribute about 400 pounds of to West Bend Pond has a direct tributary drainage area of about 897 acres. 
West Bend Pond. The major sources of phosphorus in the About 254 acres, or 28 psrcent of the drainage area. are planned to be in 
lake watershed are construction activities and urban land rural land cover. and 642 acres. or 72 oercent. to be in urban land cover. 

uses. Additionally, about 12,600 pounds of phosphorus over the planning period an averme of about one acre may be expected to 

are contriubted annually from the large upstream area be convened annually to urban land cover. I t  is estimated that a 50 percent 
reduction in nonpoint source pollutant runoff will be required in the tributary to the West Bend Pond' As indicated in 
drainage area to protect the water quality of the pond. This can be achieved 

C-1'73, urban land uses in the watershed are expected to through a combination of minimum rural land manqsment practices- 
increase only slightly-by about 4 percent-under planned including especially the proper management of agricultural cropping 

practices--and minimum urban manawment practicer-including 1ow.con 
urban practices, and eonnruction erosion controls. 

Table C172 

GEOMORPHOLOGICAL AND WATER OUALITY 
CHARACTERISTICS OF WEST BEND POND 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.46 persons per dwellling unit as 
counted on 1" = 400'scaIe aerial photos. 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

Source: SEWRPC. 

Description 

67 acres 

897 acres 
2.7 miles 

14 feet 
6 feet 
427 acre-feet 

8,089 persons 

Occasional algae blooms: 
locations of dense macro- 
phyte growth: high nutrient 
Wncentrations 

Table C173 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADSTO 
WEST BEND POND: 1975 and 2000 



year 2000 land cover conditions, with annual total 
phosphorus loadings to  the lake expected to remain 
about the same. Loadings from the construction activities 
needed for the development of urban land are expected 
to be the primary source of phosphorus to the lake under 
anticipated year 2000 conditions. In addition, approxi- 
mately 4,700 pounds of phosphorus will be contriubted 
annually following a 25 percent reduction in total phos- 
phorus by the implementation of various nonpoint source 
control measures and substantial point source reductions 
in the upstream tributary watershed area. The estimated 
total phosphorus concentrations during spring overturn 
under existing and anticipated year 2000 conditions, as 
estimated from phosphorus loadings and lake and 
drainage basin characteristics, are 0.05 milligram per liter 
(mgll) and 0.02 mg/l, respectively. The Commission 
recommends a level of 0.02 mg/l or less of total phos- 
phorus for the prevention of excessive aquatic plant 
growth and the maintenance of a warmwater fishery and 
recreational use classification. Existing and anticipated 
year 2000 pollutant loadings may be expected to  result 
in total phosphorus concentrations in West Bend Pond 

Table 

which exceed and meet, respectively the recommended 
level for recreational use and for the maintenance of 
a limited fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to  reduce the nonpoint pollution loading on 
the lake, was made and a set of recommended measures 
identified. These measures are set forth in Table C-174, 
along with the associated costs and anticipated effective- 
ness. Measures to  control phosphorus contributions 
include: the provision of sanitary sewer service, improved 
septic tank management, minimum measures to  reduce 
pollutant runoff from rural lands through the implemen- 
tation of basic soil conservation practices, low-cost mea- 
sures to  reduce pollutant runoff from urban lands, and 
construction erosion control practices. 

If nutrient loadings to  the lake are reduced by the actions 
noted above, the sediments which have been deposited 

\ 

174 

WATER QUALITY MANAGEMENT MEASURES FOR WEST BEND POND IN WASHINGTON COUNTY 

a The cumulative percent reduction in  phosphorus loadings is in  addition to  sanitary sewer service, as recommended in the point source element fo r  the Upper Milwaukee River subregional area. 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the po in t  source alternative plan elements fo r  the Upper Milwaukee River subregional area. 
Loca l  hook-up and operation and maintenance costs, which are not  primarily dependent on surface water quality, are not  presentedabove. The estimated expenditures for local hook-up and 
Operation and maintenance in  the West Bend Pond drainage basin include a capital cost over the period o f  19752000 o f  $4,444,000, an average annual operation and maintenance cost of 
$103,100, and a total 50-year present worth cost o f  $4,115,900. 

Cost estimated to  control  erosion f rom the estimated nine acres o f  landestimated to  be annually undergoing construction activity in  the lake watershed. 

Cost estimated to  harvest macrophytes from the 30 acres of West Bend Pond subject to  excessive macrophyte growth. 

The cost for nutrient inactivation is for treating the entire lake wi th  alum. 

Cost estimated t o  cover the entire lake bottom wi th  sand, clay, plastic, o r  other suitable material. 

The costs for dredging and sediment covering may vary widely depending upon such factors as lake sire and depth, type o f  bottom substrate, andamount o f  material to  be dredged o r  filled. 

Cost estimated to  dredge lake to  an average depth o f  15 feet. Existing average depth is 6 feet. 

Source: SEWRPC. 

Anticipated Effectiveness 

Protect public health and 
drinking water supplies; 
reduce nutrient concen- 
tratlons 

Reduce nutrient concentra- 
tions; prevent the st~mula- 
t ion of excessive macro- 
phyte and algae growth: 
improve recreational use 
potential 

Control excessive macrophyte 
growth: asethetic enhance- 
ment; improve recreational 
use potential 

Accelerate lake improvement; 
prevent release of nutrients 
f rom sediment: remove 
nutrients f rom water body 

Accelerate lake improvement; 
prevent release of nutrients 
f rom sediment: reduce 
suitable plant substrate 

Deepen lake; reduce macro- 
phyte growth 

Management Measure 

Sanitary Sewer 
Serviceb 

Minimum Rural Con- 
servation Practices 

Construction Erosion 
Control practicesC 

Low Cost Urban Land 
Management Practices 

Total 
Macrophyte 

 atv vesting^ 

Nutrient 
lnactivatione 

Sediment 
coveringfA 

IJredginggph 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  ~ a k e ~  
(percent) 

- 

50 
Minimal additional 

reduction 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 

Estimated Cost 
Economic 

Total 
Capital 

- 

$ 100 

415,800 

Minimal 

41 5,900 
28,000 

6,700 

134,000 

972,600 

Analysis 

Present 

Capital 

- 

$ e l 0 0  

312,100 

Minimal 

312,200 
20,900 

5,000 

100.100 

726,800 

1980-2000 

Average Annual 
Operation and 
Maintenance 

- 

$ 300 

3,600 

1200 

5,100 
3,900 

- 

- 

- 

1975-2025 

Total 

- 

$ 300 

23,400 

1,100 

24,800 
5,200 

300 

6,400 

46,100 

Equivalent 

Capital 

- 

5 100 

19,800 

Minimal 

19,900 
1,300 

300 

6,400 

46,100 

Worth: 

Operation and 
Maintenance 

- 

$ 3.5CKl 

56.700 

17,700 

77,900 
61.500 

- 

- 

- 

Annual: 

Operation and 
Maintenance 

- 

$ 200 

3,600 

1.100 

4,900 
3.900 

- 

- 

- 

1975-2025 

Total 

- 

$ 3,600 

368,800 

17.700 

390,100 
82,400 

5,000 

100,100 

726,800 



on the lake bottom may provide a suitable bottom 
substrate and nutrient source for excessive macrophyte 
growth in some local areas and may release nutrients to  
the water body. If this problem is confirmed through 
further local study, the application of lake restoration or 
rehabilitation procedures should be considered, in addi- 
tion to the above-mentioned point and nonpoint source 
controls. Alternative restoration measures as set forth in 
Table G174 may include sediment covering, nutrient 
inactivation, and dredging. The feasibility of these mea- 
sures would have to  be assessed in a preliminary 
engineering study. Additional management measures, 
such as weed harvesting, may be used to control the mac- 
rophyte growth which may interfere with the recreational 
use of the lake. It should be emphasized, however, that 
the long-term maintenance of water quality in West Bend 
Pond requires that the recommended level of nutrient 
input reductions be achieved. 

The application of the above-listed nonpoint source 
pollution control measures to  control the nutrient input 
to West Bend Pond would entail a total capital cost of 
about $415,900, and an average annual operation and 
maintenance cost of about $5,100. The total 50-year 
present worth cost of these nonpoint source control 
measures is $390,100, with an equivalent annual cost 
of $24,800. If, in addition, rehabilitation techniques 
are found necessary, the capital costs of these alternatives 
would range from $6,700 for nutrient inactivation to 
$972,600 for dredging. The total present worth of these 
lake rehabilitation costs would range from $5,000 for 
nutrient inactivation to  $726,800 for dredging. 

ROCK RIVER WATERSHED LAKES 

Ashippun Lake 
Ashiwwun Lake is an 84-acre lake located in the Town - - 
of Oconomowoc in Waukesha County. The lake drains 
to  the Ashippun River. Certain geomorphological charac- 
teristics of Ashippun Lake are set forth in Table C-175, 
together with the approximate 1975 population of the 
direct tributary watershed and a brief description of lake 
water quality conditions. Map C-59 presents a graphic 
summary of the proposed year 2000 land cover in the 
lake watershed utilized in the areawide water quality 
management plan. The delineated tributary drainage 
area should be refined in a more detailed local lake study. 
As shown on Map C-59, none of the urban land in the 
tributary watershed area is proposed to be served 
by sanitary sewers by the year 2000. As of 1975, an 
estimated 56 privately owned onsite sewage disposal 
systems-20 of which are located in areas covered by 
soils having severe or very severe limitations for the 
use of such systems-were in operation in the lake 
watershed area. 

As indicated in Table (3-176, all direct sources combined 
contribute about 130 pounds of phosphorus annually to  
Ashippun Lake. The major source of phosphorus in the 
lake watershed is malfunctioning septic systems. Also, 
as indicated in Table (2-176, land uses and phosphorus 
loads in the watershed are not expected to  change signi- 
ficantly under planned year 2000 land cover conditions. 

Table GI75 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF ASHIPPUN LAKE 

a The population of the direct tributary watershed is estimated 

by assuming an average of 3.2 persons per dwelling unit as 
counted on 1" = 400' scale aerial photos. 

Characteristic 

. . . . . . . . . . . .  Surface Area 
Direct Tributary Drainage 

. . . . . . . . . . . . . . . .  Area 
. . . . . . . . . . . . . .  Shoreline 

Depth 
. . . . . . . . . . .  Maximum 

Mean. . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . .  Volume 

1975 Population of Direct 
. . . . .  Tributary watersheda 

General Existing Water Quality 
Conditions: 

Source: SEWRPC. 

Description 

84 acres 

347 acres 
1.50 miles 

35.0 feet 
17.1 feet 
1,436 acre-feet 

179 persons 

Occasional algae blooms; 
excessive macrophyte 
growth in shallow areas 

Table C-176 

ESTIMATED D l  RECT TRIBUTARY PHOSPHORUS LOADS T O  
ASH IPPUN LAKE: 1975 and 2000 

Source of Phoipharur 

Urban Land Cover (acres1 . . . .  
 and under Development-Conrfructttt 

A ~ l i " , t , . ~  iacreri . . . . .  

Total Total 

lpoundr Percent 

1 Onstte Sewaae Dtsposal Septtc 
~ a n k  ~ y ~ t e r n r ~  . . 

Rural Land Cover lacrei l  . . . .  

a Assumes "0 nonpaint iaurce coormi. 

lncloder only rhos systems on solis hawng revere or very revere l;m,tafionr for drworal of sepm rank effluent 

Source SEWRPC 

Atmolphenc Contrlbutlon 1acrer of 
. . . . .  receiving surface wafer) 

The estimated total phosphorus concentration during 
spring overturn under existing and anticipated year 2000 
conditions, as estimated from phosphorus loadings and 
lake and drainage basin characteristics, is 0.02 milligram 
per liter (mgfl). The Commission recommends a level of 
0.02 mg/l or less of total phosphorus for the prevention 
of excessive aquatic plant growth and for the mainte- 
nance of a warmwater fishery and recreational use clas- 
sification. Existing and anticipated year 2000 pollutant 
loadings may be expected to  result in total phosphorus 
concentrations in Ashippun Lake which do not exceed 
the recommended level for recreational use and for the 
maintenance of a warmwater fishery. 

Total 

84 42 31 3 84 42 31 3 



Map C-59 

PLANNED LAND COVER DEVELOPMENT 
I N  THE DIRECTTRIBUTARY DRAINAGE 

AREA OF ASHIPPUN LAKE: 2000 

LEGEND 
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Ashippun Lake hsr a direer tributary drainage area of about 341 acres. 
About 287 acres. or 83 percent of the drainage are., are planned to be in 
rural land cover, and 60 acres. or 17 peteent, m be in urban land cover. Over 
the planning period none of the direct tributary watershed area is erpscted 
to be converted to urban land cover. I t  is estimated that no redvation in 
nonpoint source Polluranf runoff will be required in the drainage area to 
protect the water quality of the lake. To provide minimum water quality 
~ ~ l n t t ~ l ,  a combination of minimum rural land management practices- 
including espe~ially the Draper managemenr of agricultural c ~ o ~ p i n g  
practicer-and minimum urban mansgemsnr practices-including laweort 
urban practices and proper septic tank system management bared 00 a Eite. 
by-rite inspection and maintenance program-should be implsmeeted in 
the lake drainage area. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. 
Certain low-cost control measures are recommended in 
the Ashippun Lake watershed to ensure continued high 
quality water. These measures are set forth in Table 
G177, along with the associated costs and anticipated 
effcct~vcncss. 3lcasures to contrul wptlc systern contribu- 
tlons a m e a  to be the most effect~ve way to substant~ally 
reduce^phosphorus loadings to the lake-while protecting 
~ u h l i r  health. Other needed measures include: minimum r ---- - 
measures to reduce pollutant runoff from rural lands 
through the implementation of basic soil conservation 
practices, and low-cost measures to reduce pollutant 
~ n o f f  from urban lands 

If nutrient loadings to the lake are  ontr trolled by the 
actions noted above, the sediments which have been 
deposited on the lake bottom may still provide a suitable 
bottom substrate and nutrient source for excessive mac- 
rophyte growth in some local areas and may release 
nutrients to the water body. If this problem is confirmed 
through further local study, the application of lake 
restoration or rehabilitation procedures should be con- 
sidered, in addition t o  the above-mentioned nonpoint 
source controls. Alternative restoration measures as set 
forth in Table C-177 may include dredging of localized 
portions of the lake. Additional management measures 
such as weed harvesting may be used to control the 
macrophyte growth which may interfere with the recrea- 
tional use of the lake. The feasibility of restoration mea- 
sures was assessed in a preliminary engineering study by 
the Wisconsin Department of Natural Resources. It 
should he emphasized, however, that the long-term 
maintenance of water quality in Ashippun Lake requires 
that the recommended level of nutrient input reduction 
be achieved. 

Source: SEWRPC. 
Table C-177 

WATER OUALITY MANAGEMENT MEASURES FOR ASHIPPUN LAKE IN WAUKESHA COUNTY 

The g m ~ e r  mainimoce and rcpixameor of me remsroing w e ; c  mok ryrmmr ir reommsn&d to haig improve me wrer pueiiw 05 Amimuo ~ s * e  ~owevsr, bec~uss m#m ran* ryrtemr 
m m w m m t  a en s r i ~ i i ~  funct!ao ~ I I I I W  for *be ~ressnstion of puooc heam end ~c m.mrenanse of dn~mng water wpp~iii, cnir cost is oot roclvdedin me wterqualiw mmsgemenf 
plm. The ertfmaed exneodjwrer for ssorre r y s m  manwmcnr jn the AEniooun '.kc but" tnsivdea eaorta,eon ova, msperrodof r97sZm of$%mo. soover~p~paonvai om,#- 
lion mbmrinnn~n~oorro f$1 .9m.  rod-. me, 60-yperp-nr womb eolr otbf14.4M 

c o r c ~ ~ c t m ~ f e d  ro n e m r  marmPDvcs ham rae meems o t ~ m ~ ~ u n  L B * ~  rubieo to exccsrrue rnzrop*ymgrolvm. 

Souna: SEWRPC 



The application of the above-listed nonpoint source pol- 
lution control measures to control the nutrient inputs 
to Ashippun Lake would entail a total capital cost of 
about $100, and an average annual operation and main- 
tenance cost of about $600. The total 50-year present 
worth cost of these source control measures is $8,700, 
with an equivalent annual cost of $600. If, in addition, 
rehabilitation techniques are found necessary, the capital 
cost is estimated to  be indeterminate for limited dredging 
to $21,200 for macrophyte harvesting. The total present 
worth costs of this lake rehabilitation techniques would 
be indeterminate for limited dredging to $63,100 for 
macrophyte harvesting. 

Bark Lake 
Bark Lake is a 65-acre lake located in the Town of 
Richfield in Washington County. The lake drains to the 
Bark River. Certain geomorphological characteristics of 
Bark Lake are set forth in Table C-178, together with the 
approximate 1975 population of the direct tributary 
watershed and a brief description of lake water quality 
conditions. Map C-60 presents a graphic summary of the 
proposed year 2000 land cover in the lake watershed. As 
shown on Map (2-60, none of the existing urban land in 
the tributary watershed area is proposed to be served by 
sanitary sewers by the year 2000. As of 1975, an esti- 
mated 618 privately owned onsite sewage disposal 
systems-230 of which are located in areas covered by 
soils having severe or very severe limitations for the 
use of such systems-were in operation in the lake 
watershed area. 

Table C-178 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF BARK LAKE 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.96 persons per dwelling unit as 
counted on 1" = 400' scale aerial photos. 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

As indicated in Table C-179, all direct sources combined 
contribute about 2,200 pounds of phosphorus annually 

Description 

65 acres 

3,315 acres 
1.80 miles 

34 feet 
12.9 feet 
838 acre-feet 

2.447 persons 

Occasional algae blooms; 
some macrophyte growth; 
high nutrient concentra- 
tions; lack of oxygen in the 
hypolimnion 

to Bark Lake. The major source of phosphorus in the lake 
watershed is livestock operations. Also, as indicated in 
Table C-179, land uses and phosphorus loads in the 
watershed are not expected to  change significantly under 
planned year 2000 land cover conditions. The estimated 
total phosphorus concentration during spring overturn 
under existing and anticipated year 2000 conditions, as 
estimated from phosphorus loadings and lake and 
drainage basin characteristics, is 0.15 milligram per liter 
(mgll). The Commission recommends a level of 0.02 mgll 
or less of total whoswhorus for the maintenance of 

A A 

a warmwater fishery and recreational use classification. 
Existing and anticipated year 2000 pollutant loadings 
may be expected to result in total phosphorus concen- 
trations in Bark Lake which exceed the recommended 
level for recreational use and for the maintenance of 
a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative 
combinations to reduce the nonpoint source pollution 
loading on the lake, was made and a set of recommended 
measures was identified. These measures are set forth in 
Table C-180, along with the associated costs and antici- 
pated effectiveness. Measures to  control livestock waste 
contributions appear to be the most cost-effective way to 
substantially reduce phosphorus loadings to  the lake. 
Other needed measures include: improved septic tank 
system management, measures to  reduce pollutant runoff 
from rural lands by 75 percent, and low-cost measures to  
reduce pollutant runoff from urban lands. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited on 
the lake bottom may provide a suitable bottom substrate 
and nutrient source for excessive macrophyte growth in 
some local areas and may release nutrients to the water 
body. If this problem is confirmed through further local 
study, the application of lake restoration or rehabilitation 

Table G I 7 9  

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS T O  
BARK LAKE: 1975 and 2000 

a Awmesno nonpoint soume contml. 

lneiudesonlv rhos rvnemr on rotis having sevwe or very sevwe iimirsrnns for dig~oralof peptic rank effluent 

Source- SEWRPC. 

Source of Phorphorur 

Urban Land Cover (acrest. . . . . . . . . . . . .  
Land under Development-Conrtrunion 

. . . . . . . . . . . . . . . .  Amivit(e$ lwresl 
Onrite Sewage Dirpawi Septic 

Tank~yrtemr~ . . . . . . . . . . . . . . . . . .  
Rural Land Cover lacrarl . . . . . . . . . . . . .  
Livestock Operations (animal un8trl . . . . .  
Atmorpherlc Contribution lacrer of 

recelv~ng surface water1 . . . . . . . . . . . . .  

Exining 1975 

Number 

735 

- 

230 
2.580 
154 

65 

Anticipated 2WOa 

Number 

735 

- 

230 
2,580 
154 

65 

Tofai 
Loading 
(poundr 
per yeart 

203 

- 

666 
. 263 
1,016 

32 

Percent 
D8nribution 

9.3 

30.5 
12.1 
46.6 

1.5 

Total 
Loading 
(pounds 
per year) 

203 

666 
263 

1,016 

32 

Parsent 
Dinribufion 

9.3 

30.5 
12.1 
46.6 

1.5 



Map C-60 

PLANNED LAND COVER DEVELOPMENT IN THE DIRECT TRIBUTARY DRAINAGE AREA OF BARK LAKE: 2000 
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6a.k Lake has a direct tributary drainege area of about 3,315 acres. About 2,580scren. or 78 percent Of the dminage area, are planned to be in rural land cover, and 
735 acres, or 22 percent, to be in urban land ewer. Over the planning period none of the direct tributary waierrhsd area is expected to be converted to urban land 
cover. I t  is enimsmd that an 85 percent reduction in nanpoint source poll~rant runoff will be requirad in the drainage area to protect the water quality of the lake. 
This can be shievad through a combination of minimum and additional rural land management practices-including especially the proPer management of livssfoek 

I 
wanes-and minimum urban msnagement practice$-Including lowsost urban praciicer and proper reptic tank vatem msnagament bared an a rite-by-site inspection 
and maintenance program. I 
Source: SEWRPC. 

procedures should be considered, in addition to the 
above-mentioned nonpoint source controls. Alternative 
restoration measures as set forth in Table C-180 may 
include nutrient inactivation, hypolimnetic aeration, 
sediment covering, and dredging. The feasibility of these 
measures would have to be assessed in a preliminary 
engineering study. Additional management measures 
such as weed hamesting may be used to control the 
macrophyte growth which may interfere with the recrea- 
tional use of the lake. It should be emphasized, however, 
that the long-term maintenance of water quality in Bark 
Lake requires that the recommended level of nutrient 
input reductions be achieved. 

The application of the above-listed nonpoint source pol- 
lution control meawes to control the nutrient inputs 
to Bark Lake would entail a total capital cost of about 
$320,700, and an average annual operation and mainte- 
nance cost of about $42,400. The total 50-year present 
worth cost of these source control measures is $502,300, 
with an equivalent annual cost of $31,800. If, in addi- 
tion, rehabilitation techniques are found necessary, the 
capital cost of these alternatives would range from 
$4,400 for hypolimnetic aeration to $220,200 for 
dredging. The total present worth costs of these lake 
rehabilitation techniques would range from $4,800 for 
nutrient inactivation to $164,500 for dredging. 



Table C-180 

WATER QUALITY MANAGEMENT MEASURES FOR BARK LAKE I N  WASHINGTON COUNTY 

a The proper maintenance and replacement o f  the remaining septic tank systems is recommended to help improve the water quality o f  Bark Lake. However, because septic tank systems manage- 
ment is an existing function necessary for the preservation o f  publ ic health and the maintenance o f  drinking water supplies, this cost is no t  included i n  the warer quality management plan. 
The estimated expenditures for septic system management i n  the Bark Lake drainage basin Include a capital cost over the period o f  1975-2000 o f  $1.035,WO, an average annual operation 
and maintenance cost o f  $20,800, and a total 50-yearpresent worth cost o f  $1,289,800. 

Rural land management practices necessary to achieve a 75percent reduction i n  rural diffuse source pollutant loads. 

Cost estimated to harvest macrophytes from the 6.5 acres o f  Bark Lake subject to excessive macrophyte growth. 

Cost estimated to aerate the entire hypolimnion o f  the lake. 

The cost for nutrient inactivation is for treating the entire lake with alum. 

Cost estimated to cover the entire lake bot tom with sand, clay, plastic. o r  other suitable material. 

Cost estimated t o  dredge lake t o  an average depth o f  15 feet. Existing average depth is 12.9 feet. 

The Costs for sediment covering and dredging vary widely depending on such factors as lake size and depth, type o f  bottom substrate and amount o f  marerial to be f i l led o r  dredged. 

Source: SEWRPC 

improve recreational use 
potential; protect Public 
health and drinking water 

Beaver Lake 
Beaver Lake is a 316-acre lake located in the Town of 
Merton in Waukesha County. The lake is internally 

Sediment 
coveringfah 

~ r e d g i n g g * ~  

drained. Certain geomorphological characteristics of 
Beaver Lake are set forth in Table G181, together with 
the approximate 1975 population of the direct tributary 
watershed and a brief description of lake water quality 
conditions. Map C-61 presents a graphic summary of the 
proposed year 2000 land cover in the lake watershed. As 
shown on Map C-61 a major portion of the existing urban 
land in the tributary watershed area is proposed to be 
served by sanitary sewers by the year 2000. As of 1975, 
an estimated 239 privately owned onsite sewage disposal 
systems-111 of which were located in areas covered by 

130,000 

220,200 

soils having severe or very severe limitations for the use 
of such systems-were in operation in the lake watershed 
area. The provision of sanitary sewer service is recom- 
mended for the lake watershed under planned year 
2000 conditions. 

- 

- 

As indicated in Table C-182, all direct sources combined 
contribute about 600 pounds of phosphorus annually t o  
Beaver Lake. The major source of phosphorus in the lake 
watershed is septic tank systems. Also, as indicated in 
Table C-182, urban land uses in the watershed are 
expected to  increase by about 44 percent under planned 
year 2000 conditions, with annual total phosphorus 
loadings to  the lake expected to  be increased to about 
1,300 pounds as a result of increased construction 
activity. The estimated total phosphorus concentrations 

97,100 

164,500 

during spring overturn under existing and anticipated 
year 2000 conditions, as estimated from phosphorus 
loadings and lake and drainage basin characteristics, are 
0.02 milligram per liter (mg/l) and 0.04 mg/l, respec- 
tively. The Commission recommends a level of 0.02 mg/l 
or less of total phosphorus for the prevention of excessive 
aquatic plant growth and for the maintenance of 
a warmwater fishery and recreational use classification. 
Anticipated year 2000 pollutant loadings may be 

- 

- 

97,100 

164.500 

6,200 

10.400 

- 

- 

6,200 

10,400 

from sediment; remove 
nutrients from water body 

Accelerate lake improvement; 
prevent release of  nutrients 
from sediment; reduce 
suitable plant substrate 

Deepen lake; reduce 
macrophyte growth 

No additional 
reduction 

No additional 
reduction' 



Table G I 8 1  Map C-61 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF BEAVER LAKE 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.51 persons per dwelling unit as 
counted on I " =  4M)'scale aerial photos 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

. . . . .  Tributary watersheda 

General Existing Water Quality 
Conditions: 

PLANNED LAND COVER DEVELOPMENT 
IN THE DIRECT TRIBUTARY DRAINAGE 

AREA OF BEAVER LAKE: 2000 

Description 

316 acres 

1.1 19 awes 
3.8) miles 

46 feet 
16 feet 
5,056 acrefeet 

839 persons 

Occasional algae blooms; 
nuisance macrophyte 
growth 

-.- SUBBaSIN B O U N M R I  AN0 
PL-I DESIONATZON - DlRECr T R I B Y T A R I  

Table G I 8 2  DRAINAGE AREA 

POINT OF SUBBASIN 
DISCHAROE 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
BEAVER LAKE: 1975 and 2000 %:,"~,"$.",""~OOO 

.............. . ~ 

RURAL LAND COVER 4000 ?EST "&&&2LS2 
Beaver Lake has B direct tributary dreinage area of about 1.119 acres. About 
112 acres, or 10 percent of the drainage area, are planned t o  be in rural land 
mver, and 307 screa. or 88 percent. t o  be in urban land cover. Over the 
planning psriad an average of about 20 acres may be expected to  be con- 
verted annually to urban land cover. It is estimated that a 50 percent 
reduction in nonpoint source pollutant runoff wi l l  be rewired in the 
drainage area to protect the water quality of the lake. This o n  be achieved 
through a combination of minimum rural land management practicsr- 
including enpscially the proper management of agricultural cropping 
praetieer-and minimum urban management prscfice~-including lowcost 
urban oractiesr. mnrtruction erosion controls, and p rwer  septic tank svstem 

expected to result in total phosphorus concentrations 
in Beaver Lake which exceed the recommended level for 
recreational use and for the maintenance of a warm- 
water fishery. 

The measures available for controllii nonpoint source 
pollution, along with attendant costs, are discussed in the 
introdudory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative 

management bawd on a rite-byaim inspection and maintenance program. 

Source: SEWRPC 

combinations to reduce the nonpoint source pollution 
loading on the lake, was made and a set of recommended 
measures was identified. These measures are set forth in 
Table C-183, along with the associated costs and antici- 
pated effectiveness. Measures to contml construction 
activity contributions appear to he the most effective 
way to substantially reduce phosphorus loadings to the 
lake. Other needed measures include: the provision of 
sanitary sewer senice, improved septic tank system 



Table C-183 

WATER QUALITY MANAGEMENT MEASURES FOR BEAVER LAKE IN WAUKESHA COUNTY 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  h k e a  

Estimated Cost 
1980-2000 

I trations 
Septic Tank System I - - 1 - 1  - - - - 1  - 1   educe nutrient concentra- 1 

Economic Analysis 

Total 
Management Measure 

Sanitary Sewer 
serviceb 

Present Worth: 1975-2025 
Average Annual 
Operation and 

I Management practices1 I 

Equivalent Annual: 1975-2025 

Capital 

- 

ManagementC 
Minimum Rural Con- 

servation Practices 
Construction Erosion 

Minimal additional 

I Operation and ( I loperation and I 
Maintenance 

- 

$ 100 

933,200 

management, minimum measures to reduce pollutant 
runoff from rural lands through the implementation of 
basic soil conservation practices, and low-cost measures 
to reduce pollutant runoff from urban lands. 

tiarvestinge 

Hypolimnetic 
 erat ti on^ 

Nutrient 
lnactivationg 

Sediment 
coveringhei 

If nutrient loadings to  the lake are reduced by the actions 
noted above, the sediments which have been deposited on 
the lake bottom may provide a suitable bottom substrate 
and nutrient source for excessive macrophyte growth in 
some local areas and may release nutrients to  the water 
body. If this problem is confirmed through further local 
study, the application of lake restoration or rehabilitation 
procedures should be considered, in addition to the 
above-mentioned point and nonpoint source controls. 
Alternative restoration measures as set forth in Table 
C-183 may include nutrient inactivation, hypolimnetic 
aeration, and sediment covering. The feasibility of these 

Capital 

- 

$ 500 

8,100 

measures would have to be assessed in a preliminary 
engineering study. Additional management measures 
such as weed harvesting may be used to  control the 
macrophyte growth which may interfere with the recrea- 
tional use of the lake. It should be emphasized, however, 
that the long-term maintenance of water quality in 
Beaver Lake requires that the recommended level of 
nutrient iriput reductions be achieved. 

a The cumulative percent reduction in phosphorus loadings is in addition t o  sanitary sewer service, as recommended in the point soume element for the Middle Rock River subregional area. 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the point source alternative plan elements for the Middle Rock River subregional area. Local 
hook-up and operation and maintenance costs, which are not  primarily dependent on surface water quality, are not presented above. The estimated expenditures for local hook-up and opera- 
t ion and maintenance in the Beaver Lake drainage basin include a capital cost over the period o f  1975-2000 o f  $1,312,000, an average annual operation and maintenance cost o f  $9,800, and 
a total 50year present worth cost of $890,200. 

The proper maintenance and replacement of the remaining septic tank systems is recommended to  help improve the water quality o f  Beaver Lake. However, because septic tank systems man- 
agement is an existing function necessary for the preservation o f  public health and the maintenance o f  drinking water supplies, this cost is not  included in the water quality management plan. 
The estimated expenditures for septic system management in the Beaver Lake drainage basin include a capital cost over the period of 1975-2000 o f  $72,WO. an average annual operation and 
maintenance cost of $900, and a total 50-year present worth cost o f  $70,800. 

Cost estimated to  control erosion from the estimated 20.2 acres o f  landestimated to  be annually undergoing construction activity in the lake watershed. 

Cost estimated to  harvest macrophytes from the 2 2  acres o f  Beaver Lake subject t o  excessive macrophyte growfh. 

Cost estimated to  aerate the entire hypolimnion o f  the lake. 

The l 0 ~ r  cost for nutrient inactivation is for treating only the hypolimnetic area with alum; the higher cost is for treating the entire lake with alum. 

Cost estimated to  cover the entire lake bottom with sand, clay, plastic, or  other suitable material. 

The Costs for sediment covering vary widely depending on such factorsas lake size and depth, type o f  bottom substrate, and amount of material to  be filled. 

Source: SEWRPC. 

30,000 

15,000 
to  

31,600 

632,000 

The application of the above-listed nonpoint source 
pollution control measures to  control the nutrient inputs 
to  Beaver Lake would entail a total capital cost of about 
$933,300, and an average annual operation and mainte- 
nance cost of about $10,000. The total 50-year present 
worth cost of these source control measures is $853,300, 
with an equivalent annual cost of $54,100. If, in addi- 
tion, rehabilitation techniques are found necessary, the 

Maintenance 

- 

$ 100 

700,500 

800 

- 

- 

Total 

- 

$ 6P00 

127,400 

22,400 

11,200 
t o  

23,600 

'472,300 

Capital 

- 

$ 6,100 

827,900 

11,800 

- 

- 

Maintenance 

- 

Min imal  

44,400 

34,200 

11,200 
t o  

23,600 

472,300 

Total 

- 

$ 400 

8,100 

1,400 

700 
t o  

1,500 

30,000 

Anticipated Effectiveness 

$ 400 

52,500 

(percent) 

tions; prevent the stimula- 
t ion of excessive macro- 
phyte and algae growth; 
improve recreational use 

800 

- 

- 

Protect public health and 
drinking water supplies; 
reduce nutrient concen- 

2,200 

700 
t o  

1,500 

30,000 

- 

gr0wth;aesthetic enhance- 
ment; improve recreational 
use potential 

Prevent anaerobic conditions 
(lack of oxygen) in the 
hypolimnion 

Accelerate lake improvement; 
prevent release of nutrient 
from sediment; remove 
nutrients f rom water body 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; reduce 
suitable plant substrate 

reduction 

No additional 
reduction 

No additional 
reduction 

No additional 
reductioa 



capital cost of these alternatives would range from 
$15,000 for nutrient inactivation to $632,000 for 
sediment covering. The total present worth costs of 
these lake rehabilitation techniques would range from 
$11,200 for nutrient inactivation to $472,300 for 
sediment covering. 

Comus Lake 
Comus Lake is a 11Facre lake located in the Town and 
City of Delavan in Walworth County. The lake is formed 
by- a dam on Turtle Creek. certain geomorphological 
characteristics of Comus Lake are set forth in Table 
G184, together with the approximate 1975 population 
of the direct tributary watershed and a brief description 
of lake water quality conditions. Map C-62 
a eravhic summarv of the ~rooosed vear 2000 land cover 
i n ' t i e  Lake watershed uiiliz;?d in -the areawide water 
quality plan. The delineated tributary drainage area 
should be refined in a more detailed local lake studv. As 
shown on Map C-62, a major portion of the existing 
urban land in the tributary watershed area is proposed to  
be sewed by sanitary sewers by the year 2000. As of 
1975, an estimated 39 privately owned onsite sewage 
disposal systemsfour of which are located in areas 
covered by soils having severe or very severe limitations 
for the use of such systemewere in operation io the 
lake watershed area. 

As indicated in Table G185, all direct sources combined 
contribute about 1,600 pounds of phosphorus annually 
to Comus Lake. An additional 1,300 pounds of phos- 

Table GI84 

QEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTtCS OF COMUS LAKE 

a The population of the direct tributary watBrsh8d is estimated 
by a m i w  an average of 3.29 pwsons per dweiiing unit as 
counted on 1"- 40(Y scale aerialphotos. 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
M a n .  . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary Watersheda . . . . .  

General Existing Water Quality 
Conditions: 

Map C-62 

Description 

117 acres 

1,107 acres 
5.10 miles 

6 feet 
5.2 feet 
608 acre-feet 

2,329 persons 

Omsional algae blooms; 
some macrophyte growth; 
frequent fish winterkill 

PLANNED LAND COVER DEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE 

AREA OF COMUS LAKE: 2000 

LEOEND 

S"BM81N ewNMR( 
YTC.18 ..ND 0LPIeNAT.TIW - 01R6CT I R I B Y T M Y  

DltaINIIOE W E A  

--C (IOIPIT OF s"3mm1N 
D I P C * I R ~ E  

:.z?:;MFEna.m 
@"a,",C SCALE 

0 ""' '"" """'" a m 0  
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Comus Lake has a direst tributary drainage area of about 1,107 acres. A b u t  
726 acres, or 60 percsnt of the drainage area, are planned to be in rural land 
cover, and 381 was ,  or 34 percenc, to be in urban land c m r .  Over the 
planning period none of the direct tributary wasnhed srea isexpected to be 
convsrted to u a a n  land c m r .  i t  ir rnimated that a 33 percent reduction in 
nonpoint source pallutsnt runoff will be w u i r e d  in the drainam arsa 
to Protect the water quality of the lake. This an be achieved thmugh 
a combination of rural land management praticsr-including e ~ c i a l l y  the 
proper management of livmock warts$--and minimum urban management 
practlce$-inCIuding IOWSOS~ urban practices end propsr septic tank system 
management based on a site-byalte Inweetion and maintananes prwram. 

Sourn: SEWRPC. 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
CDMUS LAKE: 1976 and 2000 



phorus enter the lake annually as inflow from Turtle 
Creek. The major direct source of phosphorus in the 
lake watershed is livestock operations. Also, as indicated 
in Table C-185, land uses in the watershed are not 
expected to  change significantly under planned year 2000 
land cover conditions, although phosphorus inflow from 
Turtle Creek is expected to be reduced to about 970 
pounds per year as a result of diffuse source controls. 
The estimated total phosphorus concentrations during 
spring overturn under existing and anticipated year 
2000 conditions, as estimated from phosphorus loadings 
and lake and drainage basin characteristics, are 0.04 
milligram per liter (mg/l) and 0.03 mg/l, respectively. The 
Commission recommends a level of 0.02 or less mg/l of 
total phosphorus for the maintenance of a warmwater 
fishery and recreational use classification. Existing and 
anticipated year 2000 pollutant loadings may be 
expected to  result in total phosphorus concentrations in 

Comus Lake which exceeds the recommended level for 
recreational use and for the maintenance of a warm- 
water fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. 
An evaluation of these measures, applied in alternative 
combinations to reduce the nonpoint source pollution 
loading on the lake, was made and a set of recommended 
measures was identified. These measures are set forth in 
Table C-186, along with the associated costs and antici- 
pated effectiveness. Measures to control livestock waste 
contributions appear to  be the most cost-effective way to 
substantially reduce phosphorus loadings to  the lake. 
Other needed measures include: the extension of sanitary 
sewer service to  the lake watershed, improved septic tank 
system management, minimum measures t o  reduce 

Table C-186 

WATER QUALITY MANAGEMENT MEASURES FOR COMUS LAKE IN WALWORTH COUNTY 

e nutrient concen- 

phyte and algae growth; 

a The cumulative percent reduction in phosphorus loadings is in addition to sanitary sewer service, as recommended in the point source element for the Lower Rack River subregional area. 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the point source alternative plan elements for the Lower Rock River subregional area. Local 
hook-up and operation and maintenance costs, which are not primarily dependent on surface water quality, are not presented above. The estimated expenditures for local hook-up and opera- 
tion and maintenance in the Comus Lake drainage basin include a capital cost over the period of 1975-2000 of  $920,000, an average annual operation andmaintenance cost of $27,000, and 
a total 50year presen t worth cost o f  $940,700. 

* The proper maintenance and replacement of  the remaining septic tank systems is recommended to help improve the water quality of  Comus Lake. However, because septic tank systems man- 
agement is an existing function necessary for the preservation of  public health and the maintenance of drinking water supplies, this cost is not included in the water quality management plan. 
The estimated expenditures for septic system management in the Comus Lake drainage basin include a capital cost over the period of 1975-2000of $9,000, an average annual operation and 
maintenance cost of $1,100, anda total 50year present worth cost of  $40,800. 

Cost estimated to harvest macrophytes from the 50 acres of Comus Lake subject to excessive macrophyte growth. 

Cost estimated to aerate 20 acres hypolimnion of  the lake. 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, or other suitable material. 

Cost estimated to dredge lake to an average depth of 15 feet. Existing average depth is 5.2 feet. 

The costs for sediment covering and dredging vary widely depending on such factors as lake size and depth, type of bottom substrate, andamount of material to be filled or dredged. 

Source: SEWRPC 



pollutant runoff from rural lands through the implemen- 
tation of basic soil conservation practices, and lowcost 
measures to  reduce pollutant runoff from urban lands. 
To achieve the reduction of total phosphorus loading to 
Comus Lake, it is also imperative that the nonpoint 
source control measures recommended for the Lower 
Rock River basin be implemented in that part of the 
Turtle Creek basin above Comus Lake. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited on 
the lake bottom may provide a suitable bottom substrate 
and nutrient source for excessive macrophyte growth in 
some local areas and may release nutrients to  the water 
body. If this problem is confirmed through further local 
study, the application of lake restoration and rehabilita- 
tion procedures should be considered, in addition to the 
above point and diffuse source controls. Alternative 
restoration measures as set forth in Table C-186 may 
include aeration, sediment covering, and dredging. The 
feasibility of these measures would have to be assessed in 
a preliminary engineering study. Additional management 
measures such as weed harvesting may be used to  control 
the macrophyte growth which may interfere with the 
recreational use of the lake. It should be emphasized, 
however, that the long-term maintenance of water quality 
in Comus Lake requires that the recommended level of 
nutrient input reductions be achieved. 

The application of the above-listed nonpoint pollution 
control measures to  control the nutrient inputs to  Comus 
Lake would entail a total capital cost of about $14,700, 
and an average annual operation and maintenance cost of 
about $3,100. The total 50-year present worth of these 
source control measures, is $50,200 with an equivalent 
annual cost of $3,200. If in addition, rehabilitation tech- 
niques are found necessary, the capital cost of these alter- 
natives would range from $4,000 for aeration to  
$1,849,500 for dredging. The total present worth costs 
of these lake rehabilitation techniques would range from 
$4,600 for aeration to $1,382,100 for dredging. 

Cravath Lake 
Cravath Lake is a 65-acre lake located in the City of 
Whitewater in Walworth County. The lake drains to 
Whitewater Creek. Certain geomorphological charac- 
teristics of Cravath Lake are set forth in Table C-187, 
together with the approximate 1975 population of the 
direct tributary watershed and a brief description of 
lake water quality conditions. Map C-63 presents 
a graphic summary of the proposed year 2000 land cover 
in the lake watershed. As shown on Map C-63, a large 
portion of the existing urban land in the tributary 
watershed area is proposed to be served by sanitary 
sewers by the year 2000. As of 1975, an estimated 20 
privately owned onsite sewage disposal systems-two 
located in areas covered by soils having severe or very 
severe limitations for the use of such systems-were in 
operation in the lake watershed area. 

As indicated in Table C-188, all direct sources combined 
contribute about 200 pounds of phosphorus annually to  
Cravath Lake. An additional 600 pounds of phosphorus 

Table GI87 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF CRAVATH LAKE 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.13 persons per dwelling unit as 
counted on 7"  = 400' scale aerial photos. 

Characteristic 

. . . . . . . . . . . .  Surface Area 
Direct Tributary Drainage 

. . . . . . . . . . . . . . . .  Area 
. . . . . . . . . . . . . .  Shoreline 

Depth 
. . . . . . . . . . .  Maximum 

. . . . . . . . . . . . . .  Mean. 
Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

. . . . .  Tributary watersheda 

General Existing Water Quality 
Conditions: 

Source: SE WRPC. 

Description 

65 acres 

546 acres 
2.5 miles 

10 feet 
2.7feet 
176 acre-feet 

1,152 persons 

Occasional algae blooms; 
dense macrophyte growth; 
potential for winter fishkills 

Map C-63 

PLANNED LAND COVER DEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE 

AREA OF CRAVATH LAKE: 2000 

LEGEND 

sB-2 SUBBASIN BOUNDARY 
AND DESIGNATION - DIRECT TRIBUTARY 
DRAINAGE AREA - POINT OF SUBBASIN 
DISCHARGE 

~ ~ ~ ~ ~ : : M ~ ~ ~ ; D o o  

0 RURAL LAND COVER 

Cravath Lake has a direct tributary drainage area of about 546 acres. About 
302 acres, or 5 5  percent of the drainage area, are planned to be in rural land 
cover, and 244 acres, or 4 5  percent, to be in urban land cover. Over the 
planning period none of the direct tributary watershed area is expected to 
be converted to urban land cover. I t  is estimated that a 25  percent reduction 
in nonpoint source pollutant runoff will be required in the drainage area 
to protect the water quality of the lake. This can be achieved through 
a combination of minimum rural land management practices-including 
especially the proper management of agricultural cropping practices-and 
minimum urban management practices-including low-cost urban practices 
and proper septic tank system management based on a site-by-site inspection 
and maintenance program. 

Source: SEWRPC. 



Table C-188 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
CRAVATH LAKE: 1975 and 2000 

Total I - I 191' 1 1000 - 1 188' 104.0 

a Aaumes provision of vlnrrary sewer service es recommended in the poinr mome pollution abaremenr plan elemenC 
Bnumes no "onpornf source mnfml. 

lnclvderonly chose systems on mils having severe or very severe limrfac,onr for d,qoral of  septic rank effluent 

Doer nor rnclude the 1975 enimsredsnd year 2WOmtIopsTedphoqhorus1oadrof 600poundsper year and4Wpoundr 
per ywr, rsgetively, conolbured by rhe upstream drainage from Whltewafn Cre& and a malor unnamed triburaw 10 the 
mufh o f  rhe lake 

Source. SEWRPC. 

Source of Phorphorur 

Urban Land Cover (acres). . . . . . . . . . . . .  
Land under Development-Construction 

Anlvitier lacrerl . . . . . . . . . . . . . . . . .  
Onrlte Sewage Dltpovl Septic 

Tank ~ y r t e r n r ~  . . . . . . . . . . . . . . . . . .  
Rural Land Cover (acres) . . . . . . . . . . . . .  
L#ve$to~k Operations [animal vnitrl . . . . . .  
Atmospheric Contribution [acres of 

receivina surface water1 . . . . . . . . . . . .  

enters the lake annually from the unnamed tributary to 
the south of the lake and from Tripp Lake. It is assumed, 
however, that most of the phorphorus load from Tripp 
Lake flushes through Cravath Lake without significant 
deposition or biological uptake. Also, as indicated in 
Table C-188, land uses are not expected to  change signi- 
ficantly under planned year 2000 land cover conditions. 

Anticipated 2000a 

The total phosphorus load will be reduced somewhat as 
a result of nonpoint source management practices recom- 
mended for the upstream drainage area, thus reducing 
that contribution to 400 pounds annually. The estimated 

Number 

244 

less than 
5 

302 

65 

Exirtlng 1975 

total phosphorus concentrations during spring overturn 
under existing and anticipated year 2000 conditions, as 

Number 

244 

- 
lessthan 

5 
302 
- 

65 

estimated from phosphorus loadings and lake and 
drainage basin characteristics, are 0.03 milligram per liter 
(mg/l) and 0.024 mg/l, respectively. The Commission 
recommends a level of 0.02 mg/l or less of total phos- 

Total 
Loading 
(pounds 
per year) 

123 

3 
30 

32 

phorus for the prevention of excessive aquatic plant 
growth and for the maintenance of a warmwater fishery 

Percent 
Dirtribution 

65.4 

1.6 
16 0 

17.0 

Total 
Load~ng 
[pounds 
per year) 

123 

6 
30 

32 

and recreational use classification. Existing and antici- 
pated year 2000 pollutant loadings may be expected to  

Percent 
D#sfr#bution 

64.4 

3.1 
15.7 

16 8 

result in total phosphorus concentrations in Cravath 
Lake which slightly exceed the recommended level for 
recreational use and for the maintenance of a warm- 
water fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. 
An evaluation of these measures, applied in alternative 
combinations to  reduce the nonpoint source pollution 
loading on the lake, was made and a set of recommended 
measures was identified. These measures are set forth in 
Table C-189, along with the associated costs and antici- 
pated effectiveness. The recommended minimum controls 
include the extension of sanitary sewer service, improved 
septic tank management, minimum measures to  reduce 
pollutant runoff from rural lands through the imple- 
mentation of basic soil conservation practices, and 

low-cost measures to  reduce pollutant runoff from 
urban lands. Implementation of similar measures as 
recommended in the nonpoint source plan element for 
the upstream tributary area is necessary to reduce 
Cravath Lake phosphorus loadings to the recom- 
mended levels. 

If nutrient loadings to the lake are reduced by the 
actions noted above, the sediments which have been 
deposited on the lake bottom may provide a suitable 
bottom substrate and nutrient source for excessive mac- 
rophyte growth in some local areas and may release 
nutrients to  the water body. If this problem is confirmed 
through further local study, the application of lake 
restoration or rehabilitation procedures should be con- 
sidered, in addition to the above-mentioned point and 
nonpoint source controls. Alternative restoration mea- 
sures as set forth in Table G I 8 9  may include total 
aeration, nutrient inactivation, sediment covering, or 
dredging. A fifth alternative, drawing down the lake and 
allowing the sediments to dry and consolidate, would 
have little monetary cost but could entail significant 
environmental and short-term aesthetic effects. The 
feasibility of these measures would have t o  be assessed 
in a preliminary engineering study. Additional manage- 
ment measures such as weed harvesting may be used to  
control the macrophyte growth which may interfere with 
the recreational use of the lake. It should be emphasized, 
however, that the long-term maintenance of water quality 
in Cravath Lake requires that the recommended level of 
nutrient input reductions be achieved. 

The application of the above-listed nonpoint source 
pollution control measures in the direct tributary water- 
shed to control the nutrient inputs to  Cravath Lake 
would entail a total capital cost of about $100, and an 
average annual operation and maintenance cost of about 
$900. The total 50-year present worth cost of these 
source control measures is $12,500, with an equivalent 
annual cost of $800. If, in addition, rehabilitation tech- 
niques are found necessary, the capital cost of these 
alternatives would range from $6,000 for aeration to 
$1,289,600 for dredging. The total present worth costs 
of these lake rehabilitation techniques would range 
from $4,800 for nutrient inactivation to $964,300 
for dredging. 

Crooked Lake 
Crooked Lake is a 58-acre lake located in the Town of 
Summit in Waukesha County. The lake drains to  the Bark 
River. Certain geomorphological characteristics of 
Crooked Lake are set forth in Table C-190, together with 
the approximate 1975 population of the direct tributary 
watershed and a brief description of lake water quality 
conditions. Map C-64 presents a graphic summary of the 
proposed year 2000 land cover in the lake watershed. As 
shown on Map (3-64, major urban land in the tributary 
watershed area is proposed t o  be served by sanitary 
sewers by the year 2000. As of 1975, an estimated 39 
privately owned onsite sewage disposal systemsaix of 
which are located in areas covered by soils having severe 
limitations for the use of such systems-were in operation 
in the lake watershed area. 



Table C-189 

WATER QUALITY MANAGEMENT MEASURES FOR CRAVATH LAKE IN WALWORTH COUNTY 

a The cumulativepercent reduction in phosphorus loadings is in addition to  sanitaw sewer sewice, as recommended in the point source element for the Lower Rock River subreg,onal area. 

Lake Draw Down 

Sediment 
~ o v e r i n g g * ~ , ~  

~ r e d g i n g ~ , ~ , j  

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the point source aiternative plan elements for the Lower Rock River subregional area. Local 
hook-UP and operation and maintenance costs, which are not primarily dependent on surface water quality, are not presented above. The estimated expenditures for local hook-up and opera. 
t ion and maintenance in the Cravath Lake drainage basin include a capital cost over the period o f  1975-2000 o f  $80,000, an average annual operation and maintenance cost o f  $1 1.000, and a 
total 5@yearpresent worth cost o f  $218,900. 

The proper maintenance and replacement o f  the remaining septic tank systems is recommended to help improve the water quality o f  Cravath Lake. However, because septic rank systems man- 
agement is an existing function necessary for the preservation o f  public health and the maintenance o f  drinking water supplies, this cost is not included in the water quality management plan. 
The estimated expenditures for septic system management in the Cravath Lake drainage basin include a capital cost over the period o f  1975-2000 o f  $45,000, an average annual operation and 
maintenance cost of $500, and a total 50year present worth cost o f  $18,900. 

Cost estimated to  harvest macrophytes from the 3 0  acres o f  Cravath Lake subject to  excessive macrophyte growth. 

Cost to  aerate 3 0  acres o f  the lake. 

The lower cost for nutrient inactivation is for treating only the hypolimnetic area with alum; the higher cost is for treating the entire lake with alum. 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, or other suitable material. 

Minimal 

These Costs may be significantly reduced i f  the dam is opened and the lake is drawn down. This action, however, entails nonmonetary costs associated with a dry lakebed. 

130,000 

1289,600 

The Costs for sediment covering and dredging vary widely depending on such factors as lake size and depth, type o f  bottom substrate, and amount of material to be filled or  dredged 

- 

- 

Minimal 

Cost estimated to dredge lake to  an average depth o f  15 feet. Existing average depth is 2.7 feet. 

97,100 

964,300 

97,100 

964,300 

The reduction in the direct phosphorus load to  Cravath Lake must be augmented by the implementation o f  minimum practices in the upstream drainage area o f  Whitewater Creek and the 
major tributary to  the south o f  the lake, i f  the total lake load is t o  be reduced t o  acceptable levels. Therefore, the nonpoint source plan element must be implemented i f  Cravath Lake is to meet 
the water quality criteria for recreation and a warmwater fishery. 

- 

- 

Source: SEWRPC. 

6,200 

61,100 

As indicated in Table C-191, direct tributary sources 
contribute about 150 pounds of phosphorus annually 
to  Crooked Lake. An additional 12,000 pounds of phos- 
phorus enter the lake annually as inflow from Lower 
Nemahbin Lake via the Bark River. Therefore, the major 
source of phosphorus in the lake watershed is inflow 
from the Bark River. Also, as indicated in Table (3-191, 
land uses in the watershed are not expected to change 
significantly under planned year 2000 land cover condi- 
tions. Direct phosphorus loads will be reduced to about 
140 pounds annually as a result of sanitary sewer service. 

The inflow from Lower Nemahbin Lake, however, is 
expected to  be reduced to about 4,300 pounds per year 
as a result of improved management of the upstream 
drainage area. The estimated total phosphorus concen- 
trations during spring overturn under existing and antici- 
pated year 2000 conditions, as estimated from phosphorus 
loadings and lake and drainage basin characteristics, are 
0.16 milligram per liter (mg/l) and 0.06 mg/l, respectively. 
The Commission recommends a level of 0.02 mg/l or less 
of total phosphorus for the maintenance of a warmwater 
fishery and recreational use classification. Existing and 

Minimal 

- 

- 

6,200 

61,100 

prevent release of nutrients 
from sediment; remove 
nutrients from water body 

Consolidation o f  sediments 

Accelerate lake improvement; 
prevent release of  nutrients 
from sed~ment; reduce 
suitable plant substrate 

Deepen lake; reduce macro- 
phyte growth 

reduction 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 



Table GI90 Map C-64 

GEOMORPHOLOGICAL A N D  WATER QUALITY 
CHARACTERISTICS OF CROOKED LAKE 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.2 persons per dwelling unit as 
counted on I"=  40G'sca/e aerial photos. 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

anticipated year 2000 pollutant loadings may be 1 expected to result in total phosphorus concentrations 
in Crooked Lake which exceed the recommended level 
for recreational use and for the maintenance of a warm- 
water fishery. Because of the excessive total phosphorus 
loadings from the upstream tributary area of the Bark 
River, Crooked Lake cannot be expected t o  achieve the 
0.02 mg/l total phosphoruslevel recommended to support 
the full recreational use and warmwater fishery classifi- 
cation. Therefore, the Commission has recommended that 
Crooked Lake be classified for limited recreational use 

1 
and a warmwater fishery, for which expensive nonpoint 
source control measures are probably not warranted. 

Description 

58 acres 

794 acres 
2.30 miles 

16 feet 
7 feet 

406acre-feet 

125 persons 

Generally good except for ex- 
cessive macrophyte growth 
in  the littoral zone 

The measures available for controlling nonpoint source 

I pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 

I 
binations to reduce the nonpoint source loading on the 
lake, was made and a set of recommended measures was 
identified. These measures are set forth in Table C192, 
along with the associated costs and anticipated effective- 

I 
ness. Measures to control the phosphorus contribution 
include: the provision of sanitary sewer service, septic 
tank system management, minimum measures t o  reduce 
pollutant runoff from rural lands through the irnplemen- 

I 
tation of basic soil conservation practices; and low-cost 
measures to reduce pollutant runoff from urban lands. 

PLANNEDLANDCOVERDEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE 

AREA OF CROOKED LAKE: 2000 

LEGEND 

- 0,RecT T*,B"TArn 
ORA,N&SE AREA 

~::rs:::;;a,,, 
0 """"'L"""""""" 

Crooked Lake ha$ a direct tributary drainage area of about 794 acrer. About 
698 acres, or 88 percent of the drainage area, are planned to be in rural land 
cover, and 96 acres, or 12 percent, to be in urban land cover. Over the 
planning period none of the direct tributary watershed area i s  eipected 
to be converted to  urban land cover, A combination of minimum rural land 
management praetiser-including especially the propr management of 
~ ~ ~ i ~ u l t u r a l  cropping pracficer-and minimum urban management prscticen- 
including IOWCOI~ urban practicer and proper septic tank system manage- 
ment bared on a rite-bylita inspection and maintenance program. should be 
implemented in the lake drainage area. 

SWrce: SEWRPC. 

Table GI91 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
CROOKED LAKE:  1975 and 2000 



Table C-192 

WATER QUALITY MANAGEMENT MEASURES FOR CROOKED LAKE IN WAUKESHA COUNTY 

a The cumulative percent reduction in  phosphorus loadings is in  addition to sanitary sewer service, as recommended in the point source element for the Middle Rock River subregional area. 

ManaaementMearure 

Sanitary Sewer 
Serviceb 

Septic Tank System 
ManagementC 

Minimum Rural Con- 
servation Practices 

Low Cost Urban Land 
Management Practices 

Total Diffuse 
Source Control 

Macrophyte 
~ a r v e s t i n g ~  

Nutrient 
lnactiwtione 

Sediment 
~ o v e r i n g ~ , ~  

~ r e d g i n g ~ . ~  

Sanitary sewerage system costs for treatment facihties and major trunk sewers are included under the point source alternative plan elements for the Middle Rock River subregional area. Local 
hook-up and operation and maintenance costs, which are not  primarily dependent on surface water quality, are not  presented above. The estimated expenditures for local hook-UP and opera- 
t ion and maintenance in  the Crooked Lake drainage basin include a capital cost over the period o f  1975-2000 o f  $1 12,000, an average annual operation and maintenance cost o f  $800, and a 
total 50yearpresent worth cost o f  $76,000. 

The proper maintenance and replacement o f  the remaining septic tank systems is recommended to  help improve the water quality o f  Crooked Lake. However, because septic tank systems 
management is an existing function necessary for the preservation o f  public health and the majntenance o f  drinking water supplies, this cost is not included in the water quality management 
plan. The estimated expenditures for septic system management in  the Crooked Lake drainage basin include a capitalcost over the period of 1975-2000of $27,000. an average annualopera- 
t ion andmaintenance cost o f  $700, and a total 50-yearpresent worth cost o f  $4 1,500. 

Cost estimated to  harvest macrophytes from the 2 0  acres o f  Crooked Lake subject to  excessive macrophyre growth 

Estimated Cost 

The lower cost for nutrient inactivation is for treating the entire lake with alum. 

Total 
Capital 

- 

- 

$ 100 

Minimal 

100 

18,600 

5,800 

116,000 

748,400 

Cost estimated to  cover the entire lake bottom with sand, clay, plastic, or other suitable material. 

1980-2000 

Annual 
Operation and 
Maintenance 

- 

- 

$ 1,200 

200 

1,400 

2.600 

- 

- 

- 

Cost estimated to dredge lake to an average depth o f  15 feet. Existing average depth is 7 feet 

AnticipatedEffectiveness 

Protect public health and 
drinking water supplies; 
reduce nutrient mncen- 
trations 

Slightly reduced nutrient con- 
centrations, maintenance Of 

the existing water quality 
conditions, and public 
health protection 

Control excessive macrophyte 
growth; aesthetic enhance- 
ment; improve recreational 
use potential 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; remove 
nutrients from water body 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; reduce 
suitable plant substrate 

Deepen lake; reduce macro- 
phyte growth 

Emnomic 

The costs for sediment covering and dredging vary widely depending on such factors as lake size and depth, type o f  bottom substrate and amount o f  material to  be filled or dredged 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load to  Lakea 
(percent) 

- 

Minimal 

Minimal additional 
reduction 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 

Present 

Capital 

- 

- 

$ 100 

Minimal 

100 

13,900 

4,300 

86,700 

559,300 

Analysis 

Source: SEWRPC. 

Equiwlent 

Capital 

- 

- 

$ 100 

Minimal 

100 

900 

300 

5,500 

35,500 

The sediments which have been deposited on the lake 
bottom may provide a suitable bottom substrate and 
nutrient source for excessive macrophyte growth in some 
local areas and may release nutrients to  the water body. 
If this problem is confirmed through further local study, 
the application of lake restoration or rehabilitation pro- 
cedures should be considered, in addition to  the above- 
mentioned point and nonpoint source controls. Alterna- 
tive restoration measures as set forth in Table (3-192 may 
include nutrient inactivation, sediment covering, and 
dredging. The feasibility of these measures would have t o  
be assessed in a preliminary engineering study. Additional 
management measures such as weed harvesting may be 
used to  control the macrophyte growth which may inter- 

Worth: 1975-2025 

Operation and 
Maintenance 

- 

- 

$ 14,900 

2,300 

17,200 

41,000 

- 

- 

- 

fere with the recreational use of the lake. It should be 

Total 

- 

- 

$ 15,000 

2,300 

17,300 

54,900 

4.300 

86,700 

559,300 

Annual: 

Operation and 
Maintenance 

- 

- 

$ 900 

100 

1.000 

2,600 

- 

- 

- 

emphasized, however, that the long-term maintenance 
of water quality in Crooked Lake requires that the 

1975-2025 

Total 

- 

- 

$ 1,000 

1,100 

3,500 

300 

5,500 

35,500 

recommended water quality management measures 
be implemented. 

The application of the above-listed minimum nonpoint 
source pollution control measures to control the nutrient 
inputs t o  Crooked Lake would entail a total capital cost 
of about $100, and an average annual operation and 1 
maintenance cost of about $1,400. The total 50-year 
present worth cost of these source control measures is 
$17,300, with an equivalent annual cost of $1,100. If, I 



in addition, rehabilitation techniques are found neces- 
sary, the capital cost of these alternatives would range 
from $5,800 for nutrient inactivation to $748,400 for 
dredging. The total present worth costs of these lake 
rehabilitation techniques would range from $4,300 for 
nutrient inactivation to  $559,300 for dredging. 

Delavan Lake 
Delavan Lake is a 2.072-acre lake located in the Town of 
Delavan in ~ a l w o r t h  County. The lake drains to  Turtle 
Creek via Jackson Creek. Certain geomorphological 
characteristics of Delavan Lake are set forth in Table 
C-193, together with the approximate 1975 population 
of the direct tributary watershed and a brief description 
of lake water quality conditions.l6 Map G65  presents 
a graphic summary of the proposed year 2000 land cover 
in the lake watershed. As shown on Map C-65, a portion 
of the urban land in the tributary watershed area is 
proposed to be served by sanitary sewers by the year 
2000. As of 1975, an estimated 1,800 privately owned 
onsite sewage disposal systems368 of which were 
located in areas covered by soils having severe or very 
severe limitations for the use of such systems-were in 
operation in the lake watershed area. The area served by 
sanitary sewer service is proposed to be significantly 
extended under planned year 2000 conditions. 

As indicated in Table C-194, all direct sources combined 
contribute about 17,400 pounds of phosphorus annually 
to Delavan Lake. In addition, 17,500 pounds of phos- 
phorus annually enter the lake from Jackson Creek. The 
major direct source of phosphorus in the lake watershed 
is livestock waste contributions. Also, as indicated in 
Table C-194, urban land uses in the watershed are 
expected to increase by about 10  percent under planned 
year 2000 land cover conditions, with annual total direct 
phosphorus loadings to  the lake expected to be reduced 
to about 12,000 pounds as a result of the extension of 
sanitary sewers. The load from Jackson Creek is expected 
to be reduced to about 1,700 pounds annually as a result 
of the phasing out of two sewage treatment plants cur- 
rently discharging to the stream. The estimated total 
phosphorus concentrations during spirng overturn under 
existing and anticipated year 2000 conditions, as esti- 
mated from phosphorus loadings and lake and drainage 
basin characteristics, are 0.17 milligram per liter (mg/l) 
and 0.07 mg/l, respectively. The Commission recom- 
mends a level of 0.02 mg/l or less of total phosphorus 
concentrations for the prevention of excessive aquatic 
plant growth and the maintenance of a warmwater 
fishery and recreational use classification. Existing and 
anticipated year 2000 pollutant loadings may be 
expected to  result in total phosphorus concentrations in 
Delavan Lake which exceed the recommended level 
for recreational use and for the maintenance of 
a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 

16Report on Delavan Lake, National Eutrophication 
Survey, U.S. Environmental Protection Agency, 1974. 

evaluation of these measures, applied in alternative com- 
binations to reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures identified. These measures are set forth in Table 
C-195, along with the associated costs and anticipated 
effectiveness. Measures to  control livestock waste contrii 
butions appear to  be the most cost-effective way to 
substantially reduce phosphorus loadings t o  the lake. 
Other needed measures include: the extension of sanitary 
sewer service, improved septic tank system management, 
measures to reduce pollutant runoff from rural lands by 

Table (2-193 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF DELAVAN LAKE 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.29 persons per dwelling unit as 
counted on 1" = 400'scale aerial photos. 

Characteristic 

. . . . . . . . . . . .  Surface Area 
Direct Tributary Drainage 

. . . . . . . . . . . . . . . .  Area 
. . . . . . . . . . . . . .  Shoreline 

Depth 
. . . . . . . . . . .  Maximum 

. . . . . . . . . . . . . . .  Mean 

. . . . . . . . . . . . . . .  Volume 
1975 Population of Direct 

. . . . .  Tributary watersheda 

General Existing Water Quality 
Conditions: 

Source: SEWRPC. 

Description 

2,072 acres 

12,357 acres 
10.1 miles 

56 feet 
25 feet 
51,800 acre-feet 

7,342 persons 

Occasional algae blooms; 
occasional fish winterkill; 
high nutrient 
concentrations 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
DELAVAN LAKE: 1975 and 2000 

Source of Pharpharus 

Urban Land Cover lacrerl . . . . . . . . . . .  
Land under Development-Conrtrun~on 

Activities (acres) . . . . . . . . . . . . . . . .  
Onrite Sewage Dirporal Septic 

Tanksystemrb . . . . . . . . . . . . . . .  
Rural Land Cover lacre4 . . . . . . . . . . . .  
Livestock Operations lanlmal unltrl . . . . .  
Afmorpher8c Contribution (acres of 

receiving surface water) . . . . . . . . . .  
Paint Sources lngdl . . . . . . . . . . . . . . . . .  

Total 

a Awmes pmvirion o f  rrnitary s e w  service ar recommended in the point wurcs pollution abatement plan elmrenc 
assumes M Mnpoint wume confmi. 

Includes only Nlose r y m r  on wiis having severe or vwy severe limitations fw dispwlof septic tank effluent, 

Does not include Nle 1975 enimstpd phosphorus load of 17.480 pounds p w  year MI the year 20M snricipand pho+ 
phorur load of  1.70Opoundrpw year contribured by the drainage from the Jaekron Creek outlet 

Source: SEWRPC. 

Exi~ing 1975 

Number 

1.675 

7 

368 
10,675 
1.192 

2,072 
0.2 

- 

- 

Anricipnd 2000' 

Number 

1,855 

7 

27 
10,495 
1,192 

2.072 
- 

- 

Total 
Loading 
Ipoundl 
per year) 

804 

315 

1.065 
2,334 
7,867 

1.036 
4,012 

17.433' 

Percent 
Distribution 

4.6 

1.8 

6.1 
13.4 
45.1 

5.9 
23.1 

100.0 

Total 
Loading 
lpounds 
per year) 

890 

315 

78 
1.749 
7,867 

1.036 

11,935' 

Percent 
Distribution 

7.5 

2.6 

0.7 
14.7 
65.8 

8.7 

lW.o 



Map C.65 

PLANNED LAND COVER DEVELOPMENT I N  THE DIRECT TRIBUTARY DRAINAGE AREA OF DELAVAN LAKE: 2000 

LEGEND ..... W*TERSWED BOUNDARY 

S"mmAs8N E.,"Nmn*" AND oEs,eN*,#oN 
dC.,3 - D,*CGT T*,B"TA*" DR&,NASC A n E a  - P",NT O F  SUBeASIN DISC*&R*E 

"WE"'" """A" "E"'"'"'"' '"0" 
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0 R"R*L LAWD C0"SR 

Dslavan Lake has a direct tributary drainage area of about 12,357 aerer. A b u t  10,495 acres. or 8 5  pBWa"1 of the drainage area, are planned to be in rural land 
cover. end 1,862acrer. or 15 percent, t o  be in urban land cover. Over the planning period an average of about reven acres may be expected to be converted annually 
to  urban land cover. It is eotimated that a 70perssnt reduction in nonpoint source pollutant runoff wi l l  be required in the drainage area to protect the water quality 
of the lake. This can be achieved through a combination of minimum rural land management prscticesincluding erpseially the proper management of livestwk 
wastes-and minimum urban management practices-including lowsor t  urban practices. construction erosion controls, and proper oeptic tank SYrrem management 
beoed on a rite-by-site inspection and maintenance program. 

Source: SEWRPC. 



the implementation of basic soil conservation practices, 
low-cost measures to  reduce pollutant runoff from urban 
lands, and construction erosion control practices. 

If nutrient loadings to  the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may provide a suitable bottom 
substrate and nutrient source for excessive macrophyte 
growth in some local areas and may release nutrients to 
the water body. If this problem is confirmed through 
further local study, the application of lake restoration 
and rehabilitation procedures should be considered, in 
addition to the above-mentioned point and nonpoint 
source controls. Alternative restoration measures as set 
forth in Table C-195 may include nutrient inactivation, 

sediment covering, and hypolimnetic aeration. The 
feasibility of these measures would have to be assessed 
in a preliminary engineering study. Additional manage- 
ment measures such as weed harvesting may be used to  
control the macrophyte growth which may interfere 
with the recreational use of the lake. It should be 
emphasized, however, that the long-term maintenance 
of water quality in Delavan Lake requires that the 
recommended level of nutrient input reductions 
be achieved. 

The application of the above-listed nonpoint source 
pollution control measures to  control the nutrient 
inputs to  Delavan Lake would entail a total capital cost 
of about $1,192,800, and an average annual operation 

Table C-195 

WATEROUALITYMANAGEMENTMEASURESFORDELAVAN LAKEINWALWORTHCOUNTY 

phyte and algae growth; 
improve recreational use 

ve recreational 

a The cumulative percent reduction in phosphorus loadings is in addition to sanitary sewer service, as recommended in the point source element for the Lower Rock River subregional area. 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the point source alternative plan elements for the Lower Rock River subregional area. Local 
hook-up and operation and maintenance costs, which are not primarily dependent on surface water quality, are not presented above. The estimated expenditures for local hook-UP and opera- 
tion and maintenance in the Delavan Lake drainage basin include a capital cost over the period of 1975-2000 of $3,572,000, an average annual operation and maintenance cost of $40,500, and 
a total 5Oyear present worth cost of $2,639,800. 

The Proper maintenance and replacement of  the remaining septic tank systems is recommended to help improve the water quality of Delavan Lake. However, because septic tank systems 
management is an existing function necessary for the preservation of  public health and the maintenance of drinking water supplies. this cost is not included in the water quality management 
plan. The estimated expenditures for septic system management in the Delavan Lake drainage basin include a capital cost over the period of  1975.2000 of $121,500, an average annual opera- 
tion andmaintenance cost of $20,100, and a total 5Oyearpresent worth cost of  $739,100. 

Cost estimated to control erosion from the estimated 23.5 acres of land estimated to be annually undergoing construction activity in the lake watershed. 

Cost estimated to harvest macrophytes from the 20 acres of  Delavan Lake subject to excessive macrophyte growth. 

Cost estimated to aerate the entire hypolimnion of the lake 

The cost for nutrient inactivation is for treating the entire lake with alum. 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, or other suitable material. 

The costs for sediment covering may vary widely depending on such factors as lake size and depth, type of bottom substrate, and amount of material to be filled. 

Source: SEWRPC 



and maintenance cost of about $39,900. The total 
50-year present worth cost of these source control 
measures is $1,420,200, with an equivalent annual cost 
of $90,200. If, in addition, rehabilitation techniques are 
found necessary, the capital cost of these alternatives 
would range from $207,200 for nutrient inactivation 
to $4,144,400 for sediment covering. The total present 
worth costs of these lake rehabilitation techniques would 
range from $154,800 for nutrient inactivation to  
$3,096,800 for sediment covering. 

Druid Lake 
Druid Lake is a 124acre lake located in the Town of 
Erin in Washinston Countv. The lake drains to the - 
Ashippun River. Certain geomorphological charac- 
teristics of Druid Lake are set forth in Table C196, 
toge@er with the approximate 1975 population of the 
direct tributary watershed and a brief description of lake 
water quality conditions. Map G66 presents a graphic 
summary of the proposed year 2000 land cover in the 
lake watershed. As shown on Map C66, none of the 
urban land in the tributary watershed area is proposed to  
be served by sanitary sewers by the year 2000. As of 
1975, an estimated 88 privately owned onsite sewage 
disposal systems36 of which were located in areas 
covered by soils having severe or very severe limitations 
for the use of such systemswere in operation in the 
lake watershed area. 

As indicated in Table G197, all direct sources combined 
contribute about 260 pounds of phosphorus annually to 
Druid Lake. The major direct source of phosphorus in 

Table C196 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF DRUID LAKE 

a The population of the direct tributary watershed is estimated 
by asuming an average of 3.96 persons per dwelling unit as 
counted on l"= 400'xale aerial photos 

Characteristic 

. . . . . . . . . . . .  Surface Area 
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

. . . . .  Tributary Watersheda 

General Existing Water Quality 
Conditions: 

Map C-66 

Description 

124 acres 

481 acres 
2.5 miles 

45 feet 
15 feet 
3,150 acre-feet 

348 persons 

Occasional algae blooms; 
nuisance macrophyte 
growth; high nutrient con- 
centrations; low dissolved 
oxygen concentration in 
the hypolimnion 

PLANNEDLANDCOVERDEVELOPMENT 
IN THE DIRECT TRIBUTARY DRAINAGE 

AREA OF DRUID LAKE: 2000 

L E G E N D  

sUB8A51N B O Y N M A I  
a.W AND DE51TNATION - DIRECT IRIB"T*RI 

DRAINAGE A R E 4  - POINT OF BYB-SIN 
DISCHIIRBC 

0 x~:z?:F:P&Rs:\p$b, 
O*A?",C SCALC 

+om SEST 

a- 

Druid Lake h a ~  a direct tributary drainage area of about 481 acres. About 
424 acres. or 88 percent of the drainage area, are planned to be in rural land 
cover, and 57 acres, or 12 percent, to be in urban iand cover. Over the 
planning p e r i d  none of the direct tributary watsnhed area is expected to 
be converted to urban land cover. it is estimated that a 33 percent reduction 
in nanpoint source pollutant runoff will ba required in the drainage area 
TO protect the water quality of the lake. This can be achieved through 
a combination of minimum rural iand management practices-including 
es~lwially the proper management of livestock wastes-and minimum u i b n  
management practices-including low.eont urban practices and proper 
reptie tank ryrtern management bared on s site-by-oite inmwtion and 
maintenance program 

Sourn: SEWRPC. 

Table GI97 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADSTO 
DRUID LAKE: 1975 and 2000 

Source: SEWRPC. 



the lake watershed is septic tank systems. An additional 
500 pounds of phosphorus enter the lake annually from 
Ashippun River inflow. As indicated in Table (2-197, land 
uses and phosphorus loads in the watershed are not 
expected to change significantly under planned year 2000 
land cover conditions. The estimated total phosphorus 
concentration during spring overturn under existing and 
anticipated year 2000 conditions, as estimated from 
phosphorus loadings and lake and drainage basin charac- 
teristics, is 0.03 milligram per liter (mg/l). The Com- 
mission recommends a level of 0.02 or less mg/l of total 
phosphorus for the prevention of excessive aquatic plant 
growth and for the maintenance of a warmwater fishery 
and recreational use classification. Existing and antici- 
pated year 2000 pollutant loadings may be expected to 
result in total phosphorus concentrations in Druid Lake 
which exceed the recommended level for recreational 
use and for the maintenance of a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. 

An evaluation of these measures, applied in alternative 
combinations to  reduce the nonpoint source pollution 
loading on the lake, was made and a set of recommended 
measures was identified. These measures are set forth in 
Table C-198, along with the associated costs and antici- 
pated effectiveness. Measures to control septic tank 
system contributions appear to be the most effecitve way 
to substantially reduce phosphorus loadings to the lake. 
Other needed measures include: livestock waste runoff 
control, minimum measures to reduce pollutant runoff 
from rural lands through the implementation of basic 
soil conservation practices, and low-cost measures to 
reduce pollutant runoff from urban lands. In addition, 
these same measures must be implemented in the 
upstream Ashippun River watershed as recommended in 
the nonpoint source plan element if the total lake load 
of phosphorus is to be reduced to desired levels. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may provide a suitable bottom 
substrate and nutrient source for excessive macrophyte 

Table C-198 

WATER QUALITY MANAGEMENT MEASURES FOR DRUID LAKE IN WASHINGTON COUNTY 

a The reduction in direct phosphorus load to Druid Lake must be augmented by the implementation of minimum practices in the upstream drainage area of the Ashippun River i f  the total lake 
load ,s to be reduced to acceptable levels. Therefore, the nonpoint source plan element must be implemented if Druid Lake is to meet the water quality criteria for recreation and a warmwater 
fishery. 

The Proper maintenance and replacement of  the remaining septic tank systems is recommended to help improve the water quality of Druid Lake. However, because septic tank system manage- 
ment is an existtng function necessary for the preservation ofpublic health and the maintenance of drinking water supplies, this cost is not included in the water quality management plan. The 
estimated expenditures for septic system management in the Druid Lake drainage basin include a capital cost over the period 7975-2000 of  $762,000, an average annual operation and mainte- 
nance cost of  $3,000, and a total 50year present worth cost of  $793,100. 

Cost estimated to harvest macrophytes from the 7.5 acres of  Druid Lake subject to excessive macrophyte growth 

Cost estimated to aerate the entire hypolimnion of the lake. 

The lower cost for nutrient inactivation is for treating only the hypolimnetic area with alum; the higher cost is for treating the entire lake with alum. 

Cost estimated to cover the entire lake bottom with sand, clay,plastic, or other suitable material. 

The costs of  sediment covering may vary widely depending on such factors as lake size and depth, type of bottom substrate, and amount of  material to be filled. 

Source: SEWRPC 



growth in some local areas and may release nutrients to 
the water body. If this problem is confirmed through 
further local study, the application of lake restoration 
and rehabilitation procedures should be considered, in 
addition to  the afore listed nonpoint source controls. 
Alternative restoration measures as set forth in Table 
(3-198 may include hypolimnetic aeration, nutrient 
inactivation, and sediment covering. The feasibility of 
these measures would have to be assessed in a preliminary 
engineering study. Additional management measures such 
as weed harvesting may be used to  control the macrophyte 
growth which may interfere with the recreational use of 
the lake. It should be emphasized, however, that the 
long-term maintenance of water quality in Druid Lake 
requires that the recommended level of nutrient input 
reductions be achieved. 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Druid Lake would entail a total capital cost of about 
$600, and an average annual operation and maintenance 
cost of about $900. The total 50-year present worth cost 
of these source control measures is $11,500, with an 
equivalent annual cost of $1,000. If, in addition, reha- 
bilitation techniques are found necessary, the capital cost 
of these alternatives would range from $8,700 for 
nutrient inactivation to $248,000 for sediment covering. 
The total present worth costs of these lake rehabilitation 
techniques would range from $6,500 for nutrient inacti- 
vation to  $185,300 for sediment covering. 

Lake Five 
Lake Five is a 102-acre lake located in the Town of 
Richfield in Washington County. The lake is internally 
drained. Certain geomorphological characteristics of 
Lake Five are set forth in Table (3-199, together with the 
approximate 1975 population of the direct tributary 
watershed and a brief description of lake water quality 
conditions. Map C-67 presents a graphic summary of the 
proposed year 2000 land cover in the lake watershed. As 
shown on Map C-67, none of the urban land in the 
tributary watershed area is proposed to  be served by 
sanitary sewers by the year 2000. As of 1975, an esti- 
mated 59 privately owned onsite sewage disposal 
systems24 of which were located in areas covered by 
soils having severe or very severe limitations for the 
use of such systemswere in operation in the 
lake watershed. 

As indicated in Table G200, all direct sources combined 
contribute about 200 pounds of phosphorus annually to 
Lake Five. The major source of phosphorus in the lake 
watershed is rural land runoff. Also, as indicated in Table 
(2-200, land uses and phosphorus loads in the watershed 
are not expected to change significantly under planned 
year 2000 land cover conditions. The estimated total 
phosphorus concentration during spring overturn under 
existing and anticipated year 2000 conditions, as esti- 
mated from phosphorus loadings and lake and drainage 
basin characteristics, is 0.02 milligram per liter (mgp). 
The Commission recommends a level of 0.02 mg/l or less 
of total phosphorus for the prevention of excessive 
aquatic plant growth and maintenance of a warmwater 

fishery and recreational use classification. Existing and 
anticipated year 2000 pollutant loadings may be 
expected to result in total phosphorus concentrations in 
Lake Five which do not exceed the recommended level 
for recreational use and for the maintenance of 
a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. 
It is recommended that basic low-cost nonpoint source 
pollution control measures be implemented to ensure 

Table C-199 

GEOMORPHOLOGICAL A N D  WATER QUALITY 
CHARACTERISTICS OF LAKE FIVE 

a The population o f  the direct tributary watershed is estimated 
by assuming an average of 3.96 persons per dwelling unit as 
counted on 1" = 400' scale aerial photos. 

Source: SEWRPC. 

Characteristic 

. . . . . . . . . . . .  Surface Area 
Direct Tributary Drainage 

. . . . . . . . . . . . . . . .  Area 
. . . . . . . . . . . . . .  Shoreline 

Depth 
. . . . . . . . . . .  Maximum 

. . . . . . . . . . . . . .  Mean. 
. . . . . . . . . . . . . . .  Volume 

1975 Population of Direct 
. . . . .  Tributary watersheda 

General Existing Water Quality 
Conditions: 

Table G200 

Description 

102 acres 

823 acres 
1.90 miles 

22 feet 
10.9 feet 
1 , I  12 acre-feet 

234 persons 

Nuisance macrophyte growth; 
frequent fish winterkill 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS T O  
LAKE FIVE:  1975 and 2000 

. . . . . . . . . . . .  Urban Land Cover (acres). 
Land under Development-Connrucfion 

Onrlte Sewage Oirposal Septic 
rank system@ . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  Rural Land Covet lacrerl 739 
L~vertock Owrations lsnimal units) . . . . . .  
Atmospheric Contribution (=re. of 

. . . . . . . . . .  102 

Total 

Source of Phorphorur 

a Awmes ))o mnpo8nt m u m  mnfml. 

Include. only thase rysremr on mils havmg severe or very severe limitations for dirporal of septic tank effluent 

Source: SEWRK. 

Existing 1975 Anticipated 2000' 

Number 
Percent 

08nribuf~on 

Total 
Loading 
(pounds 
per year1 Number 

Percent 
Dieribution 

Total 
Loading 
(pounds 
per year) 



Map C-67 

PLANNEDLANDCOVERDEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE 

AREA OF LAKE FIVE: 2000 

LEGEND 

SYDBlL51N B O Y N M R "  
BR* AND DESIeNATIYN - DlCECT TT(,B"TAll" 

DRAINAeE A R E A  
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NOTE: L*KE F lVE 15 AN 
I N T E R N U "  W I N D  
LAKE aND*ns no 
CUTLET 

m-?"ac SC>LC 

Lake Five has a direct tributary drainage area of about 823 acres. About 
739 acres, or 90 percent of the drainage area, are planned to be in rural 
land cover, and 84 acres, or 10 percent, to be in urban land cover. Over the 
Planning period none of the direct tributary watershed ares is expected to be 
converted to urban land cover. I t  i s  estimated that no reduction in nanpoint 
source pollutant runoff will be required in the drainage area to protect the 
water quality of the lake. To provide minimum water quality control. a com- 
bination of minimum rural land management practicer-including especially 
the Proper management of agricultural cropping praetiesr-and minimum 
urban management practicer-including low.cost urban practicer and proper 
9epric tank ryrtem management based on a 5ite.b"-site inspection and 
maintenance program-should be implemented in the lake drainage ares. 

Source: SEWRPC. 

continued high water quality in Lake Five. These mea- 
sures are set forth in Tahle C201, along with the 
associated costs and anticipated effectiveness. Measures 
to control septic tank system contributions appear to  be 
the most effective way to substantially reduce phos 
phorus loadings to the lake while protecting public 
health. Other needed measures include: minimum mea- 
sures to reduce pollutant runoff from m a l  lands through 
the implementation of basic soil conservation practices, 
and low-cost measures to reduce pollutant runoff from 
urban lands. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sedimenzs which have been deposited on 
the lake bottom may provide a suitable bottom substrate 
and nutrient source for excessive macrophyte growth in 
some local areas and may release nutrients to the water 

body. If this problem is confirmed through further local 
studv. the a ~ ~ l i c a t i o n  of lake restoration or rehabilitation 
procedures 'should he considered, in addition to  the 
ahove-mentioned nonpoint source controls. Alternative 
restoration measures as set forth in Tahle C201 may 
include aeration, nutrient inactivation, sediment covering, 
and dredging. The feasibility of these measures would 
have to be aasessed in a preliminary engineering study. 
Additional management measures such as weed harvesting 
may be used to  control the macrophyte growth which 
may interfere with the recreational use of the lake. It 
should be emphasized, however, that the long-term 
maintenance of water quality in Lake Five requires that 
the recommended level of nutrient input he maintained. 

The application of the ahove-listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Lake Five would entail a total capital cost of about 
$200, and an average annual operation and maintenance 
cost of about $1,400. The total 50-year present worth 
cost of these source control measures is $17,900, with an 
equivalent annual cost of $1,100. If, in addition, reha- 
bilitation techniques are found necessary, the capital cost 
of these alternatives would range from $2,000 for 
aeration to  $674,600 for dredging. The total present 
worth costs of these lake rehabilitation techniques would 
range from $1,800 for aeration to  $504,100 for dredging. 

Fowler Lake 
Fowler Lake is a 78-acre lake located in the City of 
Oconomowoc in Waukesha Countv. The lake drains to  
Lac La Belle. Certain geomorphological characteristics 
of Fowler Lake are set forth in Table C-202, together 
with the approximate 1975 population of the direct 
tributary watershed and a brief description of lake water 
quality conditions. Map C 6 8  presents a graphic summary 
of the proposed year 2000 land cover in the lake water- 
shed. As shown on Map C68, most of the existing urban 
land in the tributary watershed area is proposed to he 
served by sanitary sewers by the year 2000. As of 1975, 
an estimated 174 privately owned onsite sewage disposal 
systems-three of which were located in areas covered by 
soils having severe or very severe limitations for the use 
of such systemswere in operation in the lake 
watershed area. 

As indicated in Tahle C203, all direct sources combined 
contribute about 1,200 pounds of phosphorus annually 
to Fowler Lake. An additional 3,900 pounds of phos 
phorus enters the lake annually from the Oconomowoc 
River. The major direct source of phosphorus in the lake 
watershed is construction site runoff. Also, as indicated 
in Table C-203, urban land uses in the watershed are 
expected to increase about 45 percent under planned 
year 2000 land cover conditions, with annual total direct 
phosphorus loadings to  the lake expected to increase to  
about 1,400 pounds. The phosphorus load from the 
Oconomowoc River is expected to  decrease to about 
1,000 pounds as a result of upstream water quality 
management actions. The estimated total phosphorus 
concentrations during spring overturn under existing and 
anticipated year 2000 conditions, as estimated from 
phosphorus loadings and lake and drainage basin charac- 



Table C-201 

WATER QUALITY MANAGEMENT MEASURES FOR LAKE FIVE I N  WASHINGTON COUNTY 

a The proper maintenance and replacement o f  the remaining septic tank systems is recommended to  help improve the water quality o f  Lake Five. However, because septic tank systems manage- 
ment is an existing function necessary for the preservaoon ofpubl ic health and the maintenance o f  drinking water supplies, this cost is not included in the water quality management plan. The 
estimated expenditures for septic system management in the Lake Five drainage basin include a capital cost over the period o f  7975-2000 of $108,000, an average annual operation and mainte  
nance cost o f  $2,700, and a total 50yearpresent worth cost o f  $729,100. 

Cost estimated to  harvest macrophytes from the 70 acres o f  Lake Five subject to  excessive macrophyte growth. 

Cost estimated to  aerate 70 acres o f  the hypolimnion. 

The cost for nutrient inactivation is for treating the entire lake with alum. 

Cost estimated to  cover the entire lake bottom with sand, clay, plastic, or other suitable material. 

The costs for sediment covering or dredging vary widely depending on such factors as lake sire and depth, type o f  bottom substrate, and amount o f  material required to be filled or  dredged. 

Cost estimated to  dredge lake to an average depth of 75 feet. Existing average depth is 10.9 feet. 

Source: SEWRPC 

;prevent the stimula- 

Table C-202 

Coveringe, 

~ r e d g i n g ~ , ~  

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF FOWLER LAKE 

674.600 

Table G203 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
FOWLER LAKE: 1975 and 2000 

- 

Description 

78 acres 

1,478 acres 
1.70 miles 

50 feet 
12.9 feet 
1,006 acre-feet 

2,530 persons 

Generally good, except for 
nuisance macrophyte 
growth in shallow areas 

Source of Phosphorus 

Urban Land Cover lk rer l  . . . . . . . . . .  
Land under Development-Conrtrucffon 

Activities lkresl . . . . . . . . . . . . . . . . .  
Onrlfe Sewage Dirporal Septic 

. . . . . . . . . . . . . . . .  ~ a n k  systemsb 
Rural Land Cover lacred . . . . . . . .  
Livestock Operatlonr lanimal unltr) . . . . . .  
AtrnOIpher~c Contributlonr lacrer of 

receiving surface water) . . . . . . . . . . . .  
Total 

504;lOO 

Exiaing 1975 Anticipafed 2000' 

Total Tetal 
Loadlng Loading 

a The population of the direct tributary watershed is estimated A~~~~ pmvrsion of wo,tary rewer ~ w i i e  as remmrnended in the painr mume pollution abatement plan element; 
assumes no non~oint raune control. 

- 

by assuming an average of  3.2 persons per dwelling unit as I ~ C M ~ S  O ~ I Y  rhos mtems 0" roils having W V ~ W  or wry severe limitations for ofsepm tan* effluent 

counted on 1"= 400fsca/e aerial photos. 
Source: SEWRPC. 

504,100 

Does nor include ?he 1975 estimated phorphoun load of 3.900poundspw year or the year ZOW anticipatedphorphoror 
load of 1.000poundsper year cantriborad by the UPStmm drainage of the Oconomowoe River 

Soume: SEWRPC. 

32,WO - 32,000 

prevent release of nutrients 
from sediment; reduce 
suitable plant substrate 

Deepen lake; reduce macro- 
phyte growth 

reduction 

No additional 
reduction 



Map C-68 

PLANNED LAND COVER DEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE 

AREA OF FOWLER LAKE: 2000 

LEGEND 

AND DESIONATION - DIRECT TRIBUTARY 
DRAINAGE AREA 

+ P O I N T  O F  SUBBASIN 
DISCHARGE 

0 RURAL L A N D  COVER 

0C0N0M0l i 
Fowler Lake has a direct tributary dreinege area of about 1,478 acres. About 
334 acres, or 23 percent of the drainage area, are planned to be in rural land 
cover, and 1,144 acres, or 77 percent, to be in urban land cover. Over the 
plannlng period an average of about 18 acres may be expected to be 
converted annually to urban land cover. I t  is estimated that no reduction 
in nonpoint source pollutant runoff will be required in the drainage area 
to protect the water quality of the lake. To provide minimum water quality 
control, a combination of minimum rural land management practices- 
including erpecially the proper mmgament of agricultural cropping prac- 
tices--and minimum urban management practices-including low-cost urban 
practices, construction erosion controls, and proper septic tank system 
management based on a site-by-site Inspection and maintenance program- 
should be implemented in the lake drainage area. 

Source: SEWRPC. 

teristics, are 0.05 milligram per liter (mg/l) and 0.02 mgll, 
respectively. The Commission recommends a level of 0.02 
mg/l or less of total phosphorus for the prevention of 
excessive aquatic plant growth and for the maintenance 
of a warmwater fishery and recreational use classification. 
Anticipated year 2000 pollutant loadings may be 
expected to result in total phosphorus concentrations in 
Fowler Lake which meet the recommended level for 
recreational use and for the maintenance of a warm- 
water fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in Table 
G204, along with the associated costs and anticipated 
effectiveness. Measures to control construction site 

runoff contributions appear to be the most effective way 
to substantially reduce phosphorus loadings to the lake. 
Other needed measures include: the extension of sanitary 
sewer service, improved septic tank management, 
minimum measures to reduce pollutant runoff from rural 
lands through the implementation of basic soil conserva- 
tion practices, and low-cost measures to reduce pollutant 
runoff from urban lands. 

If nutrient loadings to  the lake are reduced by the actions 
noted above, the sediments which have been deposited on 
the lake bottom may provide a suitable bottom substrate 
and nutrient source for excessive macrophyte growth in 
some local areas and may release nutrients to the water 
body. If this problem is confirmed through further local 
study, the application of lake restoration or rehabilitation 
procedures should be considered, in addition to the 
above-mentioned point and nonpoint source controls. 
Alternative restoration measures as set forth in Table 
C-204 may include nutrient inactivation, hypolimnetic 
aeration, sediment covering, and dredging. The feasi- 
bility of these measures would have to be assessed in 
a preliminary engineering study. Additional management 
measures such as weed harvesting may be used to  control 
macrophyte growth which may interfere with the recrea- 
tional use of the lake. It should be emphasized, however, 
that the long-term maintenance of water quality in 
Fowler Lake requires that the recommended level of 
nutrient input reductions be achieved. 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Fowler Lake would entail a total capital cost of about 
$813,200, and an average annual operation and mainte- 
nance cost of about $9,500. The total 50-year present 
worth cost of these source control measures is $755,600 
with an equivalent annual cost of $48,000. If, in addi- 
tion, rehabilitation techniques are found necessary, the 
capital cost of these alternatives would range from 
$4,000 for hypolimnetic aeration to $264,200 for 
dredging. The total present worth costs of these lake 
rehabilitation techniques would range from $4,600 for 
hypolimnetic aeration to $197,400 for dredging. 

Friess Lake 
Friess Lake is a 119-acre lake located in the Town of 
Richfield in Washington County. The lake is one of the 
six major lakes in the Oconomowoc River chain of lakes. 
Certain geomorphological characteristics of Friess Lake 
are set forth in Table C-205, together with the approxi- 
mate 1975 population of the direct tributary watershed 
and a brief description of lake water quality condi- 
tions.17 Map C-69 presents a graphic summary of the 

"See separately published SEWRPC Community 
Assistance Planning Report on Water Quality Manage- 
ment of Friess Lake, Washington County, for a more 
detailed discussion of the findings and recommendations 
of the detailed field study. 



Table C-204 

WATER QUALITY MANAGEMENT MEASURES FOR FOWLER LAKE IN WAUKESHA COUNTY 

a The cumulative percent reduction in phosphorus loadings is in addition to sanitary sewer service, as recommended in the point source element for the Middle Rock River subregional area. 

Nutrient 
lnactivationg 

Sediment 
coveringhi 

Dredging 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the point source alternative plan elements for the Middle Rock River subregional area. Local 
hook-up and operation and maintenance costs, which are not primarily dependent on surface water quality, are not presentedabove. The estimated expenditures for local hook-up and opera- 
tion and maintenance in the Fowler Lake drainage bssin include a capital cost over the period of 1975.2000 o f  $2,716,000, an average annual operation and maintenance cost of $38,900, and 
a total 50year present worth cost o f  $2,134,600. 

The Proper maintenance and replacement of the remaining septic tank systems is recommended to help improve the water quality of Fowler Lake. However, because septic tank systems man- 
agement is an existing function necessary for the preservation of public health and the maintenance of drinking water supplies, this cost is not included in the water quality management plan. 
The estimated expenditures for septic system management in the Fowler Lake drainage basin include a capital cost over the period of 7975.2000 of $4,500, an average annual operation and 
maintenance cost of $200, and a total 50-year present worth cost of $9,900. 

7,800 

156.000 

264,200 

Cost estimated to control erosion from the estimated 17.6 acres of land estimated to be annually undergoing construction activity in the lake watershed. 

Cost estimated to harvest macrophytes from the 11 acres o f  Fowler Lake subject to excessive macrophyte growth. 

Cost estimated to aerate the entire hypolimnion of the lake 

- 

- 

- 

The cost for nutrient inactivation is for treating the entire lake with alum. 

Cost estjmated to cover the entire lake bottom with sand, clay, plastic. or other suitable material 

5,800 

116,600 

197,400 

Cost estimated to dredge lake to  an average depth of 15 feet. Existing average depth is 12.9 feet. 

j The Costs for sediment covering and dredging vary widely depending on such factors as lake sire and depth, type o f  bottom substrate. and amount of material to  be filled or dredged. 

- 

- 

- 

The reduction in the direct phosphorus load to Fowler Lake must be augmented by the implementation of minimum practices in the upstream drainage area of the Oconomowoc River i f  the 
total lake load is to be reduced to acceptable levels Therefore, the nonpoint source plan element must be implemented i f  Fowler Lake is to meet the water quality criteria for recreation and 
warmwater fishery. 

Source: SEWRPC 

5.800 

116,600 

197,400 

proposed year 2000 land cover in the direct tributary 
lake watershed. As shown on Map C-69, none of the 
urban land in the direct tributary watershed area is pro- 
posed to be served by sanitary sewers by the year 2000. 
As of 1975, an estimated 168 privately owned onsite 
sewage disposal systems-70 of which were located in 
areas covered by soils having severe or very severe limita- 
tions for the use of such systems-were in operation in 
the lake direct tributary watershed area. 

As indicated in Table (2-206, all direct tributary sources 
combined contribute about 785 pounds of phosphorus 
annually to Friess Lake during an average year of precipi- 
tation. In addition, it is estimated that approximately 
900 pounds of total phosphorus are contributed from the 
upstream indirect tributary watershed area. Therefore, 
about 1,700 pounds of phosphorus are estimated to enter 
Friess Lake under existing conditions. These pollutant 
loads were estimated based on data developed during 

400 

7,400 

12,500 

- 

- 

- 

400 

7.400 

12,500 

Accelerate lake ~mprovement; 
prevent release of nutrients 
from sediment; remove 
nutrients from water body 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; reduce 
suitable plant substrate 

Deepen lake; reduce macro- 
phyte growth 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 



Table C-205 Map C-69 

GEOMORPHOLOGICAL AND WATER QUALI I Y 

CHARACTERISTICS OF FPIESS LAKE 

a The population of  the direct tributary watershed is estimated 
by assuming an avenge of  3.96 persons per dwelling unit as 
counted on 7 "= 400'scale aerial photos. 

Source: SEWRPC. 

Table C206 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
FRIESS LAKE: 1975 and 2000 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean . . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary Watersheda . . . . .  

General Existing Water Quality 
Conditions: 

detailed f ield studies-conducted dur ing a period o f  
below average precipitat ion and general pol lutant  source 
loading estimates f o r  the lake watershed for average o r  
typical  yearconditions. Also, as indicated in Table C-206, 
land uses and phosphorus loads in the watershed are n o t  
expeded t o  change significantly under planned year 2000 
land cover conditions. The observed to ta l  phosphorus 
concentration dur ing study year 1976 spring overturn 

Description 

119 acres 

843 acres 
2.3 miles 

48 feet 
26.1feet 
3,105 acre-feet 

665 persons 

Generally good, except for 
occasional lack of oxygen 
in the hypolimnion and 
high nutrient 
concentrations 

PLANNEDLANDCOVERDEVELOPMENT 
IN THE DIRECT TRIBUTARY DRAINAGE 

AREA OF FRIESS LAKE: 2000 

LEOENO 

SUBBASIN B O Y N M W  
-.te a m  ocsm~nrlorr - OlRECT TRIBUTaIIY 

DRlllNAOE AREA 

POlNT OF NBa451N 
DISCHAROE 

:2?i:E:~:&R:%o 

[7 RYRaL LANO COYER 

Fries$ Lake has a direct tributery drainage area of about 843 acres. About 
663 acres. or 79 percent of the drainage area, are planned to be i n  rural land 
cover. and 180 acres. or 21 percent. to be in urban land mver. Over the 
plenning period none of the direct nibutary watershed area is expected to be 
convened to  urben land cover. It is estimated that a 50 percent reduction 
in nonpoint rource pollutant runoff wi l l  be required in the drainage area 
to profset the water quality of the lake. This can be achievad through 
a combination of minimum rural land management practicen-including 
specially the proper management of IiverMck wartsr--and minimum urban 
managsment practices-including lowcort urban practices and pmper 
reptic tank system managsment based on a site-by.site inspection and 
maintenan- program. 

Source: SEWRPC. 

was 0.04 mil l igram per l i ter  (mg/l), which is also t he  
expected year 2000 steady state spring phosphorus con- 
centration. The Commission recommends a level of  0.02 
mg/ l  o r  less of to ta l  phosphorus fo r  t he  prevention of 
excessive aquatic plant growth and the  maintenance o f  
a warmwater fishery and recreational use classification. 
Exist ing and anticipated year 2000 pol lutant  loadings 
may be expected t o  result in t o ta l  phosphorus concen- 



trations in Friess Lake which exceed the recommended 
level for recreational use and for the maintenance of 
a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. 
An evaluation of these measures, applied in alternative 
combinations to  reduce the nonpoint source pollution 
loading on the lake, was made and a set of recommended 
measures was identified. These measures are set forth in 
Table C-207, along with the associated costs and antici- 
pated effectiveness. Measures to control livestock waste 
contributions appear to  be the most cost-effective way 
to substantially reduce phosphorus loadings to  the lake. 
Other needed measures include: improved septic tank 
system management, minimum measures t o  reduce pol- 
lutant runoff from rural lands through the implementa- 
tion of basic soil conservation practices, and low-cost 
measures t o  reduce pollutant runoff from urban lands. 

Once nutrient loadings to the lake are reduced by the 
actions noted above, the sediments which have been 
deposited on the lake bottom may continue to  provide 
a suitable bottom substrate and nutrient source for 
excessive macrophyte growth in some local areas and 

may release nutrients to the water body. When this 
problem is confirmed through further local study, the 
specific lake restoration or rehabilitation procedures 
which are appropriate should be identified for applica- 
tion, often implementation of the above-mentioned 
nonpoint source controls. Alternative restoration mea- 
sures as set forth in Table C-207, may include nutrient 
inactivation and hypolimnetic aeration. Chemical treat- 
ment to control algae can be used if necessary, but is 
only a temporary solution to the problem. The feasibility 
of these measures would have to  be assessed in a prelimi- 
nary engineering study. It should be emphasized, 
however, that the long-term maintenance of water quality 
in Friess Lake requires that the recommended level of 
nutrient input reductions be achieved. 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient inputs 
to  Friess Lake would entail a total capital cost of about 
$19,200, and an average annual operation and mainte- 
nance cost of about $3,100. The total 50-year present 
worth cost of these source control measures is $52,100, 
with an equivalent annual cost of $3,300. If, in addition, 
rehabilitation techniques are found necessary, the capital 
cost of these alternatives would range from $8,100 for 
nutrient inactivation to $16,200 for hypolimnetic 

Table C-207 

WATER QUALITY MANAGEMENT MEASURES FOR FRIESS LAKE I N  WASHINGTON COUNTY 

a The proper maintenance and replacement o f  the remaining septic tank systems is recommended to help improve the water qualify of Friess Lake. However, because septic tank systems manage- 
ment  is an existing function necessary for the Preservation o f  publ ic health and the maintenance o f  drinking water supplies, this cost is no t  included i n  the water quality management plan. The 
estimated expenditures for septic system management i n  the Friess Lake drainage basin include a capital cost over the period o f  1975-2000 o f  $315,000, an average annual operation and main- 
tenance cost o f  $5,700, and a total 50-year present worth cost o f  $372,500. 

Management Measure 

Septic Tank System 
~anagernent" 

Livestock Waste 
controlb 

Minimum Rural Con- 
servation Practices 

Low Cost Urban Land 
Management Practices 

Total 
Hypolimnetic 

 erat ti on' 

Nutrient 
lnactivationd 

Cost estimated to aerate the entire hvpolimnion o f  the lake. 

The lower cost for nutrient inactivation is for  treating only the hypolimnetic area with alum; the higher cost is for treating the entire lake with a lum 

Source: SEWRPC 

Estimated Cost 
1980-2000 

Total. 
Capital 

$ 19,100 

100 

Minimal 

19,200 
16.200 

8,100 
t o  

11,900 

Awrage Annual 
Operation and 
Maintenance 

$ 1,600 

1,200 

300 

3,100 
400 

- 

Economic Analysis Reduction i n  
External Annual 

Load t o  Lake 
Anticipated Effectiveness 

Present Worth: 1975-2025 

Reduce nutrient concentra- 
tions; prevent the stimula- 
tionofexcessivemacro- 
phyte and algae growth; 
improve recreational use 
potential; protect public 
health and drinking water 
supplies 

Prevent anaerobic cond~tions 
(lack of oxygen) in the 
hypolimnion 

Accelerate lake improvement; 
prevent release of nutrient 
from sediment; remove 
nutrients from water body 

Capital 

$ 14,300 

100 

Minimal 

14,400 
' 12,100 

6.100 
to  

8,900 

Equivalent Annual: 1975-2025 

90 
No additional 

reduction 

No additional 
reduction 

Capital 

$ 900 

Minimal 

Minimal 

900 
800 

400 
to  

600 

Operation and 
Maintenance 

$ 19,200 

14,400 

4,100 

37,700 
6,300 

- 

Operation and 
Maintenance 

$ 1,200 

900 

300 

2,400 
400 

- 

Total 
~~~~~~~~~ 

$ 33,500 

14,500 

4,100 

52,100 
18.400 

6.1 00 
t o  

8,900 

Total 

$ 2,100 

900 

300 

3,300 
1,200 

400 
to  

600 



I aeration. The total present worth of these alternatives 
would range from $6,100 for nutrient inactivation to 
$18,400 for hypolimnetic aeration. 

I Golden Lake 
Golden Lake is a 250-acre lake located in the Town of 
Summit in Waukesha Countv. The lake drains to the 
Rock River via numerous marshlands and tributary 
streams. Certain geomorphological characteristics of I Golden Lake are set forth in Table C-208. tocether with 
the approximate 1975 population of the direct tributary 

1 
watershed and a brief description of lake water quality 
conditions. Map C-70 presents a graphic summary of the 
proposed year 2000 land cover in the lake watershed. 
As shown on Map (2.70, none of the urban land in the 

I tributary watershed area is proposed t o  be served by 
sanitary sewers by the year 2000. As of 1975, an esti- 
mated 84 privately owned onsite sewage disposd 
systems54 of which were located in areas covered by 
soils having severe or very severe limitations for the use 
of such systemswere in operation in the lake water- 
shed area. 

! As indicated in Table G209, all direct sources combined 
i contribute about 330 wounds of whosohorus annually to . - 

Golden Lake. The major source of phosphorus in-the 
lake watershed is malfunctioning septic systems. Also, 
as indicated in Table C-209, land uses and phosphorus 
loads in the watershed are not expected to change signi- 
ficantly under planned year 2000 land cover conditions. 
The estimated total phosphorus concentration during 
spring overturn under existing and anticipated year 2000 

Table C-208 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF GOLDEN LAKE 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.2 persons per dwelling unit as 
counted on I"= 400'scale aerialphotos. 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean . . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary Watersheda . . . . .  

General Existing Water Quality 
Conditions: 

Map C-70 

Description 

250 acres 

476 acres 
3.40 miles 

44 feet 
13.8 feet 
3,450 acre-feet 

269 persons 

Occasional algae blooms; 
some macrophyte growth; 
occasional lack of oxygen 
in the hypolimnion 

PLANNEDLANDCOVERDEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE 

AREA OF GOLDEN LAKE: 2000 

LEOEND 

SUBB&SIII BOUNDARY 
AND DEE1eNITION 

D l i h C I  T R I S U I A R I  
O R & I N A O E  &REA 

POINT O I  4YBBA5,N 
n,so"AR*e 

""SEWEmEm UrnrnAN 
SYELOPMENT 2 0 0 C  

RURAL LAND Covhil 

Golden Lake has a direct tributary drainage area of about 476 acres. About 
387 scren, or 81 percent of the drainage area, are planned to be in rural land 
swer, and $9 amr,  or 19 percent. to  be in urban land cover. Over the 
planning period none of the direct tributary watershed area isexpected to be 
converted ro urban land cover. I t  is estimated that no reduction in nonpoint 
source pdiutant runoff will be recluired in the drainage area to protect the 
water quality of the lake. To provide minimum water quality control, a com- 
bination of minimum rural land management practicer-including especially 
the proper management of agricultural cropping ~~~~~~~~~nd minimum 
urban management practices-including lowcost urban practices and proper 
septic tank pyrtem management bared an a rite.by*ite inrpsction and 
maintenance program--rhouid be implementad in the lake drainage area. 

Source: SEWRPC. 

Table C209  

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADSTO 
GOLDEN LAKE: 1975 and 2000 



conditions, as estimated from phosphorus loadings and 
lake and drainage basin characteristics, is 0.02 milligram 
per liter (mgp). The Commission recommends a level of 
0.02 mgp or less of total phosphorus for the prevention 
of excessive aquatic plant growth and the maintenance of 
a warmwater fishery and recreational use classification. 
Existing and anticipated year 2000 pollutant loadings 
may be expected to  result in total phosphorus concen- 
trations in Golden Lake which do not exceed the recom- 
mended level for recreational use and for the 
maintenance of a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. 
Certain low-cost control measures are recommended in 
the Golden Lake watershed to ensure continued high 
quality water. These measures are set forth in Table 
C-210, along with the associated costs and anticipated 
effectiveness. Measures to  control septic system con- 
tributions appear to  be the most effective way to sub- 
stantially reduce phosphorus loadings to the lake and 
protect public health. Other needed measures include: 
minimum measures t o  reduce pollutant runoff from 
rural lands through the implementation of basic soil 
conservation practices, and low-cost measures to  reduce 
pollutant runoff from urban lands. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may provide a suitable bottom 

substrate and nutrient source for excessive macrophyte 
growth in some local areas and may release nutrients to 
the water body. If this problem is confirmed through 
further local study, the application of lake restoration 
or rehabilitation procedures should be considered, in 
addition to  the above-mentioned nonpoint source 
controls. Alternative restoration measures as set forth 
in Table C-210, may include hypolimnetic aeration and 
dredging. The feasibility of these measures would have 
to  be assessed in a preliminary engineering study. Addi- 
tional management measures such as weed harvesting 
may be used to control the macrophyte growth which 
may interfere with the recreational use of the lake. It 
should be emphasized, however, that the long-term 
maintenance of water quality in Golden Lake requires 
that the recommended level of nutrient input reductions 
be achieved. 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Golden Lake would entail a total capital cost of about 
$100 and an average annual operation and maintenance 
cost of about $800. The total 50-year present worth cost 
of these source control measures is $10,500, with an 
equivalent annual cost of $600. If, in addition, rehabili- 
tation techniques are found necessary, the capital cost 
of these alternatives would range from $16,800 for hypo- 
limnetic aeration to $483,900 for dredging. The total 
present worth costs of these lake rehabilitation tech- 
niques would range from $18,900 for hypolimnetic 
aeration to  $361,600 for dredging. 

Table C-210 

WATER QUALITY MANAGEMENT MEASURES FOR GOLDEN LAKE IN WAUKESHA COUNTY 

a The proper maintenance and replacement o f  the remaining septic tank systems is recommended to help improve the water quality o f  Golden Lake. However, because septic tank systems man- 
agement is an existing function necessary for the preservation o f  public health and the maintenance o f  drinking water supplies, this cost is no t  included i n  the water quality management plan. 
The estimated expenditures for septic system management i n  the Golden Lake drainage basin include a capital cost over the period o f  19752000of $243,000, an average annual operation and 
maintenance cost o f  $3, lW,  and a total @year present worth cost o f  $241,900. 

Cost estimated to harvest macrophytes from the 2 5  acres o f  Golden Lake subject to excessive macrophyte growth. 

Cost estimated t o  aerate the entire hypolimnion o f  the lake. 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  Lake 
(percent) - 

40 
Minimal additional 

reduction 

No additional 
reduction 

No additional 
reduction 

Cost estimated to dredge lake to an average depth o f  15 feet. Existing average depth is 13.8 feet. 

The Costs for dredging vary widely depending on such factors as lake sire and depth, type o f  bottom substrate, andamount o f  material to be dredged. 

Source: SEWRPC 

Anticipated Effectiveness 

Reduce nutrient concentra- 
tions; prevent the stimula- 
t ion of excessive macro- 
phyte and algae growth; 
improve recreational use 
potential 

Control excessive macrophvte 
growth; aesthetic enhance- 
ment; improve recreational 
potential 

Prevent anaerobic conditions 
(lack o f  oxygen) in the 
hvoolimnion 

Deepen lake; reduce macro- 
phvte growth 

Management Measure 

Septic Tank System 
Managementa 

Minimum Rural Con- 
servation Practices 

Low Cost Urban Land 
Management Practices 

Total 
Macrophyte 

~ a r v e n i n g ~  

Hvpolimnetic 
 erat ti on' 

Llredgingdte 

Estimated Cost 
1980-2000 

Total 
Capital 

- 

$ 100 

Minimal 

100 
23,300 

16800 

483,900 

Economic Analvsls 

Present Worth: 1975-2025 Equivalent Annual: 1975-2025 
Average Annual 
Operation and 
Maintenance 

- 

$ 700 

100 

800 
3,200 

400 

- 

Total 

- 

$ 500 

100 

600 
4,300 

1,000 

22,900 

Operation and 
Ma~ntenance 

- 

$ 500 

100 

600 
3,200 

400 

- 

Capital 

- 

$ 100 

Minimal 

100 
17,400 

12,600 

361,600 

Operation and 
Maintenance 

- 

$ 8,400 

2,000 

10,400 
50,400 

6,300 

- 

Total 
-------- 

- 

$ 8,500 

2.000 

10,500 
67.800 

18,900 

361,600 

Capital 

- 

Minlmal 

Mfnimal 

Minimal 
1,100 

800 

22,900 



I Hunter's Lake 
Hunter's Lake is a 65-acre lake located in the Town of 
Ottawa in Waukesha County. The lake drains to Scup- 

I 
pernong Creek. Certain geo~uorphological characteristics 
of Hunter's Lake are set forth in Table (2-211, together 
with the approximate 1975 population of the direct 
tributary watershed and a brief description of lake water 

I 
quality conditions. Map C-71 presents a graphic summary 
of the proposed year 2000 land cover in the lake water- 
shed. As shown on Map C-71, a portion of the urban 
land in the tributary watershed area is proposed to be 

I served by sanitary sewers by the year 2000. As of 1975, 
an estimated 103 privately owned onsite sewage dis- 
posal systems-80 of which were located in areas 
covered by soils having severe or very severe limitations 

I for the use of such systems-mere in operation in the lake 
watershed area. Part of the lake watershed area-but not 
development along the lake shore-is proposed to be 
served by sanitary sewer service under planned year I 2000 conditions. 

As indicated in Table C212, all direct sources combined 

I 
contribute about 700 pounds of phosphorus annually to  

I 
Hunter's Lake. An additional 420 pounds of phosphorus 
is added annually from Waterville Pond. The major direct 
source of phosphorus in the immediate lake watershed is 
malfunctioning septic tank systems. Also, as indicated in 
Table C-212, land uses in the watershed are not expected 
to change significantly under planned year 2000 land 
cover conditions. Direct phosphorus loads to the lake 
will be reduced to about 650 pounds annually as a result 
of the provision of sanitary sewers. Loads from WatervUe 
Pond are expected to be reduced to about 240 pounds 

Table C-211 

GEOMORPHOLOGICAL A N D  WATER QUALITY 
CHARACTERISTICS OF HUNTER'S LAKE 

Map C-71 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population o f  Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

PLANNEDLANDCOVERDEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE 

AREA OF HUNTER'S LAKE: ZOO0 

Description 
- 

65 acres 

1,222 acres 
1.87 miles 

36 feet 
20 feet 
1,300 acre-feet 

373 persons 

Occasional algae blooms; 
some macrophyte growth 

L E G E N D  

SU88ASlN BOYNOPRY 
SC-a AN0 OESIBN4TlON - DlllCCT RISUTriFrI 

DRAIN*& A R L ~  

-----C WlNT OF 9U88ASlN 
DISCHARGE = 8i!:T::st? 2000 

22EYE::::;Y200 
SRAPH,C * U L S  

RURAL LAND COVCR 1W SEE, 

o- 

Hunter's Lake has a dirscf tributary drainage area of about 1.222 acres. 
A b u t  1,023 acres, or 84 percent of the drainage area. are planned to be in 
rural land cover, and 109 acres. or 16 percent. to be in urbsn land cover. 
OYBr fh8 planning pr iod  none of the direct tributary waterrhed area is 
axpsefed to be converted to urban land cover. It Isestimated that no red"- 
tion in nonpoint source pollutant runoff will be required in the drainage area 
to protect the water quality of the lake. To provide minimum water quality 
control, a combination of minimum rural land management practioeo- 
including ewecially the proper management of livenock wastes--and 
minimum urban management practicer-including low,co*it urbsn Prenims 
and propr  sptie tank system management based on a site-bvsife inspection 
and maintensnee prmramlhould ba implamented in the lake drainage area. 

Saurcs; SEWRPC. 

a The population of the direct tributary watershed is estimated 
b y  assuming an average o f  3.62 persons per dwelling unit as 
counted on  I"= 400'scaIe aerial photos. 

Source: SEWRPC. 



Table C-212 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
HUNTER'S LAKE: 1975 and 2000 

Source of Phorphorur 

Urban Land Cover laererl . . . . . . . . . . . .  
Land under Development-Conrtrucffon 

Activities lacrerl . . . . . . . . . . . . .  
Oorite Sewage D8sparal Septlc 

~ a n k  ~ y t t e r n s ~  . . . . . . . . . . . . .  
Rural Land Covet ls rer l  . . . . . . . . . . . . .  
Livettock Operations Ian8mal unltrl . . . . .  
Atmorpher8c Contribution l s r e r  of 

receiving surface wafer) . . . . . . . . . .  

Exlnlng 1975 Anticlpafed 2WOa 

Total Total 
Loading Loading 

annually as a result of lake quality management for the 
Waterville Lake watershed. The estimated total phos- 
phorus concentrations during spring overturn under 
existing and anticipated year 2000 conditions, as esti- 
mated from phosphorus loadings and lake and drainage 
basin characteristics, are 0.03 milligram per liter (mg/l) 
and 0.02 mg/l, respectively. The Commission recom- 
mends a level of 0.02 mg/l or less of total phosphorus for' 
the prevention of excessive aquatic plant growth and the 
maintenance of a warmwater fishery and recreational use' 
classification. Anticipated year 2000 pollutant loadings 
may be expected to result in total phosphorus concen- 
trations in Hunter's Lake which meet the recommended 
level for recreational use and for the maintenance of 
a warmwater fishery in the year 2000. 

ADommm pmvishn of sanitary sewer swvice ss recommended in the p a h t  mvne pollutbn abatement plan e l e m t n ~  
-mes m mnpoint wune confml. 

lnclude~only those sysfemson roils having severe or vwy severe limitafionr for dirposliaf septic tank effluent. 

Does m t  include the 1975 estimated phowhorus load of 420 pounds per year or the year MW anticipated phoqhorus The measures available for controlling nonpoint source 
load of z40poundspw yew contributed by rhe upstream drainage o f  watervi~e PO& pollution, along with attendant costs, are discussed in the 

Source. SEWRPC. 
introductory sections of Chapter IV of this volume. An 

Table C-213 

WATER QUALITY MANAGEMENT MEASURES FOR HUNTER'S LAKE IN WAUKESHA COUNTY 

a The cumulative percent reduction in phosphorus loadings is in addition t o  sanitary sewer service, as recommended in the point source element for the Middle Rock River subregional area. 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the point source alternative plan elements for the Middle Rock River subregional area. Local 
hook-up and operation and maintenance costs, which are nor primarily dependent on surface water quality, are not  presented above. The estimatedexpenditures for local hook-up and opera- 
t ion and maintenance in the Hunter's Lake drainage basin include a capital cost over the period of 7975-2000 o f  $596,000, an average annual operation and maintenance cost o f  $4,500, and 
a total 50yearpresent worth cost o f  $404,400. 

improve recreational use 

The proper maintenance and replacement of the remaining septic tank systems is recommended to  help improve the water quality o f  Hunter's Lake. However, because septic tank systems 
management is an existing function necessary for the preservation o f  public health and the maintenance o f  drinking water supplies, this cost isnot  included in the water quality management 
plan. The estimated expenditures for septic system management in the Hunter's Lake drainage basin include a capital cost over the period o f  7975-2000 of $265,500, an average annual opera- 
t ion andmaintenance cost of $3,000, anda total 50-yearpresent worth cost o f  $245,700. 

Nutrient 
lnactivationf 

Sediment 
coveringgah 

Cost estimated to  harvest macrophytes from the 5acres of Hunter's Lake subject t o  excessive macrophyte growth. 

Cost estimated to  aerate the entire hv~o l imn ion  o f  the lake. 

4,500 

130,000 

The lower cost for nutrient inactivation is for treating only the hypolimnetic area with alum. 

Cost estimated to  cover the entire lake bottom wi th  sand, clay, Plastic, or other suitable material. 

The Costs for sediment covering vary widely depending on such factors as lake size and depth, type of bottom substrate, and amount o f  material to  be filled. 

Source: SEWRPC 

- 

- 

3,400 

97,100 

- 

- 

3,400 

97,100 

200 

6,200 

- 

- 

200 

6,200 

hypolimnion 
Accelerate lake improvement; 

prevent release of nutrients 
from sediment; remove 
nutrients from water body 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment, reduce 
suitable plant substrate 

No additional 
reduction 

No additional 
reduction 



evaluation of these measures, applied in alternative com- 
binations to  reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in Table 
C-213, along with the associated costs and anticipated 
effectiveness. Measures t o  control livestock wastes appear 
to  be the most cost-effective way to substantially reduce 
phosphorus loadings to  the lake. Other needed measures 
include: the provision of sanitary sewer service, septic 
tank system management, minimum measures to reduce 
pollutant runoff from rural lands through the implemen- 
tation of basic soil conservation practices, and low-cost 
measures to  reduce pollutant runoff from urban lands. 

If nutrient loadings to  the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may provide a suitable bottom 
substrate and nutrient source for excessive macrophyte 
growth in some local areas and may release nutrients to  
the water body. If this problem is confirmed through 
further local study, the application of lake restora- 
tion and rehabilitation procedures should be considered, 
in addition to  the above-mentioned nonpoint source 
controls. Alternative restoration measures as set forth 
in Table (2-213 may include nutrient inactivation, 
hypolimnetic aeration, and sediment covering. The feasi- 
bility of these measures would have to  be assessed in 
a preliminary engineering study. Additional management 
measures such as weed harvesting may be used to  control 
the macrophyte growth which may interfere with the 
recreational use of the lake. It should be emphasized, 
however, that the long-term maintenance of water quality 
in Hunter's Lake requires that the recommended level 
of nutrient input reductions be achieved. 

owned onsite sewage disposal systems-117 of which 
were located in areas covered by soils having severe or 
very severe limitations for the use of such systems-were 
in operation in the lake watershed area. 

As indicated in Table C-215, all direct sources combined 
contribute about 5,200 pounds of phosphorus annually 
to Lake Keesus. The major source of phosphorus in the 
lake watershed is livestock operations. Also, as indicated 
in Table (2-215, land uses and phosphorus loads in the 
watershed are not expected to change significantly under 
planned year 2000 land cover conditions. The estimated 
total phosphorus concentration during spring overturn 
under existing and anticipated year 2000 conditions, as 
estimated kom phosphorus loadings and lake and 
drainage basin characteristics, is 0.23 milligram per liter 
(mg/l). The Commission recommends a level of 0.02 mg/l 
or less of total phosphorus for the prevention of exces- 
sive aquatic plant growth and maintenance of a warm- 
water fishery and recreational use classification. Existing 
and anticipated year 2000 pollutant loadings may be 
expected to  result in total phosphorus concentrations in 
Lake Keesus which exceed the recommended level for 
recreational use and for the maintenance of a warm- 
water fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed.in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations t o  reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 

Table C-214 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient inputs 
to  Hunter's Lake would entail a total capital cost of 
about $2,400, and an average annual operation and 
maintenance cost of about $2,300. The total 50-year 
present worth cost of these source control measures is 
$30,600, with an equivalent annual cost of $1,900. If, 
in addition, rehabilitation techniques are found neces- 
sary, the capital cost of these alternatives would range 
from $4,500 for nutrient inactivation to  $130,000 for 
sediment covering. The total present worth costs of 
these lake rehabilitation techniques would range from 
$3,400 for nutrient inactivation to  $97,100 for 
sediment covering. 

Lake Keesus 
Lake Keesus is a 237acre lake located in the Town of 
Merton in Waukesha County. The lake drains to the west 
through a marsh to  the Oconomowoc River. Certain 
geomorphological characteristics of Lake Keesus are set 
forth in Table C-214, together with the approximate 
1975 population of the direct tributary watershed and 
a brief description of lake water quality conditions. Map 
C-72 presents a graphic summary of the proposed year 
2000 land cover in the lake watershed. As shown on Map 
C-72, none of the urban land in the tributary water- 
shed area is proposed t o  be served by sanitary sewers 
by the year 2000. As of 1975, an estimated 212 privately 

GEOMORPHOLOGICAL A N D  WATER QUALITY 
CHARACTERISTICS OF  LAKE KEESUS 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.51 persons per dwelling unit as 
counted on I " =  400'scale aerial photos. 

Characteristic 

Surface Area . . . . . . . . . . . . 
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . . 
Shoreline . . . . . . . . . . . . . . 
Depth 

Maximum . . . . . . . . . . . 
Mean . . . . . . . . . . . . . . . 

Volume . . . . . . . . . . . . . . . 
1975 Population of Direct 

Tributary watersheda . . . . . 

General Existing Water Quality 
Conditions: 

Source: SEWRPC. 

Description 

237 acres 

2,321 acres 
5.0 miles 

42 feet 
16.7 feet 
3,958 acre-feet 

744 persons 

Occasional algae blooms; 
nuisance macrophyte 
growth; lack of oxygen in 
the hypolimnion 



Map C.72 Table C215 1 
PLANNED LAND COVER DEVELOPMENT 
IN THE DIRECT TRIBUTARY DRAINAGE 

AREA OF LAKE KEESUS: 2000 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADSTO 
LAKE KEESUS: 1975 and 2000 

1 
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a ?OlNT OF BYBB.S<N 
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DEVELOPMENT PM(I 

a*ae"c 
.m-vEE, "& 

Lake KBBIUS ha$ a direct tributary drainage area of about 2,321 acres. About 
2,054 acrer, or 88 percent of %he drainage area, are planned to be in rural 
land mver, and 267 acres. or 12 percent, to be in urban land cover. Over 
the planning period none of the direct tributary watershed area isexpected 
to bB converted to urban lsnd cover. I t  is estimated that s 91 percent 
reduction in nonpoint source pollutant runoff will be required in the 
drainage area to protect the water quality of the lake. This can be achieved 
through a combination of minimum and additional rural lsnd management 
practice-including especiaily the proper management of livestack wastes- 
and minimum urban management practices-including lowcost urban 
practices and proper peptic tank system management bared on a site-by-site 
inspection and maintenance program. 

s u m :  SEWRPC. 

sures was identified. These measures are set forth in Table 
G216, along with the associated costs and anticipated 
effectiveness. Measures to control livestock waste contri- 
butions appear to  he the most cost-effective way to 
substantially reduce phosphorus loadings to the lake. 
Other needed measures include: improved septic tank 
system management, minimum measures to reduce pollu- 
tant runoff from rural lands, and low-cost measures to 
reduce pollutant runoff from urban lands. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited on 
the lake bottom may provide a suitable bottom substrate 
and nutrient source for excessive macrophyte growth in 
some local areas and may release nutrients to the water 
body. If this problem is confirmed through further local 
study, the application of lake restoration and rehabilita- 
tion procedures should he considered, in addition to  
the above-mentioned nonpoint source controls. Altema- 
tive restoration measures as set forth in Table C-216 
may include nutrient inactivation, sediment covering, 
and hypolimnetic aeration. The feasibility of these 
measures would have to he assessed in a preliminary 
engineering study. Additional management measures such 
as weed harvesting may be used to control the macro- 
phyte growth which may interfere with the recreational 
use of the lake. It should be emphasized, however, that 
the long-term maintenance of water quality in Lake 
Keesus requires that the recommended level of nutrient 
input reductions he achieved. 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Lake Keesus would entail a total capital cost of about 
$60,400, and an average annual operation and mainte- 
nance cost of about $9,200. The total 50-year present 
worth cost of these source control measures is $155,500, 
with an equivalent annual cost of $9,900. If, in addi- 
tion, rehabilitation techniques are found necessary, the 
capital cost of these alternatives would range from 
$23,700 for nutrient inactivation to $474,000 for 
sediment covering. The total present worth costs of 
these lake rehabilitation techniques would range from 
$17,700 for nutrient inactivation to  $354,200 for 
sediment covering. 



Table C-216 

WATER QUALITY MANAGEMENT MEASURES FOR LAKE KEESUS I N  WAUKESHA COUNTY 

a The Proper maintenance and replacement o f  the remaining septic tank svstems is recommended t o  help improve the water quality o f  Lake Keesus. However, because septic tank systems man- 
agement is an existing function necessary for the preservation o f  public health and the maintenance o f  drinking water supplies, this cost is no t  included i n  the water quality management plan. 
The estimated expenditures for septic system management in the La.*,: Keesus drainage basin include a capital cost over the period o f  1975-2000 o f  $526,500, an average annual operation and 
maintenance cost o f  $7,600, and a total 50-year present worth cost o f  $554,000. 

Management Measure 

Septic Tank System 
~ a n a g e m e n t ~  

Livestock Waste 
Control 

Minimum Rural Land 
Management Practices 

Low Cost Urban Land 
Management Practices 

Total 
Macrophyte 

~ a r v e s t i n g ~  

Hypol~mnetic 
 erat ti on' 

Nutrient 
lnactivationd 

Sediment 
coveringetf 

Cost estimated to harvest macrophytes from the 3 5  acres o f  Lake Keesus subject to excessive macrophyte growth. 

Cost esttmated to aerate the entire hypolimnion o f  the lake. 

The cost for nutrient inactivation a for treating the entire lake with alum. 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, o r  other suitable material 

Estimated Cost 

The costs o f  sediment covering vary widely depending on such factors as lake size and depth, type o f  bot tom substrate, andamount o f  material to be filled. 

Total 
Capital 

$ 60.000 

400 

Minimal 

W.400 
32,600 

24.000 

23,700 

474,OM) 

Source: SEWRPC 

1980-2000 

Average Annual 
Operation and 
Maintenance 

- 

$ 5.100 

3,800 

300 

9,200 
4,600 

600 

- 

Lac La Belle 
Lac La Belle is a 1,117-acre lake located in the Town of 

Anticipated Effectiveness 

Reduce nut r~ent  concentra- 
tions; prevent the stimula- 
t ion o f  excessive macro- 
phyte and algae growth; 
improve recreational use 
potential 

Control excessive macrophyte 
growth; aesthetic enhance- 
ment; improve recreational 
use potential 

Prevent anaerobic conditions 
(lack of oxygen) in the 
hypolimnion 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; remove 
nutrients from water body 

Accelerate lake improvement: 
prevent release of nutrients 
from sediment; reduce 
suitable plant substrate 

Economic 

Oconomowoc in Waukesha County. The Lake drains to  
the Oconomowoc River. Certain geomorphological 
characteristics of Lac La Belle are set forth in Table 
G217, together with the approximate 1975 population 
of the direct tributary watershed and a brief description 
of lake water quality  condition^.^^,'^ Map C-73 presents 
a graphic summary of the proposed year 2000 land cover 
in the direct tributary lake watershed. As shown on Map 
(3-73, a large portion of the urban land in the direct 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load to Lake 
(percent) 

90 

Minimal additional 
reduction 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 

Present 

Capital 

- 

$ 44,900 

400 

Minimal 

45,300 
24.400 

17,900 

17,700 

'354,200 

Analysis 

I8See separately published SEWRPC Community 
Assistance Planning Report on  the Water Quality Manage- 
ment for Lac La Belle, Waukesha County, for a more 
detailed discussion of the findings and recommendation 
o f  the detailed field studies. 

Equivalent 

Capital 

- 

$ 2,800 

< 100 

Minimal 

2,900 
1,500 

1,100 

1.100 

22,500 

IgReport on  Lac La Belle, National Eutrophication 
Survey, U S .  Environmental Protection Agency, 1975. 

Worth: 1975-2025 

Operation and 
Maintenance 

- 

$ 60,200 

46,100 

3,900 

110,200 
72,500 

9,500 

- 

- 

tributary watershed area is proposed t o  be served by sani- 
tary sewers by the year 2000. As of 1975, an estimated 
722 privately owned onsite sewage disposal systems-80 
of which were located in areas covered by soils having 
severe or very severe limitations for the use of such 
systemslvere in operation in the lake direct tributary 
watershed area. 

Total 

- 

$ 105,100 

46,500 

3,900 

155,500 
96,900 

27,400 

17,700 

354.200 

Annual: 

Operation and 
Maintenance 

- 

$ 3,800 

2,900 

300 

7,000 
4.600 

600 

- 

- 

As indicated in Table C-218, all direct tributary sources 
combined contribute about 4,200 pounds of phosphorus 
annually to  Lac La Belle during an average year of pre- 
cipitation. An estimated additional 3,000 pounds of total 
phosphorus enters the lake annually as discharge from 
Fowler Lake via the Oconomowoc River. Therefore, 
about 7,200 pounds of total phosphorus per year are 
estimated to  enter Lac La Belle under existing condi- 
tions. These pollutant loads were estimated based on data 
developed during detailed field studies conducted during 
a period of below average precipitation and general pol- 
lutant source loading estimates for the lake watershed 
for average or typical year conditions. Also, as indicated 
in Table (2-218, urban land uses in the watershed are 

1975-2025 

Total 

- 

$ 6.WO 

3,000 

300 

9,900 
1,500 

1,700 

1,100 

22,500 



Table C-217 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF LAC LA BELLE 

Direct Tributary Drainage 

1975 Population of Direct 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.2 persons per dwelling unit as 
counted on I" = 400'scale aerial photos. 

Source: SEWRPC. 

Table C-218 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
LAC LA BELLE: 1975 and 2000 

Exining 1975 Anticipated 2000' 

Ipounds Petcent (pounds Percent 
Source of Phorphorur Number per year) Dinribut~on Number per year1 Dirtribution 

Awmm pmvirion of rsnttary sewer wvlce ar recommended m the point sDorce pollurion abatement plan elemenf 
arrumes m mnpalntrowce mnrml. 

Includes only thorp systms on mil$ havhg revere or m v  revers limitations fordirporel of septic tank sfflusnr. 

" Does not include the I975 esrimated~hogohomr load of 3,DWpounhperyearor the year2DW8nficipatsdphorpho1~~ 
loadof I . 0 W ~ o u n h m r y ~ r c a n f r i b u f e d b ~  the drainage from theupstream Oconomowoc Rimrware&shed. 

Source: SEWRPC. 

expected to  increase by nearly 100 percent under 
planned year 2000 land cover conditions, with annual 
total phosphorus loadings to the lake expected to be 
reduced slightly t o  about 5,200 pounds. The observed 
total phosphorus concentration during study year 1976 
spring overturn was 0.04 milligram per liter (mg/l) which 
is also the expected steady state spring phosphorus con- 
centration under existing conditions. Under planned 
future land use conditions, a spring phosphorus concen- 
tration of 0.03 mg/l may be expected. The Commission 
recommends a level of 0.02 mg/l or less of total phos- 
phorus for the prevention of excessive aquatic plant 
growth and maintenance of a warmwater fishery and 
recreational use classification. Existing and anticipated 
year 2000 pollutant loadings may be expected to result 
in total phosphorus concentrations in Lac La Belle which 
exceed the recommended level for recreational use and 
for the maintenance of a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in Table 
C-219, along with the associated costs and anticipated 
effectiveness. Measures to control livestock contributions 
appear to  be the most cost-effective way to substantially 
reduce phosphorus loadings to the lake. Other needed 
measures include: the extension of sanitary sewer service, 
improved septic tank system management, minimum 
measures to reduce pollutant runoff from rural lands 
through the implementation of basic soil conservation 
practices, low-cost measures to reduce pollutant 
runoff from urban lands, and construction erosion 
control practices. 

Once nutrient loadings to the lake are reduced by the 
actions noted above, the sediments which have been 
deposited on the lake bottom will continue to provide 
a suitable bottom substrate and nutrient source for 
excessive macrophyte growth in some local areas and 
may release nutrients to  the water body. When this 
problem is confirmed through further local study, the 
specific lake restoration or rehabilitation procedures 
which are appropriate should be identified for application 
after implementation of the above-mentioned point and 
nonpoint source controls. Alternative restoration mea- 
sures as set forth in Table G219 may include macrophyte 
harvesting and sediment coverng. Chemical treatment to 
control algae can be used if necessary, but only as a tem- 
porary solution to  the problem. The feasibility of these 
measures would have to be assessed in a preliminary 
engineering study. It should be emphasized, however, 
that the long-term maintenance of water quality in Lac 
La Belle requires that the recommended level of nutrient 
input reductions be achieved. 

The application of the above-listed nonpoint source 
pollution control measures to  control the nutrient inputs 
to Lac La Belle would entail a total capital cost of about 
$2,838,400, and an average annual operation and mainte- 
nance cost of about $40,400. The total 50-year present 
worth cost of these source control measures is 



Map C-73 

PLANNED LAND COVER DEVELOPMENT IN THE DIRECT TRIBUTARY DRAINAGE AREA OF LAC LA BELLE: 2000 

LEGEND 

CI., IYBBeTNN WDUI am M A T -  

Lac La Belle has a direct tributary drainage ares of about 6,447 acres.  but 3,829 acres, or 59 percent of the drainage area, are planned to be in rural land cover, 
I and 2,618 atreg, or 41 percent. to be in urban land cover. over the planning period an average of about 45 acres may be expected to be mnwnad annwllv to urban 

1 land cover. I t  i s  s9tlmat.d that a 33 percent reduction in nonpoint ~ource pollutant runoff will be required in the drainage area to proten the water quallw of the 
lake. This can be achieved through a combination of minimum rural land management practicer-including erpecially the proper management of livestock wasten- 
and minimum urban management practicer-including loweoat urban prscticen, construction erosion controls, and proper septic tank wstem manwment bared on 

I B sit-by-site inspection and maintenance program. 

I Sourcar SEWRPC. 



Table C-219 

WATER QUALITY MANAGEMENT MEASURES FOR LAC LA BELLE IN WAUKESHA COUNTY 

utrient concen- 

phyte and algae growth: 
improve recreational use 

a The cumulative percent reduction in phosphorus loadings is in addition to sanitary sewer service, as recommended in the point source element for the Middle Rock River subregional area. 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the point source alternative plan elements for the Middle Rock Rrver subregional area. Local 
hook-up and operation and maintenance costs, which are not primarily dependent on surface water quality, are not presented above. The estimatedexpenditures for local hook-up and opera- 
tion and maintenance in the Lac La Belle drainage basin include a capital cost over the period of 1975-2000 of $2,680,000, an average annual operation and maintenance cost of $27,000, and 
a total sayear present worth cost of $1,927,700. 

The proper maintenance and replacement of the remaining septic tank systems is recommended to help improve the water quality of Lac La Belle. However, because septic tank systems man- 
agement Is an existing function necessary for the preservation of public health and the maintenance of drinking water supplies, this cost is not included in the water quality management plan. 
The estimated expenditures for septic system management in the Lac La Belle drainage basin include a capital cost over the period of 1975-2000 of $67,500, an average annual operation and 
maintenance cost of $3,500 anda total 5O.year present worth cost of $153,600. 

Cost estimated to control erosion from the estimated 60 acres of land estimated to be annually undergoing construction activity in the lake watershed, 

Cost estimated to harvest macrophytes from the 50 acres of Lac La Belle subject to excessive macrophyte growth. 

Costs estimated to cover the entire lake bottom with sand, clay, plastic, or other suitable material. 

The costsofsedimentcovering vary widely depending on such factors as lake sire and depth, type of bottom substrate, and amount of material to be filled. 

Source: SEWRPC 

$2,713,500, with an equivalent annual cost of $172,300. 
If, in addition, management or rehabilitation techniques 
are found necessary, the capital cost of these alternatives 
would range from $46,600 for macrophyte harvesting to 
$2,234,000 for sediment covering. The total present 
worth costs of these lake rehabilitation techniques would 
range from $137,300 for macrophyte harvesting to  
$1,669,500 for sediment covering. 

La Grange Lake 
La Grange Lake is a 55-acre lake located in the Town of 
La Grange in Walworth County. The lake drains to  
Whitewater Creek. Certain geomorphological charac- 

teristics of La Grange Lake are set forth in Table G220, 
together with the approximate 1975 population of the 
direct tributary watershed and a brief description of lake 
water quality conditions. Map G74 presents a graphic 
summary of the proposed year 2000 land cover in the 
lake watershed. As shown on Map (2-74, no significant 
areas of urban land developed are expected to  exist in 
the tributary watershed area by year 2000. As of 1975, 
less than five privately owned onsite sewage disposal 
systems-two of which were located in areas covered by 
soils having severe or very severe limitations for the use 
of such systems-were in operation in the lake water- 
shed area. 



As indicated in Table G221, all direct sources combined 
contribute about 1,100 pounds of phosphorus annually 
to La Grange Lake. The major source of phosphorus in 
the lake watershed is livestock contributions. Also as 
indicated in Table (3-221, land uses and phosphorus loads 
in the watershed are not expected to change significantly 
under planned year 2000 land cover conditions. The 
estimated total phosphorus concentration during spring 
overturn under existing and anticipated year 2000 con- 

Table C-220 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF LA GRANGE LAKE 

a The population of the direct tributary watershed is estimated 
by assuming an average of  3.13 persons per dwelling unit as 
counted on I"= 4W'scale aerial photos. 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

Table C-221 

Description 

55 acres 

586 acres 
1.80 miles 

4.0 feet 
2.0 feet 
110 acre-feet 

50 persons 

Occasional algae blooms; 
dense macrophyte growth; 
high nutrient concentra. 
tions: winter fishkill 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADSTO 
LA GRANGE LAKE: 1975 and 2000 

PLANNEDLANDCOVERDEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE 

AREA OF LA GRANGE LAKE: 2000 

1 1  4 4  LEGEND 

.... WATE~SHED ...~.... - - 5UBBnSlN BOYNDAA" 
OESlOlUlTlON - OIRCCT TRiQ T 4 R I  

OWWOE AXE* 
+ Dz:ag,w-slN 

Lake La Grange has a diren tributary drainage area of about 586 acres. 
About 425 srer, or 73 percent of the drainage area, are planned to be in 
rural land cover. and 161 acrsr. or 27 percent. to be in urban land cover. 
Over the ~lanning psriod none of the direct tributary water~hed area 
is expected to bB converted to urban land mver. I t  ir errimated that 
a 90 percent redunion in nonpoint source pollutant runoff will be required 
in the drainage area to protect the water quality of the lake. Thir can be 
achieved Through a mmbination of minimum rural land management 
practicer-including srpseislly the proper management of livestock wanes- 
and minimum urban management practicer--including lawcort urban 
practice$ and proper septic tank system management bared on a nlte-by-rite 
inspection and mainteoance prosram. 

Source: SEWRPC. 

ditions, as estimated from phosphorus loadings and lake 
drainage basin characteristics, is 0.22 milligram per liter 
(mgll). The Commission recommends a level of 0.02 mg/l 
or less of total phosphorus for a warmwater fishery and 
recreational use classification. Existing and anticipated 
year 2000 pollutant loadings may be expected to result 
in total phosphorus concentrations in La Grange Lake 
which exceed the recommended level for recreational 
use and for the maintenance of a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. 
An evaluation of these measures, applied in alternative 
combinations to reduce the nonpoint source pollution 
loading on the lake, was made and a set of recommended 
measures identified. These measures are set forth in 
Table C-222, along with the associated costs and antici- 
pated effectiveness. Measures to control livestock waste 
contributions appear to be the most cost-effective way 
to substantially reduce phosphorus loadings to the lake. 
Other needed measures include: improved septic tank 
system management, minimum measures to reduce 
pollutant runoff from rural lands through the implemen- 
tation of basic soil conservation practices, and low-cost 
measures to reduce pollutant runoff from urban lands. 



Table C-222 

WATER QUALITY MANAGEMENT MEASURES FOR LA GRANGE LAKE IN WALWORTH COUNTY 

tions; prevent the stimula- 
tion of excessive macro- 
phyte and algae growth; 
improve recreational use 

a The proper maintenance and replacement of the remaining septic tank systems is recommended to help improve the water quality o f  La Grange Lake. However, because septic tank systems 
management is an existing function necessary for the preservation o f  public health and the maintenance of drinking water supplies, thiscost is not included in the water quality management 
plan. The estimated expenditures for septic system management in the La Grange Lake drainage basin include a capital cost over the period of 1975-2000of less than $700, an average annual 
operation and maintenance cost of less than $100, and a total 5Oi0-year present worth cost of $2,000. 

Cost estimated to aerate 20 acres o f  the lake. 

Cost estimated to cover the entire lake bottom with sand, clay, plastlc, or other suitable material. 

Cost estimated to dredge lake to an average depth of 75 feet. Existing average depth is 2.0 feet. 

The Costs for sediment covering and dredging vary widely depending on such factors as lake size and depth, type o f  bottom substrate, and amount of material to be dredged or filled. 

Source: SEWRPC. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may provide a suitable bottom 
substrate and nutrient source for excessive macrophyte 
growth in some local areas and may release nutrient; to 
the water body. If this problem is confirmed through 
further local study, the application of lake restoration or 
rehabilitation procedures should be considered, in 
addition to the above-mentioned nonpoint source con- 
trols. Alternative restoration measures as set forth in 
Table C-222, may include aeration, sediment covering, 
and dredging. The feasibility of these measures would 
have to be assessed in a preliminary engineering study. It 
should be emphasized, however, that the long-term main- 
tenance of water quality in La Grange Lake requires that 
the recommended level of nutrient input reductions 
be achieved. 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient inputs 
to La Grange Lake would entail a total capital cost of 
about $67,700, and an average annual operation and 
maintenance cost of about $11,500. The total 50-year 
present worth cost of these source control measures is 
$142,600, with an equivalent annual cost of $9,000. 
If, in addition, rehabilitation techniques are found neces- 
sary, the capital cost of these alternatives would range 

from $4,000 for aeration to $1,153,300 for dredging. 
The total present worth costs of these lake rehabilitation 
techniques would range from $4,600 for aeration to 
$861,900 for dredging. 

Lake Loraine 
Lake Loraine is a 133-acre lake located in the Town of 
Richmond in Walworth County. The lake which lies 
within the boundaries of the Rock River watershed is 
internally drained. Certain geomorphological charac- 
teristics of Lake Loraine are set forth in Table (3-223, 
together with the approximate 1975 population of the 
direct tributary watershed and a brief description of lake 
water quality conditions. Map C-75 presents a graphic 
summary of the proposed year 2000 land cover in the 
lake watershed. As shown on Map C-75, none of the 
urban land in the tributary watershed area is proposed 
to be served by sanitary sewers by the year 2000. As of 
1975, an estimated 134 privately owned onsite sewage 
disposal systems-60 of which were located in areas 
covered by soils having severe or very severe limitations 
for the use of such systems-were in operation on the 
lake watershed area. 

As indicated in Table C-224, all direct sources combined 
contribute about 1,300 pounds of phosphorus annually 
to Lake Loraine. The major source of phosphorus in the 



Table C224  

GEOMORPHOLOGICAL A N D  WATER QUALITY 
CHARACTERISTICS OF L A K E  LORAINE 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.13 persons per dwelling unit as 
counted on I "=  400'scale aerial photos. 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population o f  Direct 

Tributary Watersheda . . . . .  

General Existing Water Quality 
Conditions: 

lake watershed is livestock waste contributions. Also, as 
indicated in Table C-224, land uses and phosphorus loads 
in the watershed are not expected to change significantly 
under planned year 2000 land cover conditions. The esti- 
mated total phosphorus concentration during spring 
overturn under existing and anticipated year 2000 con- 
ditions, as estimated from phosphorus loadings and lake 
and drainage basin characteristics, is 0.09 milligram per 
liter (mg~l). The Commission recommends a level of 0.02 
mg/l or less of total phosphorus for a warmwater fishery 
and recreational use classification. Existing and antici- 
pated year 2000 pollutant loadings may be expected to 
result in total phosphorus concentrations in Lake Loraine 
which exceed the recommended level for recreational use 
and for the maintenance of a warmwater fishery. 

Description 

133 acres 

1,415 acres 
3.20 miles 

7.5 feet 
3.0 feet 
399 acre-feet 

419 persons 

Occasional algae blooms; 
excessive macrophyte 
growth;frequent fish win. 
terkill; high nutrient 
Concentrations 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to  reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in Table 
G225, along with the associated costs and anticipated 
effectiveness. Measures to control livestock waste contri- 
butions appear to be the most cost-effective way to 
substantidy reduce phosphorus loadings to the lake. 
Other needed measures include: improved septic tank 
system management, minimum measures to reduce pol- 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
LAKE LORAINE: 1975 and 2000 

Map C-75 

PLANNEDLANDCOVERDEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE 

AREA OF LAKE LORAINE: 2000 

I LEGEND 

Lake Loraine has a direct tributary drainage area of about 1.415 acres. 
About 1.275 =re%, or 90 percant of the drainage area, are planned to 
be in rural land cover, and 140 acres, ar 10 mrcent, to be in urban land 
ewer. Over the planning period none of the direct tributary watershed 
area i s  expected to be converted to urban lami cover. It is  estimated that 
a 78 percent reduction in nonwint Source pollutant runoff will be required 
in the drainage area to protect the water quality of the lab.  This ean be 
achieved through a combination of minimum rural land management 
practiceo-including especially the proper management of livenock waster- 
and minimum urban management practices-including low.~a? urban 
Pramice$ and proper septic tank system management b a d  on a rite-by-rite 
inspection and maintenance program. 

Source: SEWRPC. 



Table C-225 

WATER QUALITY MANAGEMENT MEASURES FOR LAKE LORAINE IN WALWORTH COUNTY 

a The proper maintenance and replacement o f  the remaining septic tank systems is recommended to help improve the water qualify o f  Loraine Lake. However, because septic tank systems 
management is an existing function necessary for  the preservation o f  public health and the maintenance o f  drinking water supplies, thiscost i sno t  included i n  the water quality management 
plan. The estimated expenditures for septic system management in the Loraine Lake drainage basin include a capital cost over the period o f  1975-2000 of  $270,000, an average annual oper- 
ation andmainrenance cost o f  $4,600, anda total 50-year present worth cost o f  $309,400. 

Management Measure 

Septic Tank System 
Managementa 

Livestock Waste 
Control 

Minimum Rural Con- 
servation Practices 

Low Cost Urban Land 
Management Practices 

Total 
Macrophyte 

~ a r v e s t i n g ~  

 erat ti on' 

Nutrient 
lnactivationd 

Sediment 
coveringeef 

~redging'vg 

Cost estimated to harvest macrophytes from the 3 4  acres o f  Loraine Lake subject to excessive macrophyte growth. 

Cost to aerate 5 0  acres o f  the surface area o f  the lake. 

The cost for nutr ient inactivation is for treating the entire lake with alum. 

Estimated Cost 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, o r  other suitable material 

Total 
Capital 

- 

$ 11,700 

300 

Minimal 

12,000 
31,700 

10,000 

13.300 

266,000 

2,574,300 

The costs for sediment covering and dredging vary widely depending on such factors as lake sire and depth, type o f  bottom substrate, and amount o f  material to be filled o r  dredged. 

Cost estimated to dredge lake to an average depth o f  15 feet. Existing average depth is 3.0 feet. 

source: SEWRPC 

1980-2000 

Average Annual 
Operation and 
Maintenance 

- 

$ 1,000 

2,200 

200 

3,400 
4,400 

300 

- 

- 

- 

lutant runoff from rural lands through the implemen- 
tation of basic soil conservation practices, and low-cost 
measures to reduce pollutant runoff from urban lands. 

Anticipated Effectiveness 

Reduce nutrient concentra- 
tions; prevent the stimula- 
t ion of excessive macro- 
phyte and algae growth; 
improve recreational use 
potential 

Control excessive macrophyte 
growth; aesthetic enhance- 
ment; improve recreational 
use potential 

Prevent anaerobic conditions 
llack o f  oxygen) in the 
hypolimnion 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; remove 
nutrients from water body 

Accelerate lake improvement: 
prevent release of  nutrients 
from sediment; reduce 
suitable plant substrate 

Deepen lake; reduce macro- 
phyte growth 

Economic 

If nutrient loadings to  the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may provide a suitable bottom sub- 
strate and nutrient source for excessive macrophyte 
growth in some local areas and may release nutrients to 
the water body. If this problem is confirmed through 
further local study, the application of lake restoration or 
rehabilitation procedures should be considered, in 
addition to  the ,above-mentioned nonpoint source 
controls. Alternative restoration measures as set forth in 
Table (3-225 may include nutrient inactivation, aeration, 
sediment covering, and dredging. The feasibility of these 
measures would have to  be assessed in a preliminary 
engineering study. Additional management measures such 
as weed harvesting may be used to control the macro- 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  Lake 
(percent) 

80 

Minimal additional 
reduction 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 

Analysis 

Present 

Capital 

- 

$ 8,800 

200 

Minimal 

9,000 
23,700 

7,500 

9,900 

198,800 

1,923,800 

phyte growth which may interfere with the recreational 
use of the lake. It should be emphasized, however, that 

Equivalent 

Capital 

- 

$ 600 

Mintmal 

Min~mal  

600 
1,500 

500 

600 

12,600 

122,000 

the long-term maintenance of water quality in Lake 
Loraine requires that the recommended level of nutrient 

Worth: 1975-2025 

Operation and 
Maintenance 

- 

$ 11,700 

27.200 

3,400 

42,300 
69,400 

3,900 

- 

- 

- 

input reductions be achieved. 

Annual: 

Operation and 
Ma~ntenance 

- 

$ 700 

1,700 

200 

2.600 
4.400 

200 

- 

- 

- 

Total 

- 

$ 20,500 

27,400 

3,400 

51,300 
93,100 

11,400 

9,900 

198,800 

1,923,800 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient inputs 

1975-2025 

Total 

- 

$ 1,300 

1,700 

200 

3,200 
5,900 

700 

600 

12,600 

122,000 

t o  Lake Loraine would entail a total capital cost of about 
$12,000, and an average annual operation and mainte- 
nance cost of about $3,400. The total 50-year present 
worth cost of these source control measures is $51,300, 
with an equivalent annual cost of $3,200. If, in addition, 
rehabilitation techniques are found necessary, the capital 
cost of these alternatives would range from $10,000 
for aeration to  $2,574,300 for dredging. The total 
present worth costs of these lake rehabilitation tech- 
niques would range from $9,900 for nutrient inactivation 
to  $1,923,800 for dredging. 



Lower Genesee Lake 
Lower Genesee Lake is a 66-acre lake located in the 
Town of Summit in Waukesha County. The lake is 
internally drained. Certain geomorphological charac- 
teristics of Lower Genesee Lake are set forth in Table 
G226, together with the approximate 1975 population 
of the direct tributary watershed and a brief description 
of lake water quality conditions. Map G76 presents 
a graphic summary of the proposed year 2000 land cover 
in the lake watershed. As shown on Map C-76, none 
of the urban land in the tributary watershed area is 
pmposed to be served by sanitary sewers by the year 
2000. As of 1975, an estimated 69 privately owned 
onsite sewage disposal systems-24 of which were located 
in areas covered by soils having severe or very severe 
limitations for the use of such systems-were in operation 
in the lake watershed area. 

As indicated in Table C227, all sources combined con- 
tribute about 135 pounds of phosphorus annually to 
Lower Genesee Lake. The major source of phosphorus 
in the lake watershed is a result of septic tank system 
operations. Also, as indicated in Table G227, land uses 
and phosphorus loads in the watershed are not expected 
to change significantly under planned year 2000 land 
cover conditions. The estimated total phosphorus con- 
centration during spring overturn under existing and 
anticipated year 2000 conditions, as estimated from 
phosphorus loadings and lake and drainage basin charac- 
teristics, is 0.02 milligram per liter (mgll). The Com- 
mission recommends a level of 0.02 mgil or less of total 

Table C-226 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF LOWER GENESEE LAKE 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.2 persons per dwelling unit as 
counted on 1 "= 400'scale aerial photos. 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary Watersheda . . . . .  

General Existing Water Quality 
Conditions: 

Map C-76 

Description 

66 acres 

273 acres 
1.40 miles 

44 feet 
18.3 feet 
1.208 acre-feet 

221 persons 

Some macrophyte growth; 
occasional lack of oxygen 
in the hypolimnion 

PLANNEDLANDCOVERDEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE 
AREA OF LOWER GENESEE LAKE: 2000 

I -+ - - 

- 1  

L E G E N D  

SUBBaSIN B O Y N M R Y  
11L-l nND DEllONllTlON - DlRECT TRIBUTARY 

DRhINIIOE AREA 

UNSEWLRLD "*BAN 
DCVLLOPMENT 2 W O  

[7 """A' 'A"" ""'R 

NOTE: LOWER BENESCE LAKE 
IS aN INTERNALLY 

*"AP"tC SCALE 

DRaINED L A K E  AND .om rEc7 
nns NO OUTLET "&ES&=GS 

Lower Geneme Lake has a direct tributaq drainage area of about 273 acre%. 
About 185 acres. or 71 percent of the drain* ares, are planned to be in 
rural land rover, and 78 acrer. or 29 percent, to be in urban land cwer. 
Over the planning period none of the direct tributary watershed area is 
expected to be converted to urban land cover. I t  is estimated that no reduo- 
tian in nonpoint source pollutant runoff will be required in the drainaae area 
to protect the water qualify d the lake. To provide minimum wafer qualiw 
control, a combination of minimum rural land management practises and 
minimum urban management practices-including lowcant urban practicer 
and proper rsptie tank system management bared on a sits-by-ite lnopection 
end maintenanca program-should be implemented in the lake drain* area. 

Source: SEWRPC. 

Table C.227 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADSTO 
LOWER GENESEE LAKE: 1975 and 2000 



phosphorus for the prevention of excessive aquatic plant 
growth and for the maintenance of a warmwater fishery 
and recreational use classification. Existing and antici- 
pated year 2000 pollutant loadings may be expected to 
result in total phosphorus concentrations in Lower 
Genesee Lake which do not exceed the recommended 
level for recreational use and for the maintenance of 
a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative 
combinations to reduce the nonpoint source pollution 
loading on the lake was made, and a set of recommended 
measures was identified. These measures are set forth in 
Table C-228, along with the associated costs and antici- 
pated effectiveness. Measures to control septic tank 
system contributions appear to be the most effective way 
to substantially reduce phosphorus loadings to the lake 
while reducing public health hazards. Other needed mea- 
sures include: minimum measures to  reduce pollutant 
runoff from rural lands through the implementation of 
basic soil conservation practices, and low-cost measures 
to reduce pollutant runoff from urban lands. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may provide a suitable bottom 
substrate and nutrient source for excessive macrophyte 
growth in some local areas and may release nutrients to 

the water body. If this problem is confirmed through 
further local study, the application of lake restoration or 
rehabilitation procedures should be considered, in 
addition to the above-mentioned nonpoint source 
controls. An alternative restoration measure as set forth 
in Table G228 may include hypolimnetic aeration. The 
feasibility of this measure would have to be assessed in 
a preliminary engineering study. Additional management 
measures such as weed harvesting may be used to  control 
the macrophyte growth which may interfere with the 
recreational use of the lake. It should be emphasized, 
however, that the long-term maintenance of water quality 
in Lower Genesee Lake requires that the recommended 
level of nutrient input reductions be achieved. 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Lower Genesee Lake would entail a total capital cost 
of less than $100, and an average annual operation and 
maintenance cost of about $400. The total 50-year 
present worth cost of these source control measures is 
$6,200, with an equivalent annual cost of $500. If, in 
addition, rehabilitation techniques are found necessary, 
the capital cost of hypolimnetic aeration would be 
$8,000. The total present worth cost of hypolimnetic 
aeration would be $9,200. 

Lower Nashotah Lake 
Lower Nashotah Lake is a 90-acre lake located in the 
Town of Summit in Waukesha County. The lake drains 
to the Bark River via the Nemahbin Lakes. Certain geo- 

Table C-228 

WATER QUALITY MANAGEMENT MEASURES FOR LOWER GENESEE LAKE IN WAUKESHA COUNTY 

a The proper maintenance and replacement o f  the remaining septic tank systems is recommended t o  help improve the water qualify o f  Lower Genesee Lake. However, because septic tank sys- 
tem management is an existing function necessary for the preservation o f  public health and the maintenance o f  drinking water supplies, this cost is no t  included in the water quality manage- 
ment  plan. The estimated expenditures for septic system management i n  the Lower Genesee Lake drainage basin include a capital cost over the per iodof  1975-2000 of  $108,000, an average 
annual operation and maintenance cost o f  $2,400, and a total 50-year present worth cost o f  $139,100. 

Cost estimated to harvest macrophytes from the 4 acres o f  Lower Genesee Lake subject to excessive macrophyte growth. 

Cost estimated t o  aerate the entire hypolimnion o f  the lake. 

Source: SEWRPC 

Management Measure 

Septic Tank System 
~ a n a g e m e n t ~  

Minimum Rural Con- 
servation practicesb 

Low Cost Urban Land 
Management Practices 

Total 
Macrophyte 

narvestingb 

Hypolimnetic 
AerationC 

Estimated Cost 
1980-2000 

Total 
Capital 

- 

$ < 100 

Minimal 

<I00 
3.700 

8,000 

Average Annual 
Operation and 
Maintenance 

- 
$ 300 

100 

400 
500 

200 

Economic Analysis 

Anticipated Effectiveness 

Reduce nutrient concentra- 
tions; prevent the stimula- 
t ion of excessive macro- 
phyte and algae growth; 
improve recreational use 
potential 

Control excessive macrophyte 
growth; aesthetic enhance- 
ment; improve recreational 
use potential 

Prevent anaerobic conditions 
(lack of oxygen) i n  the 
hypolimnion 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  Lake 
(percent) 

50 

Minimal additional 
reduction 

No additional 
reduction 

Present Worth: 1975-2025 

Capital 

- 

$ c 100 

Mlnimal 

100 
, 2,600 

6,000 

Equivalent Annual: 1975-2025 

Capital 

- 

$ < 100 

Minimal 

100 
200 

400 

Operation and 
Maintenance 

- 

$ 4,200 

1,900 

6.100 
7,900 

3200 

Total 

- 

$ 4,300 

1,900 

6,200 
10.700 

9,200 

Operation and 
Maintenance 

- 

$ 300 

100 

400 
500 

200 

Total 

- 

$ 400 

100 

500 
700 

600 



morphological characteristics of Lower Nashotah Lake 
are set forth in Table C-229, together with the approxi- 
mate 1975 population of the direct tributary watershed 
and a brief description of lake water quality conditions. 
Map C-77 presents a graphic summary of the proposed 
year 2000 land cover in the lake watershed. As shown 
on Map C-77, all of the urban land in the tributary water- 
shed area is proposed to be served by sanitary sewers by 
the year 2000. As of 1975, an estimated 74 privately 
owned onsite sewage disposal systems-26 of which were 
located in areas covered by soils having severe or very 
severe limitations for the use of such systems-were in 
operation in the watershed area. 

As indicated in Table C-230, all direct sources combined 
contribute about 150 pounds of phosphorus annually to 
Lower Nashotah Lake. The major source of phosphorus 
in the lake watershed is septic tank systems. An addi- 
tional 300 pounds is contributed annually as inflow from 
Upper Nashotah Lake. Also as indicated in Table C-230, 
land uses in the watershed are not expected to change 
significantly under planned year 2000 land cover con- 
ditions. Annual total direct phosphorus loadings to the 
lake are expected to be reduced to about 70 pounds as 
a result of the provision of sanitary sewer service. The 
inflow load from Upper Nashotah Lake is expected to 
be reduced to about 40 pounds per year as a result of 
phosphorus controls recommended for the Upper 
Nashotah Lake watershed. Thus, in year 2000, atmo- 
spheric loadings of phosphorus are expected to be the 
primary direct tributary source of phosphorus in Lower 
Nashotah Lake. The estimated total phosphorus con- 
centrations during spring overturn under existing and 
anticipated year 2000 conditions, as estimated from 
phosphorus loadings and lake and drainage basin charac- 
teristics, are 0.05 milligram per liter (mg/l) and 0.02 mg/l, 
respectively. The Commission recommends a level of 0.02 
mgp or less of total phosphorus for the prevention of 
excessive aquatic plant growth and for the maintenance 
of a warmwater fishery and recreational use classification. 
Year 2000 pollutant loadings may be expected to result 
in total phosphorus concentrations in Lower Nashotah 
Lake which meet the recommended level for recreational 
use and for the maintenance of a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. 
An evaluation of these measures, applied in alternative 
combinations to  reduce the nonpoint source pollution 
loading on the lake, was made and a set of recommended 
measures was identified. These measures are set forth in 
Table (3-231, along with the associated costs and antici- 
pated effectiveness. Measures to control phosphorus con- 
tribution include: the provision of sanitary sewer service, 
minimum measures to reduce pollutant runoff from rural 
lands through the implementation of basic soil conserva- 
tion practices, and low-cost measures to reduce pollutant 
runoff from urban lands. 

Table C-229 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF LOWER NASHOTAH LAKE 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Characteristic 

. . . . . . . . . . . . . . . .  Area 
Shoreline . . . . . . . . . . . . . .  
Depth 

Description 

Maximum . . . . . . . . . . .  
Mean . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  Volume 
1975 Population of Direct 

Tributary watersheda . . . . .  

90  acres 

185 acres 
2.30 miles 

43 feet 
20 feet 
1,800 acre-feet 

237 persons 

General Existing Water Quality 
Conditions: Generally good, although the 

hypolimnion is frequently 
devoid of oxygen 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.2 persons per dwelling unit as 
counted on I " = 400' scale aerial photos. 

Source: SEWRPC. 

Table C230  

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
LOWER NASHOTAH LAKE: 1975 and 2000 

Ex\rrlng 1975 

a Awmes pmvisnn of ~dnirary ewer  wvice  as recommended in the point source pollufnn abatement plan element 
awmes no nenpoint mume mmtmI 

lm/udesonly thore rysfemon roils having revwe or vwy r e w e  limitsfions for d i ~ p o s l  o f  reptic tank effluent 

Doer not include fhe 1975 esimfcd and the y e ,  20W antbipsted pho$ohorur loid of 3W w n d s  per year and 40 
pound*pw ywr, rerpectrvely, confribufed by the drainwe from Uppw Narhorsh Lake. 

Source: SEWRPC 

Anticipated 200-3' 

Source of Phosphorus 

I Total 1 1 I Total I 

Number 

Loading 
Ipoundf 
peryear) 

. . . . . . . . . . . . .  Urban Land Cover [acres) 
Land under Development-Construcfcfon 

Amlvltiel lwresl . . . . . . . . . . . . . . . .  
Dnrite Swage D8sporal Septic 

Tank systemsb . . . . . . . . . . . . . . . .  
Rural Land Cover lacrerl . . . . . . . . . . . . .  
Livestock Operations [animal un8ttI . . . . . .  
Atmospheric Contribution (acres of 

. . . . . . . . . . . .  receiving r u r f s e  water) 

Total 

19 

75 
7 
- 

45 

146' 

108 

- 

26 
77 
- 

90 

- 

Percent 
D#%fr#but#on 

12.7 

- 

51.6 
4.9 

30.8 

1000 

Number 

108 

- 
77 

90 

- 

Loading 
(pounds 
peryesrl 

Percent 
Dlstr~bution 

I9 

- 

- 
7 

45 

71' 

26.2 

10.2 

63.6 

100.0 



Map C-77 

PLANNEDLANDCOVERDEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE 

LEGEND 
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D R A I N M E  AnEl i  

4 POlNT OF SUBBA51N 
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0 R U R A L  LAN0 COVER 

Lower Narhotah Lake has a direct tributary drainage area of about 185acres. 
About 77 acres, or 42 percent of the drainage area, are planned to be in 
rural land cover, and 108 acres. or 58 percent. to be in urban land cover. 
Over the planning period none of the direct tributary watershed area is 
expected to bB Converted to urban land cover. I t  is estimated that no 
raducti~n in nonpaint source pollutant runoff will be required in the 
drainage area to Protect the water quality of the lake. To provide minimum 
w t e r  quality control, a combination of minimum rural land management 
practices-including efpecialty the proper management of agricultural 
cropping practices-and minimum urban management praeticer-including 
low.eo9t urban practices-should be implemented in the lake drainage area. 

Soom: SEWRPC. 

If nutrient loadings to  the lake are reduced by the actions 
noted above, the sediments which have been deposited on 
the lake bottom may provide a suitable bottom substrate 
and nutrient source for excessive macrophyte growth in 
some local areas and may release nutrients to the water 
body. If this problem is confirmed through further local 
study, the application of lake restoration or rehabilitation 
procedures should be considered, in addition to the 
above-mentioned point and nonpoint source controls. 
Alternative restoration measures as set forth in Table 
G231 may include hypolimnetic aeration, sediment 
covering, and nutrient inactivation. The feasibility of 
these measures would have to  be assessed in a preliminary 
engineering study. Additional management measures such 
as weed harvesting may be used to control the macro- 
phyte growth which may interfere with the recreational 
L L P ~  of the lake. I t  should be emphasized, however, that 
the long-term maintenance of water quality in Lower 
Nashotah Lake requires that the recommended level of 
nutrient input reductions be achieved. 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient inputs 
to  Lower Nashotah Lake would entail a total capital cost 
of about $100, and an average annual operation and 
maintenance cost of about $300. The total 50-year 

-present worth cost of these source control measures is 
$4,300, with an equivalent annual cost of $300. If, in 
addition, rehabilitation techniques are found necessary, 
the capital cost of these alternatives would range from 
$5,400 for nutrient inactivation to $180,000 for 
sediment covering. The total present worth costs of 
these lake rehabilitation techniques would range from 
$4,000 for nutrient inactivation to $134,500 for 
sediment covering. 

Lower Nemahbin Lake 
Lower Nemahbin Lake is a 271-acre lake located in the 
Town of Summit in Waukesha Countv. The lake drains 
to the Bark River. Certain geomorphological charac- 
teristics of Lower Nemahbin Lake are set forth in Table 
C-232, together with the approximate 1975 population 
of the direct tributary watershed and a brief description 
of lake water quality conditions. Map C 7 8  presents 
a graphic summary of the proposed year 2000 land cover 
in the lake watershed utilized in the areawide water 
quality management plan. The delineated tributary 
drainage area should be refined in a more detailed local 
lake study. As shown on Map C-78, the majority of the 
existing urban land in the tributary watershed area is 
proposed to be served by sanitary sewers by the year 
2000. As of 1975, an estimated 170 privately owned 
onsite sewage disposal systems-97 located in areas 
covered by soils having severe or very severe limitations 
for the use of such systems-were in operation in the lake 
watershed area. The provision of sanitary sewer service is 
recommended for the lake watershed under planned year 
2000 conditions. 

As indicated in Table C-233, all direct tributary sources 
combined contribute about 500 pounds of phosphorus 
annually to Lower Nemahbin Lake. The major direct 
source of phosphorus in the lake watershed is septic tank 
systems. In addition, 9,000 pounds of phosphorus 
enter Lower Nemahbin Lake from drainage from Upper 
Nemahbin Lake. Also, as indicated in Table (2-233, urban 
land uses in the watershed are expected to increase by 
about 100 percent under planned year 2000 land cover 
conditions, with annual total phosphorus loadings to the 
lake expected to be increased to about 900 pounds as 
a result of the increased construction activities needed 
for the development of urban land which is encouraged 
by the provision of sanitary sewer senrice. Construction 
activities are expected to be the primary direct source 
of phosphorus to the lake under anticipated year 2000 
conditions. Phosphorus loadings from Upper Nemahbin 
Lake are expected to be reduced to about 2,800 pounds 
per year by 2000 as a result of lake watershed manage- 
ment practices recommended for that lake. The estimated 
total phosphorus concentrations during spring overturn 
under existing and anticipated year 2000 conditions, as 
estimated from phosphorus loadings and lake and 
drainage basin characteristics, are 0.09 milligram per liter 
(mg~l)  and 0.06 mg/l, respectively. The Commission 



Table C-231 

WATER QUALITY MANAGEMENT MEASURES FOR LOWER NASHOTAH LAKE I N  WAUKESHA COUNTY 

a The cumulative percent reduction in phosphorus loadings is in addition to  sanitary sewer service, as recommended in the point source element for the Middle Rock River subregional area. 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the point source alternative plan elements for the Middle Rock River subregional area. Local 
hook-up and operation and maintenance costs, which are not  primarily dependent on  surface water quality, are not presented above. The estimated expenditures for local hook-Up and opera- 
t ion and maintenance in the Lower Nashotah Lake drainage basin include a capital cost over the period o f  1975-2000 of $296,000, an average annual operation and maintenance costof$2,200, 
anda total 50-yearpresent worth cost o f  $200,800. 

Cost estimated to  harvest mscrophytes from the 4.5acres o f  Lower Nashotah Lake subject to excessive macrophyte growth. 

Cost estimated to  aerate the entire hypolimnion o f  the lake. 

The lower cost for nutrient inactivation is for treating only the hypolimnetic area with alum; the higher cost is for treating the entire lake with alum. 

The costs for sediment covering vary widely depending on such factors as lake size and depth, type o f  bottom substrate. and amount o f  material t o  be filled. 

Cost estimated to  cover the entire lake bottom with sand, clay, plastic, or other suitable material. 

Source: SEWRPC. 

Table C-232 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  b k e a  
(percent) 

- 

10 

Minimal additional 
reduction 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF LOWER NEMAHBIN LAKE 

Management Measure 

Sanitary Sewer 
serviceb 

Min~mum Rural Con- 
servation Practices 

Low Cost Urban Land 
Management Practices 

Total 

Macrophyte 
~ a ~ e s t i n g '  

Hypolimnetic 
 erat ti on^ 

Nutrient 
lnactivatione 

Sediment 
coveringf 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

. . . . . . . . . . .  Maximum 
Mean . . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

Anticipated Effectiveness 

Protect public health and 
drinking water supplies; 
reduce nutrient concen- 
trations 

Reducenutrientconcentra- 
tions; prevent the stimula- 
t ion of excessive macro- 
phyte and algae growth; 
improve recreational 
use potential 

Control excessive macrophyte 
growth; aesthetic enhance- 
ment; improve recreational 
use potential 

Prevent anaerobic conditions 
(lack of oxygen) in the 
hypolimnion 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; remove 
nutrients from water body 

Accelerate lake improvement; 
prevent release of nutrients 
f rom sediment; reduce 
suitable plant substrate 

Estimated Cost 

Description 

Total 
Capital 

- 

$ 100 

~ i ~ i & ~ l  

100 

4,200 

10,800 

5,400 
t o  

9,000 

180,000 

Economic 

271 acres 1 

1980-2000 

Annual 
Operation and 
Maintenance 

- 

$ 100 

200 

300 

600 

300 

- 

- 

Analysis 

Table G233 

Equivalent 

Capital 

- 

Minimal 

Minimal 

Min~mal 

200 

500 

300 
t o  

400 

8,500 

Total 

- 

$ 1,700 

2,600 

4,300 

12,600 

12,800 

4,000 
t o  

6,700 

134,500 

Present 

Capital 

- 

$ 100 

Minimal 

100 

3.100 

8,100 

4,M)O 
t o  

6,700 

134.500 

595 acres 
3.30 miles 

36 feet 
10.1 feet 
2,737 acre-feet 

544 persons 

Worth: 1975-2025 

Operation and 
Maintenance 

- 

$ 1,600 

2,600 

4,200 

9,500 

4,700 

- 

- 

Annual: 

Operation and 
Maintenance 

- 

$ 100 

200 

300 

600 

300 

- 

- 

a The population of the direct tributary watershed is estimated 
by assuming an average of  3.2 persons per dwelling unit as 
counted on l"= 400'scale aerial photos. 

1975-2025 

Total 

- 

$ 100 

200 

300 

800 

800 

300 
t o  

400 

8,500 

General Existing Water Quality 
Conditions: 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADSTO 
LOWER NEMAHBIN LAKE: 1975 and 2000 

Occasional algae blooms; 
excessive macrophyte 
growth; high nutrient 
concentrations 

. . . . . . . . . . . . .  Urban Land Cover Ikresl 
Land under Deuelopment-bnstrustion 

Activities lacre4 . . . . . . . . . . . . . . . . .  
Onrite Sewage D~rporal Septic 

. . . . . . . . . . . . . . . .  ~ a n k  systemsb 
. . . . . . . . . . . . .  Rural Land Cover lxrerl 

L~vestock Operations (animal units1 . . . . . .  
Atmospheric Contribution lacrer of 

. . . . . . . . . . . . .  receivRg surface water) 

Total 

a Assumes pmvirion of mnitwy sew swvice ru remmmmded in the point source poilurbn abatement plan element; 
mumes no nonpoint source confro/. 

includes only dope rysemson soils having rsvere or very evere i,mitstbnr for diwodof septic rank effluent. 

oos nor inelude the 1975 estrmatsdphwhwus id of 9,OWpwndsperyasror the y%ar2OWanricipawdpha~,h01~~ 
id of 2.8Wpoundsper yearcontribumd by the upstream drainam fmm U p w  NanaObin Lake. 

Source: SEWRPC. 

Sourceof Phosphorus 

Source: SEWRPC. 

Anticipated 20@ 

Number 

Existing 1975 

Number 

Tom1 
Loading 
lwunds 

per year1 
Percent 

Dinribmion 

Total 
Loading 
lwundr 
per year) 

Percent 
D~nribution 



Map C-78 

PLANNEDLANDCOVERDEVELOPMENT 
IN THE DIRECT TRIBUTARY DRAINAGE 

AREA OF LOWER NEMAHBIN LAKE: 2000 

P LEGEND 
SUBBASN BOUNr)&RY 
AND OEEITNATION 

OlRECT TRlBUTAFtY 
DRArNACE AREA 

POlNT OF SUBBaSIN 
OISCHII'IOE 

SEWEREO YR84N 
DEVELOPMENT 2 0 0 0  

RURAL LAN0 C W E R  

Lewer Nemahbin Lake has a direct tributary drainage area of about 
595 acres. A b u t  89 screr. or 15 percent of the drainage area. are planned to 
be in rural land cover, and 506 screr, or 85 percent. to be in urban land 
rover. Over the planning period an average of about 14 acres may be 
expected to Lw converted annually to urban land cover. I t  is estimated that 
in axcaa of 7 0  percent reduction in nonpoint source pollutant runoff will 
Lw required in the drainage area to protect the water quality of the lake. This 
can be achieved through a combination of minimum rural land management 
practif=- including especially the proper management of agricultural 
cropping praetieer-and minimum urban management prscticer-including 
lowcost urban practicer, construction erosion controls, and proper naptic 
tenk ryntem management based on a riteby-rite inwectian and maints- 
nanee pmgram. 

Source: SEWRPC. 

recommends a level of 0.02 mgp or less of total phos 
phorus for the prevention of excessive aquatic plant 
growth and the maintenance of a warmwater fishery and 
recreational use classification. Existing and anticipated 
year 2000 pollutant loadings may be expected to result 
in total phosphorus concentrations in Lower Nemahbin 
Lake which exceed the phosphorus level estimated to 
be necessary to  maintain water quality suitable for 
recreational use and for the maintenance of a warm- 
water fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 

evaluation of these measures, applied in alternative com- 
binations to  reduce the nonpoint source pollutant loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in Table 
C-234, along with the associated costs and anticipated 
effectiveness. Measures to control phosphorus contribu- 
tions include: the provision of sanitary sewer service, 
improved septic tank management, minimum measures to  
reduce pollutant runoff from rural lands through the 
implementation of basic soil conservation practices, 
low-cost measures to reduce pollutant runoff from urban 
lands, and construction erosion control practices. 

Even if nutrient loadings to the lake are reduced by the 
actions noted above, the sediments which have been 
deposited on the lake bottom may provide a suitable 
bottom substrate and nutrient source for excessive mac- 
rophyte growth in some local areas and may release 
nutrients to the water body. If this problem is confirmed 
through further local study, the application of lake 
restoration or rehabilitation procedures should be 
considered, in addition to the above-mentioned point and 
nonpoint source controls. Alternative restoration mea- 
sures as set forth in Table C234 may include dredging, 
sediment covering, and nutrient inactivation. The feasi- 
bility of these measures would have to be assessed in 
a preliminary engineering study. Additional management 
measures such as weed harvesting may be used to control 
the macrophyte growth which may interfere with the 
recreational use of the lake. It should be emphasized, 
however, that the long-term maintenance of water quality 
in Lower Nemahbin Lake requires that the level of 
nutrient input be reduced. 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Lower Nemahbin Lake would entail a total capital cost 
of about $646,800, and an average annual operation and 
maintenace cost of about $6,600. The total 50-year 
present worth cost of these source control measures is 
$587,500, with an equivalent annual cost of $37,300. If, 
in addition, rehabilitation techniques are found neces- 
sary, the capital cost of these alternatives would range 
from $27,100 for nutrient inactivation to $2,141,900 for 
dredging. The total present worth costs of these lake 
rehabilitation techniques would range from $20,300 for 
nutrient inactivation to $1,600,000 for dredging. 

Middle Genesee Lake 
Middle Genesee Lake is a 102-acre lake located in the 
Town of Summit in Waukesha County. The lake is inter- 
nally drained. Certain geomorphological characteristics 
of Middle Genesee Lake are set forth in Table G235, 
together with the approximate 1975 population of the 
direct tributary watershed and a brief description of 
lake water quality conditions. Map C-79 presents 
a graphic summary of the proposed year 2000 land cover 
in the lake watershed. As shown on Map C-79, none of 
the urban land in the tributary watershed area is pro- 
posed to be served by sanitary sewers by the year 
2000. As of 1975, an estimated 45 privately owned 
onsite sewage disposal systems4 of which were located 



Table C-234 

WATER QUALITY MANAGEMENT MEASURES FOR LOWER NEMAHBIN LAKE I N  WAUKESHA COUNTY 

a The cumulative percent reduction in phosphorus loadings is in addition to sanitary sewer service, as recommended in the point source element for the Middle Rock River subregional area. 

tion of excessive macro- 
phyte and algae growth; 
improve recreational use 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the point source alternative plan elements for the Middle Rock River subregional ares. Local 
hookup and operation and maintenance costs, which are not primarily dependent on surface water quality, are not presented above. The estimated expenditures for local hook-up and opera- 
tion and maintenance in the Lower Nemahbin Lake drainage basin include a capital cost over the period of 1975.2000 of  $1,368,000, an average annual operation and maintenancecost of 
$10,300, anda total 50-year present worth cost of  $928,200. 

Sediment 
coveringgTh 

IJredgingh.' 

The proper maintenance and replacement of  the remaining septic tank systems is recommended to help improve the water quality of Lower Nemahbin Lake. However, because septic tank 
systems management is an existing function necessary for the preservation of public health and the maintenance of  drinking water supplies, this cost is not included in the water quality man- 
agement plan. The estimated expenditures for septic system management in the Lower Nemahbin Lake drainage basin include a capital cost over the period of 198@200O of $54,000, an 
average annual operation and maintenance cost of  $1.000. and a total 50-year present worth cost of $63,100. 

Cost estimated to control erosion from the estimated 14 acres of land estimated to be annually undergoing construction activity in the lake watershed. 

542,000 

2,141,900 

Cost estimated to harvest macrophytes from the 50 acres of  Lower Nemahbin Lake subject to excessive macrophyte growth. 

The cost for nutrient inactivation is for treating the entire lake with alum. 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, or other suitable material. 

- 

- 

The costs for sediment covering and dredging vary widely depending on such factors as lake size and depth, type of bottom substrate, and amount of material to be filled or dredged. 

Cost estimated to dredge lake to an average depth of  15 feet. Existing average depth is 10.1 feet. 

j The reduction in the direct phosphorus load to Lower Nemahbin Lake must be augmented by the implementation of minimum practices in the upstream drainage area of the Bark River i f  
the total lake load is to be reduced to acceptable levels. Therefore, the nonpoint source plan element must be implemented if Lower Nemahbin Lake is to meet the water quality criteria for 
recreation anda warmwater fishery. 

Source: SEWRPC 

405,000 

1.600.000 

in areas covered by soils having severe or very severe 
limitations for the use of such systems-were in operation 
in the lake watershed area. 

As indicated in Table C-236, all sources combined contri- 
bute about 140 pounds of phosphorus annually to Middle 
Genesee Lake. The major source of phosphorus in the 
lake watershed is rural land runoff. Also, as indicated in 
Tabe C-236, land uses and phosphorus loads in the water- 
shed are not expected to  change significantly under 
planned year 2000 land cover conditions. The estimated 
total phosphorus concentration during spring overturn 

- 

- 

under existing and anticipated year 2000 conditions, as 
estimated from phosphorus loadings and lake and 
drainage basin characteristics, is 0.01 milligram per liter 
(mgll). The Commission recommends a level of 0.02 mg/l 
or less of total phosphorus for the prevention of exces- 
sive aquatic plant growth and maintenance of a warm- 
water fishery and recreational use classification. Existing 
and anticipated year 2000 pollutant loadings may be 
expected to  result in total phosphorus concentrations in 
Middle Genesee Lake which do not exceed the recom- 
mended level for recreational use and for the mainte- 
nance of a warmwater fishery. 

405,000 

1,600,000 

25,700 

101.500 

- 

- 

25,700 

101.500 

from sediment; remove 
nutrients from water body 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; reduce 
suitable plant substrate 

Deepen lake; reduce macro- 
phyte growth 

No additional 
reduction 

No additional 
reduction 



Table C-235 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF MIDDLE GENESEE LAKE 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.2 persons per dwelling unit as 
counted on I"=  400'scale aerial photos. 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

Table C236 

Description 

102 acres 

529 acres 
1.80 miles 

38 feet 
14.4feet 
1,469 acre-feet 

144 persons 

Generally good. Occasional 
low oxygen concentration 
in the hypolimnion 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADSTO 
MIDDLE LAKE GENESEE: 1975 and 2000 

Map C-79 

PLANNEDLANDCOVERDEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE 
AREA OF MIDDLE GENESEE LAKE: 2000 I 

Middle Generee Lake har a direct tributary drainage area of about 529 acres. I 
About 444 acrer. or 84 percent of the drainage area, are planned to be in 
rural land cover, and 85 acres, or 16 percent. to be in urban land cover. Over 
the planning pericd none of the direct tributary watershed area is expected 
to be converted to urban land cover. I t  is estimated that no reduction in non- 
point rource pollutant runoff will be required in the drainage area to protect 
the water quality of the lake. To provide minimum water Quality control, 

I 
a combination of minimum rural land management practices-including 
e~peciaily the proper management of agricultural cropping practices--and 
minimum urban management practicer-including law-cost urban practices 
and proper septic tank system management bssd on a rite-by-rite inspection 
and mainlsnance progrsm--should be implemented in the l a b  drainage area. 

I 
Source: SEWRPC. 

- I 
The measures available for controU'ig nonpoint source 
pollution, along with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. 
It is recommended that several of these low cost mea- 
sures be implemented to maintain lake water quality 
and to protect public health. These measures are set forth 
in Table C-237, along with the associated costs and 
anticipated effectiveness. Recommended measures 
include: improved septic tank system management, 
minimum measures to reduce pollutant runoff from 
rural lands through the implementation of basic soil 
conservation practices, and low-cost measures to reduce 
pollutant runoff from urban lands. 

The sediments deposited in the lake may provide 
a suitable bottom substrate and nutrient source for exces- 
sive macrophyte growth in some local areas and may 
release nutrients to the water body. If this problem is 
confirmed through further local study, the application 
of lake restoration or rehabilitation procedures should 
he considered, in addition to the above-mentioned non- 
point source controls. Alternative restoration measures 
as set forth in Table C-237 may include hypoliinetic 
aeration. The feasibility of this measure would have to 
be assessed in a preliminary engineering study. Addi- 
tional management measures such as weed harvesting 
may be used to control the macrophyte growth which 
may interfere with the recreational use of the lake. It 
should be emphasized, however, that the long-term 



Table C-237 

WATER QUALITY MANAGEMENT MEASURES FOR MIDDLE GENESEE LAKE IN WAUKESHA COUNTY 

a The proper maintenance and replacement o f  the remaining septic tank systems is recommended to  help improve the water quality o f  Middle Genesee Lake. However, because septic tank sys- 
tems management is an existing function necessary for the preservation o f  public health and the maintenance o f  drinking water supplies, this cost is not  included in the water quality manage- 
ment P lan The estimated expenditures for septic system management in the Middle Genesee Lake drainage basin include a capital cost over theperiodof 1975-2000 o f  $18,000, an average 
annual operation and maintenance cost of $1,400, anda total 50-year present worth cost o f  $56,600. 

Cost estimated to  harvest macrophytes from the 6 acres o f  Middle Genesee Lake subject to  excessive macrophyte growth. 

1980-2000 Economic Analysis Reduction in 

Total Annual 
Present Worth: 1975-2025 Equivalent Annual: 1975-2025 

External Annual 
Phosphorus 

Capital 
Operatlon and .. Operation and Operation and Load t o  Lakea 

Management Measure Maintenance Capital Ma~ntenance Total Capital Maintenance Total Anticipated Effectiveness Ipercent) 

Cost estimated to  aerate the entire hypolimnion o f  the lake. 

Septic Tank System 
~ a n a g e m e n t ~  

Minimum Rural Con- 
servation Practices 

Low Cost Urban Land 
Management Practices 

Total 
Macrophyte 

~ a r v e s t i n g ~  

Hypol imnet~c 
 erat ti on' 

Source: SEWRPC 

maintenance of water quality in Middle Genesee Lake 
requires that the recommended level of nutrient input 
continue to  be achieved. 

$ 100 

Minimal 

100 
5,600 

7,4W 

The application of the above-listed nonpoint source 
pollution control measures to  control the nutrient inputs 
to Middle Genesee Lake would entail a total capital cost 
of about $100, and an average annual operation and 
maintenance cost of about $900. The total 50-year 
present worth cost of these source control measures is 
$11,700, with an equivalent annual cost of $800. If, in 
addition, rehabilitation techniques are found necessary, 
the capital cost of hypolimnetic aeration would be 
$7,400. The total present worth cost of hypolimnetic 
aeration would be $8,700. 

Moose Lake 
Moose Lake is an 81-acre lake located in the Town of 

- 

$ 800 

100 

900 
800 

200 

Merton in Waukesha County. The lake drains to the 
Oconomowoc River via Okauchee Lake. Certain geo- 
morphological characteristics of Moose Lake are set 
forth in Table G238, together with the approximate 
1975 population of the direct tributary watershed and 
a brief description of lake water quality conditions. 
Map G80 presents a graphic summary of the proposed 
year 2000 land cover in the lake watershed. As shown 
on Map C-80, the majority of the existing urban land in 
the tributary watershed area is proposed to be served by 
sanitary sewers by the year 2000. As of 1975, an esti- 
mated 143 privately owned onsite sewage disposal 

systems-102 of which were located in areas covered by 
soils having severe or very severe limitations for the 
use of such systems-were in operation in the lake 
watershed area. 

- 

$ 100 

Minimal 

100 
4,200 

5,500 

As indicated in Table C-239, all direct sources combined 
contribute about 400 pounds of phosphorus annually to 
Moose Lake. The major source of phosphorus in the lake 
watershed is malfunctioning septic systems. Also, as 
indicated in Table C-239, urban land uses in the water- 
shed are expected to  increase by over 100 percent under 
year 2000 land cover conditions, with annual total phos- 
phorus loadings to  the lake expected to  increase to about 
800 pounds primarily as a result of contributions from 
construction activities. The estimated total phosphorus 
concentrations during spring overturn under existing and 
anticipated year 2000 conditions, as estimated from 
phosphorus loadings and lake and drainage basin charac- 
teristics, are 0.05 milligram per liter (mg/l) and 0.10 mg/l, 
respectively. The Commission recommends a level of 
0.02 mg/l or  less of total phosphorus for the prevention 
of excessive aquatic plant growth and the maintenance 
of a warmwater fishery and recreational use classification. 
Existing and anticipated year 2000 pollutant loadings 
may be expected to  result in total phosphorus concen- 
trations in Moose Lake which exceed the recommended 
level for recreational use and for the maintenance of 
a warmwater fishery. 

- 

$ 9,500 

2.100 

11,600 
12,600 

3,200 

- 

$ 9,600 

2,100 

11,700 1 
16,800 

8,700 

- 

$ 100 

Minimal 

100 
300 

300 

- 

$ 600 

100 

700 
800 

200 

- 

$ 700 

100 

800 
1,100 

6M) 

Reduce nutrient concentra- 
tions, prevent the stimula- 
tlon of excessive macro- 
phyte and algae growth; 
improve recreational use 
potential 

Control excessive macrophyte 
growth; aesthet~c enhance- 
ment; improve recreattonal 
use potential 

Prevent anaerobic conditions 
(lack of oxygen) in the 
hypolimnion; reduce the re- 
lease of nutrients from the 
sediment 

10 

Minimal additional 
reduction 

No additional 
reduction 
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If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may provide a suitable bottom sub- 
strate and nutrient source for excessive macrophyte 
growth in some local areas and may release nutrients to 
the water body. If this problem is confirmed through 
further local study, the application of lake restoration 
or rehabilitation procedures should be considered, in 
addition to the above-mentioned point and nonpoint 
source controls. Alternative restoration measures as set 
forth in Table (2-240 may include nutrient inactivation, 
hypolimnetic aeration, and sediment covering. The feasi- 
bility of these measures would have to be assessed in 
a preliminary engineering study. Additional management 
measures such as weed harvesting may be used to control 
the macrophyte growth which may interfere with the 

recreational use of the lake. It should be emphasized, 
however, that the long-term maintenance of water quality 
in Moose Lake requires that the recommended level of 
nutrient input reductions be achieved. 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Moose Lake would entail a total capital cost of about 
$693,100, and an average annual operation and mainte- 
nance cost of about $7,000. The total 50-year present 
worth cost of these source control measures is $627,400, 
with an equivalent annual cost of $39,900. If, in addi- 
tion, rehabilitation techniques are found necessary, the 
capital cost of these alternatives would range from 
$4,400 for nutrient inactivation to $162,000 for sedi- 
ment covering. The total present worth costs of these 

Table C-240 

WATER QUALITY MANAGEMENT MEASURES FOR MOOSE LAKE IN WAUKESHA COUNTY 

a The cumulative percent reduction in phosphorus loadings is in addition to sanitary sewer service, as recommended in the point source element for the Middle Rock River subregional area. 

Nutrient 
lnactivationg 

Sediment 
coveringhti 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the point source alternative plan elements for the Middle Rock qiver subregional area. Local 
hook-UP and operation and maintenance costs which are not primarily dependent on surface water quality, are not presented above. The estimated expenditures for local hook-up and opera- 
tion and maintenance in the Moose Lake drainage basin include a capital cost over the period of 1975-2000 of $1,384,000, an average annual operation and maintenance cost of $10,400, end 
a total 50yearpresent worth cost of $939,000. 

The proper maintenance and replacement of  the remaining septic tank systems is recommended to help improve the water quality of Moose Lake. However, because septic tank systems man- 
agement is an existing function necessary for the oreservation of  public health and the maintenance of drinking water suppl~es, this cost is not included in the water quality management plan. 
The estimated expenditures for septic system management in the Moose Lake drainage basin include a capital cart over the period of 1975-2000 of $22,500, an average annud operation and 
maintenance cost of $400, anda total 50-year present worth cost of  $26,600. 

4,400 
to 

8,100 

162,000 

Cost estimated to control erosion from the estimated 14.6 acres of  land estimated to be annually undergoing construction activity in the lake watershed. 

Cost estimated to harvest macrophytes from the 4 acres of Moose Lake subject to excessive macrophyte growth 

- 

- 

Cost estimated to aerate the entire hypolimnion of the lake. 

The lower cost for nutrient inactivation is for treating only the hypolimnetic area with alum; the higher cost is for treating the entire lake with alum 

3,300 
t o  

6,100 

121,100 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, or other suitable material. Actual costs may be higher depending on lake physiography 

The Costs for sediment covering vary widely depending on such factors as lake size and depth, type of bottom substrate, andamount of  material to be filled. 

Source: SEWRPC 

- 

- 

3,300 
to 

6.1 00 

121,100 

200 
to 

400 

7,700 

- 

- 

200 
to 

400 

7,700 

hvoolimnion 
Accelerate lake improvement; 

prevent release of nutrients 
from sediment; remove 
nutrients from water body 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; reduce 
suitable plant substrate 

No additional 
reduction 

No additional 
reduction 



Table C-241 lake rehabilitation techniques would range from 
$3,300 for nutrient inactivation to $121,100 for 
sediment covering. 

Nagawicka Lake 
Nagawicka Lake is a 957-acre lake located in the City of 
Delafield and the Village of Nashotah in Waukesha 
County. The lake is fed by and drains to the Bark River. 
Certain geomorphological characteristics of Nagawicka 
Lake are set forth in Table (3-241, together with the 
approximate 1975 population of the direct tributary 
watershed and a brief description of lake water quality 
 condition^.^^ Map C-81 presents a graphic summary of 
the proposed year 2000 land cover in the lake watershed. 
As shown on Map (2-81, the majority of the existing 
urban land in the tributary watershed area is proposed 
to be sewed by sanitary sewers by the year 2000. As 
of 1975, an estimated 690 privately owned onsite sewage 
disposal systems-279 located in areas covered by soils 
having severe or very severe limitations for the use 
of such systems-were in operation in the lake 
watershed area. 

As indicated in Table C-242, all direct tributary sources 
combined contribute about 5,600 pounds of phosphorus 
annually t o  Nagawicka Lake. The major source of phos- 
phorus in the lake watershed is livestock operations. An 
additional 5,700 pounds of phosphorus enter the lake 
annually with the inflow of the Bark River. Also, as indi- 
cated in Table C-242, urban land uses in the watershed 
are expected to  increase by about 25 percent under 
planned year 2000 land cover conditions, with annual 
direct total phosphorus loadings to the lake expected t o  
be increased to  about 7,300 pounds as a result of the 
increase in construction activity. Loadings from livestock 
operations are expected to remain the primary direct 
source of phosphorus to  the lake under anticipated year 
2000 conditions. By year 2000, Bark River phosphorus 
loads to  Nagawicka Lake are expected to be reduced t o  
1,400 pounds primarily as a result of the abandonment 
of the Hartland sewage treatment facility. The estimated 
total phosphorus concentrations during spring overturn 
under existing and anticipated year 2000 conditions, as 
estimated from phosphorus loadings and lake and drainage 
basin characteristics, are 0.08 milligram per liter (mgll) 
and 0.06 mgll, respectively. The Commission recom- 
mends a level of 0.02 mg/l or less of total phosphorus 
for the prevention of excessive aquatic plant growth and 
the maintenance of a warmwater fishery and recreational 
use classification. Existing and anticipated year 2000 
pollutant loadings may be expected to result in total 
phosphorus concentrations in Nagawicka Lake which 
exceed the recommended level for recreational use and 
for the maintenance of a warmwater fishery. 

20Report on  Nagawicka Lake, National Eutrophication 
Survey, U S .  Environmental Protection Agency, 1975. 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF NAGAWICKA LAKE 

a The population of the direct tributary watershed is estimated 

by assuming an average of 3.37 persons per dwelling unit as 
counted on I"= 400'scale aerial photos. 

Source: SEWRPC. 

Characteristic 

. . . . . . . . . . . .  Surface Area 
Direct Tributary Drainage 

. . . . . . . . . . . . . . . .  Area 
. . . . . . . . . . . . . .  Shoreline 

Depth 
. . . . . . . . . . .  Maximum 

. . . . . . . . . . . . . . .  Mean 

. . . . . . . . . . . . . . .  Volume 
1975 Population of Direct 

. . . . .  Tributary watersheda 

General Existing Water Quality 
Conditions: 

Table C-242 

Description 

957 acres 

5,352 acres 
8.60 miles 

90 feet 
48 feet 
45,936 acre-feet 

2,325 persons 

Severe algae blooms; exces- 
sive macrophyte growth; 
high nutrient concentra- 
tions; lack of oxygen in the 
hypolimnion 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
NAGAWICKA LAKE: 1975 and 2000 

Total 

Sourceof Phosphorus 

Land under Development-Conrtrunlon 
Activities larerl . . . . . . . . . . . . . . . . .  

Onrite Sewage Disposal Septic 
. . . . . . . . . . . . . . . . . .  ~ a n k  systemsb 

. . . . . . . . . . . . .  
. . . . .  Liuertock Operations (animal unttrl 

a ~61~me-6 provision o f  sanitary rewer rervice ar r m m t n d e d  in the porilr surse pollutbn abafemenf plan element 
-me$ no no"p0,"t m u m  mntr01 

b /nc/u~eson/v chose systems on wiirhaving rpvere or wry revere /,mitet,ons for digwml ofreptic tsn* efflupnt. 

Does not include the 1975 estimated upstream load of 5.7W pounds per year or the ywr  2WJ antlciipafed phorphorur 
loadof 1,4@9poundsper year contributed by the upstream drainage fmm the Bark River 

Source: SEWRPC. 

Atmofpheric Contribution (acres of 
. . . . . . . . . . . . .  surface water) 

Total I - 1 5.573' 1 100.0 1 - 1 7.316' 1 100.0 

957 479 8.6 957 479 6.5 



Map C-81 

PLANNED LAND COVER DEVELOPMENT I N  THE DIRECT TRIBUTARY DRAINAGE AREA OF NAGAWlCKA LAKE: 2000 

LEGEND 
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I Nagawicka Lake hso a direct tributary drainage area of about 5,352 acres. About 3,243 acres, or 61 psrcent of the drainage area, are planned to be i n  rural land 

cover, and 2,1Wsere$, or 39 percent, t o  be in urban land cover. Over the planning period an average of about 49 acres may be expected to  be converted annually t o  

I 
urban land cover. It is estimated that a 70 percent reduction in point rource pollutant runoff wi l l  be required i n  the drainap area TO protect the wafer qualiw of 
the lake. This can be achieved through a combination of minimum rural land management practicer-including especially the proper management of livertack 
wanes-and minimum urban management practices-including l ow-~os t  wban prsetiees, construction erosion eontralr. and proper ~ p t i c  tank 9vnem management 
k s d  on s r i teLys i te  inspection and maintenance program. 

I 
Source: SEWRPC 



The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to reduce the nonpoint source pollution loading 
to the lake, was made and a set of recommended mea- 
sures identified. These measures are set forth in Table 
C-243, along with the associated costs and anticipated 
effectiveness. Measures to control livestock contributions 
appear to be the most cost-effective way to substantially 
reduce phosphorus loadings to the lake. Other needed 

measures include: the provision of sanitary sewer service, 
improved septic tank management, minimum measures to  
reduce pollutant runoff from rural lands through the 
.implementation of basic soil conservation practices, 
low-cost measures to reduce pollutant runoff from urban 
lands, and construction erosion control practices. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may provide a suitable bottom sub- 
strate and nutrient source for excessive macrophyte 

Table C-243 

WATER QUALITY MANAGEMENT MEASURES FOR NAGAWICKA LAKE IN WAUKESHA COUNTY 

a The curnulative percent reduction in phosphorus loadings is in addition t o  sanitary sewer service, as recommended in the point source element for the Middle Rock River subregional area. 

Management Measure 

Sanitary Sewer 
serviceb 

Septic Tank System 
ManagementC 

Livestock Waste 
Control 

Minimum Rural Con- 
servation Practices 

Construction Erosion ' 

Control practlcesd 
Low Cost Urban Land 

Management Practices 
Total Diffuse Source 

Control 
Macrophyte 

~a rves t i ng~  

Hypolimnetic 
 erat ti on^ 

Nutrient 
Inacttvationg 

Sed~ment 
coveringhei 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the point source alternative plan elements for the Middle Rock River subregionalareapre- 
sented iater in this chapter. L o w i  hook-up and operation and maintenance costs, which are not  primarily dependent on surface water quality, are not  presentedabove. The estimated expendi- 
tures for local hook-up and operation and maintenance in the Nagawicka Lake drainage basin include a capital cost over the period o f  1975-2000 o f  $10,012,000, an average annual operation 
and maintenance cost of $96,800, and a total 50-yearpresent worth cost o f  $7,136.W0. 

The Proper maintenance and replacement of the remaining septic tank systems is recommended to  help improve the water quality o f  Nagawicka Lake. However, because septic tank systems 
management is an existing function necessary for the preservation of public health and the maintenance o f  drinking water supplies, thiscost is not  includedin the water quality management 
plan. The estimated expenditures for septic system management in the Nagawicka Lake drainage basin include a capital cost over the period o f  1975-2000 of $477,000, an average annual 
operation and maintenance cost of $5,800, anda total 50-year Present worth cost o f  $468.000. 

Cost estimated to  control erosion from the estimated 49 acres of land estimated to  be annually undergoing construction activity in the lake watershed. 

Cost estimated to  harvest macrophytes from the approximately 50 acres o f  Nagawicka Lake subject t o  excessive macrophyte growth. 

Cost estimated to  aerate the entire hypolimnion o f  the lake. 

Estimated Cost 

The lower cost for nutrient inactivation is for treating only the hypolimnetic area with alum; the higher cost is for treating the entire lake with aium. 

Cost estimated to  cover the entire lake bottom with sand, clay, plastic, or  other suitable material. 

The costs for sediment covering vary widely depending on such factors as lake size and depth, type o f  bottom substrate. and amount of material to  be filled. 

Total 
Capital 

- 

- 

$ 47,500 

700 

2,263.800 

2,312.000 

44,700 

97,400 

48,700 
t o  

95.700 

1,914,000 

j The reduction i n  the direct phosphorus load to  Nagawicka Lake must be augmented by the implementation o f  minimum practices in the upstream drainage area of the Bark River i f  the total 
lake load is t o  be reduced to  acceptable levels. Therefore, the nonpoint source plan element must be implemented i f  Nagawicka Lake is to  meet the warer quality criteria for recreation and a 
warm water fishery. 

1980-2000 

Average Annual 
Operation and 
Maintenance 

- 

- 

$ 4,000 

6.1 00 

19,600 

3,000 

32,700 

6200 

2,400 

- 

- 

Source: SEWRPC. 

Anticipated Effectiveness 

Protect public health and 
drinking water supplies; 
reduce nutrient concen- 
trations 

Reduce nutrient concentra- 
tions; prevent the stimula- 
t ion of excessive macro- 
phyte and algae growth; 
improve recreational use 
potential; protect public 
health 

Control excessive macrophyte 
growth; aesthetic enhance- 
ment; improve recreational 
use potential 

Prevent anaerobic conditions 
(lack of oxygen) in the 
hypolimnion 

Accelerate lake improvement; 
prevent release of nutrient 
f rom sediment; remove 
nutrients f rom water body 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; reduce 
suitable plant substrate 

Economic 
Cumulative 

Reduction in 
External Annual 

Phosphorus 
Load t o  lakea 

(percent I 

- 

8 4  

Minimal additional 
reduction 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 

Present 

Capital 

- 

- 

$ 35,500 

500 

1.699.100 

0 

1,735,100 

33,400 

72800 

36,400 
t o  

71,500 

1,430,300 

Analysis 

Equivalent 

Capital 

- 

- 

$ 2,300 

100 

107,800 

0 

110,200 

2,100 

4,600 

2.300 
t o  

4.500 

90,700 

Worth: 1975-2025 

Operation and 
Maintenance 

- 

- 

$ 47.700 

74,400 

308,900 

45,000 

476,000 

97,700 

37,800 

- 

- 

Total 

- 

- 

$ 83,200 

74,900 

2,008,000 

45,000 

2.21 1,100 

131,100 

146,600 

36,400 
t o  

71,500 

1,430,300 

Annual: 

Operation and 
Maintenance 

- 

- 

$ 3,000 

4.700 

19.600 

2,900 

30,200 

6.200 

2,400 

- 

- 

1975-2025 

Total 

- 

- 

$ 5.300 

4,800 

127,400 

2,900 

140,400 

8,300 

9.300 

2,300 
t o  

4,500 

90,700 



growth in some local areas and may release nutrients to Table C-244 
the water body. If this problem is confirmed through 
further local study, the application of lake restoration or 
rehabilitation procedures should be considered, in addi- 
tion to the above-mentioned poinf and nonpoint source 
controls. Alternative restoration measures as set forth in 
Table C-243 may include sediment covering, hypo- 
limnetic aeration, and nutrient inactivation. The feasi- 
bility of these measures would have to be assessed in 
a preliminary engineering study. Additional management 
measures such as weed harvesting may be used to control 
temporarily the macrophyte growth which may interfere 
with the recreational use of the lake. It should be empha- 
sized, however, that the long-term maintenance of water 
quality in Nagawicka Lake requires that the recom- 
mended level of nutrient input reductions be achieved. 

The application of the above listed nonpoint source 
pollution control measures to  control the nutrient inputs 
to  Nagawicka Lake would entail a total capital cost of 
about $2,312,000, and an average annual operation and 
maintenance cost of about $32,700. The total 50-year 
present worth cost of these nonpoint source control 
measures is $2,211,100, with an equivalent annual cost 
of $140,400. If, in addition, rehabilitation techniques 
are found necessary, the capital cost of these alternatives 
would range from $48,700 for nutrient inactivation to 
$1,914,000 for sediment covering. The total present 
worth costs of these lake rehabilitation techniques would 
range from $36,400 for nutrient inactivation to 
$1,430,300 for sediment covering. 

North Lake 
North Lake is a 437-acre lake located in the Town of 
Merton in Waukesha County. The lake drains to the 
Oconomowoc River. Certain geomorphological charac- 
teristics of North Lake are set forth in Table C-244, 
together with the approximate 1975 population of the 
direct tributary watershed and a brief description of lake 
water quality  condition^.^^ Map C-82 presents a graphic 
summary of the proposed year 2000 land cover in the 
direct tributary lake watershed. As shown on Map G82, 
a large portion of the urban land in the direct tributary 
watershed area is proposed to  be served by sanitary 
sewers by the year 2000. As of 1975, an estimated 232 
privately owned onsite sewage disposal systems-90 of 
which were located in areas covered by soils having 
severe or very severe limitations for the use of such 
systems-were in operation in the lake direct tributary 
watershed area. 

21 See separately published SE WRPC Community 
Assistance Planning Report on Water Quality Manage- 
ment for North Lake, Waukesha County, for a more 
detailed discussion of the findings and recommendations 
o f  the detailed field study. 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF NORTH LAKE 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.51 persons per dwelling unit as 
counted on l"= 400'scale aerial photos. 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . . 
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . . 
Shoreline . . . . . . . . . . . . . . 
Depth 

Maximum . . . . . . . . . . . 
Mean. . . . . . . . . . . . . . . 

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . . 

General Existing Water Quality 
Conditions: 

As indicated in Table (3-245, all direct tributary sources 
combined contribute about 1,600 pounds of phosphorus 
annually to North Lake. An additional 3,900 pounds 
enter the lake annually as inflow from the Oconomowoc 
River. Therefore, about 5,500 pounds of total phos- 
phorus per year are estimated to enter North Lake under 
existing conditions. These pollutant loads were estimated 
based on data developed during detailed field studies 
conducted during a period of below-average precipitation 

Description 

437 acres 

1,648 acres 
5.30 miles 

70 feet 
40 feet 
17,480acre-feet 

814 persons 

Occasional algae blooms; 
excessive macrophyte 
growth; high nutrient con- 
centrations; lack of oxygen 
in the hypolimnion 

and general pollutant source loading estimates for the 
lake watershed for conditions during an average or typical 
year. Also, as indicated in Table C-245, urban land uses in 
the watershed are expected to increase by about 80 
percent under planned year 2000 conditions with annual 
direct tributary phosphorus loads expected to increase as 
a result of construction activity. However, Oconomowoc 
River annual total phosphorus loads are expected to 
decrease to about 2,300 pounds as a result of improved 
conditions upstream of North Lake. The expected 
year 2000 annual total phosphorus load to North Lake 
from direct tributary and upstream loads is 4,670 
pounds. The observed total phosphorus concentration 
during study year 1976 spring overturn was 0.04 milli- 
gram per liter (mg/l). The expected year 2000 steady 
state spring total phosphorus concentration is 0.03 mg/l. 
The Commission recommends a level of 0.02 mg/l or less 
of total phosphorus for the prevention of excessive 
aquatic plant growth and maintenance of a warmwater 
fishery and recreational use classification. Existing and 
anticipated year 2000 pollutant loadings may be 



Map C-82 

PLANNED LAND COVER DEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE 

AREA OF NORTH LAKE: 2000 
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North Lake has a direct tributary drainage area of about 1,648 acres. About 
824 acres, or 50 percent of the drainage area, are planned to be in rural land 
cover, and 824 acres, or 50 percent, to be in urban land cover. Over the 
planning period an average of about 22 acres may be expected to be 
converted annually to urban land cover. It is estimated that a 33 percent 
reduction in nonpoint source pollutant runoff will be required in the 
drainage area to protect the water quality of the lake. This can be achieved 
through a combination of minimum rural land management practices- 
including especially the proper management of livestock wastes-and 
minimum urban management practices-including low-cost urban practices, 
construction erosion controls, and proper septic tank system management 
based on a site-by-site inspection and maintenance program. 

Source: SEWRPC. 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
NORTH LAKE: 1975 and 2000 

a Awm, provision of ranitar/ sswer ssrvice as rxommmded in the point rource poilution abatement plan elemenC 
BsIBsImes no nonpoinr~~o~c~  cont~oi. 

Includes only rhos ~ysfems on $oils having rsvere or very severe iimifatbns for divoaiof septic tank effluent. 

Doer not inciude the 1975 estimefed phowho~us Ioed of 3 9 W  poundrper year or the year 2 W O a n t i ~ ~ ~ ~ ~ e d ~ h 0 w h 0 r ~ ~  
i o d  of E3Wpoundsper year contributed by the drainage from the upstream Oeonomowoc River wawmhed area. 

Lurce: SEWRK. 

expected to result in total phosphorus concentrations in 
North Lake which exceed the recommended level for 
recreational use and for the maintenance of a warm- 
water fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in 
Table C-246, along with the associated costs and antici- 
pated effectiveness. Measures to control livestock 
contributions appear to be the most cost-effective way 
to substantially reduce phosphorus loadings to the lake. 
Other needed measures include: the provision of sanitary 
sewer service, improved septic tank system management, 
minimum measures to reduce pollutant runoff from rural 
lands through the implementation of basic soil conserva- 
tion practices, low-cost measures to reduce pollutant 
runoff from urban lands, and construction erosion 
control practices. 

Once nutrient loadings to the lake are reduced by the 
actions noted above, the sediments which have been 
deposited on the lake bottom will continue to provide 
a suitable bottom substrate and nutrient source for-exces- 
sive macrophyte growth in some local areas and may 
release nutrients to the water body. When this problem 
is confirmed through further local study, the specific 
lake restoration or rehabilitation procedures which are 
appropriate should be identified for application after 
implementation of the above-mentioned point and 
nonpoint source controls. Alternative restoration mea- 
sures as set forth in Table C-246, may include the con- 
struction of a permanent control structure at the outlet 
of "Funk's Millpond" on the Oconomowoc River, 
upstream of the lake. This alternative would serve two 
purposes: it would act as a settling basin for sediment 
and nutrients; and retain and control release of spring 
runoff water which may reduce slightly the spring 
flooding problems in low-lying areas, and thereby reduce 
slightly the pollutant loads from septic systems 
improperly located in the floodplain. It  has also been 
suggested by members of the North Lake Environmental 
Protection Association that an outlet control structure 
be constructed for North Lake to help abate flooding 
problems which occur during periods of wet weather. 
The feasibility of these measures would have to be 
assessed in a systems level comprehensive watershed 
study and in subsequent preliminary engineering studies 
if appropriate. It  should be emphasized, however, that 
the long-term maintenance of water quality in North 
Lake requires that the recommended level of nutrient 
input reductions be achieved. 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient inputs 
to North Lake would entail a total capital cost of about 
$1,028,900, and an average annual operation and mainte- 
nance cost of about $12,700. The total SO-year present 
worth cost of these source control measures is $960,200, 



Table C-246 

WATER QUALITY MANAGEMENT MEASURES FOR NORTH LAKE I N  WAUKESHA COUNTY 

phyte and algae growth; 
improve recreational use 

a The cumulative percent reduction in phosphorus loadings is in addition to sanitary sewer service, as recommended in the point source element for the Middle Rock River subregional area. 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are includedunder the point source alternative plan elements for the Middle Rock River subregional area. Local 
hook-up and operation and maintenance costs, which are not primarily dependent on surface water quality, are not presented above. The estimatedexpenditures for local hook-UP and opera- 
tion and maintenance in the North Lake drainage basin include a capital cost over the period of 1975.2000 of $1,712,000. an average annual operation and maintenance cost of $12,800, and 
a mtal5oiVearpresent worth cost of $1,161,600. 

The proper maintenance and replacement of the remaining septic tank systems is recommended to help improve the water quality of North Lake. However, because septic tank SYStemSman- 
agement is an existing function necessary for the preservation of public health and the maintenance of drinking water supplies, this cost is not included in the water quality management Plan. 
The estimated expenditures for septic system management in the North Lake drainage basin include a capital cost over the period of 1975-2000 of $130,500, an average annual operation and 
maintenance cost of $1,400, and a total 50-yearpresent worth cost of $1 19.900. 

Cost estimated to control erosion from the estimated 21.5acres of land estimated to be annually undergoing construction activity in the lake watershed. 

Source: SEWRPC 

with an equivalent annual cost of $62,000. If, in addi- 
tion, the construction of a control structure at the inlet 
and/or outlet t o  North Lake is proven t o  be feasible, the 
cost of said structure costs would then be determined by 
the specific designs selected. 

Table C-247 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF OCONOMOWOC LAKE 

Oconomowoc Lake 
Oconomowoc Lake is a 767-acre lake located in the 
Town of Summit in Waukesha County. The lake drains 
to  the Oconomowoc River. Certain geomorphological 
characteristics of Oconomowoc Lake are set forth in 
Table C-247, together with the approximate 1975 popu- 
lation of the direct tributary watershed and a brief 
description of lake water quality c o n d i t i ~ n s . ~ ~ , ~ ~  Map 
C-83 presents a graphic summary of the proposed year 

2 2 ~ e e  separately published SEWRPC Community 
Assistance Planning Report on  Water Quality Manage- 
ment for Oconomowoc Lake, Waukesha County, for 
a more detailed discussion of the findings and recom- 
mendations of the detailed field study. 

23Report on  Oconomowoc Lake, National Eutrophication 
Survey, U S .  Environmental Protection Agency, 1975. 

. . . . . . . . . . . .  Surface Area 
D i r e c t  T r i b u t a r y  Drainage 

. . . . . . . . . . . . . . . .  Area 
. . . . . . . . . . . . . .  Shoreline 

Depth 
Maximum . . . . . . . . . . .  
Mean . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  Volume 
1975 Population of Direct 

. . . . .  T r i b u t a r y  watersheda 

C h a r a c t e r i s t i c  

General Exist ing Water Quali ty 
Conditions: 

Description 

767 acres 
I 

1,934 acres 
7.0 miles 

60 feet 
32 f e e t  

24,697 acre-feet 

797 persons 

Nuisance macrophyte growth; 
high nutrient concentra- 
t ions; lack of oxygen in the  
hypolimnion 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.2 persons per dwelling unit as 
counted on 1 " = 400' scale aerial photos. 

Source: SEWRPC. 



Map C.83 

2000 in the direct tributary lake watershed. As shown 
on Map C-83, all significant urban land areas in the 
direct tributary watershed area are proposed to  be 
served by sanitary sewers by the year 2000. As of 1975, 
an estimated 181 privately owned onsite sewage disposal 
systems-86 of which were located in areas covered by 
soils having severe or very severe limitations for the use 
of such systemewere in operation in the lake watershed 
area The sanitary sewer service area is proposed to be 
extended within the direct lake tributary watershed 
under planned year 2000 conditions. 

As indicated in Table C248, all direct tributary sources 
combined contribute about 1,700 pounds of total phos- 
phorus annually to  Oconomowoc Lake during an average 
year of precipitation. An additional estimated 5,300 
pounds of total phosphorus enters the lake annually as 
discharge from Okauchee Lake via the Oconomowoc 
River. Therefore, about 7,000 pounds of total phos- 
phorus are estimated to  enter Oconomowoc Lake under 
existing conditions. These pollutant loads were estimated 
based on data developed during detailed field studies 
conducted during a period of below average precipitation 
and general pollutant source loading estimates for the 
lake watershed for average or typical year conditions. 
Also, as indicated in Table C248, urban land uses in the 
watershed are expected to  increase by about 85 percent 
under planned year 2000 land cover conditions, with 
annual direct phosphorus loadings to the lake expected 
to be reduced to  about 1,460 pounds as a result of the 
provision of sanitary sewerage facilities. The annual phos- 
phorus load from Okauchee Lake is expected to be 
reduced to about 2,900 pounds as a result of lake water- 
shed management recommended for that tributary lake. 
The observed total phosphorus concentration during 
study year 1976 spring overturn was 0.04 milligram per 
liter (mg/l). The expected year 2000 steady state spring 
phosphorus concentration is 0.03 mg/l. The Commission 
recommends a level of 0.02 mg/l or less of total phos- 
phorus for the prevention of excessive aquatic plant 
growth and maintenance of a warmwater fishery and 
recreational use classification. Existing and anticipated 
year 2000 pollutant loadings may be expected to result 
in total phosphorus concentrations in Oconomowoc Lake 
which exceed the recommended level for recreational 
use and for the maintenance of a warmwater f i e r y .  

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative 
combinations to reduce the nonpoint source pollution 
loading on the lake, was made and a set of recommended 
measures was identified. These measures are set forth 
in Table C249, along with the associated costs and antici- 
pated effectiveness. Measures to control construction 
activity contributions appear to be the most effective 
way to  substantially reduce phosphorus loadings to the 
lake. Other needed measures include: the provision of 
sanitary sewer service, improved septic tank system 
management, minimum measures to reduce pollutant 
runoff from rural lands through the implementation of 
basic oil conservation practices, and lowcost measures 
to reduce pollutant runoff from urban lands. 

PLANNEDLANOCOVEROEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE 

AREA OF OCONOMOWOC LAKE: 2000 

L A K E  

LEGEND 
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O C O ~ O ~ O W O C  Lake has a direct tributary drainage area of about 1,934 acres. 
About 967 acre*, or 50 percent of the drainage area, are planned to be in 
rural land cover, and 967 acres. or 50 percent. to be in urban land cover. 
Over the planning period an average of about 19 acres may be expected to be 
converted annually to urban land cover. A combination of minimum rural 
land management practices-including especially the proper management 
of agricultural cropping activitier--and minimum urban management prac- 
tices-including lawcost urban practicer, ronltrvction erosion controls, 
and proper reptic tank system management b a d  on a tite.by-site inswctioo 
and maintenance program-should be implemented in the lake watershed 
drainage ares. 

Source: SEWRPC. 

Table C248  

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADSTO 
OCONOMOWOC LAKE: 1975 and ZOO0 



Table C-249 

WATER QUALITY MANAGEMENT MEASURES FOR OCONOMOWOC LAKE IN WAUKESHA COUNTY 

from sediment; reduce 
suitable plant substrate 

a The CUmulatiVe Percent reduction i n  phosphorus loadings is i n  addition to sanitary sewer service, as recommended i n  the po in t  source element for the Middle Rock Rwer subregional area. 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the po in t  source alternative plan elements for the Middle Rock River subregional area. Costs 
represent the estimated cost o f  wastewater treatment and trunk sewer facilities for the Bristol-George Lake Sewer Service area prorated based upon the population o f  the lake watershed to the 
total sewered population o f  the service area. Local hook-up and operation and maintenance costs, which are not  primarily dependent on surface water quality, are no t  presentedabove. The 
estimated expenditures for local hook-up and  operation and maintenance in the Oconomowoc Lake drain* basin include a capital cost over the period o f  1975-2000 o f  $1,096,000, an 
average annual operation and maintenance cost o f  $10,300, anda total 50-yearpresent worth cost o f  $775,800. 

The proper maintenance and replacement o f  the remaining septic tank systems is recommended to help nnprove the water quality o f  Oconomowoc Lake. However, because septic tank systems 
management is an existing function necessary for the preservation o f  public health and the maintenance of  drinking water supplies, this cost i sno t  included i n  the water quality management 
Plan. The estimated expenditures for septic system management i n  the Oconomowoc Lake drainage basin include a capital cost over the period o f  1975-2000 of  $40,500. an average annual 
operation and maintenance cost o f  $1,000, anda total 50-year present worth cost o f  $56,200. 

Cost estimated to control erosion from the estimated 18.9 acres o f  landestimated t o  be annually undergoing construction activity in the Oconomowoc Lake watershed. 

Cost estimated to harvest macrophytes from the 42  acres o f  Oconomowoc Lake subject to excessive macrophyte growth. 

Cost estimated to a v e r  the entire lake bottom with sand, clay, plastic, o r  other suitable material 

The costs for sediment covering vary widely depending on such factors as lake sire and depth, type o f  bot tom substrate, andamount o f  material to be filled. 

The reduction in the direct phosphorus load to Oconomowoc Lake must be augmented b y  the implementation o f  minimum practices i n  the upstream drainage area of the Oconomowoc River 
if the total lake load is to be reduced t o  acceptable levels Therefore. the nonpoint source plan element must be implemented if Oconomowoc Lake is to meet the water quality criteria for 
recreation and a warmwater fishery. 

Source: SEWRPC 

Once nutrient loadings to the lake are reduced by the 
actions noted above, the sediments which have been 
deposited on the lake bottom will continue to provide 
suitable bottom substrate and nutrient source for exces- 
sive macrophyte growth in some local areas and may 
release nutrients to the water body. When this problem 
is confirmed through further local study, the specific 
lake restoration or rehabilitation procedures which are 
appropriate should be identified for application, after 
implementation of the above-mentioned point and 
nonpoint source controls. In addition to continued weed 
harvesting, alternative restoration measures as set forth 
in Table C-249 may include sediment covering. Chemical 
treatment to control algae can be used if necessary, but 
only as a temporary solution to the problem. The feasi- 

bility of these measures would have to  be assessed in 
a preliminary engineering study. It should be emphasized, 
however, that the long-term maintenance of water 
quality in Oconomowoc Lake requires that the recom- 
mended level of nutrient input reductions be achieved. 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Oconomowoc Lake would entail a total capital cost of 
about $878,000, and an average annual operation and 
maintenance cost of about $10,900. The total 50-year 
present worth cost of these source control measures is 
$821,900 with an equivalent annual cost of $52,200. If, 
in addition, rehabilitation techniques are found neces- 
sary, the capital cost of sediment covering would be 



Table C-250 $1,534,000. The total present worth cost of sediment 
covering would be $1,146,400. 

Okauchee Lake 
Okauchee Lake is a 1,187-acre lake located in the Towns 
of Oconomowoc and Merton in Waukesha County. The 
lake drains to  the Oconomowoc River. Certain geo- 
morphological characteristics of Okauchee Lake are set 
forth in Table (3-250, together with the approximate 
1975 population of the direct tributary watershed and 
a brief description of lake water quality conditions.24 
Map C-84 presents a graphic summary of the proposed 
year 2000 land cover in the lake watershed utilized in 
the areawide water quality plan. The delineated tributary 
drainage area should be refined in a more detailed local 
lake study. As shown on Map C-84, the majority of the 
urban land in the tributary watershed area is proposed to 
be served by sanitary sewers by the year 2000. As of 
1975, an estimated 1,160 privately owned onsite sewage 
disposal systems--650 of which were located in areas 
covered by soils having severe or very severe limitations 
for the use of such systems-were in operation in the 
lake watershed area. 

As indicated in Table C-251, all direct sources combined 
contribute about 6,900 pounds of phosphorus annually 
to Okauchee Lake. The major source of phosphorus in 
the lake watershed in livestock operations. An additional 
2,900 pounds of phosphorus annually enter the lake from 
upstream drainage from the Oconomowoc River and 
from Moose Lake. Also, as indicated in Table (2-251, 
urban land uses in the watershed are expected to  increase 
by about 45 percent under year 2000 conditions. Total 
phosphorus loads will not change greatly since the reduc- 
tion in phosphorus loads from septic tank systems due to  
the provision of sanitary sewer service area will be offset 
by the increased phosphorus runoff from construction 
activity. Upstream phosphorus loads are, however, 
expected t o  decrease to  about 1,500 pounds per year 
under year 2000 conditions as a result of upstream 
management practices. The estimated total phosphorus 
concentrations during spring overturn under existing and 
anticipated year 2000 conditions, as measured for the 
present and estimated from phosphorus loadings and 
lake and drainage basin characteristics for year 2000, are 
0.06 milligram per liter (mg/l) and 0.5 mg/l, respectively. 

24Report on Okauchee Lake, National Eutrophication 
Survey, US. Environmental Protection Agency, 1975. 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF OKAUCHEE LAKE 

Characteristic I Description I 
- - 

. . . . . . . . . . . .  Surface Area 
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  Shoreline 

Depth 
Maximum . . . . . . . . . . .  
Mean . . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

. . . . .  Tributary watersheda 

1,187 acres 

4,757 acres 
15.0 miles 

90 feet 
27.5 feet 
32,642 acre-feet 

3,296 persons 

General Existing Water Quality 
Conditions: Occasional algae blooms; nui- 

sance macrophyte growth; 
deoxygenated hypolimnion 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.2 persons per dwelling unit as 
counted on I " =  400'scale aerial photos. 

Source: SEWRPC. 

Table C-251 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
OKAUCHEE LAKE: 1975 and 2000 

Loading 

Source of Phorphorur 

Urban Land Cover lacred. . . . . . . . . . . . .  1.324 264 3.8 1.926 364 5.4 
Land under Development-Conrtructcton 

Activities In4 . . . . . . . . . . . .  1 - 1 - - 1 40 1 1.778 1 25.0 1 
Onrite Sewage Oirposal Septic 

Tank 5ystemrb . . . . . . . . . . . . . . . . .  650 1.882 27.2 224 
I a d  v I 1  . . . . . . . . . .  I 3,433 I 307 4.4 I 2 1 240 :: I Llvertock Operationr (animal unitrl . . . . . .  588 3.881 56.0 588 3.881 54.5 

a Assumes pmvidon of sanitary ewer rslyiee ar recommended in the paint avrce pollutan abatement plan element 
as","* no no"~'7i"f mum conm,1. 

lncludsr only those r y m s o n  soils having re- or w y  s e w  limitatiinrfor diqoo~~lof  a p m  m k  efflsunt. 

Does nor include the 1975 sstimsred phwhorur load of 2.W poundspsr year or the yaarM0DantkiPandphogoInms 
bad of 1.5W pounds per year cmtribured by  the upstraan drain- ffmm the Oconoma- R i m  or ham Moor La*.. 

Source. SEWRPC 



Map C-84 

PLANNED LAND COVER DEVELOPMENT I N  THE DIRECT TRIBUTARY DRAINAGE AREA OF OKAUCHEE LAKE: 2000 

LEGEND 

SU88ASIN BOUNOaRI 
Ob36 AND DLSIONATION 

0 RURAL LANDCOVER 

Okauchse Lake hen a direct tributary drainage area of about 4,757 acres. About 2,791 acres, or 59 percent of the drsinage area. are planned to be in r u a i  iand 
mver. and 1,966 acres, or 41 percent, to be in urbsn iand wver. Ovsr me planning period abom 40 acres of the direct tributary watemhed ares are expected to  be 
Bnnualiv conmrted to urbsn land cover. It is estimated that s 60 percent reduction in nonpoint source pollutant runoff wi l l  be required in the drainage area t o  
Protect the water quality of the lake. This can be achieved through a combination of minimum rural land management practices-including especially the proper 
manasemant Of livestock wastas-and minimum urban management practicer-including lowsor t  urban practicer and proper septic tank wrtem management based 
on a site-bv.rite inspection and maintenance program. 

Source: SEWRPC. 



The Commission recommends a level of 0.02 mg/l or less 
of total phosphorus for the prevention of excessive 
aquatic plant growth and the maintenance of a warm- 
water fishery and recreational use classification. Existing 
and anticipated year 2000 pollutant loadings may be 
expected to result in total phosphorus concentrations in 
Okauchee Lake which exceed the recommended level for 
recreational use and for the maintenance of a warm- 
water fishery. 

The measures available controlling nonpoint source 
pollution, along with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. 
An evaluation of these measures, applied in alternative 

combinations to reduce the nonpoint source pollution 
loading on the lake, was made and a set of recommended 
measures was identified. These measures are set forth in 
Table C-252, along with the associated costs and antici- 
pated effectiveness. Measures to control livestock waste 
contributions appear to be the most cost-effective way 
to substantially reduce phosphorus loadings to the lake. 
Other needed measures include: the extension of sanitary 
sewer service, improved management of the remaining 
septic tank systems, minimum measures to  reduce pollu- 
tant runoff from rural lands through the implementation 
of basic soil conservation practices, low-cost measures 
to reduce pollutant runoff ikom urban lands, and con- 
struction erosion control practices. 

Table (2-252 

WATER QUALITY MANAGEMENT MEASURES FOR OKAUCHEE LAKE IN WAUKESHA COUNTY 

a The cumulative percent reduction in phosphorus loadings is in addition to sanitary sewer service, as recommended in the point source element for the Middle Rock River subregional area. 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the point source alternative plan elements for the Middle Rock River subregional area. Local 
hook-up and operation and maintenance costs, which are not primarily dependent on surface water quality, are not presentedabove. The estimated expenditures for local hookup and opera- 
tion and maintenance in the Okauchee Lake drainage basin include a capital cost over the periodof 1975-2000of $5,552,000, an average annual operation andmaintenance cost of $41,600, 
and a total 50-yearpresent worth cost of  $3,767,000. 

The proper maintenance and replacement of the remaining septic tank systems is recommended to help improve the water quality of  Okauchee Lake. However, because septic tank systems 
management is an existing function necessary for the preservation of  public health and the maintenance of drinking water supplies, thiscost is not included in the water quality management 
plan. The estimated expenditures for septic system management in the Okauchee Lake drainage basin include a capital cost over the period of 7975.2000 o f  $364,500, an average annual 
operation and maintenance cost of $4,600, and a total 50-year present worth cost of $363,900. 

Cost estimated to control erosion from the estimated 39.5 acres of  land estimated to be annually undergoing construction activity in the lake watershed. 

Cost estimated to harvest macrophytes from the 39 acres of  Okauchee Lake subject m excessive macrophytegrowth. 

Cost estimated to aerate the entire hypolimnion of  the lake. 

The lower cost for nutrient inactivation is for treating only the hypolimneric area with alum; the higher cost is for treating the entire lake with alum. 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, or other suitable material. 

The costs for sediment covering vary widely depending on such factors as lake size and depth, type of bottom substrate, and amount of material to be filled 

Source: SEWRPC 



If nutrient loadings to  the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may provide a suitable bottom sub- 
strate and nutrient source for excessive macrophyte 
growth in some local area and may release nutrients to  
the water body. If this problem is confirmed through 
further local study, the application of lake restoration 
or rehabilitation procedures should be considered, in 
addition to  the above-mentioned point and nonpoint 
source controls. Alternative restoration measures as set 
forth in Table C-252 may include nutrient inactivation, 
hypolimnetic aeration, or  sediment covering. The feasi- 
bility of these measures would have to  be assessed in 
a preliminary engineering study. Additional management 
measures such as weed harvesting may be used to  control 
the macrophyte growth which may interfere with the 
recreational use of the lake. It should be emphasized, 
however, that the long-term maintenance of water quality 
in Okauchee Lake requires that the recommended level 
of nutrient input reductions be achieved. 

The application of the above-listed nonpoint source 
pollution control measures to  control the nutrient inputs 
to Okauchee Lake would entail a total capital cost of 
about $1,877,200, and an average annual operation and 
maintenance cost of about $28,400. The total 50-year 
present worth cost of these source control measures is 
$1,815,900, with an equivalent annual cost of $115,300. 
If, in addition, rehabilitation techniques are found 
necessary, the capital cost of these alternatives would 

Table C-253 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF PIKE LAKE 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.3 persons per dwelling unit as 
counted on 1" = 400'scale aerial photos. 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

range from $50,000 for nutrient inactivation to  
$2,374,000 for sediment covering. The total present 
worth costs of these lake rehabilitation techniques would 
range from $37,400 for nutrient inactivation t o  
$1,774,100 for sediment covering. 

Description 

522 acres 

2,455 acres 
3.80 miles 

45 feet 
13.3feet . 
6,942 acre-feet 

1,880 persons 

Generally good; occasional 
algae blooms; some macro- 
phyte growth; low dissolved 
oxygen concentrations in 
the hypolimnion 

Pike Lake 
Pike Lake is a 522-acre lake located in the Town of 
Hartford in Washington County. The lake drains to the 
Rubicon River. Certain geomorphological characteristics 
of Pike Lake are set forth in Table C-253, together with 
the approximate 1975 population of the direct tributary 
watershed and a brief description of lake water quality 
 condition^.^^ Map C-85 presents a graphic summary of 
the propsed year 2000 land cover in the direct tributary 
lake watershed. As shown on Map C-85, only a small por- 
tion of the direct tributary watershed area is proposed 
to be served by sanitary sewers by the year 2000. As 
of 1975, an estimated 239 privately owned onsite sewage 
disposal systems-102 of which were located in areas 
covered by soils having severe or very severe limitations 
for the use of such systems-were in operation in the 
lake direct tributary watershed area.26 

As indicated in Table C-254, based on Department of 
Natural Resources field study results, water quality 
simulation analyses, and phosphorus loading estimates, 
all direct tributary sources combined contribute about 
3,900 pounds of phosphorus annually to  Pike Lake 
during an average year of precipitation. In addition, it is 
estimated that approximately 10  percent of the upstream 
load of 4,000 pounds, or about 400 pounds of total 
phosphorus, enter Pike Lake from the upstream indirect 
tributary watershed area. The remaining 90 percent is 
assumed to bypass Pike Lake and continue to  flow down- 
stream via the Rubicon River. Therefore, about 4,300 
pounds of total phosphorus per year are estimated to  
enter Pike Lake under existing conditions. These pollu- 
tant loads were estimated based on data developed during 
detailed field studies--conducted during a period of 

25See separately published SEWRPC Community 
Assistance Planning Report on Water Quality Manage- 
ment for Pike Lake, Washington County, for a more 
detailed discussion o f  the findings and recommendations 
of the detailed field study. 

26The provision o f  sanitary sewer service to the lake 
watershed was proposed in SEWRPC Planning Report - - 
No. 16, A ~ e ~ i i n a i  Sanitary Sewerage System Plan for 
Southeastern Wisconsin. However, field studies con- 
ducted by the Department of Natural Resources have 
demonstrated that sanitary sewer service is probably not 
required if proper septic tank system maintenance is 
assured. As presented in the point source element dis- 
cussions in Chapter 4 o f  this volume sanitary sewer 
service is no longer recommended for the Pike 
Lake Watershed, except for a small portion o f  the water- 
shed located within the proposed Hartford sanitary sewer 
service area. 



Map C-85 

PLANNED LAND COVER DEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE 

AREA OF PlKE LAKE: 2000 

LEGEND 

x.7 m u  eaunana, 
AND W $ , G W A T W  

Pike Lake has a direct tributary drainage area of about 2,455 acre$. About 
2,120 acre*. or 86 pereent of the drainage area. are planned ro be in rural 
land cover. and 335 acres, or 14 percent. to be in urban land cover. Over the 
planning period none of the direct Tributary watershed area is expected to be 
converted to urban land cwer. It is estimated that a 60 percent reduction 
in n0nDoint source pollufant runoff will be required in the drainage area 
ro protect the water quality of the lake. This can be achieved through 
a combination of minimum rural land management practicer-including 
erpecially the proper management of livertock wastas-and minimum 
urban management praclices-ineluding low.co$t urban practices and proper 
septic tank SvStem management bared on a rite-by-rite inspection and 
maintenance program. 

Source: SEWRPC. 

below average precipitationand general pollutant source 
loading estimates for the lake watershed for average or 
typical year conditions. Also, as indicated in Table C-254, 
land uses and phosphorus loads in the watershed are not 
expected to change significantly under planned year 2000 
land cover conditions. The estimated total phosphorus 
concentration during study year 1976 spring overturn 
was about 0.03 milligram per liter (mgjl), which is 

Table C-254 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
PlKE LAKE: 1975 and 2000 

representative of a dry year condiGon. The water quality 
simulation analyses indicated that, during a year of average 
precipitation, the spring phosphorus concentration would 
approximate 0.05 mg/l under both existing and m c i -  
pated year 2000 conditions. The Commission recom- 
mends a level of 0.02 mg/l or less of total phosphorus for 
the prevention of excessive aquatic plant growth and for 
the maintenance of a warmwater fishery and recreational 
use classification. Existing and anticipated year 2000 
pollutant loadmgs may be expected to result in total 
phosphorus concentrations in Pike Lake which exceed 
the recommended level for recreational use and for the 
maintenance of a warmwater fishery in the year 2000. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in 
Table C-255, along with the associated costs and antici- 
pated effectiveness. Measures to control livestock 
contributions appear to be the most cost-effective way to 
substantially reduce phosphorus loadings to the lake. 
Other needed measures include: improved septic tank 
management, minimum measures to reduce pollutant 
runoff from rural lands through the implementation of 
basic soil conservation practices, and low-cost measures 
to reduce pollutant runoff from urban lands. Although 
the provision of sanitary sewers is not currently recom- 
mended for Pike Lake, based on data from the Com- 
missions inland lake water quality study conducted for 
Pike Lake, it is recommended in the upper Rock River 
Subregional area discussion of the point source plan 
element discussed in Chapter IV of this volume that 
a local facilities planning program for septic tank 
system management be undertaken to locate and comct 
those systems which are malfunctioning. 



Table C-255 

WATER QUALITY MANAGEMENT MEASURES FOR PIKE LAKE I N  WASHINGTON COUNTY 

a The proper maintenance and replacement o f  the remaining septic tank systems is recommended to help improve the water quality o f  Pike Lake. However, because spetic tank Systems manage- 

I ment is an existing function necessary for the preservation q f  public health and the maintenance o f  drinking water supplies, this cost is no t  included i n  the water quality management plan. The 
estimated expenditures for septic system management i n  the Pike Lake drainage basin include a capital cost over the period o f  1975.2000 o f  $459,000, an average annual operation andmainte- 
nance cosf of $8,200. anda total 50-yearpresent worth cost o f  $537,100. 

Source: SEWRPC 

Based upon the results of the Commission inland lake 
study, existing water quality conditions in Pike Lake do 
not warrant the implementation of inlake rehabilitation 
measures at this time. Control at the source to  eliminate 
or substantially reduce the pollutant loading of nutrients, 

Antbcipated Effectiveness 

Reduce nutrient concentra- 
tions; prevent the stimula- 
t ion of excessive macro- 
phyte and algae growth; 
bmprove recreational use 
potential; protect public 
health and drinking water 
suppltes 

Management Measure 

Septic Tank System 
~ a n a g e m e n t ~  

Livestock Waste 
Control 

Minunurn Rural Con- 
servation Practices 
and Streambank 
Protection 

Low Cost Urban Land 
Management Practices 

Total 

sediment, and pathogenic organisms should adequately 
maintain and enhance the surface and groundwater 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  Lake 
(percent) 

80 

Economic Analysis 

quality within the Pike Lake watershed. 

Estimated Cost 
1980-2000~. 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient inputs 
to  Pike Lake would entail a. total capital cost of about 
$41,300, and an average annual operation and mainte- 
nance cost of about $7,700. The total 50-year present 
worth cost of these source control measures is $124,800, 
with an equivalent annual cost of $8,000. 

Total 
Capital 

- 
$ 40,700 

600 

Minimal 

41.300 

Present Worth: 1975-2025 

Pine Lake 
Pine Lake is a 703-acre lake located in the Town of 
Merton in Waukesha County. The lake is internally 
drained. Certain geomorphological characteristics of Pine 
Lake are set forth in Table C-256, together with the 
approximate 1975 population of the direct tributary 
watershed and a brief description of lake water quality 
 condition^.^^ Map C-86 presents a graphic summary of 

Average Annual 
Operation and 
Maintenance 

- 
5 3,500 

3,800 

400 

7,700 

Equivalent Annual: 1975-2025 

Capital 

- 
5 30,400 

400 

Minimal 

30,800 

27Report o n  Pine Lake, National Eutrophication Survey, 
U S .  Environmental Protection Agency. 

Cap~tal 

- 
5 1 goo 

100 

Minimal 

2,000 

the proposed year 2000 land cover in the lake watershed. 
As shown on Map C-86, all significant urban land areas in 
the tributary watershed area are proposed to be served 
by sanitary sewers by the year 2000. As of 1975, an 
estimated 163 privately owned onsite sewage disposal 
systems-84 of which were located in areas covered by 
soils having severe or very severe limitations for the use 
of such systems-were in operation in the lake water- 
shed area. 

Operation and 
Maintenance 

- 
5 40,800 

46,800 

6,400 

94POO 

As indicated in Table C-257, all direct sources combined 
contribute about 800 pounds of phosphorus annually to  
Pine Lake. The major sources of phosphorus in the lake 
watershed are atmospheric loading and septic tank system 
loadings. Also, as indicated in Table C-257, urban land 
uses in the watershed are expected to  increase by about 
70 percent under planned year 2000 land cover condi- 
tions, with annual total phosphorus loading to the lake 
expected to increase to  about 1,600 pounds as a result 
of construction activity and increased urban land runoff. 
The estimated total phosphorus concentrations during 
spring overturn under existing and anticipated year 2000 
conditions, as estimated from phosphorus loadings and 
lake and drainage basin characteristics, are 0.01 milligram 
per liter (mg/l) and 0.03 mg/l, respectively. The Com- 
mission recommends a level of 0.02 mg/l or less of total 
phosphorus for the prevention of excessive aquatic plant 
growth and for the maintenance of a warmwater fishery 
and recreational use classification. Anticipated year 2000 
pollutant loadings may be expected to  result in total 
phosphorus concentrations in Pine Lake which slightly 
exceed the recommended level for recreational use and 
for the maintenance of a warmwater fishery. 

Operation and 
Maintenance 

- 

5 2,600 

3,000 

400 

6,000 

Total 

- 
$ 71,200 

47.200 

6,400 

124,800 

Total 

- 
5 4,500 

3,100 

400 

8,000 



The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures identified. These measures are set forth in Table 
G258, along with the associated costs and anticipated 
effectiveness. Measures to  control construction activity 
contributions appear to be the most effective way to 
substantially reduce phosphorus loadings to the lake. 
Other needed measures include: the provision of sanitary 
sewer service, improved septic tank system management, 
minimum measures to reduce pollutant runoff from rural 
lands through the implementation of basic soil conserva- 
tion practices, and low-cost measures to reduce pollutant 
runoff from urban lands. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may provide a suitable bottom sub- 
strate and nutrient source for excessive macrophyte 
powth in some local areas and may release nutrients to  
the water body. If this problem is confirmed through 
further local study, the application of lake restoration or 
rehabilitation procedures should be considered, in addi- 
tion to the above-mentioned point and nonpoint source 
controls. Alternative restoration measures as set forth in 
Table C258 may include sediment covering or aeration 

Table C.256 

GEOMORPHOLOGICAL A N 0  WATER QUALITY 
CHARACTERISTICS OF PlNE LAKE 

a The population of the dlrect tributary watershed is estimated 

by awming an average of 3.51 persons per dwelling unit as 
counted on I "= 400'scale aerial photos. 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

Map C-86 

Description 

703 acres 

1,528 acres 
7.3 miles 

85 feet 
38.4 feet 
26,995 acrefeet 

572 persons 

Occarianal algae blooms; nui- 
sance macrophyte growth: 
high nutrient concentra- 
tions: deoxygeneted 
hypolimnion 

PLANNED LAND COVER DEVELOPMENT 
IN THE DIRECTTRIBUTARY DRAINAGE 

AREA OF PlNE LAKE: 2000 

LEOEND 

L *ND DESIONIITION 

- D I E 0 7  TI1In"TAR" 
.,,~~ ORA,NAGL **in I 

CHI.:' 

rn ::z:::MK?2000 
i m"aAL L A W  eo"En I 

Pine Lake has a direct tributary drainage area of about 1.528 acres. About 
458 acres, or 3 0  percent of the drainage area. are planned to be in rural land 
cove,. and 1.070 acres, or 70 percent. to be in urban land cover. Over the 
planning period an average of about 22 acres may be expected to be 
converted to urban land cover. I t  is ertimatad that a 33 percent reduction 
in nonpoint source pollutant runoff will be required in the drainage area 
to protect the water quality of the lake. This can be achieved through 
a combination of minimum rural land management practices-including 
B S ~ B C ~ ~ I I ~  the proper management of agricultursl cropping practicsr-and 
minimum urban management practicer-including iawcort urban practicer, 
construction erosion controis, and prop,  reptic tank system management 
based on a site-bprite inweetion and mainfenanee program. 

Source: SEWRPC. 

Table C257 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADSTO 
PlNE LAKE: 1975 and 2000 



Table C-258 

WATER QUALITY MANAGEMENT MEASURES FOR PINE LAKE IN WAUKESHA COUNTY 

a The cumulative percent reduction in phosphorus loadings is in addition to sanitary sewer service, as recommended in the point source element for the Middle Rock River subregional area. 

improve recreational use 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the point source alternative plan elements for the Middle Rock River subregional area. Local 
hook-up and operation and maintenance costs, which are not primarily dependent on surface water quality, are not presented above. The estimated expenditures for local hook-up and opera- 
tion and maintenance in the Pine Lake drainage basin include a capital cost over the period of 1975-2000 o f  $2,652,000, an average annual operation and maintenance cost of $20,000, and 
a total 50year present worth cost of $1,799,400. 

Sediment 
coveringgeh 

The proper maintenance and replacement of the remaining septic tank systems is recommended to help improve the water quality of Pine Lake. However, because septic tank systemsman- 
agemenr is an existing function necessary for the preservation o f  public health and the maintenance o f  drinking water supplies, this cost is not included in the water quality management plan. 
The estimated expenditures for septic system management in the Pine Lake drainage basin include a capital cost over the period of 1975-2000 of$238,500, an average annual operation and 
maintenance cost of $3 700, anda total 50-yearpresent worth cost of$260,900. 

Cost estimated to control erosion from the estimated 22.3 acres o f  landestimated to be annually undergoing construction activity in the lake watershed. 

Cost estimated to harvest macrophytes from the 40 acres o f  Pine Lake subject to excessive macrophyte growfh. 

1,406,000 

Cost estimated to aerate the entire hypolimnion o f  the lake 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, or other suitable material. 

- 

The Costs for sediment covering vary widely depending on such factors as lake she and depth, type of bottom substrate, and amount of material to be filled. 

Source: SEWRPC 

1,050,700 

of the hypolimnion. The feasibility of these measures 
would have to be assessed in a preliminary engineering 
study. Additional management measures such as weed 
harvesting may be used to  control the macrophyte 
growth which may interfere with the recreational use 
of the lake. It should be emphasized, however, that the 
long-term maintenance of water quality in Pine Lake 
requires that the recommended level of nutrient input 
reductions be achieved. 

Recent observations on the water quality of Pine Lake 
conducted by the Wisconsin Department of Natural 
Resources indicate that Pine Lake may be nitrogen 
limited. If this phenomena is confirmed by a more 
detailed study, the recommended measures for phos- 
phorus reduction would still be considered reasonable 
for cost estimates at the regional level, but may have to 
be refined t o  reflect the needed nitrogen controls. 

- 

The application of the above-listed nonpoint source 
pollution control measures to  control the nutrient inputs 
to  Pine Lake would entail a total capital cost of about 
$1,016,500, and an average annual operation and mainte- 
nance cost of about $11,400. The total 50-year present 
worth cost of these source control measures is $936,500, 
with an equivalent annual cost of $59,400. If, in addi- 
tion, rehabilitation techniques are found necessary, the 
capital cost of these alternatives would range from 
$90,000 for hypolimnetic aeration to $1,406,000 for 
sediment covering. The total present worth costs of 
these lake harvesting rehabilitation techniques would 
range from $102,800 for hypolmnetic aeration t o  
$1,050,700 for sediment covering. 

Pretty Lake 
Pretty Lake is a 64-acre lake located in the Town of 

1,050,700 

0tta;a in Waukesha County. The lake is internally 

66,700 - 66,700 Accelerate lake improvement; 
prevent release of nutrients 
from sediment; reduce 
suitable plant substrate 

No additional 
reduction 



drained. Certain geomorphological characteristics of 
Pretty Lake are set forth in Table C-259, together with 
the approximate 1975 population of the direct tributary 
watershed and a brief description of lake water quality 
conditions. Map C-87 presents a graphic summary of the 
proposed year 2000 land cover in the lake watershed. 
As shown on Map (2-87, none of the urban land in the 
tributary watershed area is proposed to be served by 
sanitary sewers by the year 2000. As of 1975, an esti- 
mated 117 privately owned onsite sewage disposal 
systems-28 of which were located in areas covered by 
soils having severe or very severe limitations for the 
use of such systems--were in operation in the lake 
watershed area. 

As indicated in Table C-260, all sources combined 
contribute about 140 pounds of phosphorus annually 
to Pretty Lake. The major source of phosphorus in the 
lake watershed is malfunctioning septic tank systems. 
Also as indicated in Table (3-260, land uses and phos- 
phorus loads in the watershed are not expected to change 
significantly under planned year 2000 land cover con- 
ditions. The estimated total phosphorus concentration 
during spring overturn under existing and anticipated 
year 2000 conditions, as estimated from phosphorus 
loadings and lake and drainage basin characteristics, 
is 0.02 milligram per liter (mgjl). The Commission 
recommends a level of 0.02 mg/l or less of total phos- 
phorus for the prevention of excessive aquatic plant 
growth and for the maintenance of a warmwater fishery 
and recreational use classification. Existing and antici- 
pated year 2000 pollutant loadings may be expected 

Table C-259 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF PRETTY LAKE 

a The population of  the direct tributary watershed is estimated 
by assuming an average of 3.62 persons per dwelling unit as 
counted on I"= 400'scale aerial photos. 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary Watersheda . . . . .  

General Existing Water Quality 
Conditions: 

Map C-87 

PLANNED LAND COVER DEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE 

AREA OF PRETTY LAKE: 2000 

f '  'l I LEGEND 

J I 

-- - SUBBASIN BOUNDARY 
SSL- l AND DESIGNAT1ON 

Description 

64 acres 

106 acres 
1.25 miles 

31 feet 
9.2 feet 
589 acre-feet 

424 persons 

Moderate macrophyte 
growth; moderate nutrient 
concentrations 

u 
NOTE: 

DIRECT TRIBUTARY 
DRAINAGE AREA 

UNSEWERED URBAN 
DEVELOPMENT2000 

RURAL LAND COVER 

P R E T T Y  L A K E  I S  
AN INTERNALLY 
DRAINED LAKE AND 
HAS NO OUTLET 

- % A  

CIRIPHlC SCALE 

,d 4000 FEET 

Pretty Lake has a direct tributary drainage area of about 106 acres. About 
46 acres, or 43 percent of the drainage area, are planned to be in rural land 
cover, and 6 0  acres, or 57 percent, to be in urban land cover. Over the 
planning period none of the direct tributary watershed area is expected to be 
converted to urban land cover. I t  is estimated that no reduction in nonpoint 
source pollutant runoff will be required in the drainage area to protect the 
water quality of the lake. To provide minimum water quality control, a com- 
bination of minimum rural land management practices-including especially 
the proper management of agricultural cropping practices-and minimum 
urban management practices-including low-cost urban practices and proper 
septic tank system management based on a site-by-site inspection and 
maintenance program-should be implemented in the lake drainage area. 

Source: SEWRPC. 

Table C-260 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
PRETTY LAKE: 1975 and 2000 

spheric Contribur8on lacresof 

a A S S U ~ B S ~  nonpoint source control 

includes only those systems on roiis having severe or vo'y sevwe limitations fordi40si of septic tank offlumt. 

aurse: SEWRPC. 



I to result in total phosphorus concentrations in Pretty 

I Lake which meet the recommended level for recreational 
use and for the maintenance of a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures identified. These measures are set forth in Table 
C-261, along with the associated costs and anticipated 
effectiveness. Measures to control malfunctioning septic 
tank systems appear to be the most effective way to 
substantially reduce phosphorus loadings to the lake. 
Other measures which should be implemented include: 
minimum measures to  reduce pollutant runoff from rural 
lands through the implementation of basic soil conserva- 
tion practices, and low-cost measures to  reduce pollutant 
runoff from urban lands. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may provide a suitable bottom sub- 
strate and nutrient source for excessive macrophyte 
growth in some local areas and may release nutrients to 
the water body. If this problem is confirmed through 
further local study, the application of lake restoration or 
rehabilitation procedures should be considered, in addi- 
tion to the above-mentioned point and nonpoint source 
controls. Alternative restoration measures as set forth in 
Table C-261 may include nutrient inactivation, hypo- 
limnetic aeration, sediment covering, and dredging. The 
feasibility of these measures would have to be assessed 
in a preliminary engineering study. Additional manage- 
ment measures such as macrophyte harvesting may be 
used to control the weed growth which may interfere 
with the recreational use of the lake. It should be empha- 
sized, however, that the long-term maintenance of water 
quality in Pretty Lake requires that the recommended 
level of nutrient input reductions be achieved. 

Table C-261 

WATER QUALITY MANAGEMENT MEASURES FOR PRETTY LAKE IN WAUKESHA COUNTY 

a The proper maintenance and replacement o f  the remaining septic tank systems is recommended to  help improve the water quality o f  Pretty Lake. However, because spetic tank systems manage- 
ment is an existing function necessary for the preservation of public health and the maintenance o f  drinking water supplies, this cost is nor included in  the water quality management Plan. The 
estimated expenditures for septic system management in  the Pretty Lake drainage basin include a capital cost over the period of 1975-2000 o f  $126,000, an average annual operation andmain- 
fenance cost o f  $3,800, and a total  =-yearpresent worth cost o f  $198,700. 

Cost estimated to  harvest macrophytes from the 3 acres o f  Pretty Lake subject to  excessive macrophyte growth. 

Cumulat!ve 
Reduction in 

External Annual 
Phosphorus 

Load t o  Lake 
(percent) 

50 

Minimal additional 
reduction 

No additional 
reduction 

No additional 
reduction 

Cost estimated to  aerate the entire hypolimnion o f  the lake. 

The cost for nutr ient inactivation is fo r  treating the entire lake wi th  alum. 

Anticipated Effect~wness 

Reduce nutrient concentra- 
tions; prevent the stimula- 
t ion  of excessive macro- 
phyte and algae growth; 
improve recreational use 
potential 

Control excessive macrophyte 
growth; aesthetic enhance- 
ment; improve recreational 
use potential 

Prevent anaerobic conditions 
(lack of oxygen1 in the 
hypolimnion 

Accelerate lake improvement; 
prevent release of nutrients 
f rom sediment: remove 

Management Measure 

Septic Tank System 
~ a n g e m e n t ~  

Minimum Rural Con- 
servation Practices 

Low Cost Urban Land 
Management Practices 

Total 
Macrophyte 

~ a r v e s t i n g ~  

Hypolimnetic 
 erat ti on' 

Nutrient 
Inactivationd 

Cost estimated to  cover the entire lake bottom wi th  sand, clay, plastic, o r  other suitable material 

Sediment 
coveringe.g 

Llredgingf zg 

Cost estimated to  dredge lake to  an average depth o f  15 feet. Existing average depth is 9.2 feet. 

The costs fo r  sediment covering and dredging vary widely depending o n  such factors as lake size anddepth, type o f  bot tom substrate, andamount of material t o  be f i l ledordredged 

Source: SEWRPC 

Estimated Cost 

Total 
Capital 

$ < 100 

Minimal 

100 
2800  

3,600 

6,400 

128,COO 

598,700 

1980-2000 

Average Annual 
Operation and 
Maintenance 

- 

5 100 

100 

200 
400 

100 

- 

- 

- 

Economic Analysis 

Present 

Capital 

- 

Minimal 

Min~mal 

Minimal 
2 ,I 00 

2,700 

4,800 

95,600 

447,400 

1975-2025 

Total 

- 

$ 100 

100 

200 
500 

300 

300 

Equivalent 

Capital 

- 

Minimal 

Minimal 

Minimal 
100 

1,200 

300 

6,100 

28,400 

Worth: 1975-2025 

Operation and 
Maintenance 

- 

$ 1 PO0 

1,500 

2500 
6,100 

1,400 

- 

- 

- 

Annual: 

Operation and 
Ma~ntenance 

- 

$ 100 

100 

200 
400 

100 

- 

- 

- 

Total 

- 

$ 1,000 

1,500 

2.500 
8,200 

4,100 

4,800 

95.600 

447,400 28,400 

prevent release of nutrients 
f rom sediment; reduce 
suitable plant substrate 

Deepen lake; reduce macro- 
phyte growth 

reduction 

No additional 
reduction 



The application of the above-listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Pretty Lake would entail a total capital cost of less 
than $100, and an average annual operation and mainte- 
nance cost of about $200. The total 50-year present 
worth cost of these source control measures is $2,500, 
with an equivalent annual cost of $200. If, in addition, 
rehabilitation techniques are found necessary, the capital 
cost of these alternatives would range from $3,600 for 
hypolimnetic aeration to  $598,700 for dredging. The 
total present worth costs of these lake rehabilitation 
techniques would range from $4,100 for hypolimnetic 
aeration to $447,400 for dredging. 

Rice Lake 
Rice Lake is a 137-acre lake located in the Town of 
Whitewater in Walworth County. The lake drains to 
Turtle Creek. Certain geomorphological characteristics 
of Rice Lake are set forth in Table C-262, together with 
the approximate 1975 population of the direct tributary 
watershed and a brief description of lake water quality 
conditions. Map C-88 presents a graphic summary of the 
proposed year 2000 land cover in the lake watershed. 
As shown on Map C-88, none of the urban land in 
the tributary watershed area is proposed to be served by 
sanitary sewers by the year 2000. As of 1975, an esti- 
mated 27 privately owned onsite sewage disposal 
systems-only one of which was located in an area 
covered by soils having severe or very severe limitations 
for the use of such systems-were in operation in the 
lake watershed area. 

Table C-262 

GEOMORPHOLOGICAL AND WATER QUALITY 

CHARACTERISTICS OF RlCE LAKE 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.13 persons per dwelling unit as 
counted on I"=  400'scale aerial photos. 

Source: SEWRPC. 

Characteristic 

. . . . . . . . . . . .  Surface Area 

Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean . . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population o f  Direct 

. . . . .  Tributary watersheda 

General Existing Water Quality 

Conditions: 

Map C.88 

Description 

137 acres 

348 acres 

3.0 miles 

10 feet 

4 feet 

548 acre-feet 

85 persons 

Occasional algae blooms; nui- 

sance macrophyte growth; 

frequent fish winterkill 

PLANNEDLANDCOVERDEVELOPMENT 
IN THE DIRECT TRIBUTARY DRAINAGE 

AREA OF RlCE LAKE: 2000 

LEGEND 

WBB'51N B0UNO"IRI 
WIG* AN0 DLSleltPTION - POlMT OF 8"BBASIN 

n,scM&Res 

0 :::E:::L:::BP#oo 
"""A' 'A"" '""E" 

msAp",e SCALS 

amom vcsT 

Rice Lake hsr a direct tributary drainage area of about 348 acres. About 
173 acres, or Y) percent of the drainage area. are planned to be in rural land 
cover. and 175 acre*. or 50 percsnt. to  be in urban land cover. Over the 
planning psriod none of the direct tributary watsrlhed area is expected 
to be converted to urban land cover. I t  is estimated that no reduction in 
nonpoint source pollutant runoff will be required in the drainage area to 
protect the water quality of the lake. To ~rovide minimum water qualify 
control, a combination of minimum rural land management practicer- 
including erpecially the proper management of live~tock waster-and mini- 
mum urban management practices-including law-cost urban practicer. 
eon~truction erosion controls. and proper reptic lank system management 
based on a rite-by-sits inspeetian and maintenance program-should be 
implemented in the lake drainage area. 

Soune: SEWRPC. 

Table C263 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
RlCE LAKE:  1975 and 2000 



As indicated in Table (2-263, all direct sources combined which exceed and equal, respectively, the recommended 
contribute about 400 pounds of phosphorus annually to  level for recreational use and for the maintenance of 
Rice Lake. An additional 400 pounds of phosphorus a warmwater fishery. - - 

enter the lake annually from whitewater Lake. The major 
source of phosphorus in the lake 'watershed is livestock 
operations. Also, as indicated in Table C-263, land uses 
and direct phosphorus loads in the watershed are not 
expected to  change significantly under planned year 
2000 land cover conditions. The load from Whitewater 
Lake, however, is expected t o  be reduced to about 100 
pounds as a result of lake quality management measures 
recommended for the Whitewater Lake watershed. The 
estimated total phosphorus concentrations during spring 
overturn under existing and anticipated year 2000 
conditions, as estimated from phosphorus loadings and 
lake and drainage basin characteristics, are 0.04 milligram 
per liter (mg/l) and 0.02 mg/l, respectively. The Com- 
mission recommends a level of 0.02 mg/l or less of total 
phosphorus for the prevention of excessive aquatic plant 
growth and for the maintenance of a warmwater fishery 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. 
An evaluation of these measures, applied in alternative 
combinations to reduce the nonpoint source pollution 
loading on the lake, was made and a set of recommended 
measures was identified. These measures are set forth 
in Table (2-264, along with the associated costs and antici- 
pated effectiveness. Measures to control livestock waste 
contributions appear to be the most cost-effective way 
to substantially reduce phosphorus loadings to  the lake. 
Other needed measures include: improved septic tank 
system management, minimum measures t o  reduce pol- 
lutant runoff from rural lands through the implementa- 
tion of basic soil conservation practices, and low-cost 
measures to reduce pollutant runoff from urban lands. 

and recreational use classification. Existing and antici- If nutrient loadings to  the lake are reduced by the actions 
pated year 2000 pollutant loadings may be expected to  noted above, the sediments which have been deposited 
result in total phosphorus concentrations in Rice Lake on the lake bottom may provide a suitable bottom sub- 

Table C-264 

WATER QUALITY MANAGEMENT MEASURES FOR RICE LAKE IN WALWORTH COUNTY 

a The proper maintenance and replacement of the remaining septic tank systems is recommended t o  help improve the water quality o f  Rice Lake. However. because spetic tank systems manage- 
ment is an existing function necessary for the preservation o f  public health and the maintenance o f  drinking water supplies, this cost is not  included in the water quality management plan. The 
estimated expenditures for septic system management in  the Rice Lake drainage basin include a capital cost over the period o f  1975-2000 of  $4.500, an average annual operation and main- 
tenance cost o f  $800, anda total 50-year present worth cost o f  $29,800. 

Management Measure 

Septic Tank System 
Mangementa 

Livestock Waste 
Control 

Minimum Rural Con- 
servation Practices 

Low Cost Urban land 
Management Practices 

Total 
Macrophyte 

~ a r v e s t i n g ~  

 erat ti on^ 

Nutrient 
lnactivatlond 

Sediment 
coveringerf 

Oredgingf*g 

Cost estimated m harvest macrophytes from the 34 acres o f  Rice Lake subject to  excessive macrophyte growth. 

Cost to  aerate 50 acres o f  the surface area o f  Rice Lake. 

The cost for nutrient inactivation is for treating the entire lake wi th  aium. 

Cost estimated to  cover the entire lake bottom with sand, clay, plastic, o r  other suitable material. 

Estimated Cost 

The Costs for sediment covering and dredging vary widely depending o n  such factors as lake size and depth, type o f  bottom substrate, and amount of material to  be filled or dredged. 

Total 
Capital 

$ 3,700 

100 

Minimal 

3,800 
31,700 

10.000 

13,700 

274,000 

2,430,800 

cost estimated to  dredge lake to  an average depth o f  15 feet. Existing average depth is 4.0 feet. 

1980-2000 

Average Annual 
Operation and 
Maintenance 

- 

$ 300 

500 

100 

900 
4,400 

300 

- 

- 

- 

Source: SEWRPC 

Anticipated Effectiveness 

Reduce nutrient concentra- 
tions; prevent the stimula- 
t ion of excessive macro- 
phyte and algae growth; 
improve recreational use 
potential 

Control excessive macrophyte 
growth; aesthetic enhance- 
ment; improve recreational 
use potential 

Prevent anaerobic cond~tions 
(lack of oxygen) in the 
hvpolimnion 

Accelerate lake improvement; 
prevent release of nutrients 
f rom sediment: remove 
nutrients f rom water body 

Accelerate lake improvement; 
prevent release of nutrients 
f rom sediment; reduce 
suitable plant substrate 

Deepen lake; reduce macro- 
phyte growth 

Economic 
Cumulative 

Reduction in 
External Annual 

Phosphorus 
Load t o  Lake 

(percent1 

50 

Minimal additional 
reduction 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 

Analysis 

Present 

Capital 

- 

$ 2,800 

100 

Minimal 

2,900 
23,700 

7,500 

10,200 

204,800 

1.816,54IO 

Equivalent 

Capital 

- 

$ 200 

Minimal 

Minimal 

200 
1,500 

500 

600 

13,000 

115,200 

Worth: 1975-2025 

Operation and 
Maintenance 

- 

$ 3,700 

6,300 

1,200 

11,200 
69,700 

3900 

- 

- 

- 

Annual: 

Operation and 
Maintenance 

- 

$ 200 

400 

100 

700 
4,400 

300 

- 

- 

- 

Total 

- 

$ 6,500 

6a400 

1,200 

14,100 
93,400 

11,400 

1 0,200 

204,800 

1,816,500 

1975-2025 

Total 

- 

$ 400 

400 

100 

900 
5,900 

800 

600 

13,000 

115,200 



strate and nutrient source for excessive macrophyte 
growth in some local areas and may release nutrients to 
the water body. If this problem is confirmed through 
further local study, the application of lake restoration or 
rehabilitation procedures should be considered, in addi- 
tion to the above-mentioned nonpoint source controls. 
Alternative restoration measures as set forth in Table 
C-264 may include nutrient inactivation, aeration, sedi- 
ment covering, and dredging. The feasibility of these 
measures would have to be assessed in a preliminary 
engineering study. Additional management measures 
such as macrophyte harvesting may be used to control 
macrophyte growth which may interfere with the recrea- 
tional use of the lake. It should be emphasized, however, 
that the long-term maintenance of water quality in Rice 
Lake requires that the recommended level of nutrient 
input reductions be achieved. 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Rice Lake would entail a total capital cost of about 
$3,800, and an average annual operation and mainte- 
nance cost of about $900. The total 50-year present 
worth cost of these source control measures is $14,100, 
with an equivalent annual cost of $900. If, in addition, 
rehabilitation techniques are found necessary, the capital 
cost of these alternatives would range from $10,000 for 
aeration to  $2,430,800 for dredging. The total present 
worth costs of these lake rehabilitation techniques 
would range from $10,200 for nutrient inactivation to 
$1,816,500 for dredging. 

School Section Lake 
School Section Lake is a 125-acre lake located in the 
Town of Ottawa in Waukesha County. The lake drains 
to the Bark River via an unnamed tributary. Certain geo- 
morphological characteristics of School Section Lake are 
set forth in Table C-265, together with the approximate 
1975 population of the direct tributary watershed and 
a brief description of lake water quality  condition^.^^ 
Map C-89 presents a graphic summary of the proposed 
year 2000 land cover in the lake watershed. As shown 
on Map C-89, none of the urban land in the tributary 
watershed area is proposed to be served by sanitary 
sewers by the year 2000. As of 1975, an estimated 58 
privately owned onsite sewage disposal systems-three 
of which were located in areas covered by soils having 
severe or very severe limitations for the use of such 
systems-were in operation in the lake watershed area. 

As indicated in Table G266, all direct sources combined 
contribute about 100 pounds of phosphorus annually to 
School Section Lake. An additional 300 pounds of phos- 
phorus enter the lake annually from the upstream water- 
shed. The major direct source of phosphorus in the lake 
watershed is the contribution from the atmosphere. Also, 
as indicated in Table C-266, land uses and phosphorus 
loads in the watershed are not expected to  change signi- 
ficantly under planned year 2000 land cover conditions. 
The estimated total phosphorus concentration during 
spring overturn under existing and anticipated year 2000 
conditions, as estimated from phosphorus loadings and 
lake and drainage basin characteristics, is 0.02 milligram 
per liter (mg/l). The Commission recommends a level 
of 0.02 mg/l or less of total phosphorus for the mainte- 
nance of a warmwater fishery and recreational use 
classification. Existing and anticipated year 2000 pol- 
lutant loadings may be expected to result in total phos- 
phorus concentrations in School Section Lake which 
do not exceed the recommended level for recreational 
use and for the maintenance of a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. 
An evaluation of these measures, applied in alternative 
combinations to reduce the nonpoint source pollution 
loading on the lake, was made and a set of recommended 
measures identified. These measures are set forth in 
Table C-267, along with the associated costs and antici- 
pated effectiveness. In addition, it should be noted that 

Table C-265 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF SCHOOL SECTION LAKE 

281n addition to  this discussion, important physical data 
about School Section Lake have been set forth in a report a The population of the direct tributary watershed is estimated 

entitled School Section Dike Rehabilitation Study, pre- by assuming an average of 3.62 persons per dwelling unit as 

pared b y  Donohue and Associates, Inc. under contract to counted on l"= 400'scale aerial photos. 

the Waukesha County Park and Planning Commission. Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

Description 

125 acres 

135 acres 
1.90 miles 

8.0 feet 
2.5 feet 
312 acre-feet 

409 persons 

o~~~~~~~~ algae blooms; 
nuisance macrophyte 
growth in shallow areas; 
moderate nutrient concen- 
trations; potential winter 
fishkills 



PLANNED LAND COVER DEVELOPMENT 
IN THE DIRECT TRIBUTARY DRAINAGE 
AREA OF SCHOOL SECTION LAKE: 2000 

School Section Lake hsr s direct tributaw drainage area of about 135 acres. 
A b u t  82 acres, or 61 percent of the drainage area, are planned to be in rural 
land mver, and 53 acres, or 39 percent, to be in urban landewer. Over the 
planning period none of the direct tributary watershed area is expected to be 
converted to urban land ewer. I t  is estimated that no reduction in "onpoint 
murce pollutant runoff will be required in the drainage area to satisfy water 
quality standards. To provide minimum water quality control, a combination 
of minimum rural land management prscticer-including especially the 
prop~r  management of agricultural cropping practices-and minimum urban 
management practicer-including low-cost urban practicer and proper septic 
tank system management based on a rite.bysite inrpsction and maintenance 
pragrsm+hould be implemented in the lake drainage area. 

Table C.266 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
SCHOOLSECTION LAKE: 1975 and 2000 

the repair of the dike-built as a Works Progress Adminis- 
tration (WPA) project to  control leakage and maintain 
the lake d e p t h i s  essential to the protection of lake 
water quality, and desired recreational use and fish and 
other aquatic life use objectives. Accordingly, the pro- 
posed dike repair project, for which Waukesha County 
committed $56,800 from the 1978 budget, is endorsed 
as a sound water quality management measure, and is 
taken as a committed decision for purposes of this 
analyses. Measures to control the contribution of phos- 
phorus include: improved septic tank management, 
minimum measures to reduce pollutant runoff from rural 
lands through the implementation of basic soil conserva- 
tion practices, and low-cost measures to reduce pollutant 
runoff from urban lands. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may provide a suitable bottom sub- 
strate and nutrient source for excessive macrophyte 
growth in some local areas and may release nutrients to 
the water body. If this problem is confirmed through 
further local study, the application of lake restoration 
or rehabilitation procedures should be considered, in 
addition to the above-mentioned point and nonpoint 
source controls. Alternative restoration measures as set 
forth in Table C-267 may include aeration, sediment 
covering, and dredging. The feasibility of these measures 
would have to be assessed in a preliminary engineering 
study. Additional management measures such as weed 
harvesting may be used to  control the macrophyte 
growth which may interfere with the recreational use of 
the lake. It should be emphasized, however, that the long- 
term maintenance of water quality in School Section 
Lake requires that the recommended level of nutrient 
concentrations be achieved 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient 
inputs to School Section Lake would entail a total 
capital cost of about $100, and an average annual 
operation and maintenance cost of about $200. The total 
50-year present worth cost of these source control mea- 
sures is $3,100, with an equivalent annual cost of $200. 
If, in addition, rehabilitation techniques are found neces- 
sary, the capital cost of these alternatives would range 
from $6,000 for aeration to $2,520,300 for dredging. 
The total present worth costs of these lake rehabilitation 
techniques would range from $6,900 for aeration to 
$1,883,400 for dredging. 

Silver Lake 
Silver Lake is a 222-acre lake located in the Town of 
Summit in Waukesha County. The lake drains to Battle 
Creek. Certain geomorphological characteristics of Silver 
Lake are set forth in Table C-268, together with the 
approximate 1975 population of the direct tributary 
watershed and a brief description of lake water quality 
conditions. Map G90 presents a graphic summary of 
the proposed year 2000 land cover in the lake water- 
shed. As shown on Map C-90, the majority of the urban 
land in the tributary watershed area is proposed to  
be served by sanitary sewers by the year 2000. As of 



Table C-267 

WATER QUALITY MANAGEMENT MEASURES FOR SCHOOL SECTION LAKE IN WAUKESHA COUNTY 

a The proper maintenance and replacement of the remaining septic tank systems is recommended to help improve the water quality o f  School Section Lake. However, because septic tank svs- 
tems management is an existing function necessary for the preservation o f  public health and the maintenance of drinking water supplies, this cost is nor included in the water quality manage 
ment plan. The estimated expenditures for septic system management in  the School Section Lake drainage basin include a capital cost over the period o f  1975-2000 of $13.500, an average 
annual operation and matntenance cost o f  $1,800, and a total 50year present worth cost o f  $76,600. 

Management Measure 

Septic Tank System 
Mangementa 

Minimum Rural Con- 
servation Practices 

Low Cost Urban Land 
Management Practices 

Total 
Macrophyte 

Cost estimated to  harvest macrophytes from the 3 1  acres of School Section Lake subject to  excessive macrophyte growth. 

Cost estimated to  aerate 3 9  acres o f  the lake. 

Cost estimated to  cover the entire lake bottom wi th  sand, clay, plastic, or other suitable material. 

Cost estimated to  dredge lake to  an average depth o f  1 5  feet. Existing average depth is 2.5 feet. 

Estimated Cost 

' The costs for sediment covering and dredging vary widely depending o n  such factors as lake size and depth, type o f  bot tom substrate, and amount of material to  be f i l led or dredged. 

Total 
Capital 

- 

$ <I00 

Minimal 

100 
28,900 

Source: SEWRPC 

1980-2000 

Average Annual 
Operation and 
Maintenance 

- 

5 100 

100 

200 
4PM) 

200 

- 

- 

Economic Analysis 

~ a r v e s t i n g ~  I 
Hypolimnetic 1 6,000 

1975, an estimated 176 privately owned onsite sewage 
disposal systems-43 of which were located in areas 
covered by soils having severe or very severe limitations 
for the use of such systems-were in operation in the lake 
watershed area. 

Anticipated Effectiveness 

Reduce nutrient concentra- 
t ions; prevent the stimula- 
t ion  of excessive macro- 
phyte and algae growth; 
improve recreational use 
potential 

Control excessive macrophyte 

 erat ti on' 

Sediment 
coveringdrf 

IJredginge.f 

As indicated in Table G269, all sources combined con- 
tribute about 430 pounds of phosphorus annually to 
Silver Lake. The major sources of phosphorus in the lake 
watershed are urban land runoff and malfunctioning 
septic tank systems. Also, as indicated in Table C-269, 
urban land uses in the watershed are expected to increase 
by about 66 percent under planned year 2000 land cover 
conditions, with annual total phosphorus loadings to the 
lake expected to be increased to about 1,900 pounds as 
a result of increased construction activity. The estimated 
total phosphorus concentrations during spring overturn 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  Lake 
(percent 

10 
Minimal additional 

growth; aesthetic enhance- 
ment; improve recreational 
use potential 

Prevent anaerobic conditions 
(lack of oxygen) in the 
hypolimnion 

Accelerate lake improvement; 
prevent release of nutrients 
f rom sediment; reduce 
suitable plant substrate 

Deepen lake; reduce macro- 
phyte growth 

Present 

Capital 

- 

Minimal 

Minimal 

0 
21,600 

4,500 

1 86,800 

1,883,400 

250,000 

2,520,300 

under existing and anticipated year 2000 conditions, as 
estimated from phosphorus loadings and lake and 
drainage basin characteristics, are 0.02 milligram per liter 
(mg/l) and 0.10 mg/l, respectively. The Commission 
recommends a level of 0.02 mg/l or less of total phos- 
phorus for the prevention of excessive aquatic plant 
growth and for the maintenances of a warmwater fishery 
and recreational use classification. Anticipated year 2000 
pollutant loadings may be expected to  result in total 
phosphorus concentrations in Silver Lake which exceed 
the recommended level for recreational use and for the 
maintenance of a warmwater fishery. 

reduction 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 

Equivalent 

Capital 

- 

Minimal 

Minimal 

Minimal 
1,400 

300 

11900 

1 19.500 

I- 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. 
An evaluation of these measures-applied in alternative 

Worth: 

Operation and 
Maintenance 

- 

$ 1 ,800 

1,300 

3 ,I 00 
63.500 

2,400 

- 

- 

1975-2025 

Total 

- 

5 1,800 

1,300 

3,100 
85,100 

6,900 

186,800 

1,883,400 

Annual: 

Operation and 
Maintenance 

- 

$ 100 

100 

200 
4,000 

100 

- 

- 

1975-2025 

Total 

- 

$ 100 

100 

200 
5.400 

400 

11,900 

119,500 



Table C-268 Map C-90 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF SILVER LAKE 

a The population of the direct tributary watemhed is estimated 
by assuming an average of 3.2 persons per dwelling unit as 
counted on I"= 400'scaIe aerial photos. 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary Watersheda . . . . .  

General Existing Water Quality 
Conditions: 

Table C269 

Description 

222 acres 

1,161 acres 
2.7 miles 

44 feet 
31.5 feet 
6.993 acre-feet 

563 persons 

Occasional algae blooms; nui- 
sance macrophyte growth; 
high nutrient concentra- 
tions; lack of oxygen in 
hypolimnion 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
SILVER LAKE: 1975 and 2000 

PLANNED LAND COVER DEVELOPMENT 
IN THE DIRECT TRIBUTARY DRAINAGE 

AREA OF SILVER LAKE: ZOO0 

LEGEND 

-- mC.9 S"seA5,N BOYNDaR" 
'NO ceSIeNA7ION - DIRECT TRIBUTARY 
D R a I W e  F.REE. BOYND-rRI  

-+ PmNT or I"BeA5iN DISCMiiilTF 

I :E~::&%z?A:m" 

a W S E W ~ E W R ~ N  CEMLOPMENI eeoo 

Silver Lake has a direct tributary drainage area of about 1.161 acres. About 
232 acres. or 20 percent of the drainage ares, are planned to be in rural land 
mver, and 929 asrea. or 80 percent, to be i n  urban land cover. Over the 
planning period an average of about 35 serer may be expected t o  be 
converted annually to  urban land cover. I t  is estimated that an 80 Percent 
reduction in nonpoint nource pollutant runoff will be required in the 
drainage ares t o  protect the water qual iN of the lake. This cen be achieved 
through s combination of minimum rural land management practicer and 
minimum urban management practices-including low-cost urbsn practicer, 
~ o n ~ t r ~ c t i a n  erosion controls, and proper peptic tank NSiem management 
bared on a rite-by.site inspection and maintenance prwram. 

%urn: SEWRPC 

combinations to reduce the nonpoint source pollution 
loading on the lake, was made and a set of recommended 
measures was identified. These measures are set forth in 
Table C270, along with the associated costs and antici- 
pated effectiveness. Measures to control construction 
erosion contributions appear to be the most effective 
way to substantially reduce phosphorus loadings to the 
lake. Other needed measures include: the provision of 
sanitary sewer service, improved septic tank management, 
minimum measures to reduce pollutant runoff from 
rural lands through the implementation of basic soil 
conservation practices, and low-cost measures to reduce 
pollutant runoff from urban lands. 



Table C-270 

WATER QUALITY MANAGEMENT MEASURES FOR SILVER LAKE I N  WAUKESHA COUNTY 

a The cumulative percent reduction in phosphorus loadings is in addition to sanitary sewer service, as recommended in the point source element for the Middle Rock River subregional area 

External Annual 

Sanitary Sewer 

reduce nutrient concen- 

phvte and algaegrowth; 
improve recreational use 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the point source alternative plan elements for the Middle Rock River subregional area. Local 
hook-up and operation and maintenance costs, which are not primarily dependent on surface water quality, are not presented above. The estimatedexpenditures for local hook-up and opera- 
tion and maintenance in the Silver Lake drainage basin include a capital cost over the period of 19752000 of $1,748,000, an average annual operation and maintenance cost of  $13,100, and 
a total 50-year presen t worth cost of $1,186,000. 

Nutrient 
lnactivatlong 

Sediment 
coveringhri 

The proper maintenance and replacement of the remaining septic tank systems is recommended to help improve the water quality of Silver Lake. However, because septic tank systems man- 
agement is an existing function necessary for the preservation of public health and the maintenance of  drinking water supplies, this cost is not included in the water quality management plan. 
The estimated expenditures for septic system management in the Silver Lake drainage basin include a capital cost over the period of 1975-2000 of $45,000, an average annual operation and 
maintenance cost of $1,300, anda total 50-year present worth cost of  $69,200. 

Cost estimated to control erosion from the estimated 35.4 acres of land estimated to be annually undergoing construction activity in the lake watershed. 

Cost estimated to harvest macrophytes from the 17 acres of  Silver Lake subject to excessive macrophyte growth. 

11.100 
t o  

22,200 

444.000 

Cost estimated to aerate the entire hypolimnion of  the lake. 

The lower cost for nutrient inactivation is for treating only the hypolimnetic area with alum; the higher cost is for treating the entire lake with alum. 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, or other suitable material. 

- 

- 

The costs for sediment covering vary widely depending on such factors as lake size and depth, type of bottom substrate, and amount o f  material to be filled. 

Source: SEWRPC. 

8,300 
to 

16.600 

331,800 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may provide a suitable bottom 
substrate and nutrient source for excessive macrophyte 
growth in some local areas and may release nutrients to  
the water body. If this problem is confirmed through 
further local study, the application of lake restoration 
or rehabilitation procedures should be considered, in 
addition to the above-mentioned point and nonpoint 
source controls. Alternative restoration measures as set 
forth in Table C-270 may include hypolimnetic aeration, 
nutrient inactivation, and sediment covering. The feasi- 
bility of these measures would have to be assessed in 
a preliminary engineering study. Additional management 
measures such as weed harvesting may be used to control 
the macrophyte growth which may interfere with the 

recreational use of the lake. It should be emphasized, 
however, that the long-term maintenance of water quality 
in Silver Lake requires that the recommended level of 
nutrient input reductions be achieved. 

- 

- 

The application of the above-listed nonpoint pollution 
control measures to control the nutrient inputs to Silver 
Lake would entail a total capital cost of about 
$1,635,600, and an average annual operation and mainte- 
nance cost of about $16,100. The total 50-year present 
worth cost of these source control measures is 
$1,477,300, with an equivalent annual cost of $93,700. 
If, in addition, rehabilitation techniques are found 
necessary, the capital cost of these alternatives would 
range from $11,100 for nutrient inactivation to 
$444,000 for sediment covering. The total present 

8,300 
to 

16.600 

331,800 

500 
to  

1.100 

21,000 

- 

- 

500 
to 

21,000 

hypolimnion 
Accelerate lake improvement; 

prevent release of nutrients 
from sediment; remove 
nutrients from water body 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; reduce 
suitable plant substrate 

No additional 
reduction 

No additional 
reductim 



worth costs of these lake rehabilitation techniques 
would range from $8,300 for nutrient inactivation to 
$331,800 for sediment covering. PLANNEDLANDCOVERDEVELOPMENT 

IN THE DIRECTTRIBUTARY DRAINAGE 
AREA OF TRlPP LAKE: 2000 Tripp Lake 

Tripp Lake is a 115-acre lake located in the City of 
Whitewater in Walworth Countv. The lake drains to LEGEND 

d m r l m  DRAW- W B Y T A W  As- 

-+ ZEAR?.& -'" 

............. 

Whitewater Creek through ~rava th  Lake. Certain geo- 
morphological characteristics of Tripp Lake are set forth 
in Table G271, together with the approximate 1975 
population of the direct tributary watershed and a brief 
description of lake water quality conditions. Map C-91 
presents a graphic summary of the proposed year 2000 
land cover in the lake watershed. As shown on Map C-91, 
all significant urban land areas in the tributary water- 
shed area are proposed to  be served by sanitary sewers 
by the year 2000. As of 1975, an estimated 23 privately 
owned onsite sewage disposal systems-11 of which were 
located in areas covered by soils having severe or very 
severe limitations for the use of such systems-were in 
operation in the lake watershed area. The sanitary sewer 
senrice area of the watershed is proposed to  be extended 
under planned year 2000 conditions. 

As indicated in Table G272, all direct sources combined 
contribute about 500 pounds of phosphorus annually to 
Tripp Lake. An additional 1,000 pounds of phosphorus 
enter the lake annually from Whitewater Creek. The 
major source of phosphorus in the lake watershed is 
Whitewater Creek inflow. Also, as indicated in Table 
C272, urban land uses in the watershed are expected to 
increase by about 170 percent under planned year 2000 

T r i ~ p  U k a  has a direct tributav drainage area of about 554 sers. About 
305 acrer, or 55 Percent of the drainage area, are planned to be in rural land 
cover, and 249 acrer, or 45 percent, to be in urban land cover. Over the 
planning period an aversge af about seven serer may be expected to be eon- 
vsrrsd to urban land cover. I t  is estimated that an 80 percent mduction in 
nonpoint source pollutant runoff will be required in the drainage ares 
to protect the water quality of the lake. This can be achieved through 
a combination of minimum rural land management practices-including 
esp~~ial ly  the pr011er management of agricultural cropping practices--and 
minimum urban management prsctices-including low-cost urban practices, 
consfruction erosion Controls, and Proper septic tank system management 
based on a sim-by-site inspection and maintenance program. Table C-271 

Source: SEWRPC. GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF TRlPP LAKE 

Table C272 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary Watersheda . . . . .  

General Existing Water Quality 
Conditions: 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
TRlPP LAKE: 1975 and 2000 

Descriptior~ 

11 5 acres 

554 acres 
2.9 miles 

8 feet 
3.3 feet 
380 acre-feet 

285 persons 

Occasional algae blooms: nui- 
sance macrophyte growth; 
low transparency, occasion- 
al low dissolved oxygen 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.13 persons per dwelling unit as 
countedon I"=  400'scale aerialphotos. 

Source: SEWRPC. 



conditions, with annual direct phosphorus loadings to 
the lake expected to increase slightly. Whitewater Creek 
loads are expected to decrease to  700 pounds as a result 
of upstream watershed management practices. The esti- 
mated total phosphorus concentrations during spring 
estimated total phosphorus concentrations during spring 
overturn under existing and anticipated year 2000 
conditions, as estimated from phosphorus loadings and 
lake and drainage basin characteristics, are 0.04 milligram 

per liter (mg/l) and 0.03 mg/l, respectively. The Com- 
mission recommends a level of 0.02 mg/l or less of total 
phosphorus for the prevention of excessive aquatic plant 
growth and for the maintenance of a warmwater fishery 
and recreational use classification. Existing and antici- 
pated year 2000 pollutant loadings may be expected to 
result in total phosphorus concentrations in Tripp Lake 
which exceed the recommended level for recreational 
use and for the maintenance of a warmwater fishery. 

Table C-273 

WATER QUALITY MANAGEMENT MEASURES FOR TRlPP LAKE IN WALWORTH COUNTY 

a The cumulative percent reduction in phosphorus loadings is in addition to sanitary sewer service, as recommended in the point source element for the Lower Rock River subregional area 

tions; prevent the stimula- 
tion of excessive macro- 
phyte and algae growth; 
improve recreational use 

f~ Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the point source alternative plan elements for the Lower Rock River subregional area. Local 
hook-UP and operation and maintenance costs, which are not primarily dependent on surface water quality, are not presentedabove. The estimated expenditures for local hook-up and opera- 
tion and maintenance in the Tripp Lake drainage basin include a capital cost over the period of 1975-2000 o f  $476,000, an average annual operation and maintenance cost of $5,600, and 
a total 50year present worth cost o f  $355,100. 

r era ti on' 

Nutrient 
Inactivationg 

Sed~ment 
coveringheiGk 

Dredgfng',lsk 

The Proper maintenance and replacement o f  the remaining septic tank systems is recommended to help improve the water qualify o f  Tripp Lake. However, because septic tank systems man- 
agement is an existing function necessary for the preservation o f  public health and the maintenance o f  drinking water supplies, this cost is not included in the water quality management plan. 
The estimated expenditures for septic system management in the Tripp Lake dramage basin include a capital cost over the period o f  19752000 of $49,500, an average annual operation and 
maintenance cost of $500 anda total 50-year present worth cost o f  $45,200. 

Cost estimated to control erosion from the estimated 6.9 acres of land estimated to be annually undergoing construction activify in the lake watershed. 

6,000 

11,500 

230,000 

2.1 70,300 

Cost estimated to harvest macrophytes from the 38acres of Tripp Lake subject to excessive macrophyte growth. 

+ cost estimated to aerate 30 acres of ~ r i p p  Lake. 

200 

- 

- 

- 

The cost for nutrient inactivation is for treating the entire lake with alum 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, or other suitable material. 

4,500 

8,600 

171,900 

1,621,900 

These costs may be significantly reduced i f  the dam is opened and the lake dewatered. This action, however, has the distinct disadvantage of leaving the lakebed dry for a significant period of 
time, and resulting in a dramatic impact on the biological composition o f  the lake. 

' The reduction in the direct phosphorus load to Tripp Lake must be augmented by the implementation o f  minimum practices in the upstream drainage area o f  the Whitewater Creek i f  the total 
lake load is to be reduced to acceptable levels. Therefore, the nonpoint source plan element must be implemented i f  Tripp Lake is to  meet the water quality criteria for recreation and warm- 
water fishery. 

2,400 

- 

- 

- 

The costs for sediment covering and dredging vary widely depending on such factors as lake size and depth, type of bottom substrate, and amount of material to be filled or dredged. 

Source: SEWRPC 

6,900 

8,600 

171,900 

1,621,900 

300 

500 

10,900 

102,900 

200 

- 

- 

- 

500 

500 

10,900 

102,900 

Prevent anaerobic conditions 
(lack of oxygen) in the 
hypolimnion 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment: remove 
nutrients from water body 

Accelerate lake improvement: 
prevent release of nutrients 
from sediment; reduce 
suitable plant substrate 

Deepen lake; reduce macro- 
phyte growth 

No additional 
reduction 

NO additional 
reduction 

No additional 
reduction 

No additional 
reduction 



The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. 
An evaluation of these measures, applied in alternative 
combinations t o  reduce the nonpoint source pollution 
loading on the lake, was made and a set of recommended 
measures identified. These measures are set forth in Table 
C273, along with the associated costs and anticipated 
effectiveness. Measures to control construction activity 
contributions appear to  be the most effective way to 
substantially reduce direct phosphorus loadings to  the 
lake. Other needed measures include: the extension of 
sanitary sewer service, improved septic tank management, 
minimum measures to reduce pollutant runoff from rural 
lands through the implementation of basic soil conserva- 
tion practices, and low-cost measures to  reduce pollutant 
runoff from urban lands. These measures alone will not 
reduce Tripp Lake phosphorus loadings to  recommended 
levels since most of the Tripp Lake load stems from 
Whitewater Creek. Implementation of similar measures 
in the Whitewater Creek watershed as recommended in 
the nonpoint source element to  the Rock River water- 
shed would reduce total Tripp Lake phosphorus loads 
to recommended levels. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited on 
the lake bottom may provide a suitable bottom substrate 
and nutrient source for excessive macrophyte growth in 
some local areas and may release nutrients to  the water 
body. If this problem is confirmed through further local 
study, the application of lake restoration or rehabilitation 
procedures should be considered, in addition to  the 
above-mentioned point and nonpoint source controls. 
Alternative restoration measures as set forth in Table 
(3-273 may include aeration, nutrient inactivation, 
sediment covering, and dredging. A fifth alternative, 
dewatering the lake and allowing the sediments to dry 
and consolidate, would have little monetary cost but 
would entail significant environmental and aesthetic 
effects resulting from the drying of the lake. The feasi- 
bility of these measures would have t o  be assessed in 
a preliminary engineering study. Additional management 
measures such as weed harvesting may be used to control 
the macrophyte growth which may interfere with the 
recreational use of the lake. I t  should be emphasized, 
however, that the long-term maintenance of water quality 
in Tripp Lake requires that the recommended level of 
nutrient input reductions be achieved. 

The application of the above-listed nonpoint source 
pollution control measures in the direct tributary water- 
shed to control the nutrient inputs to  Tripp Lake would 
entail a total capital cost of about $318,900, and an 
average annual operation and maintenance cost of about 
$3,400. The total 50-year present worth cost of these 
source control measures is $290,400, with an equivalent 
annual cost of $18,500. If, in addition, rehabilitation 
techniques are found necessary, the capital cost of these 
alternatives would range from $6,000 for aeration t o  
$2,170,300 for dredging. The total present worth costs 
of these lake rehabilitation techniques would range from 
$6,900 for aeration t o  $1,621,900 for dredging. 

Turtle Lake 
Turtle Lake is a 140-acre lake located in the Town of 
Richmond in Walworth County. The lake forms the 
headwater of Turtle Creek. Certain geomorphological 
characteristics of Turtle Lake are set forth in Table 
C-274, together with the approximate 1975 population 
of the direct tributary watershed and a brief description 
of lake water quality conditions. Map C-92 presents 
a graphic summary of the proposed year 2000 land cover 
in the lake watershed. As shown on Map C-92, none of 
the urban land in the tributary watershed area is pro- 
posed to be served by sanitary sewers by the year 2000. 
As of 1975, an estimated 160 privately owned onsite 
sewage disposal systems-112 of which were located in 
areas covered by soils having severe or very severe limita- 
tions for the use of such systems-were in operation in 
the watershed area. 

As indicated in Table C-275, all sources combined con- 
tribute about 1,700 pounds of phosphorus annually to 
Turtle Lake. The major sources of phosphorus in the lake 
watershed are livestock operations and septic tank 
systems. The existing land uses are not expected to 
change significantly under planned year 2000 land cover 
conditions. Therefore, unless reduced by the implementa- 
tion of nonpoint source control measures, phosphorus 
loadings from livestock and septic tank systems may be 
expected t o  continue to be the primary sources of phos- 
phorus to the lake under anticipated year 2000 condi- 
tions. The estimated total phosphorus concentration 
during spring overturn under both existing and year 2000 
lake and drainage basin characteristics is 0.14 milligram 

Table C-274 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF TURTLE LAKE 

Characteristic I Description I 
-- 

. . . . . . . . . . . .  Surface Area 
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  Shoreline 

Depth 
. . . . . . . . . . .  Maximum 

Mean . . . . . . . . . . . . . . .  
Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

. . . . .  Tributary watersheda 

General Existing Water Quality 
Conditions: 

140 acres 

748 acres 
2.3 miles 

35 feet 
14.4 feet 
2,016 acre-feet 

501 persons I 
Generally good, except for 

macrophyte growth in the 
littoral zone and a lack of 
oxygen in the hypolimnion 

a The population of  the direct tributary watershed is estimated 
by assuming an average of 3.13 persons per dwelling unit as 
counted on I"= 400'scale aerial photos. 

Source: SEWRPC. 



Map C-92 

PLANNEDLANDCOVERDEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE 

AREA OF TURTLE LAKE: 2000 

/m TURTLE )M 

LEGEND 
-- SUBBASIN BOUND_II(I 
UTC-P ilND OESIGNATION 

URECT TRIBUTARY 
WAINAGE AREA - POlNT OF SUBBASIN 
DISCHARGE 

0 WSEWEREO URBAN 
DEVELOPMENT 2000 

RURaL LAND COVE- 

Turtle Lake has a direct tributary drainage area of about 748 acres. About 
635 acrer, or 85 percent of the drainage area, are Planned to be in rural land 
cover, and 113 acrer, or 15 percent, to be in urban land cover. Over the 
planning period none of tha direct tributary watershed is exoected to be con- 
verted to urban land cover. It is estimated that an 8 5  percent reduction in 
nonpoint source pallutant runoff will be required in the drainage area to pro- 
tect the water quality of the lake. To provide for water quality control, a 
combination of minimum rural land management praeticer-including 
erpeciallv the Proper management of livertock wastes--and minimum urban 
management p~~cfi~e%-including low-cost urban practicer and proper septic 
tank rvntem management based on a rite-by-nite Inspection and maintenance 
Program-should be implemented in the lake drainage area. 

Source: SEWRPC. 

Table C275  

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
TURTLE LAKE: 1975 and 2000 

per liter (mgll). The Commission recommends a level of 
0.02 mgil or less of total phosphorus for the prevention 
of excessive aquatic plant growth and for the mainte- 
nance of a warmwater fishery and recreational use 
classification. Existing and anticipated year 2000 pol- 
lutant loadings may be expected to  result in total phos- 
phorus concentrations in Turtle Lake which exceed the 
recommended level for recreational use and for the 
maintenance of a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in Table 
C276, along with the associated costs and anticipated 
effectiveness. Measures to control livestock contributions 
appear to be the most cost-effective way to substantially 
reduce phosphorus loadings to the lake. Other needed 
measures include: improved septic tank management, 
minimum measures to reduce pollutant runoff from rural 
lands through the implementation of basic soil consenra- 
tion practices, and low-cost measures to reduce pollutant 
runoff from urban lands. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may continue to provide a suitable 
bottom substrate and nutrient source for excessive mac- 
rophyte growth and may release nutrients to  the water 
body, resulting in continued poor water quality. If this 
problem is confirmed through further local study, the 
application of lake restoration or rehabilitation proce- 
dures should he considered, in addition to the above- 
mentioned nonpoint source controls. Alternative 
restoration measures may include hypolimnetic aeration, 
sediment covering, and nutrient inactivation. The feasi- 
bility of these measures would have to be assessed in 
a preliminary engineering study. Additional management 
measures, such as weed harvesting, may be used to  
control temporarily the macrophyte growth which may 
interfere with the recreational use of the lake. It should 
be emphasized, however, that the long-term maintenance 
of water quality in Turtle Lake requires that the recom- 
mended level of nutrient input reductions be achieved. 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Turtle Lake would entail a total capital cost of about 
$77,300, and an average annual operation and mainte- 
nance cost of about $6,800. The total 50-year present 
worth cost of these nonpoint source control measures, 
useful in comparing the long-term costs of alternative 
control measures, is $138,400, with an equivalent annual 
cost of $9,000. If, in addition, rehabilitation techniques 
are found necessary, the capital cost of these alternatives 
would range &om $7,000 for nutrient inactivation to 
$280,000 for sediment covering. The total present 
worth costs of these lake rehabilitation techniques 
would range from $5,200 for nutrient inactivation to 
$209,200 for sediment covering. 



Table C-276 

WATER QUALITY MANAGEMENT MEASURES FOR TURTLE LAKE IN WALWORTH COUNTY 

a The proper maintenance and replacement o f  the remaining septic tank systems is recommended to help improve the water quality o f  Turtle Lake. However, because septic tank systems man- 
agement is an existing function necessary for the preservation o f  publ ic health and the maintenance of  drinking water supplies, this cost 1s no t  included i n  the water quality managementplan. 
The estimated expenditures for  septic system management i n  the Turtle Lake drainage basin include a capital cost over the period o f  1975-2000 of  $504.000. an average annual operation and 
maintenance c o n  o f  $5,900, and a total 50-year present worth cost o f  $487,600. 

Cost estimated to harvest macrophytes from the 3 0  acres o f  Turtle Lake subject to excessive macrophyte growth. 

Cost estimated to aerate the entire hypolimnion o f  the lake. 

The lower cost for nutrient inactivation is for treating only the hypolimnetic area with alum; the higher cost is for treating the entire lake with alum. 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, o r  other suitable material. 

The costs for sediment covering vary widely depending on such factors as lake size and depth, type o f  bottom substrate, and amount of material to be filled. 

Source: SEWRPC 

Upper Nashotah Lake 
Upper Nashotah Lake is a 133-acre lake located in the 

Management Measure 

Septic Tank System 
Managementa 

Livestock Waste 
Control 

Minimum Rural Con- 
oervation Practices 

Low Cost Urban Land 
Management Practices 

Total 
Macrophyte 

~ a r v e s t i n g ~  

Hypolimnetic 
 erat ti on' 

Nutrient 
lnactiwtiond 

Sediment 
coveringerf 

Town of Summit in Waukesha County. The lake drains 
to the Bark River via Lower Nashotah Lake and the 
Nemahbin Lakes. Certain geomorphological charac- 
teristics of Upper Nashotah Lake are set forth in Table 
C-277, together with the approximate 1975 population 
of the direct tributary watershed and a brief description 
of lake water quality conditions. Map C-93 presents 
a graphic summary of the proposed year 2000 land cover 
in the lake watershed. As shown on Map C-93, all sig- 
nificant urban land areas in the tributary watershed 
area are proposed to be served by sanitary sewers by the 
year 2000. As of 1975, an estimated 69 privately owned 
onsite sewage disposal systems-33 of which were located 
in areas covered by soils having severe or very severe 
limitations for the use of such systems-were in operation 
in the watershed area. 

Anticipated Effectiveness 

Reduce nutrient concentra- 
tions; prevent the stimula- 
t ion of excessive macro- 
phyte and algae growth; 
improve recreational ure 
potential 

Control excessive macrophyte 
growth: aesthetic enhance- 
ment; improve recreational 
use potential 

Prevent anaerobic conditions 
(lack o f  oxygen) i n  the 
hypolimnion 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; remove 
nutrients from water body 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; reduce 
suitable plant substrate 

As indicated in Table C-278, all sources combined con- 
tribute about 2,000 pounds of phosphorus annually t o  
Upper Nashotah Lake. The major source of phosphorus 
in the lake watershed is livestock operations. Also as 

Cumulative 
Reduction in 

Enernal Annual 
Phosphorus 

Load t o  Lake 
(percent) 

85 

Minimal additional 
reduction 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 

indicated in Table C-278, urban land uses in the water- 
shed are expected t o  increase by about 110 percent under 
planned year 2000 land cover conditions, with annual 
total phosphorus loadings to the lake expected to be 
increased to about 2,400 pounds as a result of an 
expected increase in construction activities needed for 
the development of urban land. Livestock operations, 
however, are expected t o  remain the primary source of 
phosphorus to  the lake under anticipated year 2000 con- 
ditions. The estimated total phosphorus concentrations 
during spring overturn under existing and anticipated 
year 2000 conditions, as estimated from phosphorus 
loadings and lake and drainage basin characteristics, are 
0.17 milligram per liter (mgll) and 0.21 mgl1,respectively. 
The Commission recommends a level of 0.02 mg/l or less 
of total phosphorus for the prevention of excessive 
aquatic plant growth and the maintenance of a warm- 
water fishery and recreational use classifications. Existing 
and anticipated year 2000 pollutant loadings may be 
expected t o  result in total phosphorus concentrations in 
Upper Nashotah Lake which exceed the recommended 
level for recreational use and for the maintenance of a 
warmwater fishery. 

Estimated Cost 

Total 
Capital 

- 
$ 77,200 

100 

Minimal 

77,300 
28,000 

14.000 

7,000 
t o  

14,000 

280.000 

1980-2000 

Average Annual 
Operation and 
Maintenance 

- 

$ 5,500 

1.100 

200 

6,800 
3,900 

400 

- 

- 

Economic Analysis 

Total 

- 

$ 121,900 

13,700 

2,800 

138,400 
82,400 

16,000 

5,200 
t o  

10.500 

209.200 

Equivalent 

Capital 

- 

$ 3,700 

,100 

Minimal 

3,800 
1,300 

700 

300 
t o  
700 

13,300 

Present 

Capital 

- 

$ 57.700 

100 

Minimal 

57,800 
20.900 

10.500 

5.200 
t o  

10,500 

209.200 

Worth: 1975-2025 

Operation and 
Maintenance 

- 

$ 64,200 

13,600 

2 ,800 

80.600 
61,500 

5500 

- 

- 

Annual: 

Operation and 
Maintenance 

- 

$ 4,100 

900 

200 

5,200 
3,900 

400 

- 

- 

1975-2025 

Total 

- 

$ 7,800 

1,000 

200 

9.000 
5,200 

1,100 

300 
t o  
700 

13,300 



Table C-277 Map C-93 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF UPPER NASHOTAH LAKE 

PLANNEDLANDCOVERDEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE 
AREA OF UPPER NASHOTAH LAKE: 2000 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
Mean. . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

. . . . .  Tributary watersheda 

General Existing Water Quality 
Conditions: 

Upper Nashotah Lake ha$ a direct tributary drainage area of about 
1,257 acres. About 943 acres, or 75 percent of the drainage area, are planned 
to be in rural iand cover, and 314 acrer, or 25 percent, to be in urban iand 

Description 

133 acres 

1,257 acres 
2.30 miles 

53 feet 
21 feet 
2,820 acre-feet 

221 persons 

Occasional algae blooms and 
excessive macrophyte 
growth: high nutrient con- 
centrations; and lack of ox- 
ygen in the hypolimnion 

a The populat~on of the tr;butarv watershed estimated cover. Over the planning period an average of about 10 acrer may be 
expected to be convened to urban land cover. I t  is estimated that 8-90 per- 

by assuming an average of 3.2 persons per dwelling unit as cent reduction in nonpoint source pollutant runoff will be required in ths 
counted on 7" = 400'scale aerialphotos. drainage area to protect the water quality of the lake. This can be achieved 

Source: SEWRPC. through B combination of minimum rural land managemenr practicen- 
inciudong especially the prowr management of iivsnock wastesand 
minimum urban management prscrices-induding lowzon urban practicer. 
construction erwion  control^, and proper septic tank rynem management 
b a d  on a site-by-sits inrpecfion and maintenance program. 

Soome: SEWRPC. 

Table C-278 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADSTO 
UPPER NASHOTAH LAKE: 1975 and 2000 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in Table 
G279, along with the associated costs and anticipated 
effectiveness. Measures to control livestock contributions 
appear to be the most cost-effective way to substantially 
reduce phosphorus loadings to the lake. Other needed 
measures include: the extension of sanitary sewer service, 
improved septic tank management, minimum measures to 
reduce pollutant runoff from rural lands through the 
implementation of basic soil conservation practices, 
low-cost measures to reduce pollutant runoff from urban 
lands, and construction erosion control practices. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited 
on the lake bottom may provide a suitable bottom sub- 
strate and nutrient source for excessive macrophyte 
growth in some local areas and may release nutrients to 
the water body. If this problem is confirmed through 



Table C-279 

WATER QUALITY MANAGEMENT MEASURES FOR UPPER NASHOTAH LAKE IN WAUKESHA COUNTY 

a The cumulative percent reduction in phosphorus loadings is in addition to sanitary sewer service, as recommended in the point source element for the Middle Rock River subregional area. 

tion of excessive macro- 
phyte and algae growth; 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the point source alternative plan elements for the Middle Rock River subregional area. Local 
hook-up and operation and maintenance costs, which are not primarily dependent on surface water quality, are not presented above. The estimated expenditures for local hook-up and opera- 
tion and maintenance in the Upper Nashotah Lake drainage basin include a capital cost over the period o f  1975-2000 of $488,000, an average annual operation and maintenance cost of 
$13,700, anda total 50.yearpresent worth cost of $331,100. 

Hypolimnetic 
 erat ti on^ 

Nutrient 
lnactivationg 

Sediment 
covering'si 

The proper maintenance and replacement of the remaining septic tank systems is recommended to help improve the water quality of Upper Nashotah Lake. However, because septic tank 
systems management is an existing function necessary for the preservation o f  public health and the maintenance of drinking water supplies, this cost is not included in the water quality manage- 
ment Plan. The estimated expenditures for septic system management in the Upper Nashotah Lake drainage basin include a capital cost over the period of 1975-2000 o f  $63.000, an average 
annual operation and maintenance cost of $1,200, anda total 50-year present worth cost of $75,900. 

Cost estimated to control erosion from the estimated 10.3 acres of landestimated to be annually undergoing construction activity in the lake watershed. 

Cost estimated to harvest macrophytes from the 20 acres o f  Upper Nashotah Lake subject to excessive macrophyte growth 

14,000 

7,000 
t o  

13,300 

266,000 

Cost estimated to aeratp the entire hypolimnion of the lake. 

The lower cost for nutrient inactivation is for treating only the hypolimnetic area with alum; the higher cost is fqr treating the entire lake with alum. 

Cost estimated to cover the entire lake bottom with sand, clay, plastic, or other suitable material. 

400 

- 

The Costs for sediment covering vary widely depending on such factors as lake size and depth, type of bottom substrate, and amount of material to be filled. 

Source: SEWRPC 

further local study, the application of lake restoration 
or rehabilitation procedures should be considered, in 
addition to  the above-mentioned point and nonpoint 
source controls. Alternative restoration measures as set 
forth in Table C-279 may include hypolimnetic aeration, 
sediment covering, and nutrient inactivation. The feasi- 
bility of these measures would have to  be assessed in 
a preliminary engineering study. Additional management 
measures such as weed harvesting may be used to  control 
the macrophyte growth which may interfere with the 
recreational use of the lake. It should be emphasized, 
however, that the long-term maintenance of water quality 
in Upper Nashotah Lake requires that the recommended 
level of nutrient input reductions be achieved. 

10,500 

5.200 
to  

9,900 

198,800 

The application of the above-listed nonpoint source 
pollution control measures to  control the nutrient inputs 
to Upper Nashotah Lake would entail a total capital cost 

6,300 

- 

- 

of about $484,900, and an average annual operation and 
maintenance cost of $8,100. The total 50-year present 
worth cost of these source control measures is $477,400, 
with an equivalent annual cost of $30,400. If, in addi- 
tion, rehabilitation techniques are found necessary, the 
capital cost of these inactivation would range from 
$7,000 for nutrient inactivating to $266,000 for 
sediment covering. The total present worth costs of 

16,800 

5,200 
to  

9,900 

198,800 

these lake rehabilitation techniques would range from 
$5,200 for nutrient inactivation to  $198,800 for 
sediment covering. 

700 

300 
to  

600 

12,600 

400 

- 

- 

1,100 

300 
to 

600 

12,600 

Prevent anaerobic conditions 
(lack of oxygen) in the 
hypolimnion 

Accelerate lake improvement; 
prevent release of nutrients 
from sediment; remove 
nutrients from water body 

Accelerate lake improvement; 
prevent release of nutrients 
from sed~ment; reduce 
suitable plant substrate 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 



Map C-94 Upper Nemahbin Lake 
Upper Nemahbin Lake is a 283-acre lake located in the 
Town of Summit in Waukesba County. The lake drains 
to the Bark River via Lower  ema ah bin Lake. Certain 
geomorphological characteristics of Upper Nemahbin 
Lake are set forth in Table G2807, together with the 
approximate 1975 population of the direct tributary 
watershed and a brief description of lake water quality 
conditions. Map C-94 presents a graphic summary of 
the proposed year 2000 land cover in the lake water- 
shed. As shown on Map C-94, all of the urban land in the 
tributary watershed area is proposed to be served by 
sanitary sewers by the year 2000. As of 1975, an esti- 
mated 281 privately owned onsite sewage disposal sys- 
tems-86 located in areas covered by soils having severe 
or very severe limitations for the use of such systems- 
were in operation in the watershed area. 

As indicated in Table C-281, all direct sources combined 
contribute about 1,500 pounds of phosphorus annually 
to Upper Nemahbin Lake. The major source of direct 
phosphorus in the lake watershed is livestock operations. 
An additional 10,000 pounds of phosphorus are con- 
tributed annually as inflow fmm Lower Nashotah and 
Nagawicka Lakes. Also, as indicated in Table '2-281, 
urban land uses in the watershed are expected to increase 
by about 90 percent under planned year 2000 land cover 

Table C-280 

GEOMORPHOLOGICAL A N 0  WATER OUALITY 
CHARACTERISTICS OF UPPER NEMAHBIN LAKE 

a The population of the d i m t  tributary watershed is estimated 
by assuming an average of 3.2 persons per dwelling unit as 
counted on 1 "= 4WscaIe aerial photos. 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . .  
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . .  
Shoreline . . . . . . . . . . . . . .  
Depth 

Maximum . . . . . . . . . . .  
M e a n .  . . . . . . . . . . . . . .  

Volume . . . . . . . . . . . . . . .  
1975 Population of Direct 

Tributary watersheda . . . . .  

General Existing Water Quality 
Conditions: 

PLANNEDLANDCOVERDEVELOPMENT 
I N  THE DIRECT TRIBUTARY DRAINAGE 

Description 

283 acres 

1,208 acres 
2.90 miles 

60 feet 
29.6feet 
8,377 acre-feet 

698 persons 

Occasional algae blooms; ex. 
cessive rnacrophyte growth; 
occasional lack of oxygen 
in the hypolimnion 

AREA OF UPPER NEMAHBIN LAKE: 2000 

LEGEND 

5YB8451N BOUNDARY 
eR-81 AN0 (IESmNATION - DlRECi TRIBUTARY 

ORIIWAOE AREA - WlNT W SUBBAS#% 
DIOCNARBE 

ml z:::::M:::A:ooo 
mma~",c 0 ""R"' '"NO "0"'" a m  mET "- 

Upper Nemahbin Lake has a direct tributary drainage area d about 
1.208 acrer. About 102 acres. or 8 wrcent of the drainage arsa, are planned 
to be in rural land cover. and 1.106 acrer, or 92 percent, to be in urban land 
cover. Over the planning period an average of abwt  36 acres may be 
expected to be converted annually to urbsn land cover. It ir enimated that 
a 60 percent reduction in nonpoint source pollutant runoff will be required 
in the drainage arsa to protect the water quality of the lake. A combination 
of minimum rural land msnagement practicer-including erpecialiy the 
proper management of livestock wastes-and minimum urbsn manapment 
practices--including loweon urban practicer and construction erosion 
confroin-should be implemented in the lake drainage arm. 

Source: SEWRPC. 

Table C-281 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADSTO 
UPPER NEMAHBIN LAKE: 1975 and 2000 

Ir,ni"plP,I I Ancicimw Zt@ 
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conditions, with annual total direct phosphorus loadings 
to the lake expected to  be increased to  about 2,900 
pounds as a result of the increased urbanization. Loadings 
from the construction activities needed for the develop- 
ment of urban land are expected to  be the primary direct 
source of phosphorus to  the lake under anticipated year 
2000 conditions. Loadings from Lower Nashotah and 
Nagawicka Lakes are expected to be reduced to about 
3,100 pounds of phosphorus annually as a result of lake 
management practices recommended for those water- 
sheds. The estimated total phosphorus concentrations 
during spring overturn under existing and anticipated 
year 2000 conditions, as estimated from phosphorus 
loadings and lake and drainage basin characteristics, are 
0.10 milligram per liter (mgll) and 0.05 mgll, 
respectively. The Commission recommends a level of 
0.02 mg/l or less of total phosphorus for the prevention 
of excessive aquatic plant growth and for the mainte- 
nance of a warmwater fishery and recreational use 

classification. Existing and anticipated year 2000 pol- 
lutant loadings may be expected t o  result in total phos- 
phorus concentrations in Upper Nemahbin Lake which 
exceed the recommended level for recreational use and 
for the maintenance of a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in the 
introductory sections of Chapter IV of this volume. An 
evaluation of these measures, applied in alternative com- 
binations to  reduce the nonpoint source pollution loading 
on the lake, was made and a set of recommended mea- 
sures was identified. These measures are set forth in Table 
C-282, along with the associated costs and anticipated 
effectiveness. Measures to control livestock contributions 
appear to be the most cost-effective way to  substantially 
reduce phosphorus loadings to the lake. Other needed 
measures include: the provision of sanitary sewer service, 
minimum measures to  reduce pollutant runoff from rural 

Table C-282 

WATER QUALITY MANAGEMENT MEASURES FOR UPPER NEMAHBIN LAKE IN WAUKESHA COUNTY 

a The curnuiarive percent reduction in phosphorus loadings is in addition to  sanitary sewer service, as recommended in the point source element for the Middle Rock River subregional area. 

Sanitary sewerage system costs for treatment facilities and major trunk sewers are included under the point source alternative plan elements for the Middle Rock River subregional area. Local 
hook-UP and operation and maintenance costs, which are not primarily dependent on surface water quality, are not  presented above. The estimated expenditures for local hook-up and opera- 
tion and maintenance in the Upper Nemahbin Lake drainage basin include a capital cost over the period o f  1975-2000 o f  $2,044,000, an average annual operation and maintenance cost o f  
$15,300, anda total 50-year present worth cost o f  $1,386,900. 

Cost estimated to control erosion from the estimated 3 6  acres o f  land estimated to  be annually undergoing construction activity in the lake watershed. 

Cost estimated to harvest macrophytes from the 4 0  acres o f  Upper Nemahbin Lake subject to  excessive macrophyte growth. 

Cost estimated to  aerate the entire hypolimnion o f  the lake. 

The cost for nutrient inactivation is for treating the entire lake wi th  alum. 

Cost estimated to cover the in t i re  lake bottom wi th  sand, clay, plastic, or other su!table material. 

The costs for sediment covering vary widely depending on such factors as lake size and depth, type o f  bottom substrate, and amount o f  material to  be filled. 

The reduction in  the direct phosphorus load to  Upper Nemahbin Lake must be augmented by  the implementation o f  minimum practices in  the upstream drainage area o f  the Bark River i f  
the total lake load is to  be reduced to acceptable levels. Therefore, the nonpoint souce plan element must be implemented i f  Upper Nemahbin Lake is to  meet the water quality criteria for 
recreation anda warmwater fishery. 

Source: SEWRPC. 

phyte and algae growth; 

Anticipated Effectiveness 

Protect public health and 
drinking water supplies; 
reduce nutrient concen- 
trattons 

Reduce nutrient concentra- 
tions; prevent the stimula- 
tton of excessive macro- 

Management Measure 

Sanitary Sewer 
serviceb 

Livestock Waste 
Control 

Minimum Rural Con- 

Cumulative 
Reduction in 

External Annual 
Phosphorus 

Load t o  ~a kea 

(percent) 

- 

Economic Analysis 
Estimated Cost 

1980-2000 

Total 
Capital 

- 

$ 12,300 

100 

Present Worth: 1975-2025 
Average 
Operation and 
Ma~ntenance 

- 

5 1,100 

700 

Equivalent Annual: 1975-2025 

Capital 

- 

$ 9,200 

100 

Capital 

- 

5 600 

M~nimal 

Operation and 

Maintenance 

- 

5 12,400 

9 100 

Operation and 

Maintenance 

- 

5 800 

€00 

Total 

- 

5 21,600 

9 200 

Total 

- 

5 1.400 

600 



Table C-283 lands through the implementation of basic soil conserva- 
tion practices, low-cost measures t o  reduce pollutant 
runoff from urban lands, and construction erosion 
control practices. 

If nutrient loadings to  the lake are reduced by the actions 
noted above, the sediments which have been deposited on 
the lake bottom may provide a suitable bottom substrate 
and nutrient source for excessive macrophyte growth in 
some local areas and may release nutrients to  the water 
body. If this problem is confirmed through further local 
study, the application of lake restoration or rehabilitation 
procedures should be considered, in addition to the 
above-mentioned point and nonpoint source controls. 
Alternative restoration measures as set forth in Table 
G282 include hypolimnetic aeration, sediment covering, 
and nutrient inactivation. The feasibility of these mea- 
sures would have t o  be assessed in a preliminary 
engineering study. Additional management measures such 
as weed harvesting may be used to  control the macro- 
phyte growth which may interfere with the recreational 
use of the lake. It should be emphasized, however, that 
the long-term maintenance of water quality in Upper 
Nemahbin Lake requires that the recommended level of 
nutrient input reductions be achieved. 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Upper Nemahbin Lake would entail a total capital 
cost of about $1,675,600, and an average annual opera- 
tion and maintenance cost of about $17,500. The total 
50-year present worth cost of these source control mea- 
sures is $1,524,700, with an equivalent annual cost of 
$96,800. If, in addition, rehabilitation techniques are 
found necessary, the capital cost of these alternatives 
would range from $28,300 for nutrient inactivation to  
$566,000 for sediment covering. The total present worth 
costs of these lake rehabilitation techniques would range 
from $21,100 for nutrient inactivation to  $423,000 
for sediment covering. 

Waterville Pond 
Waterville Pond is a 68-acre lake located in the Town 
of Summit in Waukesha County. The lake drains to  
Scuppernong Creek. Certain geomorphological charac- 
teristics of Waterville Pond are set forth in Table C-283, 
together with the approximate 1975 population of the 
direct tributary watershed and a brief description of lake 
water quality conditions. Map G95  presents a graphic 
summary of the proposed year 2000 land cover in the 
lake watershed. As shown on Map C-95, only a very small 
portion of the urban land in the tributary watershed area 
is proposed t o  be served by sanitary sewers by the year 
2000. As of 1975, an estimated 47 privately owned 
onsite sewage disposal systems-18 of which were located 
in areas covered by soils having severe or very severe 
limitations for the use of such systems-were in operation 
in the lake watershed area. 

As indicated in Table (3-284, all direct tributary sources 
combined contribute about 800 pounds of phosphorus 
annually to  Waterville Pond. The major source of phos- 
phorus in the lake watershed is livestock operations. An 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF WATERVILLE POND 

a The population o f  the direct tributary watershed is estimated 
by assuming an average of  3.20 persons per dwelling unit as 
counted on 1" = 400' scale aerial photos. 

Source: SEWRPC. 

Characteristic 

Surface Area . . . . . . . . . . . . 
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . . 
Shoreline . . . . . . . . . . . . . . 
Depth 

Maximum . . . . . . . . . . . 
Mean. . . . . . . . . . . . . . . 

Volume . . . . . . . . . . . . . . . 
1975 Population of Direct 

Tributary watersheda . . . . . 

General Existing Water Quality 
Conditions: 

Table C-284 

Description 

68 acres 

1,357 acres 
1.87 miles 

12.0 feet 
4.0feet 
274 acre-feet 

150 persons 

Occasional algae blooms; 
some macrophyte growth; 
high nutrient concentra- 
tions; potential for winter 
fishkill 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
WATERVILLE POND: 1975 and 2000 

a Assumes no nonpomf mume coofml. 

incioderonly rhore rysrgms on mrls hav,ng revere or wry revere l~mitar?ons for drworalof reptic tank effluent. 

Doer not oclude the 1975 esnmared and year NXM anricrpared phowhorvs iosd of 480 poondsper year contributed 
by ?he upsream portion of Seuppernong Creek. 

Source SEWRPC 

Sourceof Phorphorur 

Urban Land Cover [acres). . . . . 
Land under Development-Conrtrucfcfon 

Act#v#t#es (acres1 . . . . . . . . . . . . . . . 
Onrite Sewage Dlrparal Septic 

Tank ~ y r f e m r ~  . . . . . . . . . . . . . . . . . 18 52 
Rural LandCova (acres) . . . . . . . . . 1.169 179 
L~vestock Operationr (animal unitrl . . . 80 528 
Atmospher~c Conrrlbution (acres of 

receiving rurtace water1 . . . . . . . . . 68 34 4 1 68 34 

Exlstlng 1975 Anticipated 2000a 

Number 

188 

- 

Percent 
Distribution 

3.8 

Total 
Loading 
(pounds 
peryear1 

31 

- 

Number 

188 

Percent 
D#rtr#but!on 

3.8 

Total 
Loading 
(pounds 
peryear1 

31 



PLANNEDLANDCOVERDEVELOPMENT 
IN THE DIRECTTRIBUTARY DRAINAGE 

AREA OF WATERVILLE POND: 2000 

LEGEND 

SUB8451N BOUNDhRY 
SC? AND O E S I W A T l O N  - DlRECT TeIBUTARI 

ORAINAQE AREA - WlNT OF SUBBASIN 
OISCHIIROE 

S E W C l C D  U R B l N  

RUFtAL LAND COYER 

Watewille Pond has a direct tributaly drainage ares of about 1357 acres. 
About 1.169 acres. or 86 percent of the drainage area, are planned to be in 
rural land rover, and 188 acres, or 14 percent. to be in urban land cover. 
Over the planning period essentially none of  the direct tributary watershed 
area is emactsd to be convened to urban land cover. It is estimated that an 
80 percent reduction in nonpoint nurse pollutant runoff will be required in 
the drainage area to protect the water quality of the lake. Thin can be 
achieved through a combination of minimum rural land management 
practices-including especially the proper management of livestock waster- 
and minimum urban management practices-including lowcopt urban 
 practice^ and proper reptic tank system management bared an a rite-bysite 
inspection and maintenance program. 

Source: SEWRPC. 

additional 480 pounds of phosphorus enter the lake 
annually with runoff from upstream portions of Scup- 
pernong Creek. Also, as indicated in Table C-284, land 
uses and phosphorus loads in the watershed are not 
expected to change significantly under planned year 
2000 land cover conditions. The estimated total phok 
phorus concentration during spring overturn under 
existing and anticipated year 2000 conditions, as esti- 
mated from phosphorus loadings and lake and drainage 
basin characteristics, is 0.04 milligram per liter (mgll). 
The Commission recommends a level of 0.02 mg/l or less 
of total phosphorus for the prevention of excessive 
aquatic plant growth and the maintenance of a warm- 
water fishery and recreational use classification. Existing 
and anticipated year 2000 pollutant loadmgs may be 
expected to result in total phosphorus concentrations in 
Waterville Pond which exceed the recommended level 
for recreational use and for the maintenance of 
a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with attendant costs, are discussed in 
the introductory sections of Chapter IV of this volume. 
An evaluation of these measures, applied in alternative 
combinations to reduce the nonpoint source pollution 
loading on the lake, was made and a set of recommended 
measures was identified. These measures are set forth in 
Table C-285, along with the associated costs and 'antici- 
pated effectiveness. Measures to control livestock waste 
contributions appear to be the most cost-effective way 
to substantially reduce phosphorus loadings to the lake. 
Other needed measures include: improved septic tank 
system management, minimum measures to reduce pol- 
lutant runoff from rural lands through the implementa- 
tion of basic soil conservation practices, and low-cost 
measures to reduce pollutant runoff *om urban lands. 
A small portion of the northern lake watershed is pro- 
posed to be sewered in year 2000, however, the lake- 
shore is unaffected by this proposaL Implementation 
of these measures must be supplemented by those 
minimum measures recommended in the nonpoint source 
plan element for that portion of the Rock River water- 
shed tributary to Waterville Pond in order for the total 
phosphorus loadings to the lake to he reduced to the 
desired level. 

If nutrient loadings to  the lake are reduced by the actions 
noted above, the sediments which have been deposited on 
the lake bottom may provide a suitable bottom substrate 
and nutrient source for excessive macrophyte growth in 
some local areas and may release nutrients to  the water 
body. If this problem is confirmed through further local 
study, the application of lake restoration or rehabilitation 
procedures should be considered, in addition to the 
above-mentioned point and nonpoint source controls. 
Alternative restoration measures as set forth in Table 
C-285 may include aeration, sediment covering, or 
dredging. The feasibility of these measures would have 
to be assessed in a preliminary engineering study. Addi- 
tional management measures such as weed harvesting may 
be used to control the macrophyte growth which may 
interfere with the recreational use of the lake. It should 
be emphasized, however, that the long-term maintenance 



Table C-285 

WATER QUALITY MANAGEMENT MEASURES FOR WATERVILLE POND IN WAUKESHA COUNTY 

a The proper maintenance and replacement o f  the remaining septic tank systems is recommended to help improve the water qualify o f  Waterville Pond. However, because septic tank systems 
management is an existing function necessary for the preservation o f  public health and the maintenance of  drinking water supplies, this cost is no t  included i n  the water quality management 
plan. The estimated expenditures for septic system management in the Waterville Pond drainage basin include a capital cost over the period o f  1975-2000 o f  $81,000, an average annual opera- 
t ion and maintenancecost o f  $1,600, and a total 50-year present worth cost o f  $99,600. 

Cost estimated to harvest macrophytes from the 7 acres o f  Waterville Pond subject to excessive macrophyte growth. 

Cumulat~ve 
Reductton in 

External Annual 
Phosphorus 

Load t o  Lake 
(percent) 

75g 

Minimal additional 
reduction 

No additional 
reduction 

No additional 
reduction 

No additional 
reduction 

Cost estimated to aerate 20 acres o f  the pond. 

Anticipated Effectiveness 

Reduce nutrient concentra- 
tions; prevent the stimula- 
tlon of excessive macro- 
phyte and algae growth; 
improve recreational use 
potential 

Control excessive macrophyte 
growth; aesthetic enhance- 
ment; improve recreational 
use potential 

Prevent anaerobic conditions 
from occurring 

Accelerate pond improvement; 
prevent release of nutrients 
from sediment; reduce 
ruttable plant substrate 

Deepen pond; reduce macro- 
phyte growth 

Cost estimated to cover the entire pond  bottom with sand, clay, plastic, o r  other suitable material. 

Cost estimated to dredge pond  to an average depth o f  15 feet Existing average depth is 4 feet. 

Management Measure 

Septic Tank System 
~ a n a g e m e n t ~  

Livestock Wane 
Control 

Minimum Rural Con- 
servation Practices 

Low Cost Urban Land 
Management Practicer 

Total 
Macrophyte 

~ a r v e s t i n g ~  

 erat ti on' 

Sediment 
coveringd,' 

~ redg ing~ , '  

' The Costs for sediment covering and dredging vary widely depending on such factors as pond  size and depth, type o f  bottom substrate, andamount o f  material to be filled o r  dredged. 

The reduction i n  the direct phosphorus load to Waterville Pond must be augmented b y  the implementation o f  minimal practices i n  the upstream drainage area o f  the Scuppernong Creek i f  the 
total pond  load is t o  be reduced to acceptable levels. Therefore, the nonpoint source plan element must be implemented i f  Waterville Pond is to meet the water quality criteria for recreation 
and a warm water fishery. 

Estimated Cost 
Economic 

Source: SEWRPC 

Total 
Capital 

- 

$ 17,100 

200 

Minimal 

17.300 
6,500 

4 ,GOO 

136,800 

1,213,600 

Anal\rs~s 

Present 

Capltal 

- 

$ 12,800 

200 

Minimal 

13,000 
4,900 

3,000 

102,200 

906,900 

of water quality in Waterville Pond requires that 
the recommended level of nutrient input reductions 
be achieved. 

1980-2000 

Average Annual 
Operation and 
Maintenance 

- 

$ 1,300 

2,000 

300 

3,600 
900 

100 

- 

- 

Equtvalent 

Capital 

- 

$ 800 

Minimal 

Minimal 

800 
300 

200 

6,500 

57,500 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Waterville Pond would entail a total capital cost of 
about $17,300, and an average annual operation and 
maintenance cost of about $3,600. The total 50-year 
present worth of these source control measures is 
$57,600, with an equivalent annual cost of $3,700. 
If, in addition, rehabilitation techniques are found neces- 
sary, the capital cost of these alternatives would range 
from $4,000 for aeration to $1,!213,600 for dredging. 
The total present worth costs of these lake rehabilitation 
techniques would range from $4,600 for surface aeration 
to $906,900 for dredging. 

Worth: 1975-2025 

Operation and 
Maintenance 

- 

$ 15,000 

25,000 

~ ~ ~ ~ ~ ~ - - -  
4,600 

44,600 
14.300 

1,600 

- 

- 

Whitewater Lake 
Whitewater Lake is a 640-acre lake located in the Town 

Annual: 

Operation and 
Maintenance 

- 

$ 1,000 

1,600 

300 

2,900 
900 

100 

- 

- 

Total 

- 

$ 27,800 

25,200 

4,600 

57.600 
19,200 

4,600 

102,200 

906900 

of Whitewater in Walworth County. The lake drains to 
Whitewater Creek via Rice Lake. Certain geomorpho- 
logical characteristics of Whitewater Lake are set forth 
in Table (3-286, together with the approximate 1975 
population of the direct tributary watershed and a brief 
description of lake water quality conditions. Map C-96 
presents a graphic summary of the proposed year 2000 

1975-2025 

Total 

- 

$ 1,800 

1,600 

300 

3,700 
1,200 

300 

6,500 

57,500 

land cover in the lake watershed. As shown on Map 
C-96, none of the urban land in the tributary watershed 
area is proposed to be served by sanitary sewers by the 
year 2000. As of 1975, an estimated 406 privately owned 
onsite sewage disposal systems-300 of which were 
located in areas covered by soils having severe or very 
severe limitations for the use of such systems-were in 
operation in the lake watershed area. 



As indicated in Table C-287, all sources combined con- 
tribute about 4,500 pounds of phosphorus annually to 
Whitewater Lake. The major source of phosphorus in 
the lake watershed is livestock operations. Also, as 
indicated in Table C-287, land uses' and phosphorus loads 
in the watershed are not expected to change significantly 
under planned year 2000 land cover conditions. The 
estimated total phosphorus concentration during spring 
overturn under existing and anticipated year 2000 con- 
ditions, as estimated from phosphorus loadings and lake 
and drainage basin characteristics, is 0.10 milligram per 
liter (mgll). The Commission recommends a level of 0.02 
mg/l or less of total phosphorus for the prevention of 
excessive aquatic plant growth and the maintenance of 
a warmwater fishery and recreational use classification. 
Existing and anticipated year 2000 pollutant loadings 
may be expected to result in total phosphorus concen- 
trations in Whitewater Lake which exceed the recom- 
mended level for recreational use and for the 
maintenance of a warmwater fishery. 

The measures available for controlling nonpoint source 
pollution, along with anticipated costs, are discussed 
in the introductory sections of Chapter IV of this 
volume. An evaluation of these measures, applied in 
alternative combinations to reduce the nonpoint source 
pollution loading on the lake, was made and a set of 
recommended measures was identified. These measures 
are set forth in Table C-288, along with the associated 
costs and anticipated effectiveness. Measures to control 
livestock waste contributions appear to be the most 
cost-effective way to substantially reduce phosphorus 
loadings to  the lake. Other needed measures include: 
improved septic tank system management, minimum 
measures to reduce pollutant runoff from rural lands 
through the implementation of basic soil conservation 
practices, and low-cost measures to reduce pollutant 
runoff from urban lands. 

If nutrient loadings to the lake are reduced by the actions 
noted above, the sediments which have been deposited on 
the lake bottom may provide a suitable bottom substrate 
and nutrient source for excessive macrophyte growth in 
some local areas and may release nutrients to the water 
body. If this problem is confirmed through further local 
study, the application of lake restoration or rehabilitation 
procedures should be considered, in addition to the 
above-mentioned nonpoint source controls. Alternative 
restoration measures as set forth in Table C-288 may 
include nutrient inactivation, hypolimnetic aeration, 
sediment covering, and dredging. The feasibility of these 
measures would have to be assessed in a preliminary engi- 
neering study. Additional management measures such as 
weed harvesting may be used to  control the macrophyte 
growth which may interfere with the recreational use of 
the lake. It should be emphasized, however, that the long- 
term maintenance of water quality in Whitewater Lake 
requires that the recommended level of nutrient input 
reductions be achieved. 

The application of the above-listed nonpoint source 
pollution control measures to control the nutrient inputs 
to Whitewater Lake would entail a total capital cost of 

Table C-286 

GEOMORPHOLOGICAL AND WATER QUALITY 
CHARACTERISTICS OF WHITEWATER LAKE 

a The population of the direct tributary watershed is estimated 
by assuming an average of 3.3 persons per dwelling unit as 
counted on I" = 400'scale aerial photos. 

Characteristic 

Surface Area . . . . . . . . . . . . 
Direct Tributary Drainage 

Area . . . . . . . . . . . . . . . . 
Shoreline . . . . . . . . . . . . . . 
Depth 

Maximum . . . . . . . . . . . 
Mean. . . . . . . . . . . . . . . 

Volume . . . . . . . . . . . . . . . 
1975 Population of Direct 

Tributary watersheda . . . . . 

General Existing Water Quality 
Conditions: 

Source: SEWRPC. 

Description 

640 acres 

3,735 acres 
9.80 miles 

38.0 feet 
7.8feet 
5,003 acre-feet 

1,271 persons 

Occasional algae blooms; 
some macrophyte growth; 
high nutrient 
concentrations 

Table C-287 

ESTIMATED DIRECT TRIBUTARY PHOSPHORUS LOADS TO 
WHITEWATER LAKE: 1975 and 2000 

Awmes no nonpoinf source conrrol. 

inclvdes only thore rynems on w ~ l s  hanng severe or v e v  severe 1,mrfationr far dirporal of sp~f ic  tank effluent. 

Source' SEWRPC. 

Source of Phorpharur 

Uhan Land Cover lacred. . . . . . . . . . . . . 
Land under Development-Canstruetian 

Act#v#t#e$ lacre4 . . . . . . . . . . . . . . . . 
Onrite Sewage D8rporal Septlc 

T a n k ~ y ~ t ~ m ~ ~  . . . . . . . . . . . . . . . . .  
Rural Land Cover lacrerl . . . . . . . . . . . 
~ivesfock operations (ao,mal unltr) . . . . . . 
Atmopheric Contr#but#on (acres of 

receiving water) . . . . . . . . . . 
Total 

Exlrting 1975 Anticipated ZOO@ 

Percent 
Dirtrlbut~on 

2.6 

19.2 
7.3 

63.8 

7.1 

100.0 

Number 

629 

300 
3.106 

438 

640 

- 

Number 

629 

- 

300 
3.106 

436 

640 

- 

Total 
Loading 
(pounds 
per year) 

118 

- 

868 
330 

2.891 

320 

4,527 

Total 
Loading 
(pound$ 
per year) 

118 

868 
330 

2,691 

320 

4.527 

Percent 
Distribution 

2.6 

19.2 
7.3 

63.8 

7 1 

100.0 



Map C-96 

PLANNED LAND COVER IN THE DIRECT TRIBUTARY DRAINAGE AREA OF WHITEWATER LAKE: 2000 

LEGEND .... WATERSHED BOUNDARY 

SUB8ASIN 8OYNDARI  
WWCQ AND DFSIGNATION - DIRECT TRIBUTARY DISWaRTE AREA - PONT OF SUBBASIN OISCHPROE 

YNSEWEEED URBAN YEVELOPMENT 2000 

[7 RURAL LAND COVER 

Whitewafer Lake h a ~  a direct tributary d r a i n s ~  area of about 3,735 acres. About 3.106 acres, or 83 percent of the drainage ares, are planned t o  b e i n  rural land 
cover. and 629 s re r .  or 17 percent. t o  tw in urban lsnd cover. Over the planning period none of the direct tributary watershed area is expected t o  be converted to  
urban lsnd cover. It is estimated that an 8 0  uercent reduction in nonpaint ~ u r c e  pollutant runoff wi l l  be required in the drainage area m protect the water quality 
of the lake. Thio can be achieved through a combination of rural land management uracticea-including eepecially the proper management of livestock warter--and 
minimum urban management prsctice~-including low-caet urban practices and proper mptic tank system management based on a site-by-site inspection and 
maintenance program. 

Source: SEWRPC. 



Table C-288 

WATER QUALITY MANAGEMENT MEASURES FOR WHITEWATER LAKE IN WALWORTH COUNTY 

a The proper maintenance and replacement o f  the remaining septic tank systems is recommended to help improve the water quality o f  Whitewater Lake. However. because septic tank systems 
management is an existing function necessary for the preservation o f  public health and the maintenance o f  drinking water supplies, this cost is not  includedin the water quality management 
plan. The estimated expenditures for septic system management in the Whitewater Lake drainage basin include a capital cost over the periodof 1975-2000of $1.350,000, an average annual 
operation and maintenance cost o f  $15,200, and a total 50-year present worth cost o f  $1,283,500. 

Cost estimated to harvest macrophytes from the 64 acres o f  Whitewater Lake subject to  excessive mecrophytegrowth. 

Cost estimated to  aerate the entire hypolimnion o f  the iake. 

The cost for nutrient inactivation is for treating the entire lake with alum. 

Cost estimated to cover the entire iake bottom with sand, clay, plastic, or other suitable material. 

Cost estimated to dredge lake to  an average depth o f  15 feet. Existing average depth is 7.8 feet. 

The costs for sediment covering and dredging vary widely depending on such factors as lake size and depth, type o f  bottom substrate, andamount o f  material to  be filled or dredged. 

Source: SEWRPC 

tions; prevent the stimula- 
t ion of excessive macro- 
phyte and algae growth; 
improve recreational use 

f rom sediment; remove 

about $39,200, and an average annual operation and 
maintenance cost of about $9,800. The total 50-year 
present worth cost of these source control measures is 
$149,300, with an equivalent annual cost of $9,500. If, 
in addition, rehabilitation techniques are found neces- 

Sediment 
coverlnge,g 

13redgingf 

sary, the capital cost of these alternatives would range 
from $64,000 for nutrient inactivation to  $7,432,700 
for dredging. The total present worth costs of these lake 
rehabilitation techniques would range from $47,800 
for nutrient inactivation to  $5,554,500 for dredging. 

1,280,000 

7,432.700 

- 

- 

956,500 

5,554,500 

- 

- 

956,500 

5,554,500 

------ 
60,700 

352,400 

- 

- 

60,700 

352,400 

Accelerate lake improvement; 
prevent release of nutrients 
f rom sediment; reduce 
suitable plant substrate 

Deepen lake; reduce macro- 
phyte growth 

No additional 
reduction 

No additional 
reduction 
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